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new generator is installed on site that, either because 
the capacity of the machine exceeds the present load, 
or for other reasons, it is not possible to obtain the 
requisite load for sufficient time to make a full-load 
temperature test. Moreover, as present-day gene- 
rators are generally designed to work at 0-8 power 


WORKS TESTS ON A 43,750-KV.-A. 
TURBO-ALTERNATOR. 
As the capacity of alternating-current turbo- 


generators increases, the problem of testing these 
machines becomes more difficult. Such tests are, 













































































































































































runs on open circuit at normal voltage and short- 
circuit normal current. Even for these tests, with 
large units, provision of the floor space and mount- 
ing facilities required for the generator, together 
with a large motor to drive it, and also electrical 
power for the test, involves considerable difficulties. 











































































































Fie. 2. 43,750-Kv.-A. TurBo-ALTERNATOR Rotor. 


factor, it is unsatisfactory to make up the load for 
test purposes by using a water resistance with a 
power factor of unity. In many cases, the works 
tests are limited to the measurement of losses on 
no-load and on short circuit, with possibly heat 


of course, necessary to prove guarantees, as well as 
to furnish data essential for purposes of design, 
They also supply information of great value to the 
operating engineers. Tests in the makers’ works 
are the more necessary as it often happens when a 


While such tests give results which act as a 
helpful guide to the ultimate performance of the 
generator, considerably more valuable results 
are obtained when tests are made under operating 
conditions. To make works tests under operating 
conditions is, of course, impracticable in the case of 
large generators, on account of both the expense and 
the difficulties in obtaining the nec2ssary power 
that would be involved, as well as in absorbing the 
high voltage energy that would be generated. For 
example, to carry out tests comparable with those 
described below would require power of the order 
of 40,000 kw. for a period of 9 hours, which, at 
4d. a unit, would cost 800/. However, in the 
case of large generators, it is possible, by loading the 
stator at full-line voltage, and with full rated 
current at zero power factor, to obtain close approxi- 
mations to full-load conditions, while using power 
which, although considerable, amounts to only a 
small proportion of the rated capacity of the 
generator. 

The usual method of making such tests is by con- 
necting the generator under test to one or more 
other alternators of similar aggregate capacity, 
which are then run as synchronous motors with 
reduced field excitation. Both the alternator under 
test and the loading alternators are run at syn- 
chronous speed, the excitation of the loading 
machines being reduced to a very low value, so 
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The alternator is a standard Metropolitan-Vickers | 
machine with a continuous rated output of 35,000 | 
kw., generating three-phase current at 6,600 volts | 
and 50 cycles. It was designed for high efficiency | 
and to meet the temperature rise conditions given | 
in British Engineering Standards Specification | 
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winding slots. There are also 56 radial ventilation 
ducts, } in. wide, distributed along the length of the 
core. The vent-duct spacers are of rolled steel, 
and those on the core teeth are so arranged that 
the tunnels formed by the winding slots are continued 
across the ventilating ducts, thus providing con- 
tinuous support for the conductor bars. 
The core is clamped between heavy 
copper damper plates, which not only 
hold the core rigidly in position, but also 
serve to damp down the end-leakage 
field produced by the stator end windings. 
The end plates are bolted to the frame, 
and there are no bolts passing through 
the core. The winding is of the concen- 
tric type, and each slot contains 16 
copper straps, which are all connected 
in parallel. These straps are divided 
into groups of four, the straps in the 
top groups being twisted in the slot 
portion, and the complete groups trans- 
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Fie. 7. 20,000 Kv.-A. Reactor. 


No. 225 (1925). A general view of the alternator, 
as erected on the test bed, is given in Fig. 14, on 
page 16. The complete test included not only 
the usual tests for the measurement of losses and 
characteristic curves, but also a test on a load of 
46,000 kv.-a. at normal voltage for 44} hours, and 
a further test on a load of 51,300 kv.-a. at normal 
voltage for 44 hours. 

Before describing the test, it is desirable to review 
briefly the construction of the machine, and this 
is illustrated in Fig. 1, page 1, which also shows a 
section through the exciter. The stator core is built 
of high-permeability silicon-iron punchings, the 
laminations having a guaranteed total energy loss of 
not more than 0-63 watt per lb., with a flux density 
of 10,000 lines per square cm., and at a frequency of 
50 cycles. Each circle of laminations is divided 
into twelve segments, and there are 18 axial vent 
holes punched in each segment, in addition to the 





posed in the end connections, in order to reduce 
the circulating currents. 

The parallel straps are insulated from each other 
with asbestos, and were bakelised under pressure 
at high temperature. Each bar, consisting of eight 
straps, then presented a solid appearance and had a 
perfectly smooth surface. It was then wrapped 
tightly with a mica cell and baked again in a steam- 
heated press. This produced a perfectly hard 
slot cell containing a very high percentage of mica, 
which is the criterion of dielectric strength. When 
expansion of the copper takes place, due to the rise 
in temperature, the smooth bar is able to slide freely 
inside the mica cell, without causing damage to the 
latter. The bars are securely wedged in semi- 
enclosed slots, and a front slot is provided for venti- 
lation and to increase the reactance of the machine. 
The end connections are insulated with mica tape 
containing a high percentage of mica, finished with 


a protective tape, and the whole dipped in varnish 
and baked. 

Special care was taken to secure a properly 
graded and sealed joint between the insulation of 
the slot conductors and of the end connections. 
The electrical joints in the windings are sub-divided, 
and were made with silver solder. The end windings 
are strongly supported and braced against move- 
ment under the large forces which occur on short 
circuit, as shown in Fig. 1. The complete stator 
weighs 81 tons. 

The complete rotor is illustrated in Fig. 2, page 1, 
and an elevation, end elevation, and slot details 
are given in Figs. 3, 4, and 5, respectively, on page 2. 
The rotor was machined from a solid carbon-steel 
forging, and the coil-end retaining rings are of non- 
magnetic steel. The physical properties of the 
materials are as follows :— 




















| 
Ultimate | Percentage 
Tensile Yield Point. Elongation, 
Strength. in 2 in. 
Per square inch | Per square inch 
Rotor forging 36 tons 20 tons 20 
Coil-retaining 
rings ; 7 57 tons 44-5 tons 21 








The windings, which are of high-conductivity 
copper strap, are located in radial slots, and are 
insulated entirely with mica and asbestos. The 





end winding spacer and support blocks, shown in 
| Fig. 6, on this page, are also of asbestos, and the 
{whole rotor is therefore fireproof. Sub-slots for 
| ventilation are provided below the winding slots, the 
air being drawn through the rotor end rings and dis- 
charged through radial holes drilled in the teeth 
between slots, as shown in Fig. 5. Ventilation slots 
are also cut in the pole faces, and the air is dis- 
charged through holes drilled in the slot wedges. A 
slip ring is fitted at each end of the rotor, and the 
rings and brush gear are totally enclosed. Inspec- 
tion doors with transparent windows are provided in 
the slip-ring chambers, so that easy access to the 
brush gear is obtained. The rotor is 53 in. in dia- 
meter, which corresponds to a peripheral speed of 
20,800 ft. per minute. The finished rotor weighs 
49-5 tons. The exciter is a six-pole machine rated 
at 130 kw., 220 volts, and it is stable down to 30 
volts. 

The armature is overhung on the outboard alter- 
nator bearing pedestal, and the commutator is of 
the cylindrical type. 

Ventilation of the alternator is arranged on the 
| combined radial-axial system, cool air being supplied 
to the machine from the cooler by means of two 
centrifugal fans mounted one at each end of the 
rotor, supplemented by two separate motor-driven 
| fans, which supply the intermediate compartments 
A and B in Fig 1. This figure also indicates the 
direction of flow of the air in the various parts of 
the alternator. When the alternator is operating 
at maximum load, both the external fans are in 
operation, but at reduced loads, one or both of these 
fans are shut down. When the external fans are 
shut down, the air compartments A and B, Fig. 1, 
become outlets, and the direction of flow of air 
in the corresponding sections of the alternator 
is reversed. The alternator ventilation system is 
normally a closed circuit, and the changes in 
direction of air flow are made possible by a simple 
arrangement of dampers. Emergency dampers 
are also provided to enable the ventilation system 
to be open-circuited in the event of the cooler 
being out of commission. 

In preparation for the test, 33 thermo-couples 
were fitted in various positions in the stator wind- 
ings, core, and teeth, in order to obtain accurate 
information concerning the temperature distribu- 
tion throughout the machine. In addition, a large 
number of mercury thermometers was used for 
measuring the temperature of accessible parts 
of the machine and for the temperature of the 
cooling air at the inlet and outlet ducts. The 
quantity of cooling air was measured at the outlet 
of the machine by means of a calibrated anemo- 
meter, the air being led away in a suitable air trunk 
designed to obtain even flow of air at the points 
of measurement. The temperature rise of the rotor 
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was calculated from resistance measurements, 
which were taken with specially calibrated meters. 

For the purpose of the tests, the alternator was 
erected over a pit, measuring 23 ft. by 11 ft. by 
12 ft. deep, provided at one end of the large elec- 
trical-machine test bed, and was coupled to a 
1,200 h.p., 1,500 r.p.m., direct-current driving 
motor. For ventilation, two motor-driven fans 
were placed in the test pit, cold air being conveyed 
through specially made air ducts to the bottom of 
the alternator, while hot air was discharged through 
a suitably shaped air trunk mounted upon the top of 
the machine, from which the planished steel covers 
were removed, as shown in Fig. 14, on page 16. Power 
for the test was supplied from the works substation, 
from which a three-phase, 50-period, 6,600-volt 
supply is brought to the test bed by two feeders, 


Fig.8 .OPEN & SHORT CIRCUIT LOSS CURVES. 


Stator Volts. 


0 80 160 240 320 400 480 
Field Amps. 
0 100 200 300 400 500 600 
(1992.1.) Rilowatt Loss. 


respectively of 1,250 kv.-a. and 2,500 kv.-a. capa- | 
city, three-phase, 50-period, 440-volt supply being | 
brought through a third feeder, while direct-current 
supply, at 500 volts, was brought by a fourth feeder, 
of 1,500 kw. capacity. Besides the 1,200 h.p. driving 
motor, the principal items of equipment used in | 
making the test consisted of two large reactors and | 
two large motor-generator sets. One of the reactors, 
removed from its tank, is illustrated in Fig. 7, on 
page 3, and the complete reactors may be 
seen in the background of Fig. 14. They are 
of the three-phase, oil-immersed type, each of 
20,000 kv.-a. capacity. The cores are rectangular | 
in cross-section, and horizontal ducts are provided | 
in the core legs to serve both to increase the 
magnetic reluctance and for cooling purposes. The | 
windings on each leg are divided into two equal | 
parts which may be connected in series or in parallel. | 
By combinations of series or parallel and delta or 
star connections, the two reactors can be connected | 
to absorb three-phase loads of from 40,000 kv.-a. | 
down to 5,000 kv.-a., in steps of 5,000 kv.-a. The} 
weight of each reactor, excluding the tank and oil, 
is 30 tons, and including the tank and oil, the weight | | 
is 45 tons each. 

Two special motor-generator sets are illustrated in | 
Fig. 15, on page 16. The set in the foreground con- 








in connection with the machines under test. 
The first tests were made by running the alter- 
nator light to measure windage and friction, and also 
by runs on open circuit and short circuit to obtain 
the characteristic curves and the iron and stray load 
losses. The characteristic curves and curves of 
losses are shown in Fig. 8, below, and a table 
of total losses is given later. From this information 
the efficiency of the generator was calculated in 
accordance with British Engineering Standards 
Specification No. 269—1927. The temperature 
tests were made by first connecting the alternator 
and auxiliary apparatus, as shown in the diagram, 
Fig. 9. The procedure in starting up was as 
follows :—The alternating - current connections 
between the 43,750-kv.-a. alternator, the 10,000- 
kv.-a. motor-generator set, and the two 20,000-kv.-a. 





Fig. 9. SCHEMA 
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reactors were made solidly, i.e., no switches were 


4500 KW. SOO VOLT 0.C. BUS BARS FROM SUB STATION 


500 VOLT D.C. BUS BARS 


sists of al10,000-kv.-a., zero power factor, three-phase, | used. The fields of these generators were, however, 
6,600-volt, 50-period, alternating-current generator, | left open. The 6,000-kv.-a. motor-generator set 
direct-coupled to two 500-kw., £00-volt direct-current | was then run up to speed from the direct-current 
machines with a normal speed of 1,000 r.p.m. The | side, and the alternating-current side synchronised 
second motor-generator set, seen in the background, | with the 1,250-kv.-a. feeder. The direct-current 
also includes two 500-kw. direct-current machines, | side was then changed over to the Ward-Leonard 
direct-coupled to an alternating-current generator, | *bus bars, and the 42,750-kv.-a. alternator run up to 
the capacity of which is 6,000 kv.-a. To supply | full speed by means of the 1,200 h.p. driving motor, 
power to auxiliary apparatus, such as ventilating | which was later switched over to the 500 volt sub- 
fans and oil and water pumps, a number of auxiliary | station *bus-bars. The 10,000-kv.a. motor-generator 
motor-generator sets were used, but of these detailed | set was next run up to full speed from the direct- 
particulars need not be given. Mention should, | current side, the main field switches of this motor 
however, be made of a special oscillograph room | generator and the alternator under test were closed, 
situated immediately adjacent to the test bed and | and excitation gradually applied to both of these 
including, besides other equipment, two oscillo-| machines until they pulled into step. The excita- 
graphs having six elements and three elements, | tion was increased until normal voltage was obtained. 





respectively, of which constant daily use is made! The excitation was then simultaneously increased 


on the 43,750-kv.-a. alternator and reduced on 
the 10,000-kv.-a. motor-generator set until the 
required kilovolt-amperes, at zero power factor, were 
obtained on the large alternator. 

The first heat run was made at a load of 46,000 
kv.-a., the load being divided as follows: 44,300 
kv.-a. on the reactors and 1,700 kv.-a. on the motor- 
generator set. This load was maintained for 4} 
hours, when the load on the motor-generator set 
was increased to 7,000 kv.-a., making a total of 
51,300 kv.-a. on the generator under test. This 
load was also maintained for a period of 4} hours, 
after which the plant was shut down by tripping 
the direct-current breakers and loading back the 
1,200-h.p. driving motor on to a resistance rack. 
The stored energy in the revolving masses was, 
in this way, dissipated in the form of electrical 
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energy, and the machines stopped in a few minutes. 
The stator end bells were then removed, and tem- 
peratures of all accessible parts measured by 
thermometer. 

During the 46,000-kv.-a. test run, the external fan 
nearest the exciter end of the alternator was shut 
down, and it was not possible to measure accurately 
the amount of cooling air passing out of the alter- 
nator, a certain amount being discharged through 
the exciter-end external fan duct. The total 
quantity was, however, approximately 85,650 cub. ft. 
per minute, and the power taken by the external 
fan motor was 47 kw. During the 51,300-kv.-a. 
run, both external fans were in commission, and 
the whole of the cooling air was discharged from 
the top of the alternator; it was possible, as 
previously explained, to measure the quantity 
accurately. This was found to be 92,400 cub. ft. 
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per minute, and the average temperature rise of the 
air was 22-7 deg. C. This corresponds to a loss of 
1,145 kw. in the air. The total power taken by 
the external fan motors was 83-5 kw. 

Tables I and II, page 2, show the temperature rise 
of the various parts of the alternator, measured by 
thermo-couple, increase in resistance, and by thermo- 
meter. It is of interest to note that the temperature 
rises are below those allowed by the B.E.S.A. rules, 
even when the machine was run on a zero power- 
factor load 5 per cent. in excess of its maximum 
continuous rating. The millivolt readings of the 
thermo-couples were measured by potentiometer. 
The temperature readings of couples Nos. 31, 32, 
and 33 dropped when the load was increased from 
46,000 kv.-a. to 51,300 kv.-a., due to the fact that 
they are located opposite the air-inlet chamber 
supplied by the external fan nearest the exciter 
end of the alternator. This fan was only started 
up after the load was increased. The readings 
also show that the copper damper plates at each 
end of the core are most effective in keeping down 
the temperature of the end packet. The tem- 
perature tests show that one external fan may be 
shut down at a load of 35,000 kw., and both external 
fans at the economical load without the alternator 
exceeding the specified temperature guarantee. 


TaBLe III.—Total Losses. 











35,000 kw. = 
: 28,000 kw. = 
Load .. maximum “ 
continuous rating economical load 
Power factor .. 0:8 0:8 
Volts .. sia a 6,600 6,600 
No-load fron loss ..| 408 kw, 408 kw. 
Friction and windage | 335 kw. 335 kw. 
S8tatorC2R .. ..| 84kw.at75deg.C.; 54 kw. 
RotorC2R .... ..| 100 kw. at 75 deg.C.)} 82 kw. 
Full short-circuit stray 
loss .. ee ..| 215 kw. from curve} 137 kw. 
(C2R = 75 kw.) 
One external fan 47 kw. _ 
1,189 kw. |1,016 kw. 
Efficiency = | 96-72 per cent. 96-5 per cent. 








Table III gives the total losses and efficiency at 
loads of 35,000 kw. and 28,000 kw. The true 
efficiency of the alternator, however, is probably 
higher than there shown, as the stray losses on load 
are known to be lower than those obtained on 
short circuit. The iron losses are a little higher on 
load than on open circuit, but the increase in iron 
loss is more than compensated for by the extra 
stray loss which is included. A comparison of the 
losses obtained by the air-heating method during 
the 51,300 kv.-a. heat run with those obtained by 
the summation of losses, indicates that the stray loss 
on wattless load is about 67 per cent. of that 
obtained on short circuit. 

Considering the efficiency of the alternator on a 
load of 51,300 kv.-a. at 0-8 power factor, viz., 
41,000 kw., the losses, by the air-heating method, 
would be reduced to 1,115 kw., due to the excitation 
being lower. Allowing, in addition, 31 kw. for 
exciter loss and 8 kw. for fan-motor loss, and 
debiting the bearing loss to the turbine, the total 
generator losses are 1,154 kw. and the efficiency is 
97-26 per cent. at 0-8 power factor, and 97-88 
per cent. at 51,300 kw. and unity power factor. 

Oscillograph curves of the distribution of flux 
in the air gap at no load normal volts, and on a 
load of 46,000 kv.-a. at zero power factor, show 
that there is very little distortion of the flux on 
load. Figs. 10 to 13, on page 4, are oscillograms 
of the line and phase voltage on open circuit and 
on a wattless load of 46,000 kv.-a. The harmonic 
residue curves were obtained by using a Belfils 
bridge, which by-passes the 50-cycle fundamental 
wave, leaving only the harmonics to be measured 
by the oscillograph. The value of the harmonics 
are approximately as follows :— 


Per cent. 

Line volts .... No load normal volts 0:77 
Ae ... 46,000 kv.-a. zero power factor 1-1 

Phase volts 46,000 »» % » 4°85 

No load normal volts 2-64 


” 


The wave form of an alternator on open circuit 
is specified in the B.E.S.A. Specification No. 225 
to be approximately sine shaped, the permissible 
deviations being as follows :— 





Maximum deviation 
5 per cent. 

Maximum deviation 
of ripples of 400 
frequency and 
above 23 per cent. 


Line volts on open circuit ... 


Phase volts on open circuit 


The above figures show that the wave form of the 
alternator is well within the specified limits, and it 
should be particularly noted that high harmonics, 
of the order of 400 cycles and above, are entirely 
absent from all the wave forms. The harmonic 
residue consists mainly of the third and fifth 
harmonics. 








THE COLLOIDAL NATURE AND 
WATER CONTENT OF CLAYS. 
By H. Berrivezr, C.LE., M.Inst.C.E. 


THE writer was from 1925 to 1928 in principal 
charge of construction on the Watling Housing 
Estate, Edgware, where 4,000 dwellings have been 
erected under the Housing Acts by the London 
County Council. The site was pasture land, having 
about 9 in. of soil overlying a yellow surface clay, 
which, near the streams was mixed with gravel. 
The surface soil was waterlogged, owing to the 
existing land drains being in many cases inoperative. 
The buildings were mostly two-storey cottages, but 
included some three-storey flats, and the writer 
was asked to recommend the proper depth at which 
these buildings should be founded. Rankine* states 
that in clay a depth of 4 ft. is necessary in Britain 
to escape the effects of frost and drought. He gives 
the permissible foundation pressure as 2,500 lb. to 
3,500 lb. per square foot (17-23 Ib. per square inch), 
the width of the footings as twice that of the wall 
supported, and recommends surface water should be 
diverted from flowing into foundation trenches. 
The Ministry of Health Standard Specification for 
‘Subsidy ” Houses, proposes foundations to be 
not less than 12 in. wider than the bottom of the 
outer, or 9 in. wider than partition walls, and a 
depth in clay soils of 3 ft. 6 in. below level of finished 
ground, and not less than 9 in. deep in virgin soil. 
After some enquiry, and an experiment on loading 
the clay a general instruction was issued that (a) no 
foundation was to be taken to less than 1 ft. 6 in. 
below the natural surface, and (b) was not to be 
less than 2 ft. 6 in. below the finished surface, the 
principles underlying this order being that (a) en- 
sured the foundation being in the “solid” and 
(b) ensured a depth of soil which would protect 
the clay under the foundation from drying out, 
with attendant shrinkage and possible cracking of 
the superstructure. It may be said here that prac- 
tically the desired result was obtained, very few 
houses having showed cracks due to settlement. 

The question of foundation depths, however 
repeatedly cropped up during construction, pro- 
posals being made for both raising and lowering the 
levels defined by (a) and (6) above, so that towards 
the end of the work the writer investigated the 
subject with the materials at his disposal realising, 
however, at an early stage, that the study of clay 
involved a knowledge of physical chemistry to 
which he had no pretensions. He found that, al- 
though much research on the material had been 
carried out, it was with a view to its use in ceramics 
and had not been made generally useful to the 
engineer. Similarly, physical research on colloids 
had hardly included clay within its scope. He, 
therefore, collected information explanatory of the 
structure and behaviour of clay as affecting engineer- 
ing and building operations, 1.e., in its raw as dis- 
tinct from its burnt state, and followed up the 
inquiry by some experiments with apparatus avail- 
able or extemporised on the site. 

Engineering foundations, as a rule, may be classed 
as “deep” and architectural foundations as 
“ shallow,” the former being generally carried to a 
depth where the material appears to be homo- 
geneous, and consideration is limited to the per- 
missible intensity of pressure, while architectural 
foundations are, in those cases where large numbers 
are involved, necessarily carried out to type rather 
than to individual design. The intensity of pres- 
sure in the latter class of shallow foundations is 





* Manual of Civil Engineering, page 380. 





usually small, say, under 1 ton per square foot, but 
even this does not prevent the frequent occurrence 
of serious cracking. This is not surprising, as the 
shrinkage of clay may easily amount to 10 per cent. 
lineal or 30 per cent. volumetric. In North and 
South London, cracks 2 ft. in depth and } in. in 
width are common in dry years, such as 1921 and 
1929. Cracks 15 ft. deep have been observed abroad 
by Mr. Shenton (see Appendix). An experiment by 
the author (see No. B/8 in Appendix) showed that 
surface clay, such as that found on the site at 
Watling, which when in situ is plastic and will 
safely carry a load of 4 ton per square foot, will 
when dried become rigid and have a crushing 
resistance of 1,670 lb. per square inch ; but, on the 
other hand, will absorb water forming a still more 
plastic substance yielding to the slightest pressure ; 
and when forcibly mixed with water, it will become 
a slurry or viscous fluid of volume weight 1-35, 
which can be pumped.* 

There are three principal kinds of clay :—t 

(a) Fat clay, such as the yellow clay in the 
North of London ; 

(b) Clay containing sand, called loam ; 

(c) Clay containing carbonate of lime, called marl, 
but many different kinds of clay exist.{ the unique 
characteristic distinguishing them from all other 
materials met with in construction is the large 
proportion in their composition of “‘ clay substance,” 
or matter in a state of minute subdivision, called 
** colloidal.” Clay, of course, occurs in nature mixed 
with sand and stones as well, but unless these form, 
say, 70 per cent. of the bulk, the clay characteristio 
will predominate. The chemical composition of 
“clay substance” is given as :— 


Silica aa 46-64 per cent, 
Alumina... ie sea 39-45 fe 
Water 13-91 ‘es 


corresponding to the formula Al,0, 2Si0, 2H,O 
it appears, however, to be improbable that the 
water is chemically combined. In the ceramic 
industry much attention has been given to the 
mechanical analysis of clay, and the particles are 
classified both by elutriation |! and by sieving through 
lawn of 200’s and 120’s fineness, the dimensions of 
the particles ranging from 0-107 mm. to 0-001 mm, 

Dr. Herbert Chatleyf has computed by the 
Stokes’ formula the diameters of the particles of 
clay, settling from suspension in a column of water 
20 c.m. high, as under :— 

















Velocity 
—_—- —— (cm, per | Diameter 
sec.). (em.). 

A. First deposit | 4 min. ( 80 secs.) | 0°33 6-5 x10-* 

B. Second ,, 1 hr. 9 ” } 0-005 |0-8x10-% 

C. Brown cloud | 24 hours ( 86,400 ,, 0-00023) 0-2 x 10-* 
D. Opalescent 

cloud -| 7days (604,800 ,, )| 0-00003| 0-6 x10-* 

Table I on page 6 shows that colloidal matter, 


such as that forming clay substance as regards the 
size of its constituent particles, exists in a state 
intermediate between that of particles at the limit 
of visibility under the most powerful microscope, 
and that of the estimated sizes of elementary 
molecules. Such particles in a “ colloidal solution,” 
or “sol” have about one-hundredth of the dimen- 
sions of those at the limit of visibility, but are, on 
the other hand, about one thousand times the 
dimensions of a molecule; and can be “ dialysed,” 
as they will not pass through membranes of parch- 
ment or collodion, probably on account of their size. 
Particles in this state of sub-division have a surface 
enormous in comparison with their bulk, being 
estimated weight for weight in the case of colloidal 
clay to have 34 times the surface of silt, 64 times 
that of dusty sand, and 37 times that of fine sand.** 

The shape of both colloidal and non-colloidal 
particles in clay appears to be lamellated, and 





* Proc. Soc. of Engineers, 1919, 1920, 1921. ‘ Pro- 
perties of Clay,” Ackerman. 
{+ Manual of Civil Engineering, Rankine, page 363. 
t An Introduction to British Clays, Shales and Sands, 
Griffin, 1912. Over 100 are described. 
§ Loc. cit., supra page 126, 
|| Loc. cit., supra page 270. 
q Proc. Soc. Engineers, 1922. 
** An Introduction to British Clays, Shales and Sands, 
page 282. 
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possibly hexagonal,* this shape accounting for 
several of the properties of the material in bulk. 
For engineering purposes, therefore, clay may be 
considered (apart from foreign mixtures, such as 
sand) as composed off 

(a) Crystalline (non-colloidal) particles of dia- 
meters varying from 5}; to gs}55 in. (0-1 mm. to 
0-001 mm.). 

(b) Colloidal matter, in a still finer state of divi- 
sion, below ss455 in. (0-001 mm.). 

(c) Water, present in three states :— 

1. Occupying the interstices. 

2. Forming a film 0-000,000,2 in. thick on the 
crystalline particles. 

3. Adsorbed into the colloidal matter, and 
forming with it a ‘‘ hydrogel” or “ gel.” 

The mechanical properties of the clay depend 
almost entirely on the proportion of water which is 
associated with it and are shown in outline in the 
following Table IT. 

In this table and the rest of the paper, the writer 
has followed Mr. A. B. Searle’s practice of using 
for clay the term “volume weight,” instead of 
specific gravity, the latter term being properly only 
applied to the constituent clay particles and is 
generally about 2-75. In Table II and in 
practice all the conditions shade off into each other 
by imperceptible degrees with the addition and 
subtraction of water either as a liquid or vapour. 

The writer thinks that the volume weight of a 
clay affords, for engineering purposes, a valuable 
means of classification, which has so far not been 
adopted.|| Although there is a point of maximum 
density about 2-22, yet there is no difficulty in 
distinguishing a dry hygroscopic material from a 
damp and slightly plastic one of the same volume 
weight. Plastic clays with a volume weight below 





TABLE I.—ReEtativeE DIMENsSI 


absorption being due to its containing a large pro- 
portion of matter in a state of fine division, forming 
a ‘“non-rigid reversible gel” (see Appendix and 
Introduction to the ‘“‘ Physics and Chemistry of 
Colloids.” Hatschek, page 117), composed of colloidal 
matter, the change of volume and physical properties 
due to its water content easily accounting for all 
the difficulties encountered in dealing with it. The 
writer thinks, however, in addition, that some im- 
portance attaches to the pressure set up by the 


unable to ‘“‘ adsorb ” water, and he thinks that for 
all engineering purposes clays may be considered as 
mixtures of “argil” and water. If the specific 
gravity of the dry particles be taken as 2-70, it is 
evident that if the mixture is a mechanical one the 
volume weight of the mixture of “argil” and water 
can be calculated, once it has adsorbed the mini- 
mum amount of water required to fill any pores. 
The curves plotted in Fig. 1 show the volume 
weight of a clay as ordinates against the weight per- 





Fig.1. DIAGRAM SHEWING, ON BASIS OF ARGIL S.G. 2-70, VOLUME WEIGHT, CALCULATED AND 
OBSERVED, WATER CONTENT, AND VOLUME EXPANSION. 
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Optical 
Classifica- 
| tion. 


| 
| 





Description of 


Particle. Example. 


..|P. cementpassing B.E.S.A.| Microns* . .| 





| | 


Fragmentary - : 1/263 | _ B.E.S.A. Specifi- | 
| sieve, 180 x 180 re | | cation No. 12. 
Colloidal i ae ; ‘| Submicrons| 1/25,400 (3-94 10-5 | 1-0 x 10-4 (less than lz) | Hatschek. 
| | 930 wp to 22up 
Elementary atomic |Oxygen molecule. . ..| Amicrons .. ~- | _ ‘ue x 10-8 | yet Lewis. 





Fraction. | Dec. | Metric. 


In 


se A _ _ 


Dimensions. 





Authority. 


| Physical. 





In. Cm. 
3-8x 10-5 | 9-7 x 10-3 





} 


| 





* (1) “ Micron” is also used as a measure of length = 1 m. x 10-6. 


(2) lw = 1 micron = 1 m. x 10°6 
(3) 1m = 0-001 micron = 1 cm. x 1077. 
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centage of water held by the “argil” as abscisse. 

| The figures observes lie fairly well on the calculated 
|line, but as previously stated it is difficult to obtain 
| the “ argil ” really dry, and when pasty the mixture 
\is difficult to handle. The curves are plotted from 
the following :— 





100 + S.C. 
8G, = 10 x Sie xX (1) 
| ise. 
100 
| an Reema: amie (2) 
| 1 +66. 2 
i 100 (S.G. — S.C.) (3) 








(4) The resolving power of the best microscopes is 0-2 4 = 200 u 


Me 
(5) The wave-lengths of light vary from 450 “ @ to 760 w mw for the visible spectrum. 


TABLE II.—Mercuanicat PROPERTIES OF CLAY. 


~ (8.G. x S.C.) — SG. 
In which S.G. = specific gravity of “ argil.” 














Water Com 
: | Tensile 
Description of Clay. | me Volume | Strength, pression " 
ption of Clay. | 3 eng Weight. Ib. per ey Authority and Remarks. 
| Weight. om in. sq. in. 
| 

| | | 
I dl = — - — | — 400 — | Searle (3), page 330. 
Dried at 60 deg., &c., | 5 | 2-20 250 | 1,670 Author, Experiment No. B/8. Very hygroscopic. 

atmospheric pressure | | Will absorb 45 per cent. by weight of water, increasing 

| | | 5 per cent. lineal and 15 per cent. volume. Capable 

een | | “ } = ey pressures over 5 tons per sq. ft. 
» brick earth. . ee _ — | — Searle, loc. cit. 
Highly plastic ~ — | — |] a or te 
-~ A o« in i — — | Few Ib | — 
Brick earth from pug mill] -- = | 8 _ - » ‘ 
ee ct ae hae toe 62 | Will carry 4 tons per sq. ft. Author. 
Puddle s — } _ 9 8 | Parker, Control of Water, page 312. 
ee oo] 46 } 1-78 | ' “= 15 | —. Will carry } ton per sq. ft. 
: ee oe _ — _ ‘ew Oz —- | Searle, loc. cit. 
oe as for brick- 50 | 1:73 a | ae | Author. See Rankine, page 363. 
ng 
Saturated, viscous 94 } 1-46 _ | _ | Author. Does not settle; and, if deformed, surface 
| | does not return to level. 

Slurry 100 | 1-35 | — | a | Author and P. J. Neate. Can be pumped, but 

| 


settles if not stirred. 





2-22 show with decreasing volume weight increasing 
softness accompanied naturally l:y loss of supporting 
power, and flatter natural slopes, as is well known. 

The outstanding property of ciay, therefore, from 
the engineering point of view, is its extraordinary 
power of taking up and parting with water and under- 
going concomitantly great changes of volume while 
retaining its appearance as a solid, the power of 





* Ibid., page 315, 

t Ibid., 

t The C 

§ An Introduction to British Clays, Shales and 
page 283. 

|| Proc. Inst. C.E., vol. xcix, ‘‘ Lateral and Pressure 
Resistance of Clay.” 


316. 
mistry and Physics of Clay, Searle, page 239. 
Sands, 





‘* adsorption ’’ of water by dry clay, and conversely 
to the fact that mechanical pressure affects ‘‘ adsorp- 
tion.” He believes that these phenomena in the 
case of clay are now established or, at any rate, 
measured for the first time by him,* 

The writer proposes to denote by “argil”’ the 
substance remaining when clay is dried to constant 
weight at a temperature below that at which it 
changes its nature and becomes “ irreversible” and 





* See, however, Ceramics, Wilson: ‘‘ Pressures of 


three to four atmospheres have been observed when | 


water penetrates porous chalk and plaster”; and 
(1) ‘‘ The pressure exacted by the water appears to be 
about five atmospheres,”’ page 239. 





S.C. = Volume weight of clay. 
X = Percentage by weight of water held by 
** argil.”” 

The true specific gravity of “ argil ” is difficult to 
| obtain by direct weighing ; but it can be deduced 
by weighing a specimen of plastic clay in air and 
kerosene of known specific gravity, and then evapo- 
rating the contained water in an oven at a tempera- 
| ture not much exceeding the boiling point until the 
|weight of the specimen becomes constant. The 
volume of the original specimen less the volume of 
water evaporated from it gives the solid volume of 
|the “argil” whose weight must be equal to the 
| weight of the original specimen less the weight of 
| water lost. The operation is much simplified by 
‘using metric units. 

Volume Weight.—A piece of raw Watling clay 

dried at about 60 deg. F. shrank until it had a 
volume weight of about 2-2; after this its volume 
ceased to diminish, but the contained water con- 
‘tinued to evaporate, leaving the mass porous and 
holding about 5 per cent. of its weight of water, 
|which could, however, be driven off by further 
| heating at 110 deg. C. If the heating is kept below 
415 deg. C.* the “ argil”’ will re-absorb moisture ; 
but, if heated above that temperature, it will not do 
so. 

Porosity.—The porosity of any dried solid is given 
| by the formula. 


ins 100 (W — w) 


Ww-7?t 


(4) 











| * An Introduction to British Clays, Shales and Sands, 
| page 315. 
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Where P = porosity as percentage of weight. 
w = weight in air dried. 
W = weight in air saturated in kerosene. 
« = weight in kerosene. 


After drying, samples should only be half | 


immersed to begin with, otherwise air is imprisoned. 

As clay “varies its water content with the 
temperature and vapour pressure in which it finds 
itself,’ a ‘spit, when taken from a trench and 
thrown on to the surface, dries out rapidly. The 
yellow surface clay at Watling has, when dug, a 
volume weight of 1-76, and under cover loses 20 per 
‘cent. of its weight in a few days. When further 
air dried indoors, the resultant mass is a hard stone- 
like substance with a volume weight of 2-2, which 
‘ean be worked like hard chalk or soap stone, but 
shows its silicious nature by rapidly dulling the 
tools used on it. When ground up with pestle and 
mortar to pass through a 50 x 50 sieve, it gives 
a light brown powder with no cohesion, having a 
volume weight of about 1-89 which, by compression 
in layers at about 1,200 lb. sq. in., can be increased 
to 2-27. 

A sample of London clay had when fresh a volume 
weight of about 1-86, and a “ dried ” volume weight 
of 2-07, having lost about 17 per cent. of its original 
weight. Clay dried to this point has, in lumps, a | 
weight porosity of (about) 20 per cent. and is very | 
hygroscopic, but it must be noted that as soon as 
the outer layers absorb water they expand and 
become watertight. If the mass is not mechanically 
supported, however, the expansion splits it, water 
gains access to the inner portions, and the process is 
repeated rapidly and leads to disintegration, or 
‘“‘slaking.” If, however, expansion is prevented, 
the water has to travel through the mass and | 
“* adsorption ” is much slower, taking days instead | 
of minutes to effect the same saturation. Mechani- | 
cal pressure, therefore, seems to slow up saturation | 
in two ways, firstly, by compelling the water to | 
travel in one direction through the mass from | 
particle to particle, and, secondly by preventing | 
directly the colloidal matter from swelling. At 
atmospheric pressure, clay immersed in water will | 
adsorb it until saturated with about 100 per cent. | 
of its dry weight and 270 per cent. of its dry volume. | 
In this saturated state the “clay” is more like a | 
thick liquid than a solid, but the surface if disturbed 
does not return to its level; its volume weight is 
about (1-46) or 90 lb. per cubic foot, compared with | 
(2-20) or 137 lb. per cubic foot in its air dried | 
condition. 

If this saturated material is mixed with a surplus | 
of water, by stirring to form a slurry, and then left | 
undisturbed, it will reject the surplus water. Clay | 
in this condition, owing to the fineness of its particles, | 
can penetrate almost anywhere where water can ;| 
passing, for example, through a layer of “ hardcore ” 
and then after a portion of the water has evaporated | 
remaining as a more or less plastic solid in its inter- | 
stices, but acting as a lubricant every time it is 
wetted. This explains the value in a clay country 
of a good coat of well rolled ashes on a road forma- 
tion. The ashes evidently act as a reverse filter, 
and assist as well in evaporation and drainage. The 
use of ashes to remedy the slurry condition arising 
under temporary railway sleepers in a clay bottom 
in wet weather is, of course, well-known and 
commonly practised. Clay workers increase the 
water content of clay to render it workable, and 
can also gauge accurately the shrinkage caused by 
drying out. On works of construction, it seems as 
though the effects of water on clay are often treated 
as either negligible or impossible to take into 
consideration. The writer has, however, found that 
road formations in clay trimmed to a camber, and 
made up with hardcore, though not surfaced, have, 
if subjected to traffic during a wet winter, become 
completely flattened out—an effect comparable with 
that produced by the clay worker softening the mass 
and subjecting it to pressure. 

The clay in the foundation trench of a house, if 
excavated and allowed to stand full of water for 
some time before concreting will absorb water, swell 
and become more plastic. This will produce the 
double bad effect of causing settlement when loaded, 
owing to its greater softness and greater shrinkage 
with further settlement and cracking of super- 
structure in a dry season. With pipe trenches, 
especially deep ones where the material is longer 





| exposed, it should be noted that the clay, when 
| thrown to the surface, at once begins to dry out, 
|and may lose by evaporation in a week, as much 
as 40 gallons of water per cubic yard, its tensile and 
compressive strength becoming increased many 
times. It is obvious that, if the trench is backfilled 
with the material in this non-plastic condition, that 
|no amount of ramming will consolidate it, and it 
may remain for months or even years, a mass of 
hard lumps with 40 per cent. or 50 per cent. voids. 
The author is satisfied that this actually takes place. 
In course of time, these lumps of hygroscopic 
material become saturated with moisture trans- 
|ferred from the sides of the trench and soaking 
down from the surface, and so they again become 
plastic ; the voids fill up under superincumbent 
pressure, and settlement is produced at the surface. 
The proper and most economical course is to water 
the clay until it becomes plastic before refilling, and 
the ramming can then be made effective. The sides 
of a clay trench are also heavily stressed by the 
material drying out, and pieces frequently fall off 
the face from this cause, quite independently of 
the pressure due to gravity. 

As regards clay embankments, the material should 
be wet enough to be plastic, though not wet enough 
to become saturated, and the accumulation of water 
must be prevented, otherwise the material is 
converted practically into a heavy fluid. It is 
worth noting that in two cases, described respectively 
by Mr. Moncrieff and Mr. Ross (Proc. Inst. C.E., 
vol. xcix, pages 9 and 72), pressure has been employed 
to prevent the clay in railway cuttings absorbing 
surplus water and sliding. 

With regard to structural foundations, it appears 
to the writer that unequal loading also may be the 
cause of failures. It seems that while dry clay 
unloaded will absorb water, with a lineal expansion 
of 5 per cent., yet if loaded to five tons per square 
foot, experiment shows that the expansion is 
reduced to 24 per cent. (See Appendix, Experi- 
ment B/7 (a) (6), (c)). This may evidently produce 
tilting in a retaining wall designed on the “ middle 
third” rule; since, if water gains access to the 
foundations, the heavily-loaded outer toe would 
remain stationary, and the lightly-loaded “heel” 
would rise, an effect which may also be complicated 
by the adsorbed water reducing the friction under 
the “‘ heel.” (See Appendix. Expt. B/7.) 

Considering the nature of clay as shown by the 
foregoing results, the author thinks it is remarkable, 
not that failures should have occurred in construc- 
tion work where it is concerned, but that so large 
a measure of success should have been obtained by 
empirical methods of dealing with it. 


(To be continued.) 


| 











2,500-H.P. FULLAGAR-DIESEL 
STATIONARY ENGINE. 

AttrHoueH a number of Fullagar marine engines 
have been built, the results obtained have failed to 
establish the advantages of the design for this service, 
and so far as we know, there are no marine sets at 
present under construction. Such information as is 
available on the service performance of the engines 
suggests, however, that it was in detail design, rather 
than in principle, that they proved to be defective. 
An examination of the basic design, in fact, suggests 
that the optimism of its sponsors was not out of place, 
and support is given to this view by the fact that such 
stationary engines as have been constructed have been 
entirely successful, and have shown that the design 
offers distinct advantages over more conventional 
types. These advantages were fully discussed in a 
description of the Cammellaird-Fullagar engine on 
page 144 of vol. cix of ENGINEERING. 

The manufacture of the Fullagar engine for land use 
was taken up by Messrs. The English Electric Company 
at their Rugby works some eight years ago, under 
licence from Messrs. Cammell Laird and the Fullagar 
Engine Syndicate. The firm have since built some 
thirty-six engines, of which the success can, perhaps, 
best be judged by the fact that ten of these engines 
represent repeat orders. Up till the present, the 
engines have been built as four, six or eight-cylinder 
units with a cylinder bore of 14 in. and a piston stroke 
of 16 in., the power developed in the three cases being 
750, 1,125 and 1,500 brake horse-power. Recently, the 
demand has arisen for a range of engines with some- 
what higher outputs, and the first engine in this range, 
with an output of 2,500 brake horse-power from six 
cylinders, has just been completed. 





This engine, which is illustrated in detail in Figs. 
1 to 19 on Plates I, II and III, and on pages 8 
and 9, has a cylinder bore of 19 in. and a piston 
stroke of 22 in. The rated power is developed 
at 200 r.p.m. The majority of the Fullagar marine 
engines actually built have been described in our 
columns, and as our readers may wish to compare the 
latest engine with its prototypes, it may be stated that 
perhaps the fullest description of an earlier engine was 
given in the article on the Cammellaird model, already 
referred to. Engines of the same type built by Messrs. 
John Brown and Company and by Messrs. David Rowan 
and Company were described on page 128 of vol. cxvi, 
and a description of a Palmer-Cammellaird model was 
given on page 265 of the same volume. It will be seen 
from Fig. 1 on Plate I, that the arrangement of 
the cylinders in pairs has been retained, but that the 
new engine is of the enclosed type, in common with 
those of the smaller range. The differences which 
represent developments in design can best be dealt 
with in the course of our description of the English 
Electric model. As it was anticipated that the engine 
might have to be erected in countries where transport 
facilities were limited, it was decided that no part 
should exceed 8 tons in weight, and this consideration 
is, of course, reflected in the construction of the main 
casing. The bed plate, which is shown in section at 
the bottom of Fig. 2, is made in three pieces, the 
position of the joints being shown in Fig. 1. The 
crank-case is in five main sections, the three inner 
sections each corresponding to a complete two-cylinder 
unit, so that the parts would be identical in a four, 
six, or eight-cylinder engine. Each section is built 
up with front and rear columns of such a width as to 
form a continuous structure, and carrying the lower 
cross-head girders on their inner faces. The columns 
are joined transversely by bridge pieces, as shown in 
Fig. 2, in addition to the bed plate. Each of the 
cylinder blocks, containing two bores, is made in two 
pieces with a horizontal joint, the latter being visible 
just above the valve boxesin Fig.2. The engine differs 
from the majority of the marine models constructed 
in that the scavenge belt is above the exhaust belt. 
The reverse arrangement was favoured in marine 
practice, as the exhaust trunk is most conveniently 
located above the engine in such cases, but this does 
not apply in land practice, and, in addition, the arrange- 
ment of the scavenge belt at the top enables a simpler 
path to be employed for the scavenge air, since the 
scavenge pumps in the Fullagar design are at the 
top of the cylinders. Following out the main structure, 
it will be seen from the drawings that the cylinder 
blocks are surmounted by the castings carrying the 
upper crosshead guides, and these in turn form a 
seating for the scavenge pump. In the earlier marine 
units, each upper crosshead formed the scavenge- 
pump pistons for the corresponding cylinder, and was 
rectangular in plan. The same system was adopted 
for the smaller range of English Electric engines already 
referred to, but in the new model, as shown in Figs. 1 
and 2, the pump, although still located above the 
cylinder, has a conventional circular barrel, and the 
piston is connected to the crosshead by a rod. The 
newarrangement possesses obviousadvantages, although 
it tends to produce a slightly higher engine, the differ- 
ence in height being usually a matter of no great 
importance. The scavenge pumps are of simple design, 
the valve boxes being located beside the cylinder, as 
shown in Fig. 2. Details of the suction valves are given 
in Fig. 5, and the arrangement of the delivery valves 
is practically identical. The valves are of the plate 
type, and are readily accessible on removal of the top 
cover of the valve box. The arrangement of the air 
passages, terminating in the scavenge trunk, is shown 
in Fig. 2, and the location of the exhaust trunk can be 
seen in the same figure. 

The design of the cylinder liners is particularly 
important in this type of engine, as the opposed-piston 
design results in the liners being subjected to the full 
gas pressure at their centres, and, in addition, they 
have to resist considerable temperature stresses. It 
may be recalled that in the Palmer-Cammellaird engine, 
steel bands were employed to reinforce the liner in 
the neighbourhood of the combustion space, but in 
the design illustrated reliance has been placed on a 
simple cast-iron liner in which the thickness is increased 
at this point. The liners are fitted from the top with 
freedom to expand at the bottom, and are provided 
with gland rings at each end. The pistons are of cast- 
iron, and are made in two parts. The head is fitted with 
five rings. They are oil cooled, the oil being delivered and 
withdrawn through telescopic pipes as shown in Fig. 2. 
The arrangement of the connecting rods, and also of 
the oblique rods connecting the upper and lower pistons, 
is similar to that employed in earlier engines. The 
engine is also similar to previous models in that there 
are no bearings between the cranks for each pair of 
cylinders, the advantages of this arrangement being 
discussed in our account of the Cammellaird model. 
All the crossheads are of cast steel, with white-metalled 
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slippers. The small-end bearings are in phosphor- 
bronze with floating gudgeon pins, and the big end 
bearings are white-metalled steel castings, the design 
following ordinary marine practice. The crankshaft 
is a one-piece forging with a subsidiary shaft at one 
end for the compressor drive, and an extension at the 
other for the outside flywheel bearing. 

Turning now to the valve arrangements, the cam- 
shaft is mounted on the front of the engine just below 
the fuel valves, as shown in Figs. 1 and 2. It is carried 
in forced-lubricated bearings in brackets cast on the 
cylinder casing. The arrangement of the drive is 
shown in Fig. 3, which is a section through the engine 
a short distance behind the flywheel, and it will be 
noticed that the camshaft is driven from the crank- 
shaft through the medium of a vertical shaft, with a 
skew gear drive at eachend. A Michell footstep bearing 
is provided at the bottom of the vertical shaft. Behind 
the camshaft are short shafts forming fulcrums for the 
fuel-valve operating levers, as shown in Figs. 14 and 15. 
The operating levers are short, and the whole design 
of the valve gear results in a very compact arrange- 
ment, 

The position of the fuel pump is shown in Fig. 3, from 
which it will be noticed that it is driven from the vertical 
shaft, already referred to, through the medium of a 
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drive at the top, and a bevel drive at the bottom. The 
drive is also shown on the left in Fig. 12. The pump 
is provided with a plunger for each working cylinder, 
the crankshaft having three throws, so that the plungers 
are driven in groups of two. Ample lateral float is 
allowed at the foot of each plunger, and it has been 
found in the smaller engines that with this arrange- 
ment the rate of wear on the plunger sleeves is 
extremely low. A rocking lever, visible above the 
crosshead in Fig. 13, is connected to the crosshead by a 
link at the end of its longer arm, and is pivoted on an 
eccentric regulating shaft. The shorter arm is con- 
nected, by a second link, to one arm of a tappet lever 
located at the top of the pump. This tappet lever 
controls the opening of the suction valve through the 
medium of a spring-loaded tappet, as shown in the figure. 
On the suction stroke of the pump plunger, the suction 
valve is held open by the tappet, and this action con- 
tinues during a portion of the delivery stroke, the point 
of release being controlled by the governor. While the 
valve is held off its seat, the fuel is returned to the 
common inlet chamber, delivery to the spray valve only 
taking place after the valve bas been allowed to seat. 
The eccentric shaft is connected to the governor by a 
lever, shown in Fig. 13 directly behind, and in line 
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with, the shorter arm of the rocking lever. It will be 
noticed from Fig. 12 that the governor lever is actually 
pinned to one end of the shaft, and is coupled to one 
end of a second rocking lever mounted on the gear- 
casing cover. The other end of the rocking lever is 
connected to the governor lever as shown in Fig. 3. It 
will be clear that the movement of the governor weights 
will alter the clearance between the suction valve and 
its tappet, due to the eccentricity of the regulating 
shaft, and will thus cause a greater or smaller quantity 
of fuel to be delivered to the spray valve. The governor 
is of the firm’s standard type employed on their steam 
turbines, and is arranged so that the weights do not 
commence to move out before an engine speed of 
135 r.p.m. has been reached. To obviate the delivery 
of heavy charges of fuel to the spray valves during the 
starting period, a hand regulator is employed. The 
shaft carrying the tappet levers is eccentrically mounted, 
and the opening of the suction valves may therefore be 
varied independently of the governor action by rotating 
this shaft. The link gear for this purpose is marked 
on the drawing. If the hand regulating gear were in the 
position shown, the engine could not be brought up 
to full speed, and it would be necessary to move the 
lever downwards into the running or full-power 
positions to bring the speed up to normal. An emer- 
gency governor, connected to a shaft running along 
the top of the pump, comes into operation if the speed 
rises above a predetermined figure. The shaft is 
shown in end section, above, and to the right of, the 
suction valve in Fig. 13, and it will be noticed that it is 
provided with levers bearing directly on the head of 
the valve tappets. 

Two of the six cylinders of the engine are provided 
with air starting valves, and during starting operations, 
the fuel is cut off from these two cylinders by rotating 
a shaft, which can be seen in Fig. 13, mounted on the 
casing to the left of, and at the level of the crosshead 
guides. Rotation of this shaft causes two cams to lift 
the suction valves corresponding to the starting cylin- 
ders. The action is effected by raising the link con- 
necting the rocker arm with the tappet lever, the link 
being slotted at the lower end as shown to allow move- 
ment independent of the rocker arm. Further rotation 
of the shaft brings four cams associated with the remain- 
ing cylinders into action, thus providing the hand 
emergency gear for stopping the engine. Both the 
delivery and suction valves on the pump are arranged 
for easy withdrawal, and flooding plungers are provided, 
as shown in Fig. 13, for priming the fuel valves and 
piping system. The gear train, shaft bearings and 
pump connecting-rod bearings are all lubricated under 
pressure. The pump body is of steel, the plungers of 
case-hardened steel, and the plunger sleeves of phosphor 
bronze. The suction and delivery valves are also 
of steel, and the former is provided with a renewable 
cast-iron seating. 

The method of operating the fuel valves has already 
been explained. The injection air pressure at full 
load is 940 Ib. per sq. inch, and as will be clear from 
Fig. 2, the fuel is introduced at right angles to the 
cylinder axis, in the form of a horizontal fan so that 
the amount coming into contact with the piston crowns 
is reduced to a minimum. Details of the fuel valve and 
its mounting are given in Figs. 14 to 19, and these 
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drawings are self-explanatory. It may be mentioned, 
however, that the valve needles can be turned while 
the engine is running, a small square being milled on 
the end of each stem for this purpose. As already 
mentioned, air starting valves are provided on two of 
the cylinders. These are located directly opposite to 
the fuel valves, as shown in Fig. 2, and one of them is 
shown in detail in Figs. 10 and 11. The main air 
valve is vertical, and is held on its seat by the helical 
spring shown. A piston is mounted on the valve stem, 
and the valve is opened by air pressure on the under- 
side of the piston. The air for this purpose is supplied 
at the correct point in the cycle by pilot valves on the 
front of the engine. The pilot valves are operated by 
cams on the main camshaft, and are brought into 
operation by the movement of a hand lever at the 
control station. It will be noticed from Fig. 11 that 
a relief valve is incorporated in the starting valve 
casing. The starting air is delivered at a pressure of 
1,000 lb. per square inch. 

Turning now to the auxiliary apparatus, the air 
compressor is of the three-stage type, and is incor- 
porated in the engine casing at the end remote from 
the flywheel, as shown in Fig. 1. Various details of 
the compressor are shown in Figs. 4,8 and 9. It will be 
noticed from Fig. 1 that the intermediate and low 
pressure pistons are cast in one piece, to the top of 
which the high-pressure piston is bolted. The position, 
of the first and second stage intercooler, and also of the 
aftercooler, is shown in Fig. 4. The valves throughout 
are of the plate type, those for the first stage being 
shown just above the low-pressure piston in Fig. 1. 
It will be seen that they are readily accessible by remov- 
ing the top covers of the valve boxes, access to the 
adjusting screws being obtained in the same way. The 
second stage valves, shown in Fig. 8, are mounted in a 
separate box bolted to the side of the main compressor 
casing just above the intermediate stage piston, as 
shown in Figs. 1 and 4. The third-stage valve box is 
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mounted on the top of the compressor, and is shown in 
section in Fig. 9. The connections between the valve 
boxes and the intercoolers are not shown in the draw- 
ings. The supply of air for the first stage of the com- 
pressor is taken from the atmosphere through the 
slotted pipe shown to the right in Fig. 4. The air 
pressure can be regulated for any particular load by 
means of the valve below the slotted pipe, the position 
of this valve being regulated by a hand lever. As 
regards other ancillary apparatus, the oil pump, which 
serves for the piston cooling system as well as for all 
the bearings, is of the gear-wheel type. It is mounted 
on the end cover of the crankcase, and is driven by 
gearing from the compressor crank, as shown in Fig. 1. 
It runs at 325 r.p.m. The circulating pump for 
supplying the water to the cylinder jackets is a 
separate unit. 

As regards the control gear, the controls are grouped at 
ground level in the position shown in Fig. 1. It will be 
noticed from this figure that there are five levers below 
the gauge panel. The lever on the extreme left controls 
the starting valves. During the first portion of its 
movement, the air pilot valves, already referred to, are 
brought into action, and further movement opens 
the main air supply. The second lever is connected to 
the throttle on the compressor air inlet, and the third 
to the hand-regulating shaft on the fuel pump. Of the 
remaining two levers, one is connected to the fuel 
valve lever fulcrum shaft on the starting lines, and 
enables the valves to be cut out during starting opera- 
tions, and the other is connected to the small camshaft 
on the fuel pump referred to when describing the latter. 
In addition to the five levers, there is a handwheel on 
the right controlling the speed-adjusting gear, by 
which the speed of the engine can be varied over a 
wide range while running. 

In concluding our description of the engine, mention 
may be made of the indicator rig shown in Fig. 7. 
This is mounted on the rear engine casing at lower 
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platform level, and it will be noticed that a very simple 
drive is obtained for the instrument barrels by means 
of levers pinned to short shafts passing through the 
casing. The lower levers, located inside the casing, 
are fitted with rollers, which are pressed against the 
diagonal rods connecting the engine pistons by means 
of a spring between the upper levers. The latter are 
outside the casing, and the instrument cords are 
connected to their upper ends. When the indicators 
are not in use, the rollers can be drawn out of contact 
with the diagonal rods by the movement of a cam 
between the upper pair of levers. 

The marked saving in floor space which results from 
the elimination of the arrangement of three cranks 
per cylinder usually associated with opposed-piston 
engines, is clearly brought out in Fig. 1. It may 
mentioned that the calculated brake mean effective 
pressure is about 67 lb. per square inch, and the indicated 
mean effective pressure 88 lb. per square inch. At a 
crankshaft speed of 200 r.p.m. the piston speed is 
733 ft. per minute. The scavenge air pressure is 
approximately 2 1b. per square inch. Although at first 
sight it might appear that the main reciprocating parts 
are somewhat inaccessible, examination showed that 
this was far from being the case, as may be illustrated 
by the process of piston withdrawal, an occasional 
necessity with any Diese] engine. By the introduction 
of a distance piece between a piston and its crosshead, 
an upper piston can be removed in less than half an 
hour, and both pistons from one cylinder in just under 
two hours. Diesel engine users will appreciate the 
advantages resulting from the fact that this removal 
and subsequent reassembly can be carried out without 
disturbing any high-pressure joints or bearing surfaces. 
The cylinder liners can be removed without disturbing 
any of the principle parts, except the scavenge pump 
upper crossheads, upper and lower pistons, and, of 
course, the valves which are attached to the central 
zone of the liner. In fact, investigation reveals that 
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this very important point of accessibility has received 
most careful attention throughout the engine. 

At the present time the trials of this engine have 
not b2en complet2d, but we hope to give further 
information in this connection in a future issue. 








THE CERAMIC SOCIETY. 


Tue Ceramic Society, having its headquarters at 
Stoke-on-Trent, naturally took part in the Wedgwood 
Bicentenary celebrations held in that town from 
May 18 to 24. As would be expected, also, the 
proceedings were largely of a ceremonial or other 
special nature. Only in the morning and afternoon of 
the third day were joint and separate meetings of the 
three sections held, but there was nothing of particular 
technical importance, such as generally transpires at 
the ordinary meetings of the Refractory Materials 
Section, for example. 

In connection with such an occasion, it seems fitting 
to bear in mind that Josiah Wedgwood made a highly 
important contribution to the refractory materials 
industry of his time by inventing his thermometer, 
as he called it, though it is now referred to as a pyro- 
meter, for the measurement of high temperatures. 
This instrument was greatly appreciated by Priestley, 
Lavoisier, and other famous contemporary scientists, 
and was extensively used for along period. Wedgwood 
also made firebricks for his own use. 

The Wedgwood Bicentenary Commemoration Volume, 
Part I, published by the Ceramic Society, contains 
many papers dealing with a variety of ceramic subjects, 
among which are the following contributions relating 
to refractory materials. 

The Plasticity of Clay: Part I, Mechanical Methods 
of Measurement, by S. R. Hind; Part II, The Effect 
of Non-Plastic Additions on the Mechanical Properties 
of a Plastic Clay, by S. R. Hind and E. P. Degg. The 
title scarcely gives an adequate idea of the interest 
attached to this paper, and especially Part II, which 
is concerned with mixtures of clay and grog. From 
the results of a large number of experiments, stress- 
strain diagrams were constructed and subjected to 
careful investigation. The data suggest that the 
plasticity numbers derived by certain methods probably 
confuse the workability with the minimum moisture 
content at which plasticity is developed. A deduction 
which should have practical importance in connection 
with clay-grog mixtures is that such a mixture con- 
taining 60 per cent. grog gives the relatively safest 
drying, maximum density and minimum porosity in 
the dry state, and tends to be freest from inherent 
stresses which affect the soundness of the finished 
article. 

A paper by Dr. J. A. Sugden and Professor J. W. 
Cobb, entitled ‘* Changes in Thermal Expansiov 
Characteristics during the Burning of a Silica Brick,” 
records an investigation of the problem of how 
far the behaviour of a silica brick in use, particu- 
larly its reversible expansion, depends on the stage to 
which its firing during manufacture has been carried. 
A good silica brick should contain practically no 
quartz, but it may also be of importance that the silica 
should be present as tridymite rather than cristobalite. 
Since the two last named differ only slightly in density 
(2°28 and 2-32), the determination of density would 
not serve to indicate the relative quantities present, 
and petrographic examination of a section of the 
material could only give a rough estimate. 

The authors, unlike some previous workers, have not 
found it possible to calculate reliable figures for the 
mineralogical composition (the proportions of tridymite, 
cristobalite, and quartz) of a silica material from the 
shape of the expansion curve. ‘‘ In some degree the 
results show the interconversion of the three forms of 
silica, and point also to the fact that the good qualities 
of a well-fired silica material lie in some property other 
than that of the thermal expansion.” A study is 
therefore being made of the changesin torsional strength 
and elasticity of a silica material during the burning 
process. 

Dr. H. Ackermann and Dr. H. Knuth describe, in 
a paper entitled ** Improvements in Preparing and 
Moulding Refractories Especially for Manufacturing 
Large Blocks,” a new method of manufacturing 


clay into the colloidal state. In this way are produced 
slips of different states of concentration and different 
degrees of viscosity, as may be required. Concentrated 
slips having minimum water contents are used when 
the mixture is to contain larger quantities of clay 
substance. 

A definite quantity of slip is added to the non- 
plastic material in a suitable mixing machine. The 
clay slip should be just enough to cover each grain of 
non-plastic material by a thin film, without filling up the 
pores between adjoining grains of the body. As the 
bonding medium would not influence the size or shape 
of the pores, the porosity of the finished block is 
determined by the sizing of the grog grains, and thus 
the new process enables the porosity of the burnt brick 
to be determined beforehand with certainty by the 
grading of the non-plastic material. The slip is 
uniformly distributed within the body, so that adhesion 
between adjoining grains of grog is equally sound 
throughout. 

The moulding of the 8.u.G. body is effected by 
powerful mechanical means, such as high pressure, 
stamping, beating, &c. The finished blocks are stated 
to be free from holes, cracks and flaws, and are very 
solid immediately after moulding. The crushing 
strength of the freshly stamped body is given as 20 kg. 
per square centimetre. 

The conditions governing the composition of the 
S.u.G. body are set forth in some detail, as regards 
the kind of clay used, the viscosity of the clay slip, 
the apparent porosity of the non-plastic material used, 
and the size of the grains of grog used for the body. 
With some experience, the correct proportions of each 
kind of grog and clay slip are easily found by making a 
few small mixing and moulding tests. The result is 
satisfactory when the moulded test-pieces keep their 
shape after removal from the mould and have a sufti- 
cient crushing strength in the fresh state. Crushing 
strengths are given of moulded blocks made of different 
mixtures, one being S.u.G. body. Other data are 
given for three similar bodies, including proportions 
of bonding clay to grog, water content, drying period, 
shrinkage, &c. 

Very large tank blocks made by the S.u.G. process 
may be set in the kiln three or four days after moulding, 
whereas similar blocks made by slip casting or from 
a stiff-mud body take three to six months todry. The 
finished blocks made by the S.u.G. process may be 
produced on a works scale, with a tolerance of + 0-5 
per cent. of the given dimensions, and such blocks 
may be used without any dressing in building furnace 
walls with narrow joints. In addition to their high 
crushing strength, S.u.G. bricks offer considerable 
resistance to abrasion and corrosion. By suitable 
grading of the body the resistance of such bricks to 
sudden temperature changes can be increased, and at 
the same time their resistance to slag attack is also 
increased. It remains to be added that the S.u.G. 
process may be applied with advantage in making 
special refractories, using as the non-plastic materials 
corundum, zirconia, silicon-carbide, sillimanite, chro- 
mite, &c. 

In a note entitled ‘‘ Differences Between the Interior 
and Exterior Portions of Fireclay Products Consequent 
on the Firing Operation,” Mr. A. T. Green quotes 
certain data published by several different workers 
(including himself), and draws attention to the in- 
fluence of carbonaceous matter and iron compounds, 
as well as effects associated with vitrification. Dif- 
ferences are noted in the nature of the reactions 
which take place on the exterior and in the interior of 
fireclay shapes. In the oxidation period of the firing, 
the main factor governing the adequate removal of the 
carbonaceous matter and the oxidation of ferruginous 
matter is the speed of ingress of oxygen into the brick, 
and this factor is itself controlled by the composition 
of the kiln atmosphere, the nature and extent of the 
porosity (the capillaries in the clay product), and the 
nature of the pores formed and partially remaining in 
the brick (closed pores). 

There are indications that a very marked effect takes 
place during the cooling period, and this effect may 
vary with the nature of the materials and with the 
firing conditions. The changes taking place during 
cooling need further investigation. The differences in 








refractory bricks and blocks whic has been developed 

in Germany during the last five years. Details of this | 
* S.u.G.”” process, as it is called, have been confined | 
almost exclusively to the literature of patents, and in | 
this paper, for the first time, is given a coherent | 
description of the scientific and technical fundamentals 

on which the preparation and moulding of the S.u.G. 

body in making large blocks is based. 

After discussing some of the drawbacks connected 
with several of the methods used for making large 
refractory blocks of exact shape, the authors give an 
account of the development of the S.u.G. process. 
The S.u.G. body is prepared by stirring with water 
the dried and finely ground clay, and adding a suitable 


the nature of the reactions which occur on the exterior 
and in the interior of fireclay shapes result in some 
variations in the properties of different portions of the 
product, which, depending on the control of the firing 
operation, may or may not have subsequent detri- 
mental influences. 

In their paper entitled «‘Some Experiments with 
Indian Sillimanite,’’ Messrs. J. H. Chesters and W. J. 
Rees describe experiments with sillimanite consisting 
of the commercial product obtained by the calcination of 





cyanite from the Singbhum district of India. It may be 
explained that the three different minerals known as | 
cyanite, sillimanite, and andalusite, have very approxi- | 
mately the same chemical composition, and that the | 





electrolyte (an alkali, for example) to transform the 





final product of similar treatment, including firing at a 








high temperature, has been shown by experiment to 
be identical, whichever of the minerals may be used. 
Numerous experiments were made, using the calcined 
material alone or mixed with different proportions of 
ball clay, ball clay and felspar, or calcined alumina, 
and the products were subjected to various tests. 
Some bricks were also made of mixtures of raw and 
calcined cyanite, with 5 per cent. ball clay added. 
Bricks containing felspar showed vitrification and 
had a porcellanous appearance, but even those having 
10 per cent. felspar and 5 per cent. ball clay to 100 of 
the calcined cyanite possessed refractoriness above 
cone 28. Further experiments showed the feasibility 
of producing composite bricks with faces almost 
impermeable by using the felspathic mixture as an 
outer layer, or as a thick paint or wash on the dried 
brick. Bricks containing 76-1 per cent. calcined cyanite 
to 23-9 per cent. alumina (calcined at 1,650 deg. C.) 
showed practically no shrinkage and were of excellent 
texture. For the bricks made with both calcined and raw 
cyanite, 10-mesh sieves were used for both materials. 
All these bricks showed faint cracks and crizzles due 
to expansion of the larger grains of raw cyanite. Bricks 
made from a special mixture of similar materials 
passed through a 30-mesh I.M.M. screen showed no 
cracks or crizzles, and practically no shrinkage on 
high-temperature burning. 

In their account of «‘ A Preliminary Investigation of 
the Magnesia-Zircon Series,” Messrs, W. J. Rees and 
J. H. Chesters describe the results of attempts to 
avoid the difficulties arising from the shrinkage to 
which dead-burned magnesite is subject, by mixing 
the magnesite with zircon. The mixtures were bonded 
with 5 per cent. ball clay, the presence of which 
did not materially affect the shrinkages obtained. 
All the briquettes containing 50 per cent. to 100 per 
cent. magnesite appeared quite refractory. The 
20-80 mixture fluxed badly and collapsed almost 
completely. The dead-burned magnesite used for 
making these had about 6 per cent. ferric oxide. The 
results obtained when electrically-fused magnesia 
was used did not differ essentially, and the same was 
the case when impure brown zircon was used instead 
of white zircon. The simplest way to explain the results 
obtained seems to be to make two assumptions, that 
maximum melt formation occurs at about a 20-80 
mixture and that a new mineral of lower density is 
formed in maximum quantity for a 50-50 mixture. The 
formation of such a mineral has been confirmed by 
X-ray and microscopic work. It is suggested that the 
mineral is probably a magnesium-zirconium silicate, 
4 MgO, ZrOz, SiO,. 








PETROLEUM TECHNOLOGY AT THE SiR JoHN Cass 
Inst1TUTE.—The close of the 1929-30 session marks the 
completion of the third triennium of the work of the 
department of petroleum technology at the Sir John 
Cass Technical Institute, Jewry-street, Aldgate, London, 
E.C.3. Taking the department as a whole, there were 
160 class entries and 2,876 student hours were worked, as 
against 145 entries and 2,153 student hours during the 
previous session. The courses provided {deal with the 
general technology of petroleum, the bulk transport and 
distribution of petroleum products, and the chemical and 
physical properties, applications and examination of 
petroleum. 





British STANDARD SPECIFICATION FOR TRAMWAY 
Ax rs.—The British Engineering Standards Association 
has just issued a revised edition of British Standard 
Specification No. 102 for tramway axles. The new issue, 
which is designated No. 102-1930, has been enlarged and 
now contains separate specifications for axles of three 
different qualities of material. This extension has been 
made in view of the increasing tendency amongst some 
engineers to adopt axles with a somewhat higher tensile 
strength, and this demand has been met by providing for 
axles of high-carbon steel and nickel-chromium steel. 
The specification, as revised, will now meet the require- 
ments of all tramway undertakings. The opportunity 
has also been taken to make certain changes so as to 
bring the original specification more into line with present- 
day requirements. Copies of the specification may be 
obtained from the B.E.S.A., Publications Department, 
28, Victoria-street, London, 8.W.1, price 2s. 2d., post free. 





GRAPHICAL DETERMINATION OF HELIX ANGLES OF 
THREADS.—Miscellaneous Publication No. 109 of the 
U.S. Department of Commerce, Bureau of Standards, 
is a chart, prepared by Mr. I. H. Fullmer, showing the 
helix angles of screw threads or other helical surfaces 
ranging from 0-05 in. to 10 in. in diameter and from 1 to 
100 threads per inch. Diameters are represented by a 
vertical logarithmic scale and leads (or pitches of single- 
thread screws) on a horizontal scale reading along the top 
of the chart. Vertical lines are also drawn to correspond 
with the numbers of threads per inch of various standard 
systems, a scale for use with these lines being provided at 
the bottom of the chart. The helix angles are read off 
from diagonal lines ruled across the others. The chart 
will, doubtless, be generally employed for determining 
the helix angle corresponding to a known pitch diameter, 
but, in designing power-transmission screws or conveyor 
worms, it can be used to determine a suitable combination 
of diameter and lead from a pre-determined helix angle. 
The price of the chart is 5 cents, and it is obtainable from 
the Government Printing Office, Washington, D.C., U.S.Ag 
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LABOUR NOTES. 

THE Negotiating Committee of the National Joint 
Engineering Wages Movement met Miss Bondfield, the 
Minister of Labour, at the House of Commons last 
week, and submitted for consideration the request 
of the trade unions that the Government should hold 
an inquiry into the engineering industry in view of 
the refusal of the employers to concede an advance of 
wages. The Negotiating Committee also met the 
President of the Board of Trade. The Prime Minister 
was present during part of the proceedings, which 
terminated on the understanding that the Government 
would communicate with the Negotiating Committee 
after meeting representatives of the Engineering and 
Allied Employers’ National Federation. 





In the House of Commons last week Mr. Mander 
asked leave, under the Ten Minute Rule, to introduce a 
Bill to encourage the formation of industrial councils, 
and to legalise voluntary agreements when so desired. 
The measure, he said, was on the same lines as the Bill 
introduced in 1924, the second reading of which was 


carried by an overwhelming majority. The object | 


was to encourage the development on voluntary lines 
of these councils, and to give them statutory powers 
to enforce their decisions. There were about thirty- 
seven industrial councils in existence, and about 
forty-seven voluntary bodies organised on similar 
lines. They had not attained the objects expected 
because they were organised on voluntary lines, and 
there was a danger that they might collapse. Certain 
employers remained outside these bodies, and cut rates 
to the disadvantage of employer and worker alike. 
By the Bill they hoped to improve the standard of the 
worker. The Bill empowered the Minister of Labour, 
when both sides were agreed, to make an order giving 
the force of law on such questions as wages and other 
matters on which the Council applying for the order 
was agreed. There was a right of appeal, and either 
House of Parliament could bring an order to an end 
by resolution. The measure was almost wholly per- 
missive. Leave having been given, the Bill was 
brought in and formally read a first time. 





The May issue of the Bulletin of the Industrial 
Commissioner for New York State reports that in order 
to help in mitigating the present unemployment 
situation, and also to serve the more far-sighted 
purpose of keeping children in school, the Bureau of 
Junior Placement is circulating among schools and 
social agencies a notice urging young people not to 
leave school this year before the end of the term to 
seek summer work. The areas to which the appeal is 
being addressed include New York, Albany, Syracuse, 
Rochester and Buffalo, and the National Child Labour 
Committee is co-operating in places in which there are 
no junior placement offices. The young “ would-be 
job-getter”’ is reminded that jobs are this year par- 
ticularly hard to find, and that thousands of boys and 
girls already out of school are seeking jobs in vain. 
During March the seventeen junior employment 
agencies in New York State succeeded in placing only 
about 1,300 of the 4,800 boys and girls who applied. 





An agreement recently entered into by Standard 
Brands Inc., Peekskill, N.Y., and the International 
Association of Machinists, stipulates that employees of 
the Company doing machinists’ work “ shall maintain 
membership in good standing in the International 
Association of Machinists.” The working day is to 
be one of eight hours, except on Saturdays, when four 
hours are to be worked, and double time is to be paid 
for overtime and for work on seven specified holidays. 
Journeymen machinists are to be paid at the rate of 
1 dol. 373 cents per hour, helpers at the rate of 
93% cents per hour, and specialists at the rate of 
1 dol. 123 cents per hour. 





A Conference of Bulgarian Chambers of Commerce 
and Industry recently adopted a resolution in favour 
of amending Bulgarian legislation with a view to 
lengthening hours of work, and expressly demanding 
that the country should adopt an attitude of greater 
reserve in regard to the ratification and enforcement 
of International Labour Conventions. The Associa- 
tion of Industrial Employers, which represents a 
large number of industrial undertakings, has also, 
on several occasions, adopted resolutions demanding 
amendments in the system of regulating hours of work. 
The Washington Hours’ Convention, which has been 
ratified by Bulgaria, and the application of which was 
provided for by an Act previous to ratification (June 24, 
1919) has frequently, the weekly official organ of the 
International Labour Office says, given rise to such 
criticisms on the part of Bulgarian employers. The 
chief complaint is that the provisions of the Act are 
more stringent than the Convention requires. Small 
industries of the craft type and the crafts themselves 
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also demand a more exact differentiation between 
industry and handicrafts in order that the latter may 
benefit by a less rigid enforcement of social legislation, 
especially in regard to hours of labour and social 
insurance, which involves burdens incompatible with 
the special conditions of work in handicrafts and their 
financial capacity. =n 

The movement for the revision of the Eight Hour 
Day Act has extended, Industrial and Labour Infor- 
mation goes on to say, to almost all the branches of 
production in the country. The Bulgarian Association 
of Building Contractors has asked the Ministry of 
Commerce, Industry and Labour to consider the 
possibility of exempting the building industry from the 
general system of the eight-hour day on account of the 
special conditions of work in the industry. The 
organisations of master bakers also, at a recent con- 
ference, adopted a resolution in favour of the total 
abolition of the eight-hour day as being unsuitable and 
harmful to the baking industry. In a detailed study 
on hours of work in Bulgaria and other countries, 
Mr. A. D. Athanassoff, Vice-Secretary of the Associa- 
tion of Bulgarian Employers, summarises the general 
view of Bulgarian employers on the Washington Con- 
vention. He demands that Bulgaria shall not lightly 
pledge itself anew on the expiry of ten years from the 
original coming into force of the Washington Conven- 
tion, and urges that when the Convention is revised, 
exemptions and special conditions of application should 
be inserted compatible with the industrial and economic 
position of Bulgaria. 





In accordance with resolutions of the World Congress 
of Orthodox Jews, which was held in Vienna in 
September, 1929, the Rabbinical Council and the 
Executive Committee of the Agudas Israel Organisa- 
tion recently submitted to the International Labour 
Office a memorandum explaining the difficulties and 
disadvantages which Sabbath observance entailed for 


| Jews in countries where the weekly rest is fixed on 
| Sunday. After describing the we position, the 


memorandum examines in detail the legal and economic 
aspects of the problem. It recalls that the legislation 
of certain States, such as Great Britain, the Netherlands, 
the United States, Germany and Switzerland, seeks to 
take account of the liberty of the Sabbath, and con- 
cludes with a request that the International Labour 
Conference will take measures to facilitate Sabbath 
observance. 





In the closing session on Saturday last of the Inter- 
national Labour Conference at Geneva, the draft 
convention on the subject of hours of work in mines 
failed to obtain the requisite two-thirds majority, 
70 representatives voting for it and 40 against. The 
German Government representatives abstained. Speak- 
ing immediately before the voting, Dr. Stizler explained 
why that course was followed. The action of the 
German Government was due, he said, to the rejection 
of the idea of overtime. He did not wish the repre- 
sentatives of other interests to assume that the German 
Government desired to impose its will on this point on 
the Conference. Its action was due to fear that the 
Convention in its present form would not find the 
necessary ratifications. When it proved to be impossible 
to have a second vote on the question, the German 
delegation found itself face to face with a position 
with which it had not up till then reckoned. It had 
not considered it possible, that a convention could be 
drafted which excluded all provision for overtime for 
economié reasons. In these circumstances, Dr. Stizler 
intimated, Germany would have to examine afresh, 
with great care, its attitude towards the Convention. 





Mr. Shinwell, the British Secretary for Mines, 
speaking after the voting, said that the responsibility 
for the failure to get a convention now rested on the 
shoulders of the German Government. He had no 
objection to a reference of the matter to next year’s 
session. The question must be settled sooner or 
later, not only in the interest of the miners throughout 
the coal-producing countries of Europe, but in the 
interests of every nation. 





A summary of the Convention sent by the Times 
correspondent at Geneva stated that it fixes inter- 
nationally the daily hours of work in coal mines at 
7% from bank to bank, this being defined as the period 
between the time when the worker enters the cage to 
descend and the time when he leaves the cage after 
reascending. It leaves open the possibility of a further 
reduction of hours within three years of the coming 
into force of the Convention. The calculation of the 
time spent in the mine by groups instead of by 
individual workers is provided for, and the method 
of calculating usual in Great Britain is admitted, 
winding time being taken as half an hour, with the 
provision that permission to have recourse to this 
method of calculation, which is regarded as exceptional, 
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shall be examined within three years of working 
experience. Temporary prolongation of hours is 
allowed in such cases as force majeure, urgent work 
to machinery or as a result of accidents, and, apart 
from that, to the extent of half an hour a day for 
necessary preparatory or complementary work. Work 
on Sundays and holidays is prohibited except for 
ventilation, pumping, safety work, and other special 
cases, such work to be paid for at a time and a quarter, 
with compensatory rest or further extra payment. 
The coming into force of the Covention is to depend 
on ratifications by Belgium, Czechoslovakia, France, 
Germany, Great Britain, the Netherlands, and Poland. 





Officials of the Miners’ Federation of Great Britain 
informed Mr. Graham, the President of the Board of 
Trade, in the course of an interview on Monday that 
they could not accept any amendment of the Coal 
Mines Bill which involved a spread-over of hours, 
as any change of that character would defeat the 
object of a seven and a half hour day for which the 
miners were working. Mr. Graham intimated that 
the Government adhered to its policy on that point. 
Its intention was, therefore, to ask the House of 
Commons to refuse to agree with the House of Lords 
on the question of the spread-over. On the question 
of the district levy, Mr. Graham stated that the 
Government intended to bring forward an amendment 
which would have the effect, it was hoped, of opening 
up further discussion between the two Houses. 





On June 23, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,160,900 wholly unemployed, 562,100 temporarily 
stopped, and 92,300 normally in casual employment, 
making a total of 1,815,300. This was 70,001 fewer 
than on June 16, but 697,493 more than a year before. 
The reduction as compared with June 16 was mainly 
among persons temporarily stopped, and included 
56,000 in Lancashire and Cheshire. The total on 
June 23, 1930, comprised 1,296,900 men, 42,100 boys, 
436,800 women, and 39,500 girls. 





Addressing the annual conference of the Post Office 
Engineering Union at Cardiff on Tuesday, Mr. H. G. 
Hill, the President, congratulated the General Secretary, 
Mr. G. H. Smith, on his handling of the wage claim, 
the engineering section of which had already been 
settled. The executive felt the same resentment 
that most of them probably felt, because the most 
lowly paid had not been treated fairly, but they had 
to face the facts and those were against them. So far 
there was an increase in the pay roll of the Post Office 
of nearly 200,000/. There were not many unions 
which had been able to squeeze such an amount out 
of employers during the past 10 years. They had 
been fighting an invisible employer in the Treasury, to 
which body all agreements on increases in wages had 
to be submitted for ratification. They could not 
blame the Labour Government or the Post Office if 
the lowly paid workers of their industry were left on 
the starvation level. They must blame those of their 
own class who voted for a continuation of the system 
responsible for the state in which the industrial workers 
were to-day. 





At a conference of State Governors in Salt Lake City 
on Monday, Mr. Franklin D. Roosevelt, the Governor 
of New York, declared that the United States must 
inevitably follow the example of other nations in 
adopting some scheme of unemployment insurance as a 
means of meeting economic crises like that existing at 
the present moment. He differed fundamentally, he 
said, from those who in 1928 and 1929 tried to convince 
the country that a new economic era governed by 
new economic laws had begun, and that prosperity 
would continue just as long as high wages combined 
with the high-pressure selling campaign continued. 
‘“* We can wholly approve,” Mr. Roosevelt went on to 
say, ‘‘of the re-assurance against panic which came 
from the conference in the nation’s capital last autumn, 
but, on the other hand, many people, irrespective of 
politics, are sanely and soberly protesting against the 
spectacle of officials of the Government and leading 
financiers juggling with figures in order ee to 
distort facts. When between 12 and 15 workers 
out of every 100 are out of a jobin very many industries 
it is neither truthful nor useful to tell them that 
employment is practically back to the normal or 
that purely psychological reasons only stand in the 
way of a 100 per cent. output. The truth of the 
matter is that we are in the midst of another turn of 
the wheel in the economic cycle, and that production 
in most industries has outrun consumption. Ninety 
per cent. of the unemployment is wholly without fault 
on the part of the worker. Other nations and Govern- 
ments have undertaken various systems which insure 
their workers when unemployment comes. Why 
should we fear to undertake the task ?”’ 
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Fie. 5. MACHINE IN OPERATION. 


MARL-EXTRACTING MACHINE. 


THE applications of engineering to agriculture, 
being primarily concerned in the production of food, 
must have a wide interest, which is augmented by the 
display of much technical skill and inventive ability. 
No apology is therefore needed in drawing attention 
to a machine which introduces a novel method, in this 
country at least, for increasing the productivity of 
certain of our arable lands, particularly as the machine 
in question embodies an ancient mechanical principle 
in anew way. It is designed for extracting marl from 
the deep underlying layers of alluvial land, and for 
bringing this material to the surface without the great 
disturbance and heavy labour entailed by digging. 
The machine is being demonstrated by Messrs. Agri- 
cultural and General Engineers, Limited, Aldwych 
House, London, W.C.2. Its construction and action 
are illustrated in Figs. 1 to 6, on this and the opposite 
pages. Before describing it, however, it may be as well 
to state that the rationale of the use of marl by spread- 
ing it over the surface of the ground is based on the 
necessity for adding lime and other salts to those soils 
which are largely of vegetable origin. Such soils are 
found in the great triangular area which has its base 
round the Wash and is known as the Fen district, 
and also occur in the York plain and in other parts 
of the country. 

The clayey substances often underlying peaty and 
marshy land, and known by the somewhat loose term, 
marl, have for long been applied in this way. The 
Fen district contains numerous pits which have been 
dug to extract it; in other places, such as Galloway, 
the marl has been hand-dredged from shallow lakes. 
Such methods are to-day economically obsolete, and 
the object of the demonstration, which took place 
recently, is to ascertain to what extent the British 
farmer of fenlands and marshlands is likely to be 
interested in the more practical process of machine 
extraction. It is, we are informed, not intended that 
individual farmers should own and operate the machine, 
but that the plan already adopted in Germany should 
befollowed. In that country, a contracting company, 
with some 35 machines, raises the marl on a cost 
basis of volume brought to the surface, which works 
out to about 8. to 101. per acre, according to the 
quantity desired for spreading, an operation done by the 
farmer. 

It is stated that, in Germany, comparative tests 
have shown a gain in yield of 30 to 50 per cent. on 
arable land, the difference depending on the nature 
of the crops raised. The greater part of this benefit is, 
no doubt, due to the fact that the machine can extract 
marl lying as deep as 10 ft. below the surface of the 
ground, at which depth its fertilising value is generally 
greater than in the layers nearer the surface, from which 
layers it is generally obtained when manual labour is 
used, The effect also of cutting a trench in the deep 
lying marl is to improve subsoil drainage, and here it 
may be mentioned that with the machine there is little 
permanent disturbance of the surface soil, as the trench 





is automatically filled up as the machine advances. 
Some subsidence, of course, takes place above the area 
of the removed marl, a depression about 1 ft. in 
depth being left in the track of the machine. 

The general appearance of the machine is shown in 
Figs. 1 and 5. The main frame is carried at the front 
on two broad swivelling wheels with steering gear of the 
usual type, and at the back on a pair of chain tracks 
which effect the movement of the machine. The 
total weight of the machine is about 17 tons. A 
Daimler petrol engine of 100 h.p. is housed in a bonnet 
over the front wheels, and the transmission gear is 
situated under the driving cab. This gear is divided 
into two groups, one of which transmits power to the 
chain-track drive, and the other to the rotating tubular 
cutting head which is the distinctive feature of the 
machine. The upper end of the cutting head, or 
rather the casing containing it, is seen projecting 
at an angle from the rear end of the machine at the 
right hand of Fig. 1. The casing is arranged to 
swivel in a vertical plane, as will be clear from 
Fig. 2, so that, when starting the operation, the 
head lies at a very acute angle to the ground. In 
normal working, it is set at an angle of about 45 deg., 
and, projecting into the ground for a distance of 
some 10 ft. from the surface, it is forced along as the 
machine progresses in very much the same way as a 
ploughshare. The lower part of the head is fitted 
with a series of knives arranged helically round the 
surface, having slots underneath them to permit the 
passage of the excavated material into the interior 
of the‘tube. The diameter over the knives is 2 ft. 
The upper part of the tube is furnished externally 
with a projecting helical ring, which simply transfers 
the top portion of the soil, which has not to be deposited 
on the surface, from the front to the rear of the cutter 
and so fills up the track. 

The inner part of the tube is also furnished with 
a helix, the internal diameter of which is 1 ft. This 
elevates the excavated material to the surface in 
exactly the same way as the old Archimedian screw 
raises water, and discharges it on to a disc about 8 ft. 
in diameter, rotating with the tube. From this disc 
the marl is deposited on the land at each side of the 
cut by fixed scrapers. The machine is shown at 
work in Fig. 2, in the foreground of which is seen a 
completed cut with two ridges of the excavated marl, 
or, more correctly, clay. This, in the district in which 
the demonstration was made, viz., Hilgay, Norfolk, is 
a fairly plastic blue clay, mottled here and there with 
yellow, and contains about 15 per cent. of calcium 
carbonate, with appreciable quantities of potash, 
nitrates, and phosphorus. Successive cuts are made 
at distances apart depending upon the depth to which 
the clay is required to be spread. The German 
practice is to make the cuts about 20 yards apart and 
to spread a layer of marl or clay about 1 in. in thick- 
ness on the untouched land. This is then ploughed 
in, and the effect remains for 25 to 30 years. The 
practice in Norfolk has been to spread the clay to a 
depth of 4 in., but it is claimed that, with machine 
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AGRICULTURAL PURPOSES. 








Fic. 6. LAND AFTER PASSAGE OF 
MACHINE. 


excavation, this is not necessary as the material at the 
greater depth is so much richer in fertilising salts. 
After the practice of obtaining the clay from deep 
pits in the Fenland had been abandoned, it was obtained 
from trenches cut by hand, the clay being dug out 
immediately it was reached. i.e., very near the surface. 
The state in which the land is left after the passage of 
the machine is shown in Fig. 6. 

The machine moves along at about 6 ft. per minute, 
and the clay is deposited at the rate of between 50 
and 80 tons per hour. The action can easily be 
followed in Figs. 2,3 and4. In Fig. 3, particularly, the 
operation of the scrapers is well illustrated, and in 
Fig. 4 the position of the upper part of the cutter in 
relation to the disc and the cut is shown. The inclina- 
tion of the cutter is altered by the screw and hand- 
wheel at the back of the machine. In starting a cut, 
the tube is gradually lowered as the machine moves 
forward until the normal cutting angle is obtained. 
At the end of the cut, the tube is raised as the machine 
backs away. The photographs reproduced were 
taken during the demonstration, and illustrate therefore 
the conditions actually obtaining on a British farm. 
This is the Ouse Bridge Farm, Fordham, Norfolk, and 
belongs to Mr. J. H. Martin, who placed the land at the 
disposal of Messrs. Agricultural and General Engineers, 
Limited, and the owners of the machine, Messrs. 
Polsenby and Dr.-Ing. Rothyens, for the purposes of 
the demonstration, which was carried out for three 
days before a number of farmers, students from the 
agricultural colleges, and other interested persons. 
The operation of the machine throughout was very 
satisfactory, and the heavy material being brought up 
in large quantities from an invisible source formed an 
impressive spectacle. The inventor, Herr Jager, is 
certainly to be complimented on a distinct and novel 
technical achievement. 


THE CONTROL OF WATER 
SUPPLIES. 


Ir may be remembered that, in June, 1927, the Depart- 
ment of Scientific and Industrial Research appointed 
a Water Pollution Research Board, with Dr. H. T. 
Calvert as director, to frame and carry out investiga- 
tions relating to the prevention of the pollution of 
rivers and other sources of water supply by industrial 
effluents and sewage, and to undertake analogous 
duties. Other bodies are dealing with the legislative 
and administrative sides! of the question, both for 
England and Scotland, and the Water Pollution 
Research Board is maintaining close touch with them. 
On its own account, it is undertaking the collection 
and collation of relevant scientific and technical 
information for the benefit of those concerned, the 
co-ordination of scientific research on the subject in 
this country, and the prosecution of such investigations 
of public importance as are not provided for elsewhere. 
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The Board’s Second Annual Report has now been 
published,* relating to the year ended June 30, 1929, 
and shows that the work is beginning to make progress. 
Apart from the investigations initiated by the Board 
itself, a number of bodies who are concerned with the 
disposal of polluting liquid and the purification of 
water supplies have laid their problems before the 
Board, and in many instances have been able to use 
the information available with the effect of learning 
promising methods for dealing with them. Research 
committees have, moreover, been instituted by the 
Royal Sanitary Institute, the Association of Managers 
of Sewage Disposal Works, the Institution of Gas 
Engineers, and the Beet Sugar Factories Committee 
of Great Britain, and the Federation of British Indus- 
tries has set up a committee to consider a number of 
general questions in regard to the disposal of industrial 
effluents. The work of the Research Committee of the 
Institution of Gas Engineers includes small-scale and 
large-scale experiments aiming at reducing the quantity 
and improving the quality of the liquor effluents from 
gas works, and improving methods of purification. 
The Board is in close touch with the work of all these 
organisations. 

Of the board’s own work, most has been done in 
respect to the purification of beet sugar effluents. In 
the previous report it had been pointed out that the 
ideal solution of the problem would be so to alter the 
manufacturing processes that no waste water should 
be discharged, and several factories have already 
made modifications in their working by which large 
amounts of water are used and the volume to be 
discharged reduced. The quantities of water in ques- 
tion are considerable. They vary, of course, with 
different factories, but it may be said roughly that a 
factory dealing with 1,000 tons of beet per day would 
use some 3 or 4 million gallons. Of this quantity 
anything up to about half a million gallons is used in 
process work, such as diffusion and pressing pulp, 
while the bulk is either used for transporting and 
washing the beet, or is derived from the condensers. 
The same water is often used for both the last purposes, 
and in various ways a large part can be so treated as to 
be indefinitely re-usable. At best, however, it is likely 
that in such re-use there would be a gradual accumu- 
lation of undesirable substances, which would require 
the discharge of a small proportion of the water and 
its replacement by fresh water. Experiments were, 
therefore, made on a semi-commercial scale to ascertain 
how far methods of biological filtration of beet sugar 
effluents would show the same promising results as 
had been obtained by laboratory experiments. For this 
purpose, two percolating filters, each 25-ft. in dia- 
meter and about 6 ft. deep, with auxiliary equipment, 
were installed at a factory, and in the season 1927-28 
were worked with encouraging results, which, neverthe- 
less, showed the need of some improvement. Accor- 
dingly, in the following year, the experiments were 
resumed, the material in two of the filters being replaced 
by fine gravel and fine clinker, in order to increase the 
time of contact, and the filters were worked throughout 
the season. Experience tended to show that the 
process of biological filtration succeeded in effecting 
a purification of the effluents to the extent of over 
90 per cent., but that clogging and reduction of 
efficiency set in when there was a steady and consider- 
able quantity of suspended solids. The investigation 
is to be continued during the present season. 

Among the work now in progress, perhaps the most 
comprehensive and interesting is a detailed survey 
of the river Tees by biological, chemical and hydro- 
graphical methods. It is well known that, under some 
circumstances, rivers which receive polluting effluents 
can purify themselves, but no exact information is 





available as to the precise conditions necessary for the 
purpose, or the extent of different effluents that can | 
be discharged into a river without impeding the process | 
of self-purification. The Tees, flowing as it does 
through an industrial area, of a volume not so large | 
as to make the investigation too onerous, and not | 
exposed to local variations through the presence of a| 
number of large tributaries, is particularly well suited | 
to the purpose of such an investigation. Minute | 
and continued experiments are being made on all | 
three lines. The work is divided into two main | 
sections, covering, respectively, the tidal and the) 
non-tidal reaches, and has been going on since April | 
of last year. From the hydrographical work it is | 
hoped to obtain data for calculating the volumes of | 
water moving in different parts of the estuary at various | 
states of the tide, the rates of surface and sub-surface | 
flow, the quantity of fresh water reaching the sea | 
on each tide, and the time taken by fresh water to | 
travel from Stockton to the sea. Another subject | 
that is being investigated minutely at the Department's | 
Chemical Research Laboratory at Teddington is the | 





* Report of the Water Pollution Research Board for 
the year ended June 30, 1929, with Report of the Director 
of Water Pollution Research. H.M. Stationery Office. 
Price 9d. net. 
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mechanism of the base-exchange of the zeolite process 
of water softening from the physico-chemical point of 
view. These experiments are seeking to determine 
the exchange values of typical commercial base- 
exchange materials, the differences between different 
commercial products, the relation of exchange value 
to rate of flow of water, and numerous other questions. 
Both treated minerals and manufactured materials are 
included. 








TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of a tender invited by The Belgian Government Ministry 
of Transport, Brussels, Belgium. The closing date 
of the tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted. 

Railway Tunnel.—The construction of a six-track 
railway tunnel in connection with the Nord-Midi junction 
scheme. The Belgian Ministry of Transport, Brussels ; 
July 30. (Ref. No. A.X. 9801.) 
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A Handbook of Physics Measurements. Vol. II. Vibra- 
tory Motion, Sound, Heat, Electricity and Magnetism. 
By Ervin 8. Ferry. Third edition. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 12s. 6d. net.] 

Steenkool. Haar Outstaan, Vervanging en Veredeling. 
By J. J. BootscezEt, Deventer: A. E. Kluwer. 

Department of Scientific and Industrial Research. Illu- 
mination Research. Technical Paper No. 10. The 
Effect of Distribution and Colour on the Suitability of 
Lighting for Clerical Work. London: His Majesty’s 
Stationery Office. [Price 6d. net.] 

Department of Scientific and Industrial Research. Radio 
Research. Special Report No. 9. A Critical Review 
of Literature on Amplifiers for Radio Reception. London : 
His Majesty’s Stationery Office. [Price 5s. net.] 

Handbook of Refrigerating Engineering. By W. R. 
Woorricx. London: The Library Press, Limited. 
[Price 20s. net. ] 

Institution of Chemical Engineers. Papers Presented 
by Members at the World Engineering Congress, Tokio, 





October-November, 1929. London: Offices of the 
Institution. [Price 10s. 6d. 

Vorlesungen iiber Maschinenelemente. No. 2. Allge- 
meine Gesichtspunkte und Verbindungen. By M. TEN 


Boscx. Berlin: Julius Springer. [Price 6 marks.] 

Between Two Oceans. Rapid Chilling and Freezing 
Systems for Fish and Meat. By M. T. ZARoTSCHEN- 
zEFF. London: The Cold Storage and Produce 
Review. [Price 5s.] 

Jnited States Bureau of Standards, Circular No. 381. 
Sodium Oxalate as a Standard in Volumetric Analysis. 
[Price 5 cents.] No. 382. Bismuth. [Price 10 cents.] 
Miscellaneous Publications No. 97. Thermal Proper- 
ties of Petroleum Products. [Price 15 cents.] No. 104. 
Testing Equipment for Large Capacity Scales for the 
Use of Weights and Measures Officials. [Price 10 cents.] 
No. 106. Standards Yearbook, 1930. [Price 75 cents. ] 
No. 108. Manufacture and Properties of a Cellulose 
Product (Maizolite) from Cornstalks and Corncobs. 
By C. E. Hartrorp. [Price 5 cents.] Washington: 
Government Printing Office. 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 53. Universal Electric Motors: Their 
General Properties, Performance and Design. By A. F. 
PucustEerIn and E. E. KimsBertey. [Price 50 cents.] 
No. 55. The Function of Peptizing Protective Colloid 
in the Casting of Clay Slips. By P. H. Mautz. [Price 
50 cents.] Columbus: Ohio State University. 

L’Appareillage Electrique. By Louis LaGron. 
Albert Blanchard. [Price 36 francs. ] 

Department of Scientific and Industrial Research. Forest 
Products Research. Bulletin No. 5. The Moisture 
Content of Wood with Special Reference to Furniture 
Manufacture. By T. C. Srmtwerrt. London: 
His Majesty’s Stationery Office. [Price 2s. net.] 

United States Bureau of Mines. Bulletin No. 301. 
Facts Relating to the Production and Substitution of 
Manufactured Gas for Natural Gas. By W. W. OvELL. 
[Price 35 cents.] No. 306. Mining Methods and 
Practice in the Michigan Copper Mines. By W. R. 
CRANE. [Price 60 cents.] No. 307. Flow of Gases 
through Beds of Broken Solids. By C. C. Furnas. 
[Price 30 cents.] No. 311. Drilling and Blasting in 
Metal-Mine Drifts and Crosscuts. By E. D. GARDNER. 
[Price 40 cents.] Annual Report of the Director of the 
Bureau of Mines to the Secretary of Commerce for the 
Fiscal Year ended June 30, 1929. [Price 10 cents.] 
Washington: Government Printing Office. 

Department of Overseas Trade. Ec ic Conditi in 
Chile, November, 1929. Report. By E. Murray 
Harvey. London: His Majesty’s Stationery Office. 
[Price 3s. net.] 
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ConTRAcTs.—Messrs. The Hydraulic Engineering 
Company, Limited, Chester, have secured a contract 
from the Great Western Railway Company, for two 
movable hydraulic coal hoists and traversers for Queen 
Alexandra Dock, Cardiff.—Messrs, The ‘“‘ De Maas ” Ship- 
building Company, Slkkerveer, Holland, have just 


secured a contract from the Dutch Government for the 

construction of two minelayers, to be named Prins van 

Oranje and Gouden Leeuw, for service in the Netherlands 
| East Indies. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Much of the restricted 
make of Cleveland iron continues to be conveyed in its 
molten state direct to the consuming plant of producers. 
The output which is converted into pig iron is more than 
ample for current market needs, and makers’ stocks, 
which are as large as is desirable, are being gradually 
increased. Second hands have very little Cleveland pig, 
but are still doing a little business in Midland iron. A 
small home trade in Cleveland pig is being put through 
by ironmasters, who, however, experience great difficulty 
in effecting sales with firms abroad. Home customers 
are showing more and more disinclination to pay ruling 
rates, but fixed prices remain: No. 1 grade, 70s.; No. 3 
g.m.b., 67s. 6d. ; No. 4 foundry, 66s. 6d. ; and No. 4 forge, 
66s. 

Hematite-—Stocks of East Coast hematite are esti- 
mated at nearly 100,000 tons, and are increasing at a 
disquieting rate, but production is to be further cur- 
tailed, and the forthcoming reduction of output will 
probably be sufficient at least to stop additions to the 
quantities stored at the blast furnaces. With this in 
view, makers are rather less keen to sell forward at the 
unremunerative rates named for early delivery. They 
have, however, to contend with the underselling of big 
merchants, both for home and export trade, and with 
keen continental competition in overseas markets. 
Quotations for East Coast brands are very irregular. 
The price of ordinary qualities is in the neighbourhood 
of 71s. ; and 71s, 6d. is asked for No, 1 grade of iron. 

Foreign Ore.—Business in foreign ore is virtually at a 
standstill. Consumers have considerable stocks, and 
heavy forward contracts arranged. 

Blast-Furnace Coke.—The situation as regards Durham 
blast-furnace coke is causing a good deal of concern. 
Supply is abundant, and parcels are difficult to dispose of. 
Values are weak. For early delivery to local users 
good average qualities are no more than 16s. 6d., but 
makers declare they will cease to produce rather than 
enter into extensive forward contracts at round about 
that unprofitable figure. 

Manufactured Iron and Steel—Demand for manu- 
factured iron and steel remains disappointing. Producers 
of shipbuilding requisites are only moderately employed, 
but should soon be busier, as orders for two large vessels, 
to be built entirely of British material, have been secured 
by the Furness Shipbuilding Company. Work in hand 
in most other branches is being rapidly executed, and 
substantial new contracts are needed to enable pro- 
ducers to maintain the tonnage output. A few orders for 
semi-finished commodities are reported despite severe 
foreign competition. Quotations are steady. Common 
iron bars are 101. 15s. ; best bars, 111. 5s.; double best 
bars, 111, 15s.; treble best bars, 127. 5s.; iron rivets, 
111. 10s. ; packing (parallel), 87. ; packing (tapered), 10/7. ; 
steel billets (soft), 62. 15s.; steel billets (medium), 
71. 12s. 6d.; steel billets (hard), 8/. 2s. 6d.; steel rivets, 
111. 5s ; steel ship plates, 87. 15s. ; steel angles, 81. 7s. 6d. ; 
steel joists, 87. 10s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fishplates, 127. 10s.; black sheets, No. 24 gauge, 91. 12s. 6d.; 
and galvanised corrugated sheets (No. 24 gauge), 
11l. 17s. 6d. 

Scrap.—There is very little activity in scrap and 
values are falling. Heavy machinery metal is 59s., and 
ordinary heavy metal, 57s. 6d.; while borings are 35s. ; 
turnings, 40s. ; and heavy steel scrap, 47s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Considering that they are carrying 
a heavier load of taxation and overhead costs than 
their foreign rivals, local manufacturers are making 
a great effort to improve their scantily-filled order 
books. Accredited representatives have been sent to 
scour overseas markets, whilst the latest development 
is the decision of the Master Cutler (Mr. A. K. Wilson) 
to undertake a tour of South America. The visit is 
a sequel to the d’Abernon Mission, and an endeavour 
will be made to improve Sheffield’s business relations 
with that country. Though the quiet spell which set 
in a few months ago continues to hold sway, prospects 
are decidedly more hopeful. In the majority of products 
competition from abroad is keen owing to the slackening 
in the Continental demand. A greater amount of 
business is expected to be done with Canada, while 
more orders are anticipated from the Far East, including 
India. Conditions in the crude-steel departments are 
far from satisfactory. Contracts for the better classes 
of materials are of an oddment nature, and do not 
represent much in the bulk. Stocks are accumulating 
at producing works, and despite the attractiveness of 
quotations, users are holding off the market and decline 
to enter into forward business. Activity is reported 
in several sections of the engineering trades. Orders 
are in hand for railway rolling-stock from South Africa 
and South America, while firms devoted to the production 
of trams, cars, vans and "buses are also fairly well 
employed. Shipbuilding requirements are disappointing, 
and plants are working short time. The unsettled 
condition of the cotton and woollen industries is reflected 
in the moderate call for textile machinery. Though 
the demand in farm and garden implements has so far 
failed to reach that of former years there has been 
a steady flow of orders during the past few weeks. The 
tool trades, in common with many other industries, 
complain of a shortage of work, but possess several 
bright sections. Progress is reported by makers of 
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twist drills, milling cutters, hack-saw blades, and spades 
and shovels. On the contrary, files, saws, and plantation 
tools represent weak markets. A fair amount of business 
is being done by light foundries in connection with 
builders’ ironwork. 

South Yorkshire Cval Trade.—The dullness which has 
characterised the market during the past few weeks is 
maintained, and supplies are considerably in excess 
of the gross demand. Stocks at pits, railway sidings, 
and depots are more than ample to meet any sudden 
revival. The export market is quiet, but an early 
improvement is probable. There is only a limited 
demand for industrial fuel, while household require- 
ments show a still further contraction. The production 
of various descriptions of cokes has been cut down. 
Blast-furnace coke is not so active, while foundry and 
furnace sorts are steady at 18s. 6d. to 20s. Gas coke 
is being disposed of at 21s. to 25s. Quotations :—Best 
branch hand-picked, 25s. to 26s, 6d.; Derbyshire best 
brights, 20s. to 22s. ; Derbyshire best house, 19s, to 20s. ; 
screened housecoal, 17s. to 19s.; screened house nuts, 
15s. to 17s.; Yorkshire hards, l4s. 6d. to 16s.; Derby- 
shire hards, 14s. 6d. to 16s. ; rough slacks, 8s. 6d. to 9s. ; 
nutty slacks, 7s. to 8s.; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—-The most encouraging feature of a 
dull market is the reviving interest in sized coals and an 
advance in the prices of these classes. In view of an 
expected advance in prices in the autumn, prospective 
purchasers have for the last few weeks been busy 
making inquiries, and many tentative offers have circu- 
lated. At the same time the supply of these varieties 
have gradually dwindled, on account of the lessened out- 
puts of large coal, with the result that available supplies 
have come more into line with the demand. Further- 
more, colliery salesmen, anticipating increased demands, 
advanced prices, and, for dry nuts, indicated up to 22s. 6d., 
or 4s. 6d. per ton above the minima for forward delivery, 
whilst as much as 21s. has been conceded for early ship- 
ment. Bituminous sized coals have also developed a 
stronger tendency and now realise 17s. 6d. to 18s. 6d., or 
3d. to 6d. over the schedule. Large and small steam coals, 
however, remain in plentiful supply though demand has 
improved to some extent as the result of the gradual 
recommissioning of laid-up ships in anticipation of an 
expansion in world trade. Stocks, however, remain 
considerable, and no difficulty is experienced in obtaining 
supplies of all classes at schedule prices, based on 20s. for 
best Admiralty large and 13s. 6d. for best bunker smalls. 
Shipments of coal, foreign, last week totalled 466,000 
tons, or 9,000 tons less than in the preceding week, 
though exports to Italy were raised from 78,000 tons to 
91,000 tons, and to Egypt from 18,000 tons to 48,000 
tons. These advances were, however, counteracted by 
reductions to France, from 145,000 tons to 144,000 tons ; 
to Argentina, from 44,000 tons to 25,000 tons, and to 
Brazil from 25,000 tons to 15,000 tons. That the Germans 
intend to make a big bid for foreign trade is signified by a 
reduction in freight charges on coal destined for over- 
seas shipped at Dutch, Belgian, and German ports. This 
reduction in freight charges, coupled with lower wages, 
will enable German colliery owners and exporters to 
cut further selling prices and so intensify the keen com- 
petition with English coal. 


Coal Loading Hours.—The joint conference of repre- 
sentatives of the coal trimmers and tippers and their em- 
ployers held this week, further to consider the question 
of working hours at the Welsh ports, has carried the 
matter no further. The men’s leaders asked the 
employers for another meeting to discuss the desire of 
the men to abolish night working and revert to con- 
tinuous day shifts. This request was made in view of 
the fact that a ballot of the men had resulted in more 
than a two-thirds majority in favour of strike action to 
secure their demands. The employers, however, refused 
to depart from their original intimation that they cannot 
agree to any change in the present system, which consists 
of a day and night shift, with breaks between the shifts. 
The men’s leaders afterwards decided to refer the matter 
back to the national executive of the Transport and 
General Workers’ Union, the National Union of Railway- 
men, and the Cardiff, Penarth, and Barry Coaltrimmers’ 
Union, to which the men belong. The outcome of the 
deliberations of these bodies will be awaited with keen 
interest as a stoppage of work by the trimmers and tippers 
would automatically bring idleness to the collieries. 








Povar Exuisition.—An exhibition of relics of famous 
polar exploration expeditions is now being held at the 
Central Hall, Westminster, London, 8.W.1, and will 
remain open until July 15. 





Tue WuitwortsH Socirety.—Sir Henry Fowler, who is 
president-elect of the Whitworth Society, has invited 
the members to visit Crewe Locomotive Works on 
Tuesday, July 29. Sir Henry will take the office of 
president at this meeting and, after the inspection of the 
works, will entertain the members to tea. Those 
attending from the London district will travel by the 
10.5 a.m. train from Euston, and will return from Crewe 
by the 6.14 p.m. train. Lunch will be served at the 
Crewe Arms Hotel. It is understood that Dr. Hele-Shaw 
will make an important proposal in connection with the 
Whitworth Society prizes in the course of the meeting. 
Return railway tickets will be available at single fare. 
Members should notify their intention of attending to the 
Hon. Secretary at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W.1, by Saturday, July 12. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have undergone no change during the week, but 
all directly interested are very hopeful of the future. 
The outlook has certainly improved with the definite 
announcement that orders have been placed for two 
new P. & O. liners to be built at Govan, and that Messrs. 
Blythswood Shipbuilding Company, Scotstoun, will 
shortly have all their berths occupied. For the present, 
however, steel makers are exceedingly quiet, and 
short time is the rule. Home consumers are specifying 
in a hand-to-mouth manner, and the demand from 
overseas is very poor. It is not anticipated that the latter 
will show much improvement for some time to come, 
but local conditions may possibly improve after the 
midsummer holidays are over. In the black-sheet trade 
there is still a good demand for the lighter gauges and 
order books are well filled, but the heavier qualities 
are very slow. Makers of galvanised sheets are finding 
things very difficult, and it is probable that the current 
output is not more than half the normal. Prices siiow 
no change and are as follow :—Boiler plates, 10/. 10s. 
per ton ; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. 
per ton; black steel sheets, } in., 91. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 12/. 15s. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The West of Scotland malleable 
iron trade is still at a very low ebb, and there seems 
little prospect of any change for the better in the near 
future. The current demand is of the smallest, and 
could scarcely be less. Re-rolled steel bars are in a 
very similar state and the prices quoted are wholly 
unremunerative. The current quotations are as follow :— 
““Crown ”’ bars, 10/. 5s. per ton for home delivery and 
97. 15s. per ton for export; and re-rolled steel bars, 
71. 12s. 6d, per ton for home delivery and for export. 


Scottish Pig-Iron Trade—The recent reduction in 
Scottish pig-iron prices has failed to bring forth much 
fresh business, and conditions at the works have not 
changed. Production is being maintained, but the 
demand is exceedingly poor, and of little note. The 
following are the current prices :—Hematite, 79s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 79s. per ton, and No. 3, 76s, 6d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments——-The shipment of 
Scottish pig-iron from Glasgow Harbour continues very 
small, and for the week ending last Saturday, June 28, 
the total was only 110 tons. Of that amount 40 tons 
went overseas and 70 tons coastwise. For the corre- 
sponding week of last year the figures were 757 tons 
overseas and 29 tons coastwise, making a total shipment 
of 786 tons. 


Scottish Shipbuilding—The month of June, 1930, 
will long remain a memorable month in the annals of 
Clyde shipbuilding, as the tonnage launched was the 
highest for almost a quarter of a century, and included 
in the total was that magnificent liner the Empress of 
Britain—42,500 tons—for the Canadian Pacific Railway 
Company, built by Messrs. John Brown and Company, 
Limited, Clydebank. Another feature of the month 
was the placing of orders for two passenger and cargo 
steamers by the Peninsular and Oriental Steam Navi- 
gation Company. This contract has been given to 
Messrs. Alexander Stephen and Sons, Limited, Linthouse, 
Govan, and these vessels will each be about 15,000 tons 
gross, and 520 ft. in length. They will be designed 
for high speed, and will be driven by Parsons geared 
turbines. The accommodation will be for 160 first-class 
passengers and 150 second-class passengers, and the 
vessels will be somewhat similar to the Company’s 
steamer Chitral, built by Messrs. Stephen in 1925, 
except as regards propelling machinery. The latter will 
also be supplied by the builders. Work will be started 
on these —e at an early date, which is very good news 
for Clyde shipyard workers. During the past month 
the output from the different districts amounted to 
32 vessels of 92,887 tons, but when the Clyde total is 
subtracted there is little left among the other areas. 
The following are the details for the month and for the 
half-year to date :— 





June, Six Months, 
1930. 1930. 
Vessels. Tons. Vessels. Tons. 
The Clyde ... 18 91,157 116 294,000 
The Forth ... 6 526 25 14,113 
The Tay ... —“— — 4 16,770 
The Dee and Moray 
Firth ee eS 8 1,204 28 3,997 
32 92,887 173 328,880 


The Clyde output, even minus the Empress of Britain, 
was @ very good average output, but the full total 
places June, 1930, on a high pinnacle over recent years. 
It brings the half-year output to the respectable. total 
of 294,000 tons, which figure has only been exceeded 
on five occasions during the past quarter of a century. 
Fresh contracts are coming along very slowly, but 
there are prospects of fairly good times ahead, and it is 
fully expected that a fair share of the new Admiralty 
programme will come to the Clyde. 








Tue Arm NaAvIGATION (AMENDMENT) ORDER, 1930.— 
Dealing mainly with the fees charged for the issue of 
licences to aircraft navigators, engineers, and pilots, the 
Air Navigation (Amendment) Order, 1930, has recently 
been apr geome Copies of the Order may be obtained 
from H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2, price 1d. net. 





NOTICES OF MEETINGS. 





Royat Instrrutrion.—Monday, July 7, 5 
Albemarle-street, W.1. General Meeting. 


INSTITUTE OF TRANSPORT.-—Congress and Summer 
Meeting. Tuesday, July 8 to Saturday, July 12, City 
Chambers, Glasgow. Tuesday, July 8, 10 a.m., “ Railway 
Amalgamation and its Effect on the Workshops,’”’ by 
Mr. E. J. H. Lemon. Wednesday, July 9, 10 a.m., ‘“‘ The 
Economics of Port Development and Administration,” 
by Sir G. C. Buchanan. Thursday, July 10, 10 a.m., 
“Long-Distance Omnibus Services—Their Place in the 
National Scheme of Transport,” by Mr. W. J. Thomson. 
Afternoon Visits and Excursions. Friday, July 11, and 
Saturday, July 12. Whole-day Visits and Excursions. 

British Waterworks Assocration.— Annual Meet- 
ing. Wednesday, July 9, to Friday, July 11. Central 
Technical School, William Brown-street, Liverpool. 
Wednesday, July 9, 11 a.m., Presidential Address by 
Alderman E. Thompson. ‘‘ The Value of Regular Sys- 
tematic Examination of Water. Some Points in the 
Interpretation of Results,’’ by Professor J. M. Beattie. 
‘The Afforestation of Catchment Areas,” by Mr. R. L. 
Robinson. At 2.30 p.m., “‘ Standard Charges for Water 
Supply and Revised Accountancy System in Water- 
works Undertakings,’’ by Mr. H. O. 8. Cooke. Discussion 
on ‘‘The Report of the Advisory Committee of the 
Ministry of Health on Compensation Water.” At 7.30 
p.m. Annual Dinner, Adelphi Hotel, Liverpool. Thurs- 
day, July 10, and Friday July 11, Visits and Excursions. 

INsTITUTION OF MintIne ENGINEERS.—Wednesday, 
July 9, 11 a.m., The University, Edgbaston, Birming- 
ham. “ The Introduction of Machine-Mining at Newdi- 
gate Colliery,” by Mr. D. 8S. Newey. ‘‘ A Comparison 
from the Standpoints of Economics and of Practical 


p-m., 


Working between Compressed Air and Electricity for 
Use in Collieries,’’ by Professor D. Hay and Mr. N. E. 
Webster. ‘The Application of Briquetting to the Pro- 


duction of Domestic Fuel,” by Mr. J. R. Homer. “ The 
Cleaning of Coal : An Experimental Determination of the 
Fundamental Principles of Pneumatic and Wet Separa- 
tors,” by Mr. A. A. Hirst. ‘‘ The Settling of Fine Coal 
in Water with Special Reference to the Clarification of 
Washery Water,” by Mr. L. W. Needham. “ The Occur- 
rence and Estimation of Lead and Zinc Compounds in 
Coal,” by Professor K. N. Moss, Mr. A. A. Hirst and 
Mr. L. W. Needham. The First Progress Report of the 
Committee of the Midland Institute of Mining Engineers 
on “ The Control of Roof and Support of Mine Workings : 
The Beeston Seam of West Yorkshire.” At 7.30 p.m., 
Conversazione, The University, Edgbaston, Birmingham. 
Thursday, July 10, and Friday, July 11, Visits and 
Excursions, 








THE ENGINEERING SECTION OF THE BRITISH ASSOCIA- 
TION: ADDENDUM.—With reference to the programme 
of Section G (Engineering) for the forthcoming Bristol 
meeting of the British Association, the Recorder informs 
us that two papers, in addition to those mentioned in our 
last week’s issue, on page 833, ante, are to be presented. 
They are: ‘‘The Present Position of the High-Speed 
Heavy-Oil Engine,”’ by Messrs. S. J. Davies and E. Giffen, 
to be read on Thursday, September 4, and “‘ The Airship 
Graf Zeppelin,” by Mr. W. E. Doerr, to be read on 
Monday, September 8. The Recorder for Section G, is 
Mr. J. S. Wilson, 49, Parliament-street, Westminster, 
S.W.1. 


Tue INTERNATIONAL Rattway ConcREss, MADRID : 
Errata.—In the summary given in our issue of 
May 30, of the reports on Breakage, Wear, and Jointing 
of Rails (page 707), Mr. R. B. Abbott was stated to 
have reported in the sense that the “‘ head-free ”’ principle 
was recommended ‘‘ where possible with the wider rail 
head which this principle permitted”; the word 
‘wider ” should actually have read ‘‘ deeper.” Further, 
on page 625 of our issue of May 16, a quotation from the 
English translation of the German original of Professor 
Nordmand’s report should have been qualified to some 
extent. The statement (col. 3) referred to the effici- 
ency of the Diesel typo locomotive with compressed 
air transmission, and implied that this was below the 
geared or electric drive. The report continued, however, 
to the effect that if the heat of the exhaust were utilised 
to increase the temperature of the compressed air, the 
thermal efficiency was increased to about 25 per cent. 
at the draw bar. 





Prersonat.—Mr. W. G. Weir, joint managing director 
of Messrs. David Rowan and Company, Limited, Elliot- 
street, Glasgow, C.3, who has been associated with that 
Company for over 30 years, has now retired.—A working 
arrangement has been entered into between Messrs. 
Ruston and Hornsby, Limited, of Lincoln, Grantham, 
and Stockport, and Messrs. R. A. Lister and Company, 
Limited, Dursley, Gloucestershire. The arrangement 
does not involve the merging of the financial interests of 
the two firms, but has been entered into solely to secure 
efficient co-ordination in the design, production, and 
sales of the firms’ products.—Messrs. Browett, Lindley 
and Company, Limited, Sandon Works, Patricroft, 
Manchester, have purchased the whole of the patterns, 
drawings, goodwill, and trade name of Messrs. Bumsted 
and Chandler, Limited, Cannock Chase Engine Works, 
Hednesford, South Staffs.—Messrs. Bruce Peebles and 
Company, Limited, Edinburgh, have taken more com- 
modious offices at Standard Buildings, Leeds. Mr. C. C. 
Higgens is in charge of the Leeds office as hitherto.— 
Messrs. J. F, Crowley and Partners have moved from 
11, Queen Anne’s Gate to my 78 premises at Westminster 
House, Great George-street, London, 8.W.1. 
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IN MEMORIAM. 

NIXON.—On July 3, 1926, at Finchley, Frederick A. Nixon, 
M.Inst.C.E., M.I.E.K. As Chief Engineer in London for the 
Victoria Falls and Transvaal Power Company, Limited, 1911 to 
1926, he was responsible for the whole of the 1913-14 extensions 
at Brakpan, Simmerpan, Rosherville and Vereeniging, and was 
in entire charge of all the engineering work and scheme in con- 
nection with the new Witbank Power Station. He also planned 
extensions for the Wankie Colliery Company, Limited, and for 
the Chinese Engineering Company, Limited. 
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CONTINENTAL IRON AND STEEL 
PRODUCTION. 


THE iron and steel trades are among those that 
are most fundamental to the prosperity and safety 
of the country, in whatever conditions it may be 
placed. Until it is decided to abolish naval and 
military forces altogether, a measure which may, 
perhaps, be anticipated when the seat of government 
is transferred to Hanwell or Broadmoor, the exis- 
tence and vigour of these industries is indispensable 
to public safety, and can be assured only if the 
demand for their services in civil life is large enough 
to keep them prosperous and efficient. No industry 
has been more affected by the enormous industrial 
impetus given by the war. It is well known that 
the output capacity of all iron and steel-making 
nations has increased enormously, and with it the 
competition to which British manufacturers are 
subjected. Itis, perhaps, not recognised so generally 
that in this country these industries have shown 
an extraordinary capacity to keep the advance of 
prices, which many circumstances have combined 
to make universal, below the advance that has 
been found necessary in almost all other commo- 
dities. 

It is, however, a matter of great importance, 
not only to the engineering trades, but to the 
community at large, to have some guidance as to 
how far it is likely to be within the power of British 
iron and steel manufacturers to continue to defend 
their trade in competition even to the extent to 
which it has been found possible to do so up to now, 
and much general interest attaches, therefore, to 
the report which has just been presented to Parlia- 
ment by the Delegation appointed by the Economic 


Vou. CXXX. 





9 | indication of future prospects. 


Advisory Council to inquire into the industrial 
conditions in the iron and steel industries on the 
Continent (Cmd. 3601. H.M. Stationery Office. 


1 | Price 9d. net). 


The report discloses little that has not been 


5| published hitherto, but both the method of its 


presentation and the constitution of the delegation 
itself make it probably the most concise and authori- 
tative statement on the subject that has appeared 
up till now. The delegation consisted of only four 
members, representing respectively the National 
Federation of Iron and Steel Manufacturers, the 
Iron and Steel Trade Confederation (the principal 
workers’ organisation in these industries), and the 
Statistical Departments of the Ministry of Labour. 
It spent nearly a month in France, Belgium, Luxem- 
bourg, Germany and Czecho-slovakia, visiting a 
considerable number of the principal iron and steel 
works in those countries, and conferring with 
Government officials, employers’ organisations, and 
trade unions. 

In the spirit which, happily, has come over 
international industry of recent years they were 
received cordially wherever they went, and 
furnished with all the information they desired. 
On their return to this country they took the 
opportunity of seeing some representative British 
iron and steel plants, and record their opinion on 
these as well as on what they saw on the Continent. 
The report is restricted to a statement of the facts 
found by the Delegation, with a summary for each 
of the five countries visited, and an occasional 
The value of the 
information is, however, enhanced by the fact that 
the individual members of the Delegation made 
inquiries of their opposite numbers at Government 
offices, and employers’ organisations, from individual 
employers and trade unions, and secured, therefore, 
not only the fullest possible information, but also 
a useful check on it. 

The first point that appears from the report is 
that, with a single exception, there is little or no 
unemployment in these industries at the present 
time. None at all was found in France, Belgium 
and Luxembourg, and little in Czecho-slovakia, 
while, on the contrary, France had imported some 
200,000 foreign workers, Luxembourg about 40 per 
cent. of their total employees, and Belgium a small 
minority. 

In Germany, on the other hand, it is said that 
some 14 per cent. of the workers in the metal 
industries, including engineering, were unem- 
ployed, and 16 per cent. on short time. It must 
be remarked, however, that in industrial circles 
some question seems to have been raised as to 
whether the official German figures of unemploy- 
ment represent the situation accurately. It appears 
that from a political point of view Germany has 
no interest at the moment in showing a condition 
of greater prosperity than necessary. We certainly 
have no evidence of the accuracy of implica- 
tions of this kind, but it must be admitted that 
the existence of wholesale unemployment in the 
German iron and steel industries is difficult to 
reconcile with the figures of their production. 
By the Treaty of Versailles Germany lost some 
80 per cent. of its production of iron ore, 42 per 
cent. of its production of pig-iron, 37 per cent. 
of its production of crude steel, and 34 per cent. 
of its production of rolled products, and with 
these losses the number of candidates for employ- 
ment in the German iron and steel industries must 
have been reduced correspondingly. Nevertheless, 
German production of pig-iron in 1929 was within 
20 per cent. of the entire production in 1913 from 
its pre-war territory, and the production of steel 
ingots and castings was within 5 per cent. Doubt- 
less the general reconstruction of plant which became 
possible on the depreciation of the mark, and the 
consequent reduction or extinction of capital 
liabilities, enabled the work to be done with fewer 
men than before, but it is difficult to imagine 
that the improved efficiency did so much more, as 
the unemployment figures suggest, to offset the 
great reduction in the plant available in the 
industries. 

However this may be, the figures given in regard 
to Germany show a very strong production, and 





in the other countries visited very large increases 
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of output both of pig-iron and of steel ingots and 
castings. The smallest increase is in the output of 
pig-iron from Luxembourg, which is only about 
20 per cent., but in steel in that country and in 
both iron and steel in France and Belgium the 
increase is, in very round figures, getting on for 
double, while in Czecho-Slovakia, for which the 
1913 figures were not available, the output of pig- 
iron in 1929 was, roughly, five times as great as in 
1922, and that of steel over three times as great. 

When these figures are compared with those of 
the corresponding British industries, struggling 
hard and with varying success to maintain their 
position, it is plainly evident that British pro- 
ducers of iron and steel must in some way or 
ways be gravely handicapped as compared with 
their Continental competitors, The most obvious 
advantage enjoyed by these competitors, which 
is seen when the figures given in the report are 
compared with the Ministry of Labour figures for 
this country, is that they pay much lower wages. In 
round figures, the wages paid in these industries in 
this country are half as large again as are paid in 
Germany, double what are paid in France, and 
more than double those of the other three countries. 
Whether this means that the workers in those 
countries are to that extent worse off than those in 
British works depends, of course, on the cost of 
living—or, in other words, on the real value of the 
wages, Except, however, in so far as low wages 
induce poor work—and in four of these countries 
it was noted particularly that the physique and 
general appearance of the workers were good, and 
they were hard at work—the competitive value of 
low wages depends merely on international exchange. 
The hours of labour, moreover, are, on the whole, 
longer in each of these countries than they are in 
Great Britain, and a notable circumstance is that 
in four of thu.n there is considerable readiness to 
work overtime, the workers’ organisations holding 
that overtime, when it is necessary, is to the interest 
of the men as well as of the industries. In regard 
to efficiency of equipment and management, the 
report gives evidence of a high level in the countries 
visited, but the inspection of several representative 
British iron and steel works left a general impression 
that both as regards efficiency and management 
and the modernity and equipment of certain units 
of plants, these works were equal to and in some 
cases superior to, the plants which had been inspected 
on the Continent. There seems also to be no doubt 
that the programmes of the other countries provide 
for further improving the equipment of iron and 
steel works as economical circumstances may make 
possible, 

The short point that seems to be raised by these 
facts is whether it is expedient that the iron and 
steel trades in this country shall be left unaided to 
carry on their present unequal contest. More than 
once it was pointed out in the 1928 report of the 
Committee on Industry and Trade that the equip- 
ment of British iron and steel works was deficient 
not so much in the quality of individual plants as 
in the absence of balance between the capacities 
of plants for interlocking purposes—such, for 
instance, as coke ovens end blast furnaces—and in 
the irregular level of efficiency in different works. 
The present Delegation’s approval of the several 
plants it saw was confined in respect to the equip- 
ment to certain units of plant, and little doubt can 
be felt that, taking the industries as a whole, much 
will have to be done to improve their equip- 
ment before they are on a level with that of their 
most powerful foreign competitors. Whether that 
can be done economically apvears to be mainly a 
question of the assurance of trade when the improve- 
ments have been made. It has been urged with 
some force that such improvement may induce 
reductions of cost, which not only will prevent 
prices from rising, but even enable them to be 
substantially reduced. Whether such expectations 
would be fulfilled would depend in some measure on 
how far the workers’ organisations showed the sense 
of their common interest with the works which 
appears to be general on the Continent, or how far, 
on the contrary, demands for higher wages and 
shorter hours would offset the economies in view, 
and prevent the improvements from having the 
desired effect. If it may be hoped that the associa- 








tions representing the employed as well as the 
employers would work together in administering 
such improvements, it might well be that the 
general advantage of the community would be 
served, and the industries dependent on the iron 
and steel trades not be prejudiced, if by some 
adequate duties the home market was reserved for 
British makers, and thus a sufficient assurance 
given to make the required improvement of the 
plant a reasonably prudent investment. In con- 
sidering such a question, the records of British iron 
and steel makers in minimising the rise of price 
consequent on the increased cost of materials in 
general should be borne in mind. One conclusion 
seems, in any case, certain. British iron and steel 
masters cannot be expected to hold their own 
indefinitely with the intensely prosperous and 
rapidly improving works of the Continent, to say 
nothing of the United States, if something is not 
done to make the competition more equal. 








STEEL PIT PROPS. 


In the present state of industry, no one can afford 
to ignore new methods or other modifications of 
standard practice, which have passed the experi- 
mental stage and give promise of increased efficiency, 
economy or safety to workers. Bearing in mind 
Mr. J. H. Thomas’ dictum that wherever possible 
we ought to manufacture at home what now we 
buy abroad, the subject of steel pit props has an 
interest both to the mine manager and the steel 
industry. The Safety in Mines Research Board has 
recently carried out investigations, through its 
Support of Workings in Mines Committee, of the 
best methods for preventing accidents by falls 
of ground, and during the course of this survey it 
has become evident that in some places where steel 
pit props are employed the accident rate has appre- 
ciably decreased since their introduction. As a 
considerable amount of experience in the use of 
such props is now available, which indicates that 
under certain conditions they are both cheaper and 
safer than timber, further investigations have been 
made of a number of types as regards their 
mechanical qualities in relation to the method of 
working adopted. In Paper No. 58 of the Safety 
in Mines Research Board, the information obtained 
during the survey of British collieries already referred 
to, is collected, together with data relating to Oon- 
tinental practice supplied by Professor Dixon and 
Dr. Hogan, based on observations made during a 
visit made in 1927 to a number of mines in the 
Silesian and Westphalian coalfields in Germany and 
the Moselle coalfield in France. This is further 
supplemented by the results of laboratory tests 
made in the Civil Engineering Department of the 
Imperial College of Science and Technology, London, 

The information thus presented is intended to be 
of service when considering the advisability of 
adopting steel props in mines. As suggested, in 
addition to the advantages of added safety and 
increased economy, the use of steel would benefit 
home industry, since steel props can be produced 
in this country more readily than timber props. In 
this connection it may be mentioned that the timber 
imported into the United Kingdom during 1927 for 
pit props cost 5} million pounds sterling, whereas 
the supply of home-grown timber only amounted 
to 3 per cent. of the total consumption of softwoods. 
Although efforts are being made by the Forestry 
Commission to increase the supply of home-grown 
timber, the probability of meeting even a consider- 
able portion of the demand for pit props by this 
means appears remote. Again, it is a fact which 
should be taken into consideration that the world 
supply of softwoods is rapidly decreasing, and 
although, hitherto, sufficient supplies have always 
been available, the necessity which is now foreseen 
of obtaining supplies from less accessible forests will, 
in the long run, tend to an increase in the price of 
timber. A greater use of steel props would provide 
work for steel manufacturers, and in cases where 
steel makers are also mine owners the advantage 
would appear to be two-fold, inasmuch as they 
could employ a product in their own mines made 
during slack periods at the steelworks. 

The outstanding advantages of steel pit props 
from the point of view of safety: may be briefly 








summarised as follows:—The resistance to the 
weight of roof is more uniform throughout each row 
of props along a coal face than with wood props; 
if a yielding effect is required it can also be obtained 
more uniformly and to a predetermined extent, thus 
enabling better roof control than with timber props. 
Many steel props are provided with devices which 
ensure easy withdrawal. Since the materia used 
in the manufacture of steel props is more uniform 
they are less likely to fail through accidental defects, 
and are unaffected by rot or wet. 

The reasons why steel props, although more 
expensive than timber in first cost, are cheaper in 
the long run may be summarised: The steel prop 
can be used over and over again almost indefinitely, 
whereas wood props usually last for only one or 
two settings. After the first outlay there are the 
costs of repairs and replacements which vary under 
different conditions and according to the care and 
method with which the props are handled. In 
practice, steel prop replacements often amount to 
50 per cent. per annum, but even if they should be 
as much as 300 per cent. a saving in material is 
still obtained compared with timber props. Where, 
say, in the case of a face on which 100 props are 
set every day for 245 days a year, no less than 
24,500 timber props would be used in a year, 
assuming that all were lost or broken at the one 
setting; against this only 50 steel props would be 
consumed, or 490 timber props to each steel prop. 

At Bentley Colliery the cost of steel props is 0-58d. 
per ton of coal, including flanging at one end of the 
props, extra wood lids, straightening damaged props 
and the cost of extra supervision; the estimated 
saving over wood props is 3d..perton. The use of the 
Butterley prop at the Butterley Company’s Collieries 
shows a saving of about 1-5d. per ton. At Cannock 
Chase Colliery a saving of 9d. per ton has been 
obtained by the use of the S.F. steel prop, the cost 
being 1-2d. per ton, including interest on capital 
outlay, cost of straightening and replacements, but 
excluding plugs and lids. 

Steel, obviously, offers a much wider field for 
design than is possible with timber props; thus, 
even in the simplest of the rigid types of steel prop 
there is the choice between the tube and the joist. 
Both of these are giving satisfaction. At Newbattle 
Colliery, Edinburgh, the tubular pattern has been 
developed. A weldless mild-steel tube 4 in. diameter 
and about } in. thick, is filled with a core of pine 
turned to make a tight fit, and about 6 in. shorter 
than the tube. At each end of the prop a hardwood 
plug is driven in to touch the core. More recently 
these plugs, which formerly were allowed to project 
2 in. or 3 in., have been made flush with the end of 
the prop. The core tends to prevent local crippling 
of the tube. The Chatham prop is also a rigid steel 
tube, but has a slot parallel to the axis along the 
whole or part of its length, though in later models 
the slot is only 18 in. long. One object of the slot 
is to measure the amount of subsidence ; it also 
facilitates handling and removing of debris from 
inside the prop. 

Ordinary rolled-steel joists, with or without the 
web cut away at the ends and the flanges turned 
over, have been employed as pit props for the last 
fifteen years at Bentley Colliery, where 12,000 are 
in daily use, and no timber props are used except 
where the coal is unusually thick. In Monmouth- 
shire over 10,000 steel-joist props with their ends 
left as cut are in use. 

That, under certain conditions, it is desirable for 
face supports to yield to the roof pressure is a 
factor which has long been appreciated, and is 
obtained with timber props by tapering them or 
setting them with thick timber lids and sole pieces. 
Practically all the types of steel prop which are 
designed to yield depend on the crushing or com- 
pressing of wooden plugs or wedges for obtaining 
this effect. The simplest form is the steel tube 
with tapered wood plug at the end, which has 
similar properties to the ordinary tapered timber 
prop with the advantage of much greater strength. 
One of the best known of the tubular type of steel 
props is the Butterley, which has been in use 
for the past ten years at nine mines belonging to 
the Butterley Company in Derbyshire and Notting- 
hamshire, where 14,500 of these props are in use. 
The Butterley prop consists of a. tube. closed at 
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the top by a cast-iron plug and provided with a 
sliding sleeve in which are two slots with bayonet 
joints at the lower ends and a wood plug 9 in. long 
inside the sleeve. A bolt which passes through the 
tube 6? in. from the top engages with the slots, 
attaching the sleeve to the tube whilst allowing it 
to slide the length of the slots. Before setting the 
prop the sleeve is raised to its maximum point and 
turned over the bayonet joint; after the prop has 
been set, the sleeve is rotated so as to release it 
from the bayonet joint. A total shortening of about 
6 in. is obtained by the crushing of the wood plug 
inside the sleeve. 

The original form of the S.F. prop consisted of a 
weldless steel tube widened slightly at its base to 
take a conical steel adapter into which was fitted 
a wood plug about 9 in. long with about 3 in. 
projecting outside the adapter. This type having 
proved too expensive to manufacture, another 
model has been devised consisting of a 3 in. by 
3-in. rolled-steel joist stem with a footblock at the 
base and a conical socket and wedge housing at the 
upper end. The end of the joist is cut at an angle 
and the wedge slides between it and the socket 
casting, which is secured to the joist by a bolt. The 
socket is fitted with a tapered wood plug about 9 in. 
long projecting about 14 in., and the wedge arranged 
so that it cannot accidentally fall out. A 9-in. 
wood plug is fitted as in the tubular pattern, the 
action of both types of prop being similar. 

Of the French types of yielding steel prop 
mention may be made of the Mureaux in which 
the friction between a pad of Ferodo and a metal 
surface is employed to provide the resistance to the 
weight of roof. This prop is made in three sizes ; 
in the large sizes the prop consists of a3 in. by 3-in. 
steel joist sliding in a channel-section 4} in. by 
2}-in. lower member, one of the flanges of the 
joist being in contact with the web of the channel. 
A stirrup carried on a bracket on the lower member 
and fitted with a cam holds the two members 
together ; on the side opposite the cam the stirrup 
has a pad of Ferodo which presses against the outer 
flange of the joist. The prop is readily released by 
turning the cam with a long bar. In a test it was 
found, however, that the resistance of the Ferodo 
was almost halved by wetting. 

Since most of the coal mined in the United King- 
dom is obtained by longwall methods, the investiga- 
tions undertaken by the Safety in Mines Research 
Board were confined to this type of working ; there 
is no field for the use of steel props of the yielding 
type in true pillar and stall mining since it is essential 
in both the first and second workings that the roof 
should be held rigidly. In longwall it is the func- 
tion of the face props to support the load exerted 
by the immediate roof and yet to yield to the 
general settlement so as to avoid being broken. 
Yielding steel props appear to be well adopted to 
this use. 

With rapidly-advancing faces rigid steel props 
may be used, the life of the latter depending on 
the rate of advance. With very strong rock roofs 
and hard floors rigid props are the best, but it 
is essential that the face shall move rapidly. The 
roof is encouraged to break off behind a width of 
about 10 ft. which can readily be held from the coal 
face with rigid steel props, and if the face is kept 
moving quickly props need not be left standing 
more than 36 hours. But with a slowly-moving face 
where props are left standing for a week, or even 
more, a rigid prop will be bent or broken, or become 
so tight that itis difficult to withdraw. With aslowly 
advancing face and roof and floor of average hard- 
ness, it has been found that suitably-designed steel 
props of the yielding pattern have given the most 
satisfactory results. 

It should, however, be noted that prompt and 
systematic withdrawal is an essential factor in the 
successful use of steel props. It is seldom that more 
than three rows of props are necessary on a face ; 
the props in the row nearest the face obtaining 
the least pressure are the least likely to be injured 
or lost. Ordinary types of rigid props are not pro- 
vided with any device to facilitate withdrawal, but 
if used in conjunction with steel bars their removal 
is greatly facilitated. Many of the yielding type 
of steel props, such as S.F., Berrisford, Mure- 
aux, and Schwarz, can be released by knocking 
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out a wedge or rotating a cam. In view of the first 
cost being comparatively high, it is important that 
steel props should be provided with an efficient 
means of release so that they can be used repeatedly. 

The investigation deals with some 13 types of 
steel prop, all of which have given varying measures 
of satisfaction under different conditions, and includ- 
ing 3 rigid types and 10 yielding types, of which 
5 are British, 3 are French and 2 are German. Of 
the British steel props of the yielding type the 
Butterley, the S.F. and the Tait, are being used in 
considerable number, whilst in France, the S.A.M. 
Mureaux, and Sarre have been employed for some 
years with satisfactory results. The most extensive 
experience, however, appears to have been with 
the Schwarz prop in Germany, the makers of 
which state that the total number supplied exceeds 
250,000. 

The Schwarz prop consists of two rolled-steel 
channels forming an upper and lower member, 
which are held together by the friction exerted by 
an iron clamp and timber wedge fixed to the lower 
member; the two channels are placed face to face, 
the upper, being smaller in section, being inside 
the lower. The flanges of the upper section are cut 
and the back bent to give it a taper. The timber 
wedge acts against the taper, being retained by the 
clamp, which is held in position by semicircular 
notches cut in the flanges of the lower member and 
tightened by a cam, which is useful in setting the 
prop and also facilitates ready withdrawal. A long 
lever may be used for turning the cam, so that the 
miner is at a safe distance when releasing the prop. 

In a test made on one of these props 7 ft. 6 in. in 
length, the prop commenced to shorten under a 
comparatively small load, the resistance gradually 
increasing as it shortened, but never reaching a very 
high value until the prop closed up completely 
forming a rigid prop. When the load reached 11-6 
tons the prop had shortened by 20-5 in. ; the resist- 
ance then decreased somewhat, shortening continu- 
ing under a load varying between 7 and 11 tons, 
until it was completely closed with a total shorten- 
ing of 32-3 in. 








NOTE. 


Bi-CENTENARY OF Messrs. W. anp T. Avery, 
LIMITED. 


In the year 1730, at No. 11, Digbeth, then one of 
the main business thoroughfares of Birmingham, 
a craftsman named Ford, the first in the line of 
succession of the house of Avery, commenced 
business as a “‘Stilliard” maker, the steel-yard 
being, at that time, the weighing instrument in 
general use. Ford was succeeded by Barton in 
1769, and 14 years afterwards the latter gave place 
to Thomas Beach. The business subsequently came 
into the hands of Balden, who, towards the end of 
the 18th century, was joined by William and Thomas 
Avery. Under the direction of the latter, and that 
of the two sons of William Avery, the business grew 
and prospered. A new factory for the production 
of balances, scales, and weights was built in Mill 
Lane in 1854 and, in the same year, the Atlas Iron 
Foundry, at West Bromwich, was acquired. The 
firm of Messrs. W. and T. Avery became a public 
limited-liability company in 1894. In the following 
year the celebrated Soho Foundry, Birmingham, 
which had been established in 1764 by Matthew 
Boulton and had, for many years, been the scene 
of the activities of its celebrated founder and of 
his world-renowned colleagues James Watt and 
William Murdock, was taken over by Messrs. 
Avery. The historic associations and the traditions 
of the Soho Foundry were dwelt upon by all the 
speakers at a lunch, held in the Soho Foundry on 
July 1, to commemorate the bi-centenary of the 
foundation of the firm of Avery. The function was 
presided over by the Chairman of the Company, 
Sir J. Fortescue Flannery, and, among the speakers 
were Sir Walter Raine, Sir Gilbert C. Vyle, the 
Rt. Hon. G. N. Barnes, and Mr. A. Ramsay. The 
guests were conducted over the works, both before 
and after the lunch. The foundry, machine shop, 
enamelling shop, testing-machine department, and 
the various automatic weighing machine, weigh- 
bridge, and scales departments were inspected. An 
outstanding exhibit was a weighing, computing, and 
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counting machine, which, we understand is about 
to be placed-on the market. During the tour, the 
attention of the visitors was specially drawn to 
relics of past centuries such as Murdock’s cottage, 
the old gasometer built by Murdock and stated to 
have been the first gas-container ever built; the 
underground workshops and passages built by Watt 
for preserving the secrecy of his manufacturing 
processes ; a lathe constructed 100 years ago, and 
still in use; and an old drilling machine erected 
about 100 years ago by James Watt, which has been 
operated for the past 64 years by Mr. William 
Byfield, who is now 78 years of age. We feel that 
Messrs. Avery are to be congratulated upon the 
careful manner in which they have preserved and 
maintained the numerous links with a past engineer- 
ing age at present in their keeping. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AFTER the lapse of nearly a quarter of a century 
the Institution of Mechanical Engineers is again 
holding its summer meeting at Bristol. The return 
to a city before visited inevitably invites some 
attempt to measure engineering progress, at all 
events on the part of the older members. The 
paper read at the meeting is, in itself, an indication 
of the greatly changed conditions in engineering 
since 1908, the year in which the previous gathering 
took place. Dealing with aero engines in some 
detail, it records their development in a way 
which contrasts forcibly with the very tentative 
and speculative views expressed in a vigorous 
correspondence on the possibilities of aircraft 
which was going on in these columns at the time 
of the last meeting. Again, in the Bristol of those 
days the tonnage of vessels entering the port was 
2,058,039; last year it was 3,429,803 tons, in 
spite of the recent depression of the shipping 
industry. The Bristol Gas Company had 358 miles 
of mains; now there are 408 miles. The Bristol 
Waterworks Company had then to provide an 
average daily supply of 9-5 million gallons; now 
they are called upon to supply 16 million gallons. 
As regards the provision of electricity, the changes 
are even more marked. The total capacity of 
the station generators in 1908 was 12,890 kw., 
with three different current supplies, the highest 
pressure being 6,000 volts. There are at present 
two turbo sets each of a capacity of 20,550 kw., 
and the current is stepped up by transformers to 
33,000 volts, the station being included in the 
grid scheme. The boiler pressure has risen from 
200 lb. per sq. in. and 200 deg. F. superheat to 
325 Ib. per sq. in., with a total superheat of 
725 deg. F. The numbers attending the previous 
meeting were, it may be noted, slightly greater 
than those of the present one, in spite of the fact 
that the Institution membership has more than 
doubled. On that occasion, further, five papers 
were read. 

The session of the present meeting opened on 
Tuesday morning, July 1, with a reception by the 
Right Hon. the Lord Mayor of Bristol, Councillor 
Walter Bryant, J.P., the Vice-Chancellor of the 
University of Bristol, Dr. Thomas Loveday, and 
the Bristol Reception Committee, in the main 
theatre of the Physics Laboratory of the University. 
The Lord Mayor, in extending a welcome to Bristol, 
expressed the hope that the meeting would prove 
both useful and enjoyable, as the city offered 
examples of practical work in its factories, and of 
beauty in its surroundings. On behalf of the 
city he congratulated the Institution on its having 
recently been granted a Royal Charter by His Majesty 
The King. On the two previous occasions the 
Institution’s visit had happened to coincide with 
an extension of the city’s docks, but this time it 
had arrived too late, the last, and perhaps the most 
important, extension having been opened by. 
H.R.H. The Prince of Wales some two years ago. 
Nevertheless, members would be able to see the 
way in which modern engineering skill had been 
utilised, and would no doubt agree with what he 
had himself been told that, as regarded equipment 
and organisation, the docks were twenty years 
ahead of their time. The returns of various imports 
showed that the trade of the city was considerable, 





ENGINEERING. 





[JULY 4, 1930. 





the volume of food, for example, coming into the 
country through Bristol being important. It held the 
record for the import of bananas, over 7,000,000 
bunches having been received in the past vear. 
Though the city was not a great engineering centre, 
yet it did produce variety in many engineering 
products. The Bristol Jupiter engine, for example, 
was known throughout the world. Again, there 
were other industries such as those of Messrs. 
W. D. and H. O. Wills, and Messrs. J. S. Fry and Sons 
which were worth close attention. He felt that 
Bristol would maintain its ancient reputation for 
hospitality, and felt indebted to Professor Andrew 
Robertson, the Hon. Local Secretary, for his 
splendid organisation work in connection with the 
visit. 

Dr. Loveday, in supporting the Lord Mayor, 
said he wished to add to the civic welcome one, 
no less cordial, from the University of Bristol. 
On the previous visit Bristol had had only a 
University College. It had now attained the 
higher rank, and a special feature of the new 
University was the attention it gave to the develop- 
ment of its engineering side. He proffered his 
congratulations to the Institution on the increase 
of its dignity through the acquisition of the Royal 
Charter, and said that one of its most useful 
functions was that of promoting learning, particu- 
larly in the direction of organising, through its 
national certificate scheme, technical education for 
those youths who were not able to proceed to a 
university. 

The President, Mr. Loughnan St. L. Pendred, 
thanked the City and University, on behalf of the 
members, for the cordial welcome that had been 
extended to them. He thought all would appre- 
ciate the opportunity of visiting a place which 
had great romantic associations, not perhaps in 
the ecclesiastical, military, or even literary sense, 
but in its commerce, the history of which had many 
stirring chapters. He was sure they would be 
impressed by their visit to Avonmouth Docks, but 
it might be remembered that Bristol was, at one 
time, a famous shipbuilding centre. From its 
yards had sailed the Great Western, the first ship 
to make a regular Atlantic voyage, and, later, 
they had produced the first large iron steamship. 
But, whatever they remembered about Bristol 
they would not forget its kind reception which 
was sincerely appreciated. 

At this point the Lord Mayor, the Vice-Chancellor, 
and the Bristol Reception Committee retired from 
the meeting. The Secretary then read the minutes 
of the previous meeting in London, and after 
these had been approved and signed, the President 
rose to present the first Herbert Akroyd Stuart 
Prize to Professor E. A. Alleut, of Toronto. In 
making the presentation Mr. Pendred gave a short 
sketch of the foundation of the prize, and said 
it should not be forgotten that the majority of 
heavy-oil combustion engines were now constructed 
on the system developed by Mr. Herbert Akroyd 
Stuart, though by a strange want of precision, 
they were generally, and incorrectly, referred to as 
Diesel engines. The President then presented a 
prize, gained under the National Certificate scheme, 
to Mr. Reginald Charles Vaughan, of Bristol. 


Atr-CooLep AERO-ENGINES. 


The paper before the meeting was then read by 
Mr. A. H. R. Fedden, M.B.E. It was entitled 
“ Air-Cooled Aero-Engines ; A Review of Develop- 
ments in the Past Ten Years.’ We propose to 
reprint it in a subsequent issue. 

At the conclusion of the paper the President, in 
announcing the meeting cpen for discussion, 
referred first to the excellent way in which the 
theatre was equipped for lantern illustrations, 
and congratulated the University in possessing 
such modern apparatus. The author, he continued, 
had apologised for the paper on the grounds that 
it might prove to be too specialised in its treatment, 
but it would be admitted that it was an admirable 
review of the subject and was thus of real educative 
value. The position taken up by the author had 
received some support from the recent Hendon 
Display at which the Havilland Interceptor fighter 
was fitted with an air-cooled Napier engine, while 
the Hawker-Hart bomber had the new Rolls- 








Royce F.13B steam-cooled engine. Both these 
firms had previously shown a preference for the 
water-cooled engine. 

The discussion was opened by Mr. Alan E. L. 
Chorlton, who gave his unqualified support to the 
President’s appeal for more adequate recognition 
of Mr. Herbert Akroyd Stuart’s work. In America 
the airless-injection engine was invariably referred 
to as a Diesel engine, whereas it was the invention 
of an Englishman. He hoped Professor Allcut 
would use his influence to establish a more just 
state of things on his return to Canada. As to 
the paper he considered that the author had done 
more than anyone else in developing the air-cooled 
engine and the paper was, on that account, very 
valuable. One point in it was worth special notice, 
namely the extent to which forging was now made 
use of in the aeroplane engine. It was a pity. this 
method of making strong parts could not be made 
even further use of. The wider adoption of 
forgings in the earlier stages of development really 
marked the point at which the aeroplane engine 
had become practical. In a report on aeroplane 
work which he (Mr. Chorlton) had had to make at 
the end of the war, he had pointed out that the 
effectiveness and reliability of an aeroplane depended 
upon its engine, and the engine in turn upon its 
crankshaft. With multi-throw crankshafts there 
had been many failures, with a single-throw crank- 
shaft such as obtained in many air-cooled engines 
there was little trouble. There were other advan- 
tages too in this type of engine such as the sim- 
plification of the fuel supply system. At the same 
time, the water-cooled or rather, the liquid-cooled, 
engine was showing signs of recovering its position, 
as the recent application of steam-cooling by 
circulation with turbo-fans permitted abstraction of 
heat from spots which air-cooling failed to reach. 
He thought the prospects for a two-stroke air- 
cooled engine were not very hopeful. With water- 
cooled two-stroke engines the conditions were 
better. The compression-ignition engine had a 
great future in a limited field, though there were 
difficulties, due to the higher stresses and so forth. 
In connection with the engines of R 101, for example, 
practically four years had been spent in getting 
crankshafts that would stand up to the work. 

Dr. A. P. Thurston, was the next speaker, and, 
in pointing out that he was old enough to have a 
water-cooled engine in the South Kensington 
Museum, expressed his opinion that all water- 
cooled aero-engines ought to be there also. The 
hot spots in an air-cooled engine were undoubtedly 
a serious difficulty, but he had found out before 
the war that by arranging curved surfaces near the 
cylinder castings in one of two definite positions 
the cooling air could be forced into more intimate 
contact with them. The author had mentioned 
Sir Hiram Maxim’s light steam engine; it should 
not be overlooked that this inventor had produced 
a water-cooled internal combustion engine about 
the years 1907-1908. Sir Hiram had predicted 
to him, when a boy, that the aeroplane would 
revolutionise the means of transport, and it was 
undoubtedly the speeding up of transport that 
modern commerce demanded. 

Lt.-Colonel Hill dealt with the subject from the 
point of view of the superior fuel economy of the 
water-cooled engine compared with the air-cooled 
engine, and in giving an account of steam-cooling 
pointed out that the main difference between this 
system and water-cooling lay in the provision of 
condensers which, when accommodated in the aero- 
plane structure itself, were quite practicable and 
enabled less water to be carried. 

Professor E. A. Allcut was of opinion that the 
water-cooled aero-engine was unsound in principle. 
He thought the two-stroke compression-ignition 
engine possessed great inherent possibilities of 
improvement. He criticised the use of integral 
test-pieces from the forgings, as, being of different 
section to the main piece, they were likely to give 
incorrect results due to temperature effects in 
manufacture. 

Professor Morgan agreed that there was little 
prospect for the two-stroke aspiration carburettor 
engine, but there were possibilities with the two- 
stroke compression ignition engine, when the pro- 
blems of effective scavenging were properly handled. 





Mr. A. H. R. Fedden, in the course of a brief 
reply, said he hoped to show members some of the 
types of air-cooled engines referred to in the paper 
on the occasion of their visit to the Bristol Aero- 
plane Works. After a vote of thanks to Mr. Fedden, 
proposed by the President, and seconded by Lt.- 
Colonel E. Kitson Clark, the meeting terminated. 

The afternoon was occupied by organised visits 
to Avonmouth Docks (Port of Bristol Authority), 
and to the factory and estate of Messrs. J. 8. Fry and 
Sons, Somerdale ; Messrs. Christopher Thomas and 
Brothers’ Broad Plain Soap Works, St. Philip’s ; 
the works of Messrs. The Westinghouse Brake and 
Saxby Signal Company, Chippenham ; and to the 
tobacco factory of Messrs. W. D. and H. O. Wills, 
Bedminster. In each case, by the courtesy of the 
authority or firm concerned, the visitors were 
entertained to tea. 

In the evening a reception was held at the 
Museum, Art Gallery and the University, by the 
kind invitation of the Lord Mayor of Bristol and 
the Lady Mayoress, and the Vice-Chancellor of the 
University and Mrs. Loveday. 

(To be continued.) 








THE SECOND WORLD POWER 
CONFERENCE. 
(Continued from vol. cxxix, page 836.) 

On Thursday morning, June 19, a meeting of Sec- 
tion VII was held, to consider the ‘‘ Construction and 
Operation of Large Power Plants. The chairman 
was Mr. I. E. Moultrop and the General Report 
‘was presented by Dr.-Ing. M. Rehmer, who said that 
it was becoming increasingly well known that the 
larger electric power stations and distribution 
systems could only be developed satisfactorily if 
future requirements were kept constantly in view. 
The necessary planning for this purpose should be 
entrusted to a special department of the under- 
taking. The duty of this department, in the 
American view, should be to draw up a development 
scheme which was based on accurate observation of 
the area to be supplied. Load curves should be 
plotted to ascertain the requirements for the next 
few years, and should serve as a basis for calculating 
the size of the units it might be necessary to install. 
The shape of the load curve was of decisive import- 
ance in determining the distribution of the power 
units. 

There were no longer any constructional obstacles 
to the employment of extra high-pressure steam 
or temperatures of 450 deg. C. As regards reserve 
power, only a thorough consideration of the technical 
and economic factors would show whether it was 
better to run continuously a number of turbines 
on less than full load, or to employ a unit which 
could be started rapidly. Attention, in this 
connection, might be drawn to a new method of 
starting even large turbine sets quickly by warming 
the casing by hot air. Steam accumulators in 
connection with special machines could be used, 
both for dealing with the peaks and for providing 
an instantaneous reserve. 

The problem of smoke abatement was becoming 
increasingly urgent and necessitated special atten- 
tion, both in existing and projected stations. No 
completely satisfactory technical and economic 
solution had yet been found. The tests which 
had been carried out in London to eliminate the 
sulphurous acid in flue gases, appeared to be 
highly promising, and were confirmed by German 
tests. 

It had been proposed to extend the smoke- 
nuisance regulations to domestic grates and boilers 
in Germany. An interesting proposal was that 
the dust should be removed before the coal was 
used. Considerable difficulty was experienced in 
extending distribution systems in large cities, owing 
to the lack of space in which to lay the cables. 
The establishment of a commission to draw up 
standard methods of laying mains was proposed. 

In the course of the discussion in this section, 
Mr. F. Gropp remarked that it was not sufficient 
for the plant in momentary reserve to be ready for 
connection in two or three minutes. It must be 
ready in 30 seconds. This could only be ensured 
by keeping the turbines running, in which condition 
they could be usefully employed in supplying 
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wattless power. The amount of reserve thus held 
in readiness at any time should bear a definite 
ratio to the load. Mr. M. Gercke pointed out 
that Diesel engines could be put on load from cold 
very much more quickly than steam plant. Under 
such conditions there was no fear of trouble due 
to thermal stresses, and a 15,000-kw. set could be 
started by performing only 18 valve operations, 
as compared with 80 on a large steam turbine. 
For peak-load purposes such engines could be 
erected in large centres of population without 
causing a nuisance, and were cheaper to install 
than steam accumulators. Dr. F. Miinzinger pointed 
out that, if some of the statements which had been 
made about modern boiler plant were true, the only 
solution of present difficulties would be to discover 
a new method of generating electricity from coal. 
An ideal peak-load boiler was one in which 
pulverised fuel was imposed on stoker firing. 
This would give a good efficiency at low loads 
when the stoker alone was being used. It would 
not be necessary to install an economiser, but an 
air preheater with hot-air storage would have to 
be used. Dr. H. Nille said that, at Stettin, they 
ran one turbine on exhaust steam from the auxiliaries 
at a speed sufficient to operate the oil pump. In 
emergency, this set could be paralleled on the bars 
in one minute, the only operation at the steam end 
being the throwing over of a valve. This permitted 
a saving in live steam and lower excitation losses. 
When Ruths’ accumulators were only used in 
the winter, the turbines should be entirely dis- 
connected from them at other times of the year. 
Mr. W. Wellmann said their six months’ experience 
with steam accumulators at Charlottenburg had 
been satisfactory, both from the operating and 
economic aspects. This view was confirmed by 
Dr. Ruths. Mr. C. Féhl said that emergency 
plant which required three or four minutes to 
start up was not satisfactory. It should be 
capable of taking over the load so quickly that 
the frequency did not decrease materially. Dr. 
E. A. Kraft said that, as regards turbine design, 
the first step towards improvement must be the 
promulgation of standard consumption rules. This 
had already been done in many of the principal 
countries, but he hoped that the International 
Electro-Technical Commission would bring the 
work to a practical conclusion on an international 
basis. The rules also required extension to all 
types of turbine. Mr. B. Pochobradsky described 
a new method of dust removal in which a combina- 
tion of cyclone and filter was used, while Dr. S. L. 
Pearce stated that the cost of the washing process 
described in his paper should not exceed 15d. per 
ton of coal burnt. 

There was also a meeting of Section XXX on 
Thursday morning, June 19, at which the subject 
discussed was “ Aircraft and Automobile Engines,” 
the chairman being Professor G. Belluzzo. In 
presenting the General Report on the first of these 
matters, Ministerial-Direktor Brandenburg said that 
there was so much diffidence in publishing informa- 
tion about aero engines that only two papers had 
been received, and these were too late to be included 
in his comments. This diffidence might be ascribed 
to two main reasons: the rapid development of 
aero-engine design, and the fact that in most 
countries the industry was under Government 
control. Owing to the Versailles Treaty, these 
considerations did not apply to Germany, where the 
problems involved were dealt with publicly by the 
German Experimental Institute of Aerial Naviga- 
tion and the Society of Aeronautics. 

The principal problems in the design of aircraft 
engines were the reduction of unit weight, greater 
reliability, and the reduction of fuel consumption. 
These were, to some extent, contradictory, and gave 
rise to compromises in which the designer’s views 
were an important factor. Excellent progress had 
been made in weight reduction, and engines weighing 
from 0-6 lb. to 1 Ib. per horse-power were now 
available. It was difficult to give an opinion on 
improvements in the reliability. In general, it 
might be said to have increased, and, in his 
opinion, this had been due to not making weight 
reduction the principal aim. Kamm had empha- 
sised the fact that greater reliability was more 
essential than minimum unit weight, if an air 





service was to be built up on sound commercial lines, 
He concluded, after thorough investigation, that the 
continuous output should be reduced to half the 
peak output. 

Owing to the great effect that the fuel consump- 
tion had on the working parts, particularly on long 
flights, attention had been given to its reduction. 
Its actual cost was of secondary importance, but 
a saving of 10 gm. per horse-power hour made a 
considerable difference to the fuel consumption on 
a long-distance flight... The methods that had been 
adopted to increase the fuel consumption depended 
on an increase in the compression ratio. Until a few 
years ago, the water-cooled engine was most fre- 
quently used in Germany, owing to its superiority 
both as regards reliability and fuel consumption. 
More recently, however, the air-cooled engine had 
been adopted almost exclusively on the smaller and 
medium-sized aircraft, as systematic research had 
enabled cooling to be effected without employing 
water. This had led to a reduction in weight, and 
had also eliminated difficulties due to leakage. 

The disadvantages of the present air-cooled radial 
engine were the large frontal resistance which it 
offered, and the fact that it hampered the pilot’s 
vision. These, however, were overcome by arrang- 
ing the cylinders in line, while the suspended type of 
engine, with the cylinders disposed in I or V 
formation, also gave a good field of view. 

The advantages and disadvantages of using a 
cooling medium of high boiling point were now being 
much discussed. The advantages were that the 
greater temperature difference between the cooling 
medium and the air only necessitated a small 
radiator and less cooling liquid, so that both resist- 
ance and weight were reduced. The disadvantage 
was that a suitable cooling medium, such as ethylene 
or glycol, was difficult to obtain and expensive. 

The use of heavy oil as fuel would have the 
advantage that fire risks would be reduced. So far, 
however, it had not been possible to employ this 
fuel in carburettor engines operating under aero 
conditions, as the oil became thick. The Diesel 
system therefore offered greater promise. It was 
often forgotten that fuel consumption might be 
improved by making use of the fact that, in both 
carburettor and Diesel engines, the pressure of the 
gas at the end of the expansion stroke was consider- 
ably above that of the atmosphere. This pressure 
was not utilised, and the loss to which it gave 
rise might be reduced by closing the inlet valve 
earlier, or by employing a low-pressure cylinder or 
gas turbine. 

Reporting on automobile engines, Dr. Heller said 
that the supply of suitable fuels in sufficient quali- 
ties for the 30,000,000 automobiles now on the roads 
of the world must occupy the serious attention of 
engineers in the immediate future. This was 
primarily a question of discovering highly volatile 
fuels, whether of a mineral or vegetable origin, and 
in the opinion of some specialists, the greater part 
of the demand could be met by alcohol obtained 
from cellulose waste liquor. Where cheap wood or 
coal were available, the use of producer gas had 
economic advantages. 

At the conclusion of the morning meeting, a 
General Address on the ‘‘ European Super-Power 
System ”’ was delivered by Dr.-Ing. O. Oliven. In 
this, a scheme for connecting all European countries 
by a common network was propounded. From 
north to south, one line would connect Scandinavia 
with Italy via the Alps, a second Calais and Lisbon, 
and a third Warsaw and the Balkans. From east 
to west, a line would run from Poland to Paris, and 
a second from Rostow-on-the-Don to Lyons via 
Austria and Switzerland. The total mileage would 
be 10,000, and the operating pressure would be 
from 380 kv. to 400 kv. This network would be 
fed by existing stations, but would also enable new 
sources of power to be developed. The estimated 
total cost of the system, including power-factor 
correcting plant and transformer stations, was 
100,000,000/. Taking capital charges and losses in 
transmission into account, the cost of transmitting 
450,000 kw. over a distance of 1,000 km. would be 
0-14d. per kw.-hour. 

On Thursday afternoon, June 19, a meeting of 
Section XVIII was held under the chairmanship of 
Dr.-Ing. L. Fleischmann, the subject for discussion 





being “Construction of Large Generators and 
Transformers and Other Electrical Machines.” A 
very long general report was presented by Dr.-Ing. 
M. Kloss, from which we are only able to make a 
few extracts. The actual papers on this subject 
are summarised elsewhere in this issue. 

As regards three-phase synchronous machines, 
the reporter said that the increase of the capacity 
of the generating units during the last few years had 
led to a considerable saving in unit weight and 
space. While a 16,000-kw. set occupied 17 sq. m. 
to 18 sq. m. per 1,000 kw. and weighed 18-5 kg. 
per kilowatt, the corresponding figures for an 
80,000-kw. set were 5-5 sq. m. and 13 kg. Two- 
pole alternators with cast-iron housings and copper 
windings weighed 2-35 kg. to 2-5 kg. per kv.-a., 
while when welded housings were used the figure 
was only about 2-16 kg. per kv.-a. The loading 
of modern alternators was about 14,600 kv.-a. per 
metre length at 3,000 r.p.m. with the usual rotor dia- 
meters. For rotors up to 700 mm. in diameter, an- 
nealed Siemens—Martin steel was used, while for 
larger diameters quenched and tempered chromium- 
nickel steel was employed. When the windings 
were of aluminium, the maximum rotor diameter 
could be increased to 1,000 mm. 

An important problem in the construction of 
large alternators was the reduction of the losses. 
This could be dealt with by modifications in the 
design and by improving the cooling arrangements. 
Developments in the former case included the. use 
of stampings with a low loss coefficient, twisted 
bars and end connections, and two-layer windings. 
The efficiency of a modern 45,000-kv.-a. two-pole 
machine at unity power factor was as high as 
97-9 per cent. By alternately ventilating the 
stator radially inwards and outwards, the cooling 
effect could be made independent of the core length. 
Promising results had been obtained with hydrogen 
cooling. Windings must be supported more rigidly 
to withstand the enormously high short-circuit 
stresses. For this purpose, the grid winding was 
particularly satisfactory, while in America two 
independent windings were being used. 

In principle, the design of hydraulic turbo-gene- 
rators was the same as for steam turbo-generators, 
but more stringent conditions with regard to speed 
regulation were essential. This necessitated the 
use of rapid de-excitation. Power factor improve- 
ment was better effected by installing phase 
advancers at strategic points than by compensating 
individual motors. Both synchronous and asyn- 
chronous machines were employed for this purpose, 
the former being preferred in America and the 
latter in Europe. Asynchronous motors with 
squirrel-cage rotors were being increasingly used 
for power purposes. The output of commutator 
machines was limited by the voltage between the 
bars. In the case of cylindrical commutators, this 
must not exceed 12 to 15 volts, though up to 
50 volts was permissible with the dise commu- 
tator. 

The factors limiting the capacity of transformers 
were mechanical resistance to short circuit and 
transport. Voltages as high as 380 kv. were econo- 
mical for capacities of from 10,000 kv.-a. and 
upwards. These high voltages raised the question 
of neutral earthing, especially as difficulties had 
been experienced in obtaining suitable ceramic 
material. Earthing the neutral afforded con- 
siderable economy in insulation and reduced the 
cost of the transformer. The earth-leakage coil 
was being employed to an increasing extent. The 
problem of protecting the windings from transients 
had led to the introduction of a special surge test 
in many countries. 

In the course of the short discussion which took 
place on this report, Dr. M. Schenkel said that the 
13,500-volt machine at Zchornewitz had been 
provided with ionisation-free insulation and had 
been tested up to 29,000 volts. 

A meeting of Section XXV was also held on 
Thursday afternoon. Mr. G. J. T. Bakker occupied 
the chair, and a General Report on “The Effect 
of Legislation and Control by Public Bodies on 
Gas and Electricity Supply ” was presented by 
Baurat E. Block, who said that shortly after the 
war there had been a remarkable output of electricity 
supply legislation in most countries. This had 
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now ceased, to a great extent, except as regards the 
utilisation of natural resources and the exploitation 
of water power. This immunity had led to an 
increase in initiative on the part of individual 
undertakings, with the result that conditions now 
compared favourably with those existing before 
the war. In most countries, the number of under- 
takings had decreased, while the areas served and 
the output, both of electricity and gas, had 
increased. The supply of gas was only affected 
by legislative influence in Great Britain. In 
electricity supply, State intervention varied between 
the exercise of purely supervisory functions and 
strict control over the creation and extension of 
power stations. 

In a third meeting on Thursday afternoon, Sec- 
tion XXVIII dealt with the “ Production of Natural 
and Synthetic Oils: Their Treatment and the Pro- 
perties of Motor Fuels.” The chair was occupied by 
Professor C. D. Busila. In presenting his General 
Report, Dr. K. Sohn pointed out that there was 
a world-wide recognition in the oil industry of 
the necessity of treating all available raw materials 
so as to produce liquid oil for power and fuel and 
to obtain the greatest possible proportion of the 
lighter oils. A means of transforming oils with 
a high boiling point into oils with a low boiling 
point in the most practicable and economic way 
must be discovered, and this must be effected by 
chemical rather than by physical means. 

Only two sectional meetings were held on Friday 
morning, June 20. The first of these was of Section 
XVII, over which Professor A. Vedeneef presided. 
The subject for discussion was the “‘ Co-operation of 
Different Power-Producing Plants.” The general 
reporter was Professor A. Rachel, who said that it 
was evident from the papers submitted that the 
problem of joint operation was no longer restricted 
to the load balance between two hydraulic plants 
with a stream flow varying according to the season, 
between “load remote” and local power stations, 
or between the older peak and modern base-load 
plants, but had extended to the long-distance inter- 
connection of steam and hydraulic plants, and 
even to the combination of gas and electricity 
works on the broadest basis. In many areas 
which were largely supplied with electricity derived 
from water power, the question of supplementing 
the latter by steam stations was becoming increas- 
ingly important, especially when the further 
exploitation of water power was expensive. In 
areas where electricity was chiefly obtained from 
coal, increasing importance attached to the ques- 
tions of combining gas and electricity works, 
either on a mutual heat economy basis or by 
means of a scheme covering generation, distri- 
bution and sale, and to whether tangible economic 
advantages, in the sense of an increase of and 
improvement in the total power market, could be 
effected in this way. 

The subject for discussion at the meeting of 
Section XXVI, on Friday morning, June 20, was 
‘Steam and Electrically-Operated Railways.” Mr. 
W. S. Corner occupied the chair, and reports on 
the two methods of operation were presented by 
Dr.-Ing. F. Fuchs and Dr.-Ing. W. Weichmann, 
respectively. The former remarked that develop- 
ment in steam locomotive design had been subordi- 
nated to efforts to increase the kilometric efficiency 
to a maximum by reducing the capital required for 
construction. The economy could also be effec- 
tively increased by long-distance runs. The use of 
locomotives of sufficiently high output was recom- 
mended, in order to reduce double heading. 
Economical considerations would prevent the use 
of types which, though affcerding a considerable 
saving in coal, would necessitate a disproportionate 
capital expenditure. It would not, therefore, be 
surprising if, in the future, development followed 
normal lines, the more so as there was considerable 
scope for improvement in the pressure range lying 
between 20 kg, and 35 kg. per square centimetre 
(285 lb. to 500 lb. per square inch). The actual saving 
in coal would, however, be less than was the case where 
the really high-pressure locomotive was involved. 
Where the older designs continued to be developed, 
it would be necessary to examine the question of 
materials very closely, in order to be able to employ 
a higher pressure without increasing the weight or 
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decreasing the maximum output. As pressures 
increased, the purification and preheating of the 
feed water would become of higher importance. 

It was hardly possible to indicate the lines of 
furnace development, as the course adopted depen- 
ded so much on industrial conditions and the fuel 
available. Many railways would not find it neces- 
sary to adopt mechanical stokers in the near future, 
though a number might find it pay to employ 
low-grade pulverised fuel. The use of high-pres- 
sure steam would not greatly affect the design of the 
cylinders and valve gear. To take full advantage 
of the use of steam pressures up to 60 kg. per square 
centimetre (850 Ib. per sq. in.), a design which was 
as simple and economical as possible would have 
to be developed. The question of the turbine drive 
would have to be still further considered. 

Dr.-Ing. W. Weichmann said that, in a general 
way, railway electrification was developing slowly. 
No doubt this was chiefly due to the capital cost of 
the conversion. As, however, conversion led to a 
satisfactory decrease in running costs, it might be 
assumed that a speeding up would shortly occur. 
On the technical side, considerable progress had 
been made. The mercury-vapour rectifier had 
proved its value in direct-current railway sub- 
stations. The question of the system that should 
be adopted had not been conclusively decided, 
but had become less acute, as all systems had been 
proved to have their peculiar virtues. It appeared 
to be more economical to use single-phase alternating 
current where the traffic was heavy over long 
sections, while on shorter and particularly on 
urban sections, high-voltage direct-current was more 
economical. Attempts were usually being made to 
render the supply of energy for traction purposes 
part of the general power system of the country. In 
this connection, Dr. Jacob had put forward the inte- 
resting proposal that three-phase and single-phase 
current might be transmitted by a single feeder. 

The general recognition that the conversion of 
railways from steam to electric traction meant, 
not only a reduction in running expenses, but a 
number of beneficial industrial consequences, was 
particularly worthy of attention. The latter 
included successful competition with the motor- 
car and aeroplane, decreased transport of coal for 
railway purposes, and last, but not least, increased 
reliability of service. 

In the course of the joint discussion on these 
reports, Dr. W. Kleinow said the operating results 
obtained with the pulverised-fuel locomotives 
on the German State Railways had been satis- 
factory, both from the technical and the economic 
points of view. It had been possible to maintain 
14 or 15 per cent. of CO, under all load conditions. 
This was confirmed by Mr. K. Imfeld, who added 
that all difficulties with the coal-air machine had 
been overcome, and that the locomotives them- 
selves had been simplified by the reduction in the 
number of mechanical parts. Tests showed that 
satisfactory mixtures and boiler efficiencies of 
80 per cent. could be obtained with all types of coal. 
This type of firing would be essential on high-pressure 
locomotives. Mr. O. H. Hartmann said that the 
tendency was all in favour of the high-pressure 
locomotive. Mr. M. Chatel thought it would be 
interesting to have some further information 
regarding the high-pressure locomotives on the 
London, Midland and Scottish and London and North 
Eastern Railways, and to know what had been the 
cause of the accidents on the former system. Pro- 
fessor Lomonossoff remarked that Diesel loco- 
motives consumed less fuel than steam locomotives 
of the same output, and no water. On many lines 
the same fuel as could be employed in a Diesel 
engine was being used to raise steam. The un- 
suitability of the Diesel engine should, therefore, be 
proved, or it should be utilised; it could not be 
ignored. Considerable discussion, and an equal 
difference of opinions, took place on the desirability 
of supplying the necessary electrical energy for 
traction purposes from special stations or from the 
general network. Mr. Dittmann said that it was 
proposed to operate the lines in the neighbourhood 
of Buenos Aires by Diesel-electric locomotives. 
Experiments had shown that this would enable 
all the advantages of electric locomotives to be 
obtained at a lower cost than in any other way. 
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At the conclusion of the Sectional Meetings on 
Friday morning, a general address on “ Electricity 
and Energy ” was delivered by Professor G. Vallauri, 
who remarked that energy rather than power was 
the correct term to describe the subject with which 
the Conference was dealing. Electricity had two 
great advantages : The capacity of conveying power 
in great quantities over long distances and the ease 
with which it could be transformed into other forms 
of energy. To these might be added flexibility 
and ease of regulation, control and transforma- 
tion from alternating to direct, and vice versa. 
Unfortunately, electricity could not be efficiently 
stored, so that its production had to be continually 
adjusted to the momentary demand. Efforts had 
already been made to diminish or to circumvent 
this disadvantage, and it was a problem which must 
continue to be studied. 

In the afternoon, a large number of the parti- 
cipants at the Conference visited Potsdam at the 
invitation of the German Government, while in the 
evening a banquet in honour of the German National 
Committee was given at the Hotel Kaiserhof, at 
which M. E. Tissot, vice-chairman of the Inter- 
national Executive Committee, presided. 

On Saturday morning, June 21, three sections 
held meetings. The first of these was Section XX, 
over which Dr. A. F. Enstrom presided, and to 
which a report on “ The Transmission and Flow of 
Energy in Single and Multiple Connected Net- 
works,” was presented by Professor Dr.-Ing. W. 
Petersen. Dealing with technical and economic 
considerations, the General Reporter said that the 
interconnection of large electricity supply areas was 
still in process of development. In England, public 
supply was now being developed under State 
control, while the similar movement in Germany 
was due to private initiative. In the United States, 
holding concerns had been formed, under which 
the individual companies retained their independ- 
ence. Systematic load dispatching would have to be 
seriously contemplated in Germany, and special 
importance attached to the telephone, metering, 
signalling and control apparatus required for this 
purpose. 

As regards transmission problems, our knowledge 
of the limits of long-distance lines and of the 
stability of generating and phase-advancing plant 
had made considerable progress. It was recognised 
that the balancing of the reactive load by machines 
generating wattless power, and installed at reason- 
ably short intervals, was essential for the trans- 
mission of large quantities of power over long 
distances. The degree to which the limits of 
capacity transmission could be approached in 
normal operation depended mainly on breakdown 
conditions. In this connection there were appre- 
ciable differences, depending on whether the 
neutral was directly earthed or the fault current to 
earth was compensated by choke coils. Though a 
frequent cause of breakdown, earth leakage was not 
dangerous to stability on a balanced system. 
Improvement might be expected mainly by the 
use of quick-acting protection on earthed systems, 
combined with quick-response excitation. It was 
anticipated that cables would replace overhead 
lines for crossing waterways, especially in thickly 
populated areas. 

In the erection of transmission lines, it was 
becoming usual to arrange the conductors in two 
planes, while the cost of both towers and founda- 
tions had been reduced by the employment of 
flexible cross-arms and sliding clamps. Attempts 
were being made to increase the mechanical loading 
of the conductor by using stranded wire, while 
troubles caused by conductor oscillation and break- 
age should be avoided by improving the fittings 
and employing damping devices. Considerable 
developments had taken place in insulator design, 
with the result that the mechanical and electrical 
strength had been increased and larger single-piece 
insulators could be produced. The specific stress 
in cable dielectrics had also been increased, with the 
result that the development of high-tension cables 
had been facilitated. The tendency to approach the 
maximum capacity of impregnated-paper insulation 
was apparent, so that the development of insulating 
material of a higher value was desirable. Cable 
laying was being increasingly mechanised. 
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The control of short-circuits was the main 
problem in large cities. It was being dealt with by 
laying out the networks geometrically and by the 
use of short-circuit limiting devices. Special atten- 
tion was also being given to the protection of 
generators from faults, while the troublesome habit 
of rotary convectors falling out of step had been 
counteracted by the use of a relay which cut the 
machine out automatically just before it fell out 
of step and switched it in again as soon as possible 
after the voltage had been restored. Special import- 
ance had also been laid on the protection of trans- 
mission lines from faults to earth. Special earth- 
leakage coils could be employed and these could be 
adjusted to the load, so that, in the case of a double 
fault, the selective protection cut out one fault 
and adjusted the conditions for compensating the 
second. Use was also made of the choke coil for 
disconnecting lines between which there was electro- 
static interference, when a fault occurred. Short- 
circuit selective protection with a time schedule 
based on distance had achieved considerable success 
in Germany, while, in America, the so-called auto- 
matic network, in which a radial high-tension cable 
fed a low-tension distribution network had been 
used. Faults in the latter were cleared by burning 
out. 

In the course of the discussion it was mentioned 
that good results had been obtained with glass 
insulators, and that there should be no difficulty in 
manufacturing them at prices that would compare 
with porcelain. Professor 8S. Velander pointed out 
that too much reliance could be placed on porosity 
tests. Absence of porosity was not a guarantee of 
suitability; the real determining factor was 
mechanical stress. To rely exclusively on porosity 
tests would mean the production of weak glassy 
porcelain, which would crack in service. 

A meeting of Section X XIX was also held on Satur- 
day morning, Professor P. Ostertag being in the 
chair. The subject for discussion was “ Stationary 
Internal-Combustion Engines and Research Work 
in this Connection.” The general reporter was 
Professor Dr.-Ing. Nagel, who said that, as regards 
Diesel-engine design in America, most weight was 
laid on finish and sale, the idea being that even the 
smallest farmers should be able to acquire engines 
of simple design. In Europe, on the other hand, 
there were many varieties of design, some compli- 
cated. Both in the larger and smaller engines, 
however, complicated control gear and four-cyole 
operation was being increasingly eliminated. Except 
in Czechoslovakia, the horizontal arrangement was 
limited to small units. A standard type had been 
evolved for the various designs of large gas engines. 
The Diesel engine was only used in Europe for 
generating electricity for peak load and emergency 
purposes. In this connection, a light design and 
high speed were important, on account of high 
capital costs and space considerations. It had been 
found possible considerably to increase the cylinder 
output, though not to simplify the design, by 
increasing the mean pressure in four-stroke engines 
with the assistance of exhaust-gas turbo-blower 
supercharging. This process was much used in 
marine work. 

In the course of the discussion on this report, 
Mr. F. Schultz-Balluff pointed out the simplicity 
and general adaptability of the high-speed Diesel 
engine for taking peak loads. It was a pity that 
“politics” had prevented development on these 
lines, as it would have meant a considerable saving 
of capital. He was surprised that the European 
type of Diesel engine was not suited to American 
conditions, as it could be used in every other part 
of the world. Mr. A. Biichi objected to the state- 
ment that the supercharged engine was not suitable 
as a momentary reserve. Actual experience showed 
that such an engine could be started more quickly 
than one without a supercharger. This applied 
particularly to the two-stroke type. As a proof of 
this, he gave figures showing that a 900-h.p. engine 
had been started in five seconds, paralleled in 57 
seconds, and put on full load in 78 seconds from 
cold. 

Section XIV also met on Saturday morning, under 
the chairmanship of Mr. G. Mercier. The subject 
for discussion was ‘‘ Dams,” the general reporter 
being Dr.-Ing. Soldan. The latter remarked that 





RING. 





_aSieee 


opinion varied about the most suitable type of 
dam to use ina particular case. In choosing between 
gravity, arch, buttress and earth dams, safety should 
receive more consideration than economy. Statics 
were therefore of the first importance. Gravity 
dams had often been regarded in too unfavourable 
a light. As no tensile strains were permissible on 
the up-stream side, and temperature variations, 
contraction and yield of the abutments were negli- 
gible, it was difficult to see how horizontal cracks 
could occur. The water pressure inside such a 
dam was limited to the pores. In the case of 
arch and buttress dams, the internal water pressure 
was, as a rule, neglected, although tensile stresses 
on the upstream side might be expected, and the 
water pressure in the horizontal joint of an arch 
dam altered the stability considerably. In both 
cases, temperature variations, expansion, and yield 
exerted a far greater influence on the stability than 
in the case of gravity dams. Earth dams had 
come into prominence in recent years. One 64 m. 
high, another 50 m. high, and another 15 m. high, 
but all of considerable length, had been constructed 
in Prussia. Dams of these sizes could only be 
built if the static properties of the material were 
accurately known. A test laboratory was therefore 
essential. 

In the interests of public safety, dams must be 
built for stability, and general regulations governing 
the construction and management of storage basins 
were, therefore, essential. Care should be taken, 
however, that these did not restrict progress, as 
some very interesting developments in dam con- 
struction were taking place. The form of these 
restrictions must depend both on the natural and 
economic conditions of the country. In northern 
Europe, for instance, the question of frost would 
have to be viewed quite differently from the 
south. Again, stability and discharge of flood water 
were of far greater importance in the densely- 
populated valleys of central and western Europe 
than in other parts. 

The meeting also considered a report on the Inter- 
national Commission for the Study of Large Barrages, 
which was set up by the Sectional World Power Con- 
ference in Barcelona in 1929. This report was pre- 
sented by Mr. A. Genthial, and was based on eleven 
other reports which were compiled for the Barcelona 
meeting. In general, it stated, it was recognised 
that the construction of large barrages must be 
determined by local conditions, but such construction 
should be the duty of a special engineering branch, 
and should be treated independently of economic, 
and even of other technical questions. Detailed 
information regarding existing or projected barrages 
should be placed at the disposal of engineers in all 
countries. Research and experimental work should 
be carried out on an international basis, and should 
include experiments on small-scale models. The 
results of such researches should be published, 
and form the basis of technical regulations. 


(To be continued.) 








THE LATE MR. C. E. OLIVER. 


THE news of the death of Mr. Calder Edkins Oliver, 
at Melbourne, on May 13, will be received with regret 
by a wide circle in the profession, The son of the 
late Mr. Alexander Calder Oliver, one of the first 
secretaries of the Roads and Bridges Department 
of the State of Victoria, Mr. C. E. Oliver, who was 
for many years Chief Engineer of the Melbourne Metro- 
politan Board of Works, was born at St. Kilda, a suburb 
of Melbourne, in 1855. He received his general 
education at the Church of England Grammar School, 
Melbourne, and afterwards entered the University of 
Melbourne as a civil-engineering student. Subse- 
quently, he gained the certificates of municipal engineer 
and of hydraulic engineer, and finally obtained the 
degree of M.C.E. (Master of Civil Engineering). Mr. 
Oliver’s active career commenced in 1877, when he 
was appointed a field assistant in the Victorian Railways 
Department and became engaged on the surveying of 
new lines. The five years from 1878 to 1883, however, 
were spent on the staff of the railway contractors, 
Messrs. C. and E. Millar, Mr. Oliver being engaged on 
work connected with the construction of railways in 
Victoria, South Australia and New South Wales ; he 
superintended the construction of upwards of 600 miles 
ofline. After a brief period in Sydney on water-supply 
and sewerage undertakings, Mr. Oliver returned to 
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railway construction work in New South Wales and 
Western Australia. 

Mr. Oliver’s long connection with the Melbourne 
and Metropolitan Board of Works began when the 
Board was constituted in 1891. His first appointment 
was that of superintending engineer of sewerage. 
Subsequently, he became engineer of sewerage and 
water supply, and, after a period of service as acting 
chief engineer, he became Engineer-in-Chief in 1908, 
which position he retained until his retirement in 
April, 1919, after nearly 30 years’ service. During his 
term of office as Engineer-in-Chief, his services were 
requisitioned by Government bodies in various parts 
of Australia. For instance, he was engaged on the 
sewerage of Perth in 1909, on that of Brisbane in 1912, 
and on that of Canberra in 1916. Upon his retirement 
in 1919, Mr. Oliver, in conjunction with Mr. A. G. H. 
Frew, opened a consulting practice. Subsequently, 
however, he practised on his own account for a short 
time, definitely retiring in 1923. Mr. Oliver became an 
associate member of the Institution of Civil Engineers 
on March 5, 1889, and was transferred to full member- 
ship on November 30, 1897. 


LETTER TO THE EDITOR. 


THE ELECTRIFICATION OF THE 
YORK STREET FLAX - SPINNING 
MILLS, BELFAST. 

To THE EDITOR OF ENGINEERING. 


Sir,—Your illustrated article of June 20, describing 
the electrification of the York-street Mills, Belfast, 
has interested me greatly. 

Perhaps your description of the old steam plant is 
not quite accurate, in stating that there is no record 
of the makers of the original 1,000 indicated horse- 
power beam engines having cylinders 38 in. in diameter 
by 7 ft. stroke. 

Since the year 1878, my firm, Messrs. Hick, Har- 
greaves and Company, Limited, have replaced with 
new parts almost the whole of these engines at different 
times, leaving merely the flywheel, columns and entab- 
lature remaining. The new parts supplied have been : 
In 1878, two new steam cylinders, 38 in. diameter and 
7 ft. stroke, with pistons, piston rods, valves and valve 
gear, and governor; in 1906, two new wrought-iron 
slab beams, two new wrought-iron connecting rods, steel 
crankshaft, two wrought iron cranks and steel crank- 
pins, the cast-iron column for beam entablature, new 
cast-steel spur segment ring with machine-cut teeth 
about 16 ft. in diameter, 5 in. pitch, 19 in. wide on 
face, 120 cogs, and pinion to work with the above 
having 42 cogs. 

It is therefore evident that these engines have been 
practically rebuilt since the year 1878. I joined 
Messrs. Hick, Hargreaves and Company, Limited, in 
1881, and have therefore a clear recollection of most 
of the above events. 

Yours sincerely, 
H. A. Ricuarpson, M.Inst.C.E., 
Director of Messrs. Hick, Hargreaves 
and Company, Limited. 
“ Fairoaks,” 


Chislehurst, Kent. 
June 27, 1930. . 


ENGINEERING TRAINING AND 
EDUCATION. 


University of Bristol—A prospectus of the Faculty 
of Engineering of the University of Bristol, which 
Faculty is provided and maintained by the Society of 
Merchant Venturers in the Merchant Venturers’ 
Technical College, Bristol, has just reached us. Degree 
and diploma courses of study are available in civil, 
mechanical, electrical and automobile engineering, 
and full particulars regarding these courses are con- 
tained in the prospectus. Information concerning 
entrance and other scholarships, research fellowships, 
exhibitions and prizes are also given. The Autumn 
term will begin on October 3 next. Copies of the 
prospectus may be obtained from the Registrar, Mer- 
chant Venturers’ Technical College, Bristol. 

















Brrtpy Memoria Awarps.—As a memorial to the 
late Sir George Beilby, the distinguished chemical 
engineer, who died in 1924, a fund was collected in 1926, 
from the interest on which, at the discretion of the 
administrators, awards are made from time to time to 
British investigators in science. Preference is given 
to investigations relating to the special interests of 
Sir George Beilby, including problems connected with 
fuel economy, chemical engineering, and metallurgy. 
The administrators of the fund, who comprise the presi- 
dents, treasurers, and secretaries of the Institute of 
Chemistry, the Society of Chemical Industry, and the 
Institute of Metals, have recently announced the award 
of 2507. each to Dr. G. D. Bengough and to Mr, Ulick R, 
Evans. 
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LAUNCHES AND TRIAL TRIPS. 


** Mayon.”’—Twin-screw passenger and cargo steamer 
for service in the Far East; Parsons turbines with single- 
reduction gearing. Launch, June 26. Main dimensions, 
340 ft. by 50 ft. 3 in. by 17 ft. 10 in. Built by Messrs. 
Vickers-Armstrongs Limited, Barrow-in-Furness, for 
Messrs. T. L. Duff and Company, Glasgow. 

‘* SILVERSANDAL.”’—Twin-screw cargo motorship ; six- 
eylinder, single-acting, Harland-B. and W. Diesel 
engines. Launch, June 26. Main dimensions, 453 ft. 
by 61 ft. 9 in. by 40 ft. Built by Messrs. Harland and 
Wolff, Limited, Belfast, to the order of Messrs. Stanley 
and John Thompson, Limited, for the Silver Line, 
Limited, London. 

“ Tuetis.’’—Cargo steamer ; triple-expansion engines. 
Trial trip, June 26. Main dimensions, 403 ft. 6 in. by 
53 ft. 9 in. by 25 ft. 8in. Built by Messrs. William Gray 
and Company, Limited, West Hartlepool, for Mr. Elias 
Hadijilias, Athens, Greece. 

“Cape SPARTIVENTO”’ and ‘‘ CAPE FINISTERRE,”’— 
Steel-screw trawlers. Launch, June 28, Main dimensions, 
140 ft. by 24 ft. 6in, by 14ft. Built by Messrs. Cochrane 
and Sons, Limited, Selby, for owners at Hull. 


BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, inquiries have been conducted by 
Board of Trade Officials into a number of explosions. 
Reports of the investigations have been published 
recently, and of some of these we give brief summaries 
below. 

Fracture of the Low-Pressure Slide Valve Chest of 
S.S. ‘ Kelvinia.”—The accident to the engines of the 
S.S. Kelvinia was of a very unusual character, and 
it was shown to have been caused by the accumulation 
of steam under considerable pressure in the low- 
pressure slide valve chest while the engines were 
stopped at sea. The engines were of the ordinary 
triple-expansion type and were supplied with steam 
at 190 lb. pressure. While on voyage from Balboa 
to San Pedro, on January 11, 1929, the centrifugal 
circulating-pump engine developed a bad knock. As 
the knocking increased it was decided to stop the 
pump for readjustment, and circulate water through 
the main condenser by means of the ballast pump. 
The change over does not appear to have been carried 
out in a very efficient manner, and a series of minor 
troubles arose owing to the main injection valve being 
left open and the water from the ballast pump not 
finding its way to the condenser. The vacuum in the 
condenser was lost, the pressure in the auxiliary 
exhaust system rose, the dynamo stopped, and finally 
the main engines brought up with the low-pressure 
slide valve covering top and bottom ports. Owing 
to the pressure of a connection from the auxiliary 
system to the low-pressure slide valve chest, steam then 
accumulated in the chest which finally burst. There 
was a relief valve on the auxiliary exhaust system, 
but that had been rendered inoperative, there were relief 
valves on the low-pressure cylinder, but, under the 
circumstances, the excess steam could not find its way 
into the cylinder. There was, however, no relief valve in 
the chest itself. The slide chest was a separate casting 
about 7 ft. square and 2 ft. deep with walls 1} in. thick, 
and naturally the accident was a bad one. After the 
occurrence the engine was arranged to work compound, 
the ship returned to Balboa where a new slide chest 
was made, and to this were fitted two 34-in. relief valves 
to lift at about 25 lb. pressure. The relief valve on 
the auxiliary exhaust system was also altered so that 
it could not be rendered inoperative by screwing down. 
The engines were made by the Sun Shipbuilding Com- 
pany, Chester, Pennsylvania, United States of America, 
' in 1918, and the ship belonged to the Glasgow Steamship 
Company, Limited, Glasgow. 

Explosions of Steam-heated Bakers’ Ovens.—We have 
previously drawn attention to several accidents to 
steam-heated bakers’ ovens in which the heat of the 
furnace is conducted to the ovens by hermetically- 
sealed steel tubes partially filled with water, and we have 
now received four more reports regarding similar ovens 
in bakeries at Cambridge, Aberdare, Highworth, in 
Wiltshire, and at Aston, Birmingham. Practically all 
accidents to such ovens are due to overheating caused 
by the brickwork wasting awa", and thus exposing a 
greater length of the tube to the action of the fire that 
waseverintended. In the case cf the oven at Aberdare 
the defects to the brickwork were pointed out in 
March, 1929, by the representative of the Ocean 
Accident and Guarantee Corporation, but the repairs 
were put off, andon June 1, a tube burst damaging the 
oven considerably and badly injuring an assistant 
baker. After this the defects were made good and 
an insurance policy taken out. 


CaLENDAR.—We have received a monthly tear-off 
calendar from Messrs. Cochran and Company (Annan), 
Limited, Annan, Scotland. 


the London Metal Exchange for “ fine foreign” and ‘‘ standard” metal, respectively. 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 Ib. to 80 lb. 3 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 


NorTH-WESTERN BraNcH.—As a mark of appreciation 
for his services to the North-Western Branch of the 
Institution of Mechanical Engineers, Mr. H. Richardson, 
who recently retired from the honorary secretaryship, a 
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post he had held for three years, was recently enter- 
tained to lunch at the Engineers’ Club, Manchester, by 
the Committee of the Branch. During the luncheon a 
desk was presented to Mr. Richardson by a number of 
past and present members of the Council. 
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THE ECONOMICS OF HIGH- 
PRESSURE STEAM.* 
By G. A. Orrok. 

Ir is now more than a century since Carnot definitely 
proved that a heat engine working between two absolute 
temperatures could not exceed the efficiency given by | 
the formula 








+ . 
— => 
Since a kilowatt equals 3,412 heat units, the maximum 
thermal efficiency of a perfect heat engine is given by 
— zt = B.Th.U. per kilowatt. 
and this value has been the criterion by which the 
performance of any thermal power plant has been 
judged. This efficiency could not be reached, since 
most thermal plants worked on the Rankine or Clausius 
cycle, but Thurston and Stanwood pointed out many 
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years ago the value of the regenerative cycle with its 
recirculated heat. Later, the reheat cycle had been 
exploited, also combination cycles of various kinds, 
many of which approach the Carnot cycle in efficiency. 
When the question is of a complete power plant instead 
of a heat engine, other losses come in to complicate the 
situation, making it a difficult problem to delimit the 
maximum obtainable thermal efficiency. In Fig. 1, 
I have shown the curve of Carnot efficiency using the 
normal summer temperature, 70 deg. F., as the low limit. 
The abscisse are the upper temperatures of superheat, 


inherent in its operation, which must be considered in any 
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while the ordinates are B.Th.U.’s per kw.-hour. It will 


such analysis. The operation of the boiler plant under 
test conditions has shown an efficiency as high as 29 per 
cent. on the high heat value of the fuel. Let us con- 
sider 90 per cent. as the possible- yearly average. 
Auxiliaries consume power for which 5 per cent. is a 
fair allowance, and let us take 97-5 per cent. for the 
generator efficiency and 97-5 per cent. for the pipe and 
connection efficiency. Multiplying these together gives 
81-2 per cent. as the further reductions for station 
efficiency. I have used 80 per cent. allowing for radia- 
tion and unaccounted for losses, and on this basis 
have drawn the heavy curves for the five chosen 
pressures. The points marked R are the points to the 


right of which reheat will not be necessary and has not 
been figured. 

In Fig. 2 the thermal savings over 200 lb. pressure 
operation have been plotted for 750 deg. and 1,000 deg. 
temperature, as well as the savings at any pressure 


Fig.2. CURVES SHOWING SAVINGS DUE TO INCREASE OF 
PRESSURE AND TEMPERATURE. 
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for an increase of 
pressure of 100 Ib. 
The increment sav- 
ings amounts to 
roughly 800 B.Th.U. 
at 200 Ib. 100 
B.Th.U. at 1,200 Ib., 
and 50 B.Th.U. at 
1,800 lb. and above. 
The shorter curve 
is the increment thermal savings due to doublinS 
the pressure at any pressure up to 1,600 lb., and thes® 
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TABLE I.—Operatine Data or Power STATIONS 
































| 
—_—_— Columbia. Philo. LongBeach| Cahokia. | Hell Gate.| Padikam,| Edgar. Lakeside. 
; 142,150 | 234,000 
Installed capacity, kw. i i ,006 ; 2 4 ~ > - 
P re 90,000 80,000 100,000 145,000 85,000 30,600 13,150 B.P.|14,700 B.P. 
Monthly output 10° kw.-hou 48-6 36-07 59-0 38-57 82-9 6-01 _ 83-0 
Load factor, per cent. aie ee 76-0 71-5 89-35 55-7 66-0 65-7 _ —_ 
Steam pressure, lb. per square in. éak ao 350 300 
gauge 600 530 409 304 265 250 1,300 1,200 
700 700 
Steam temperature, deg. F. 730 706 735 700 610 620 — ge 
730 725 
Vacuum, inch Hg. .. ar ae 29-3 29-0 28-51 29-2 28-5 29-3 29-0 29-0 
Theoretical cycle efficiency, per 
cent. al ae oe aa 44-0 42-3 40-9 39-6 35-1 35°2 43-5* 41-4* 
Actual thermal efficiency, per cent. 27-3 24-0 26-6 20-2 19-4 20-66 25-7 23-0 
B.Th.U. per kw.-hour, theoretical 7,760 8,070 8,350 8,620 9,730 9,700 7.850* 8,250* 
B.Th.U. per kw.-hour, actual «| 12,495 14,250 12,848 16.895 17,630 16,515 13,300 14,830 
Station loss B.Th.U. per kw.-hour 4,735 6,180 4,498 8,275 7,900 6,815 5,450 6,580 
_ theoretical 
Ratio a efficiency, per cent. 66-6 56-7 65-0 51-0 55:3 58:8 59-0 55-6 
Year of design re me ae 1924 1922 1927 1923 1919 1925 1923 1924 
Station capacity factor, per cent. 72°7 60-7 89-35 35:8 39-4 26-4 _ _ 
Theoretical reduction of B.Th.U. 
per kw.-hour due to super- 
imposed high-pressure cycle a — —_ — — — 1,180 1,400 
Station proportion of high-pressure 28-1 
cycle in percentages, theoretical / — aan —- — — oe 45-55 = 
realized 28 
Realised reduction in heat rate, 
B.Th.U. per kw.-hour éé _ _ —_ — — — 1,030 975 





























* Weighted average. 


be noted that the curve is flat, the ordinate being 7,800 
B.Th.U. at 500 deg. and 5,400 B.Th.U. at 1,000 deg. F. 

When we consider the regenerative-reheat cycle and 
water vapour as the medium, a portion of the heat is 
imparted to the fluid at or below the saturation pressure, 
while the remainder is used in the superheat and reheat 
range, the curve of thermal efficiency flattens still more, 
and curves must be drawn for each pressure. These 
are shown by the dotted lines, and a thermodynamic 
efficiency of 85 per cent. is assumed. For any one 
pressure, the efficiency changes are slight, not exceeding 
500 B.Th.U.’s over a wide range. 

A thermal-electric plant, however, has other losses 





* Paper presented at the second World Power Con- 
ference at Berlin, June 16-25, 1930, 


values vary between 1,400 B.Th.U. at 200 lb. and 
700 B.Th.U. at 1,600 lb. Using 1,000 deg. F. as the 
maximum temperature, most of the available chances 
for savings have been made when 750 lb. to 800 lb. 
have been reached, and from that point the savings 
show increasingly smaller values. The heavy curves 
on Fig. 1 bring us to the same conclusion. 

Actual figures from Edgar and Lakeside (Table I) 
show the close correspondence between theory and 
practice when due allowance is made for another factor 
of striking importance, i.e., use factor. I have previously 
called attention to this point (See ENGINEERING, vol. 
exxix, page 299 (1930), and the table is partly 
reproduced from that paper. It will be noted that two 
stations, Columbia and Long Beach, operating at 
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high use factors, show better thermal economy and a 
larger ratio of heat utilised. Some of the other lower 
pressure stations report good efficiencies, but the-use 
factor is lower so the thermal efficiency does not 
approach so closely the theoretical. This well known 
trend has been established by Patchell in 1905, by 
Klingenberg in 1913 and by R. H. Parsons in 1914. 
It has been proved under various conditions for stations 
of homogeneous design, i.e., where turbines and boilers 
of one date and design are used. There are other 
American stations of nearly equal economy for which 
the operating data have not been released. Tables II 
and III, on page 26, give particulars and references to 
recent high. pressure installations. 

In the paper quoted above, it was stated that 
the installation costs of high-pressure stations were 
generally 6 per cent. to 10 per cent. higher than for 
low-pressure stations. Further investigation shows 
that this increase of cost tends to disappear with each 
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new high-pressure installation, the: published figures: 
for Deepwater and Harmon showing only a 5 per cent. 
increase over standard practice. When it is remembered 
that the station structure accounts for about 45 per 
cent., while the electrical side may be 25 per cent. of 
the cost, it is fair to say that, in the future, high-pressure 
stations with large units will cost no more than standard 
stations and there will be little, if any, difference in 
-fixed charges for any given use factor. . Reports from 
all users of high-pressure apparatus agree that labour 
and maintenance costs are the same for both high- and 
low-pressure installations, and these comparisons are 
now possible over considerable periods of time and for a 
number of different conditions. 

The function of the central station is to supply 
power when it is wanted, in such quantities as are 
wanted, and at the cheapest possible unit cost. The in- 
creasing of thermal efficiency is one of the ways in 
which cost of power may be cheapened and in America 
this process has been continuous since the first central 
station was built with a thermal efficiency of about 
2 per cent. The average of all stations in 1929 was 
about 17 per cent., while the best station operated at 
around 27 per cent. This increase of thermal efficiency 
corresponds to a reduction in the use of fuel from 12 lb. 
per kw.-hour to about 0-9 1b. per kw.-hour. That we 
are approaching towards the limit of fuel saving is 
well known and is shown by the curves in Figs. 1 and 2. 

Other savings of nearly as marked a character have 
been made in the cost of oil, waste, and supplies, water, 
maintenance, and labour. Statistics published lately 
show that these charges are small and nearly propor- 
tional to the station output. 

The only other way to cheapen the cost of power is by 
reduction of the unit fixed charges, and this is a question 
of the use of the installation. The larger the divisor 
(kw.-h. per kilowatt of installation: hours of use) the 
lower the unit cost. In the case of a station using 1 lb. 
of coal per kw.-hour, the increase of hours of use of 
500 hours a year at ordinary use factors may mean a 
greater saving than a reduction of 20 per cent. in the 
thermal economy. 

The curves in Fig. 1 show that 9,000 B.Th.U. per kw.- 
hour will probably be the absolute minimum to be 
secured from a high-pressure station. Taking our 
previous experience into consideration, it is unlikely 
that 10,000 B.Th.U. will be exceeded, and present-day 
plants are within 20 per cent. to 25 per cent. of this. 








relatively low pressures, 600 lb., and 409 lb., but with 


This last increment of cost must be had by careful 
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design and construction coupled with the best operation 
attainable, and economic results predicate the largest 
use factor attainable, base-load operation with as few 
and as large units as may be available. 

The foregoing analysis shows : 


1. Thermal economies gained by raising pressures are 


considerable in the lower ranges, but above 1,500 Ib. 
to 1,600 lb. becomes of lesser value. 

2. Thermal economies gained by increasing tempera- 
tures have much smaller values which maintain through- 
out the range investigated. 

3. The installation costs per kilowatt, while now some- 
what higher for the higher pressures, are apparently 
equalising as the machinery is being standardised. 


4. There is less variation between operation and | 


maintenance costs of high- and low-pressure stations 
than between the same costs in individual low-pressure 
stations. 

5. Commercial economies include both operation 
and fixed charges, and commercial savings follow high 
use factors. 

6. The cheapest cost of power predicates high use 
factor, low fuel cost and high pressure and temperature. 








THE WORLD POWER CONFERENCE ; 
BERLIN. 


In connection with the reports of the proceedings 
of the Second World Power Conference, recently 
held in Berlin, which have appeared in recent issues 
and are still being continued in our columns, we 
intend to give, as has been our usual custom, brief 
abstracts of a selection of the papers taken. The 
number of these contributions amounted to over 400, 
and it is obviously impossible to deal with all, or 
indeed with but very few, at any length. Owing to 
their variety it is not possible to deal with the 
Sections in the numerical order given to them in 
connection with the Conference. 


LARGE GENERATORS, TRANSFORMERS, &C. 

The subject dealt with in Section XVIII was ‘‘Con- 
struction of Large Generators, Transformers and Other 
Electrical Machines,” twenty papers being presented. 
These included one entitled ‘‘ Entwicklung und 
Stand der Elektrizitaétswirtschaft und der Elektro- 
maschinenbaues in der Schweiz,” in which Professor 
Dr. B. Bauer and Professor E. Diinner stated that the 
directing principle in the development of Switzerland’s 
water power in the past had been the combined opera- 
tion of storage and non-storage stations, so that the 
power available at any time corresponded as closely as 
possible with the demand. This policy would be 
continued in the future, though the way in which it 
would be carried out would be much affected by the 
export of power to neighbouring countries, and the 
closer co-operation of the various undertakings. The 
tendency was to use the more remote storage plants 
for dealing with the daily peaks. Legislation with 
regard to hours of labour and wages was leading to an 
increasing use of automatic equipment. This would 
enable falls which it had not hitherto been economic 
to develop to be harnessed. As regards low-tension 
distribution, about 98 per cent. of the parishes had a 
supply, and there was one sub-station to every 400 
inhabitants. The consumption per inhabitant varied 
a great deal in different districts. 

On the technical side, the designers of generators, 
transformers and other equipment were paying great | 
attention to the removal of waste heat, and to limiting | 
the area affected when a fault occurred. To enable 
this to be done had necessitated the employment of 
more accurate methods of testing, the control and 
measurement of the temperature of operating machines, 
and the use of protective transformers. Switchgear 
installations were tending towards greater simplicity, 
and their lay-out was becoming more straightforward, 
but the use of adequate insulation and phase separa- 
tion was still preferred to that of placing individual 
phases on separate floors. It was no longer con- 
sidered essential to install the oil switches in a separate | 
part of the building, or even in cubicles. Research 
had led one leading firm to adopt a quadruple break, 
while another was using a single break in conjunction 
with explosion pots. Investigations into the possi- 
bility of eliminating oil altogether were also being | 
made. No great progress was noticeable in the 
employment of open-air switchgear, owing to the | 
expense of the steel construction. The latest control , 
equipment included devices for ensuring that the | 
personnel carried out the various operations correctly. | 
This had necessitated the installation of highly reliable | 
measuring instruments and other apparatus, which, it | 
was hoped, it would be possible to simplify. On the | 
network, tap-changing transformers which could be | 
operated under load were being more and more used. | 

In a paper on ‘“ Neuere Entwicklungen im Turbo- | 
generatoren Bau,” Mr. H. Rickli said that, while in | 
1910 the maximum output of Swiss turbo-alternators 
running at 3,000 r.p.m. was 5,700 kv.-a., the figure 


DATA OF HIGH-PRESSURE POWER STATIONS 


TABLE II.—HiGuH-PREssuRE Power STATIONS ; STEAM PRESSURE 500-800 LB. PER SQUARE INCH. 



















































































Steam Conditions | | 
at Throttle. | Kw. Total | 
Name. Year. . | Horse-power Remarks. Reference. 
j em- Unit. 
ee: perature.| 
Philo 1924 550 700 R. 165.000 Ohio Power Company Pr. M. C. Report, 1929. 
90,000 American Gas and Electric Com- . », Aug. 1929 
Twin Branch .. 1925 600 725 R. | ——— pany, South Bend, Ind. 
= 108,000 y) ver C Yi "= 
Columbia 1925 | 600 | 720R. | [oo Colette Tent Sempeny, Caine » 9 1929 
421,000 » ission tdi ; y 
Crawford Avenue 1925 550 | 720 R. | Tor 500 . = Edison Company, yy 
50,000 — ne > Pittst 
Stanton 1927 | 600 | 725 R. mes ee Pat Cony, Re, 9 1929 
' Waukegan 1927 600 750 R. | 115,000 = Service Company of North Ae = +, 1929 
- inois 
804 ee Syracuse, N. Y. Power, May 28, 1929 
: va er ’ 7 Seana 7 ’ ’ ’ 
Solvay Proc. Co. 1927 165 750 5000 B.P. 
600 a x ‘it . 0. K D, 2. 
Grand Ave 1928 = 750 10,000 B.P. Kansas City P. & L. Co. Kansas | Pr. M. C. Rep. Aug., 1929 
185 City, Mo. 
),00 “ae P 
Powerton 1928 600 725 R re ~ Super Power Co. of Illinois, Pekin ; > - 
208,000 3tate Line Generati ' , 
State Line 1929 650 730 sae State Line Generating Company .. . 
Waldorf Paper Pro-| 1929 r — a i : i es > 
ducts Company aa 650 3,000 B.P. | St. Paul, Minn. Power, May 28, 1929 
West Virginia Pulp 1929 600 —_ _— Tyrone, Va. .. ” » 1929 
and P. Company 
—_—— ‘ : ete ; ss 
Michigan 1930 650 750 64,000 — Indiana Pub. S. Michigan | Pr. M. C. Rep., Aug., 1929 
TABLE III.—HicH-PREssuRE POWER STATIONS; STEAM PressuRE 800-1,800 LB. PER SQUARE INCH. 
Steam Conditions 
at Throttle. Kw. Total 
Name. Year. | hela Horse-power Remarks. Reference. 
>, n- Init. 
Pressure. perature. _ 
. = 1,300 | ,. | Edison Electric Illinois Company 9 
Edgar 1925 a56 | 730 R. | oe Pe Batin Pr. M. C. Rep., Aug., 1929 
. ‘ 1,200 | , | Milwaukee Electric Railway and oc 
Lakeside x ..| 1926 300 725 R | 14,700 Light Company 99 * »» 1929 
: 1,200 | , Kansas City Power and Light 
“as 92 es 25 Rk. | ——— . ” ” », 1929 
Northeast 1927 300 725 R 10,000 B.P. Company . 
Deepwater 1930 1,200 | 750 R. 53.000 U. G. I. Deepwater, N.J. » ” », 1929 
Holland 1930 1,200 750 R. 5.000 N. J. omen ane Light Company, re Pn », 1929 
Oo; Tover, N. J. 
South Amboy .. 1930 1,250 750 R. | 35.000 Jersey Central Power Company .. ” ” »» 1929 
Station “ A,” San ‘ fies 110,000 ee 7 a.) 92 
Francisco 1930 1,200 750 R 55.000 Pacific Gas and Electric Company mF ” »» 1929 
1,450 
hihi ‘ or a) . , ¢ Ba cine 5) catia aks 
Philip Carey Compan y| 1930 0 825 12,000 H.P Lockland, Ohio 
River Rouge ./Ordered | 1,200 725 R 110.000 Ford Motor Company Gen. Elec. Rev., Jan., 1930 
1,300 47,000 A a 
eneiae "Or eutinesaaiinade e a a 
380 725 R 12,000 B.P. Houston Light and Power Company ss * ” 
0 ‘ 
- pal —R 3,700 B.P.| Dow Chemical Company, Michigan | Power, January 7, 1930 
1,400 | 810 S. Antonio Gas and Electric Co. a ” 
. ; se 275,000 : : : . - 
State Line Ee 1,200 | 750 R. State Line Generating Company . .| Electrical World, Feb. 1, 1930 











was now 72,000 kv.-a. This advance had been made 
without any sacrifice of reliability and without increas- 
ing the mechanical strength of the materials used. 
This seeming paradox had been rendered possible by 
the practice of employing aluminium for the rotor 
windings, thus enabling steel with a yield point of 
4,500 kg. per square centimetre (28 tons per square 
inch) to be used and the specific mechanical stress on 
the insulating material to be reduced to 150 kg. per 
square centimetre (0°94 ton per square inch). It had 
also been possible to reduced the thickness of the end 
shields, so that the maximum stress on the inner 
periphery did not greatly exceed the average -figure. 
The use of aluminium, however, increased the excitation 
losses by some 60 per cent. and rendered the removal 
of the extra heat a matter of some difficulty. To over- 
come this, a special form of lattice winding had been 
adopted which exposed a large surface to the ventilating 
air. The adoption of oil cooling for the stator had 
been suggested, and it did not appear that this would 
give rise to any greater difficulties than hydrogen. 
It was now possible to construct turbo-alternators of 
outputs up to 25,000 kv.-a. at 3,000 r.p.m., with 
efficiencies of 97-5 per cent. at unity power factor. 

Mr. M. A. Savage presented a paper on “ Economic 
Developments in Turbine Generators in the United 
States,’’ which also emphasised the increase in the size 
and speed of the units which had been brought about 
by the interconnection of large power systems. To meet 





the demand for generators of the present sizes, the 
manufacturer must have a supply of raw materials in 
adequate quantity and quality, and must find some 
means of overcoming the difficulty of transporting the 
finished product. He had met the first by reducing 
the losses, by the use of better systems of ventilation, 
by employing materials of better physical properties, 
and by improving the methods of manufacture. The 
transportation problem had led to some interesting 
modifications in design, such as the two-part frame and 
the three-part rotor. The use of non-magnetic steel, 
the division of the core length into a number of multiple 
ventilating paths, and the improvement of the entrances 
to the air ducts had increased the efficiency of the 
largest units to as much as 98-5 per cent. Machines 
of higher rating and even higher efficiency were possible, 
if magnetic materials of the best quality were employed. 
The resulting reduction in the fixed losses was beneficial, 
since less air was required for ventilation. 

In a paper on “Grosse Dreiphasen Generatoren ” 
Mr. E. Hunziker described a 40,000-kv.-a. turbo- 
alternator which had been installed at Laziska Gorne, 
in Poland. This machine ran at 3,000 r.p.m. and 
generated energy at 10,500 volts and a frequency of 
50 with a power factor of 0-7. The stator was in one 
part and its slots were semi-closed, the openings being 
of considerable depth radially. This improved the 
cooling of the teeth. The rotor was a one-piece 
chrome-nickel steel forging, with an estimated critical 
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speed of from 1,900 r.p.m. to 2,000 r.p.m., though no 
critical speed had been noticed either on test or in 
operation. Non-magnetic steel was used for the end- 
bells. The machine was ventilated on the closed 
system, the overall efficiencies being 97-5 per cent. and 
96-7 per cent. at power factors of unity and 0-8, 
respectively. The weight was 2-5 kg. per kilovolt- 
ampere. These figures indicated that the construction 
of still larger machines running at 3,000 r.p.m. was 
possible so far as heating, critical speed and ventilation 
were concerned, and that outputs up to 75,000 kv.-a. 
could be obtained by slightly increasing the rotor 
diameter and correspondingly lengthening the iron 
circuit. This assumed that the rotor body could be made 
mechanically reliable. At speeds of 1,500 r.p.m., the 
upper limit of output might be taken as 150,000 kv.-a., 
and the 100,000-kv.-a. machine at Zachornewitz, the 
stator of which was similar to that described above, 
might be taken as typical of that class of plant. In 
this case, however, the rotor was of the plate type, 
while in the 88,500-kv.-a. unit at the Hell Gate 
Station, New York,* the rotor was in three parts. 

Messrs. F. D. Newbury and M. W. Smith presented a 
paper on ‘“ Economic Limits to the Rating of Large 
Water-Wheel Driven Generators,” in which it was 
stated that, for given proportions and type of construc- 
tion, the rating and stress in the machines were roughly 
proportional to the speed and to the square of the 
speed, respectively. The ratings at high speed could 
be increased by the use of special construction and 
materials, such as alloy steels, but usually only at a 
considerable increase in cost. At any given speed, the 
maximum rating would be obtained with solid con- 
struction. As the diameter increased and the speed 
decreased, there came a point where solid rolled material 
of the required diameter could not he obtained and 
some form of built-up construction had to be used. At 
low speeds, the limiting stresses in the spider were 
largely due to its own weight. Generators must be 
designed with a large flywheel effect to give satisfactory 
speed regulation and to withstand overspeeds of 
100 per cent. They must also be able to supply large 
leading currents at reduced voltages for charging the 
lines. This meant that the size of the rotor had to be 
abnormally increased in proportion to the rest of the 
machine. The ability to remain in synchronism was 
another important factor. The limitation of output 
due to temperature rise had been removed by reducing 
the losses and improving the ventilation. 

In a paper by Dr. R. Pohl and Dr. E. Lasswitz on 
“Grenzbedingungen fiir Generatoren von  hoher 
Spannung und hoher Leistung unter besonderer Beriick- 
sichtigung der Baustoffe und der Kiihlung,”’ it was 
stated that, mechanically, the output of generators was 
limited by the permissible mechanical stresses on the 
materia] and by considerations of the production and 
transport of the necessary castings and forgings. At 
the same time, the peripheral speed, and therefore the 
rotor diameter, must be as large as possible. Electri- 
cally the output per unit volume of active material 


must be as high as possible, and this output was limited | 


by heating and by the network conditions. Output 
was limited to 14,600 kw. per metre of length for reasons 
as much magnetic as thermal, and this meant a rotor 
3-4 m. long for an output of 50,000 kw., corresponding 
to a critical speed of 1,650 r.p.m. Four-pole rotors 
could be classified into the solid and plate types. The 
diameter of the solid rotor was limited to 2 m. by the 
impossibility of obtaining larger forgings. This corre- 
sponded to an output of 125,000 kw. with a rotor 
weighing 110 tons. Disc construction permitted an 
increase in both the length and weight, the only limita- 
tion being that imposed by transport. A 170,000-kw. 
disc rotor would be 5-5 m. long. Insulation and 
heating gave rise to noinherent difficulties in the stator 
windings, and voltages up to 24,000 could be generated 
without inconvenience. It was possible that future 
3,000-r.p.m. machines would be made for outputs 
which would only be limited by the size of the forgings. 
This limit appeared to be about 70,000 kw., but could 
be increased to 90,000 kw. for a 3,000-r.p.m., and to 
225,000 kw. for a 1,500-r.p.m. machine, by the use 
of hydrogen cooling. 

_ This subject was also dealt with by Dr. F. Niethammer 
in a paper entitled ‘“‘ Grenzleistungen im Elektro- 
maschinenbau,” who said the explosions that had 
taken place in large solid rotors of the type usually 
employed were due to segregation and internal heat 
stresses. A three-piece rotor assembled by bolts or 
shrunk joints was very reliable, and the same could 
be said of the built-up four-pole type. Difficulties 
with regard to cooling and additional losses in the copper 
and iron, as well as those due to vibration and short- 
circuits, had been overcome. The maximum output 
of hydraulic turbo-generators was 48,500 kv.-a., at 
300 r.p.m., and 32,000 kv.-a. at 500 r.p.m. Switchgear 
and transformers operating at voltages up to 250 kv. 
were in regular service, and there was sufficient experi- 
ence to allow this equipment to be built for 380 kv. 





* See ENGINEERING, vol. cxxvii, page 1, e¢ seg. (1929.) 


The switches were either of the explosion-pot type 
or had up to 10 contacts per pole. Exhaustive tests 
showed that neither design had any definite advantage 
over the other. 

In a paper on ‘‘ Asynchronenmaschinen und ihre 
Verwendung zur Blindleistungserzeugung,” Dr.-Ing. 
M. Schenkel and Dr.-Ing. W. Sarfert stated that, in Ger- 
many, at least one of the machines in the sets used for 
connecting systems operating at different frequencies 
was of the asynchronous type. This enabled the specified 
output to be adjusted and maintained without voltage 
and frequency variations, in a way which was impossible 
with synchronous machines. Control could be effected 
by mechanical regulators or by a number of different 
systems of electrical connection, none of which could 
yet be said to be preferable to the others. 

Dipl.-Ing. L. Roebel presented a paper on ‘“‘ Aktu- 
elles in Transformatorenbau,” in which it was stated 
that the modern practice of feeding an extensive 
network at high pressures from large generating stations 
had affected transformer design as regards size, con- 
struction, regulation and protection. The insulation 
problem would be greatly simplified if the direct earth- 
ing of the neutral were possible, but against this must 
be placed the desirability of maintaining the faulty 
section in operation, if only for a short time. The 
failure of the earth itself was also of supreme import- 
ance, as in populous districts this might give rise to 
very serious difficulties. Short-circuit stresses increased 
with the dimensions of the windings, and there was a 
similar increase in the amount of mechanically weak 
insulation as the voltage rose. These drawbacks 
had to be overcome by modifications in the construction, 
and rectangular and elliptical coils had been used for 
this purpose. In Germany, however, the former 
had been almost entirely abandoned, since the circular 
coil was no more expensive than the rectangular. All 
very large transformers were of the core type, and 
were generally made with five limbs to enable them 
to be transhipped complete from the works. Where 
two or three networks had to be fed at different voltages 
from one sub-station, a transformer with multiple 
windings had the advantages that space could be 
reduced, switchgear simplified and reserve units elimi- 
nated. There were no technical obstacles to the design 
of such transformers. The windings were generally 
connected in mesh, in order to avoid the use of special 
equalising coils. On a single-phase supply, a note- 
worthy design was the arrangement of windings 
working at one voltage on each of the two limbs, the 
third voltage being obtained from a winding distributed 
on both limbs, which was connected in parallel with the 
other two. 

In a paper “ Bericht iiber Fragen des Transforma- 
torenbaues,” Mr. J. Kiibler said that, in large three-phase 
oil-cooled transformers, cooling and meticulous care in 
construction were of the highest importance. Attempts 
must be made to reduce the losses in the laminations 
and the electrodynamic forces ; skin effect and stray 
| fields must all be investigated. The same applied to 
| the design of the terminal bushings, which were now 
becoming very heavy, and of the tanks. Modern prac- 
tice was tending towards the employment of self- 
cooling. 

Dealing with ‘“‘ Impulse Voltage Strength of Trans- 
formers,” Messrs. M. Montsinger and W. M. Dann 
stated that, in America, it had long been the practice 
to correlate the insulation of the transformer with the 
circuit voltage. The insulation of the lines had, 
however, been gradually increased to protect them from 
the abnormal transient voltages caused by lightning, 
and it was obvious that if this practice was continued 
without regard to the other apparatus, trouble would 
result. Recent research had yielded a great deal of 
new information regarding the impulse strength of 
transformers and the impulse arc-over voltage of the 
insulators, and, as a result, a method of defining the 
former and balancing it with the line insulation had 
been worked out. Transformer insulation must be 
designed so that its impulse strength against lightning 
was greater than the impulse dry flash-over voltage 
to earth of non-shielded suspension insulators. For 
instance, where the line voltage was 69 kv., the trans- 
former must withstand 139 kv. R.M.S., and the insu- 
later 250 kv. R.M.S. on a frequency of 60 cycles. 

In a paper on “‘ Extra High Terminal Voltage Rotary 
Electric Machinery,’ Professor Dr.-Ing. Tervo Ueda 
pointed out that, from the technical as well as the 
economic points of view, the design of machinery 
with a terminal voltage of, say, 50,000, was, at present, 
one of the most important engineering problems. In 
designing such machinery, one of the greatest difficulties 
was that of coil insulation, and the space factor might 
be taken as a measure of the necessary improvement 
in the quality of the materials used for that purpose. 
In a machine of given output, the number of series 
turns had a direct bearing on the terminal voltage, 
and the larger the number of these turns the smaller 
the cross-sectional area of a single conductor could be. 
Though, theoretically, there was no upper limit to 
the terminal voltage, practically it was kept below a 











certain value by the necessary thickness of the 
insulation and the number of conductors required. 

Mr. A. Booden presented a paper on “‘ Grossmotoren 
mit Spezial-K urzschlussanker fiir direktes Einschalten ”’ 
in which he pointed out that the employment of 
large double-slot three-phase motors with squirrel-cage 
rotors had great advantages from the point of view 
of cost and simplicity over wound-rotor motors, which 
had hitherto been generally employed in Europe. Motors 
of the former type, with an output of from 185 kw. to 
880 kw. at a speed of from 120 r.p.m. to 150 r.p.m., had 
recently been installed, and could be started on full 
load without disturbance of the network conditions. 

In a paper on “ Wechselstrommotoren mit geringer 
Phasenverschiebung,” Dipl-Ing. v. Meyer and Mr. T. 
B. Thrige said that, in Denmark, an electricity sup- 
ply in rural districts was given through transformers 
with outputs varying from 30 to 100 kv.-a. Owing 
to the sparseness of the population, the number 
of these transformers was large and the time during 
which they were fully loaded was short, since they 
were designed to supply the 10 to 30 h.p. motors 
employed on threshing machines. The motors them- 
selves were generously dimensioned, as the practice 
was to enclose them in a wooden box covered 
with sheet metal and they were often used for 
driving pumps and other equipment which did not 
require more than 1 or 2 h.p. The overall power 
factor was therefore very bad, and various methods of 
improving it has been investigated. Finally, it was 
decided to use special squirrel-cage motors in which 
saturation of the iron was low and the rotor diameter 
was as large as possible. The result was a reduction 
in the ratio between the no-load and full-load current, 
the figures varying from 0-23 for a 7-5 kw. to 0-18 for 
a 30 kw. four-pole motor. In order that the starting 
torque should not be too low, the number of stator 
slots was increased to give the correct short-circuit 
current, with the result that, at half load, the power 
factor of a 7-5 kw. motor exceeded 0-9 as compared with 
the full load value of 0-85 allowed by the German rules. 

A paper on “‘Gleichrichter” was presented by Dr.- 
Ing. M. Schenkel and Dr.-Ing. H. Mayer-Delius, in which 
it was pointed out that the mercury rectifier had largely 
replaced rotating machinery for converting alternating- 
current to direct-current on account of its lower trans- 
formation losses, its insensitiveness to sudden pressure 
variations, and the fact that its efficiency increased as 
the direct-current voltage was raised. Its noiseless 
operation and the ease with which it could be remotely 
controlled were further points in its favour. The 
principal application of the rectifier was the supply of 
electric current for traction purposes, but it was begin- 
ning to be used in the electrochemical industry, 
especially as there were no parts liable to damage by 
gases or fumes. As the drop across the rectifier was 
constant, it was an advantage to use a high supply 
voltage. Attendance and the necessity for earthing were 
matters that had to be considered in this connection, 
while in spite of the lower efficiency the rectifier was 
often found to be the best means of supplying very large 
currents. Efficient sealing, both against the entrance 
of air and the escape of mercury vapour with variations 
in temperature, was all important, and for this purpose 
a vacuum pump was being generally used. The great 
advances that had been made in welding technique 
had also had an important effect on rectifier construc- 
tion. In fact, the only difficulty of the many that 
existed initially which had not been overcome was 
that of back firing. 

In a paper on “ Neue Errungenschaften auf dem 
Gebiete der Gleichrichter,” Mr. St. Widmer pointed out 
that back fires in rectifiers could be extinguished in less 
than one period by placing a grid which negatively 
biassed to the cathode in the anode sleeve. This 
prevented a rush of electrons to the anode, so that 
the arc could not re-strike. A relay was used to 
connect the grid to a source of negative voltage when a 
back fire started. The faulty anode was thus deprived 
of its supply, and in this way back fires could be 
extinguished in from 0-012 to 0-02 second. Short- 
circuits on the direct-current system within the rectifier 
could be prevented in the same way. It should be 
possible to eliminate back fires altogether by prevent- 
ing the rise of the negative voltage immediately after 
the arc had been extinguished, or by raising the 
ignition voltage of the anode. This could be effected 
by placing a grid in front of the anodes. 


Gas MARKETS. 


The various papers presented in Section V of the 
Conference dealing with the supply of gas in England, 
Germany, France, the United States and the Argentine 
Republic, make very interesting reading, showing, as 
they do, the essential similarity of the problems which 
face the gas industry in different parts of the 
world. Great increases in consumption are re- 
corded, especially since the recognition of the wm j 
advantages resulting from the use of gas as a fuel, 
as distinct. from an illuminant, and the consequent 
adoption of the calorific basis as standard. So much 
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so, that it may almost seem to some that the end of 
this development, if not actually in sight, is at least 
being rapidly approached. This is not the view of 
any of the authors; in fact, with regard to the United 
States, itis stated that the manufactured gas industry is 
supplying only about 2 per cent. of the heating require- 
ments of the country. The following is a summary 
of information given by the United States contri- 
butors. 

The conditions in the United States are special, owing 
to the extensive use made of other gaseous fuels, the 
production for 1929 being as follows :— 





cub. ft. 
Natural gas _.... ee ...  1,800,000,000,000 
Gas from petroleum distilla- 
tion .... 7a de 270,000,000,000 
Gas from the cracking process 250,000,000,000 
Manufactured gas : 514,000,000,000 
Total 2,834,000,000,000 


In considering the above it must be borne in mind 
that large quantities of natural gas are used for purposes 
other than heating. Analysis of the production of 
manufactured gas, which it will be noted amounts 
to only 18 per cent. of the total given above, is of 
interest, showing this to consist of approximately 
50 per cent. carburetted water gas, and 6 per cent. oil 


gas, the balance being coal gas and coke-oven gas | 


distributed by the gas companies. The proportions 
of the latter are not given, but in one of the papers it 
is stated that, of the 495,000 million cubic feet of 
manufactured gas sold in 1928, 125,000 millions, or 254 
per cent., was coke-oven gas and only 51,000 millions 
or 10} per cent. was retort coal gas. The paper in 
question indicates that development among gas 
undertakings, as distinct from coking plants, as such, 
is in the direction of using horizontal ovens, even of 
comparatively small capacity, rather than retorts, and 
that vertical retorts have not been adopted to any 
appreciable extent. 

The plant of the Connecticut Coke Company at 
New Haven, Conn., is noteworthy since it is in line 
with the trend in industry in the United States to- 
wards concentration of manufacturing processes ir: 
large units serving a relatively great area. This plant, 
put into operation in 1928 and not associated with 
iron or steel works, is situated on the coast and produces 
14,000,000 cub. ft. a day, half of which is compressed 
to 40 lb. to 50 Ib. per square inch for transmission to a 
number of inland towns some 40 miles away, the 
total length of the pipe lines being about 65 miles. 
The remainder of the gas is supplied at a pressure of 
5 lb. per square inch to the local gas company. This 
and other features of American progress are of con- 
siderable importance at the present time, in view of 
possible extensions in the use of coke-oven gas both 
at home and abroad. 

The very large quantity of natural gas produced in 
the United States, mainly in localities where it cannot 
be directly utilised, has led to important measures being 
taken to deal with the situation. Thus we learn that 
the total length of natural-gas pipe lines is estimated 
at over 55,000 miles, their value representing a large 
proportion of the capital invested in the industry, 
t.e. some 1,900,000,000 dols. The revenue is estimated 
at 400,000,000 dols. for 1929. The construction of 
these pipe lines has been attended with many difficul- 
ties, quite apart from the cost; in one case it was 
necessary to blast through 15 miles of solid rock, while 
the deterioration due to soil corrosion is responsible 
for very heavy losses. The constructional difficulties 
have been met to a considerable extent, and extensive 
research work is in hand on the subject of protective 
coatings. That the problem, real though it is, is not 
regarded as insoluble, is shown by the further schemes 
in hand or in prospect, including a 1,000 mile pipe line 
from the Texan Panhandle to Chicago, and another 
even longer from Texas to the Atlantic seaboard. 
Already pressures as high as 400 lb. per square inch 
are in use, and with increasing distances and demands 
there is no doubt that still higher pressures will be 
adopted. 

The very important part which capital costs bear 
in relation to the total cost of gas, renders it essential 
to adopt all possible measures to secure a high load 
factor, both in the production and in the distribution 
portions of the plant. This is especially the case with 
the long transmission lines for natural gas. In some 
cases such lines are only employed for the base load, 
the peak loads being supplied from local plants of 
relatively low capital cost but high operating cost, 
such as carburetted water-gas plants. 

The exploration of possible further markets reveals 
that they are not all equally desirable, largely on 
account of the question of load factor, which may 
involve expenditure out of all proportion to the pros- 
pective revenue. At the same time, it is possible to 


combine a number of these rather unfavourable 
customers with fairly satisfactory results, by reason 
of the diversity factor. 


For instance, house-heating, 


which is regarded as one of the least desirable loads, 
owing to the comparatively short period during which 
it is in operation, is not so difficult to deal with as 
some of the authors suggest, owing co the fact that 
it need not coincide with the heavy demand for cooking. 
The consumption for this purpose is developing 
rapidly, amounting to over 17,000,000,000 cub. ft. of 
manufactured gas in 1928, an increase of 41-3 per cent. 
over the previous year. This has led to intensive 
| propaganda to increase the summer load, such as hot 
water supply for which there is then an increased 
demand, while gas is used for no less than 75,000 home 
refrigerators. In some cases, industrial concerns with 
| their own gas-making plants have been induced to 
| shut these down and take supplies from the gas com- 
| panies during the summer months. One of the best 
| types of customer is found in the hotel and restaurant 
| business, which not only consumes large quantities of 
| gas, but is said to have a load factor of 84 per cent. 
| The recognition of the importance of load factor, 
|and also of the demand, of individual customers, im- 
mediately calls attention to the necessity for some 
| method of charging for gas which shall be not merely 
| attractive but equitable. Four factors are recognised 
as governing this, the amounts against each being 
| shown below for a hypothetical gas company, supplying 
1,500,000,000 cub. ft. per annum, four-fifths of this 
being to domestic consumers. 


I. Production demand .... 272,011.55 dols. (total), 
Per 100 cub. ft. of 24-hour 

| demand as some 4.28 dols. per year 

| II. Distribution demand _.... 177,701.83 dols. (total). 

| Per 100 cub. ft. of 1-hour 

demand et 

| III. Customer Costs .... 





oe 25.39 dols. per year 
.... 693,942.54 dols. (total). 
17.35 dols.per year. 
| IV. Commodity Costs .... 805,772.19 dols. (total). 
Per 100 cub. ft. 0.54 dol. 
Based on these figures, a number of rates are worked 
/out on different systems to meet the total cost 
|involved, in a contribution on “ Progress of Rate 
| Fixing,” by Messrs. R. Boyes, A. Gordon King, L. R. 
| King and G. I. Vincent. It is stated that definite pro- 
; gress has been made in the introduction of rates which 
|are at once remunerative and attractive. Modern 
|rate structure is meeting the situation and rates 
specially designed to attract water heating, refrigera- 
| tion, space and central house heating in the home are 
| rapidly being filed ; from exhaustive and detailed field 
| studies data are prepared on which multi-part rates 
are being extensively introduced for the industrial 
heating load. As a result, more profitable customers 
are being attached to the systems and the smaller 
unprofitable customers are now paying their way, the 
net result being lower rates and an almost unlimited 
field for further extension. 

The very high cost of long-distance pipe lines, already 
referred to, has led to attempts to solve the transmission 
problem by methods which seem almost retrogressive, 
so accustomed has one become to think of piping as 
the obvious way to transport anything which will flow. 

| Experience is, however, only in line with that in 
regard to electricity, where it is found cheaper to send 
energy by trucks in the form of coal, than by over- 
head lines, even when the distance is quite moderate. 
In the United States, ‘‘ bottled’? gas, in the form of 
liquefied propane and butane, obtained by fractional 
condensation of natural gas under pressure is employed, 
the estimated consumption being 7,000,000 gallons in 
, 1928, and 21,000,000 gallons in 1929. The liquefied 
| propane (containing about 2 per cent. butane) is 
| supplied to domestic customers under the name of 
| Pyrofax, the heating value being very high, viz. 2,550 
B.Th.U. per cubic foot, which is equivalent to 91,800 
B.Th.U. per gallon. It is interesting to note that 
975,000 cubic feet were used by the Graf Zeppelin on 
its flight round the world. Supplies were shipped to 
Tokio and mixed there with hydrogen to reduce the 
specific gravity to that of air, while for the trip from 
Los Angeles to Lakehurst, a mixture of 36 per cent. 
natural gas and 64 per cent. Pyrofax was used. 
Butane, which has a still higher heating value, viz. 
3,200 B.Th.U. per cubic foot, and 102,400 B.Th.U. per 
gallon, is used for industrial purposes, including the 
| enrichment of producer and other gases for town gas 
|use; in fact, it is stated that, in some towns having 
no gas plants, a mixture of air and butane is being 
, successfully distributed. It is also, to some extent, 
| replacing acetylene in cutting metals, being said to be 
cheaper and faster, and to make a cleaner cut. The 
above particulars appear in Mr. G. Egloff’s paper 
Hydro-carbon Gas as Power in the United States.” 
The cylinder method of transmission might be thought 
to be impracticable, except where readily liquefiable 
gases are available, but the only paper from France, 
‘Les Usages du Gaz d’Eclairage mis en Bouteille sous 
Haute Pression,” by Dr. I. Chappuis and Dr. A. Pignot, 
shows that the matter is quite otherwise. An illustra- 
tion is given of a two-horse dray, with nine receivers, 
each capable of holding about 320 cub. ft. of free gas 








at a pressure of 146 lb. per square inch, which was 
used to deliver gas in Paris and neighbourhood 75 
years ago, in 1855. The customers had receivers in 
which the pressure was 70 lb. per square inch. The 
application under modern conditions has been exhaus- 
tively studied by the Société du Gaz de Paris, a 
portable gasholder having been designed consisting of 40 
cylinders, 14 ft. 9 in. long, each holding 32 gallons of 
water, or 1,060 cub. ft. of gas at a pressure of 2,850 Ib. 
per square inch, the total capacity thus being 42,400 
cub. ft. The cylinders are made of nickel-chromium 
steel and weigh 330 1b. each. This gasholder can either 
be mounted on a lorry or on a trailer, the total weight 
being 10 tons to 12 tons in running order. Owing to 
the occasional presence of appreciable amounts of 
oxygen in town gas, extensive tests were made to 
determine the limit of inflammability, the conclusion 
arrived at being that, even with such an excessive 
amount as 6 per cent., there was no risk of explosion. 
Similarly, the nickel-chromium steel cylinders were sub- 
jected to very drastic shock tests, owing to the possibility 
of collisions between vehicles, with entirely satisfactory 
results. The economics of the scheme are considered in 
relation to the supply of gas to a small and expensive 
works with an annual consumption of 3,18U,000 cub. ft., 
a maximum demand of 10,600 cub. ft. a day, and 
possessed of a low-pressure gasholder of 10,600 cub. ft. 
capacity. This works is situated about 16} miles 
from a large gas and electricity works, but the cost 
of pipe lines is altogether prohibitive on account of 
the small consumption. The proposal is made to 
install a high-pressure gas holder consisting of 80 
receivers of a capacity of 32 gallons each, constructed 
of mild steel to reduce cost since weight is not vital, 
the whole embedded in concrete at a total cost of 
about 1607. This holder can be charged to a pressure 
of 1,225 lb. per square inch from the gas lorry, 
taking about 36,500 cub. ft. at atmospheric pressure, 
the balance of the gas from the lorry going into the 
low-pressure holder. Details are given of the operating 
costs which, excluding the capital charges for the 
compressor and lorry, amount to about 54d. per 
1,000 cub. ft., an increase of 304 per cent. on the cost 
of the gas at the central plant. The capital charges 
referred to are omitted, since the lorry is only used for 
75 half days in the year for this particular installation, 
but quite a large allowance for this item could be made 
in the price without risk to the possibilities of effecting 
sales. A further market is indicated in this paper, two 
motor ’buses fitted with 35-h.p. engines having been 
running in Paris since November, 1928, using gas 
compressed to 2,130 lb. per square inch, as well as 
a number of lorries and vans. 


The papers from Germany show the same strenuous 
efforts to secure increased consumption, in spite of 
very considerable progress during recent years. The 
types of consumers are much the same, and great 
emphasis is laid on the necessity of securing high load 
factors, use being made, in some cases, of three- 
dimensional load models, giving the hourly and daily 
variations; the so-called ‘“‘load mountains.”’ Domestic 
consumption is regarded as the backbone of the revenue 
of the gas companies, owing to the high rates which 
can be charged, but efforts are being made to attract 
still more of this, for instance, by the introduction of 
lower prices for water heating than for cooking. It 
is pointed out that slot meters increase the amount of 
gas used. One author states that saturation in 
domestic consumption under present-day conditions 
in Germany does not arise until the use amounts to 
at least 9,000 cub. ft. per head per annum, which 
covers cooking, washing, provision of warm water, 
and house heating in the spring and winter, while 
refrigerators are also being adopted to an appreciable 
extent. A feature of the development in Germany 
is the recognition of the place of solid fuel, under the 
economic conditions, for example in the provision of 
combined coal and gas ranges, gas being used for the 
actual cooking and coal for keeping the food warm, as 
well as for heating the kitchen. Attention is directed 
toa point which might well receive more attention, viz. 
that demands for reduced unit prices are frequently 
uninformed; what is really desired is a reduction in 
the total bill. Examples are quoted showing how 
such complaints have been met by the adjustment of 
apparatus and the education of the user, to the com- 
plete satisfaction of the latter, who no longer spoke 
about the high cost per cubic metre. 

Particulars are given of the production and rates 
charged for gas in various cities, and it may come 88 
a surprise to learn that the heaviest hour’s demand, 
which governs the investment in mains which are the 
largest item in the capital costs, occurred in Magdeburg 
during 1928, on a Sunday in May, between 11 o’clock 
and 12 o’clock. Certainly the peaks at this works are 
not high, this one representing 0-031 per cent. of the 
total production for the year. The paper by Dr. R 
Niibling, ‘‘ Gastarife,” giving an analysis of the methods 
adopted throughout the country to deal with various 
types of customers, is distinctly opportune. 
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The use of gas in industry involves special problems, 
not the least being the most suitable pressure at 
which the gas should be supplied. In discussing the 
Report of the Committee on Area Gas Supply, we 
called attention to the decision of the Ruhr steel 
works to adopt a pressure of about 74 lb. per square 
inch, and now we find Mr. H. Miiller, in his paper, 
“Erhéhung des Verteilungsdruckes und Dezentrale 
Druckregelung,”’ proposing a similar pressure for town- 
gas supply. He is partly discussing the necessity for 
increasing the capacity of existing distribution mains, 
and also the difficulty found in many cities in getting 
room in the streets for the many services provided, 
which would be reduced by the adoption of smaller 
gas mains. To adopt some such system involves a| 
method of reducing the pressure to the various classes | 
of consumers, and he discusses four of these, from | 
district governors to individual house governors, with | 
various combinations. The matter cannot be con- | 
sidered as settled, so many local factors having to be | 
borne in mind, but the prospects of progress along | 
these lines are distinctly favourable. This naturally | 
raises the question of the use of surplus gas, such as | 
that from coke-ovens, and the long paper by Professor | 
Dr. K. Bunte, dealing with the fundamental principles | 
of combustion and heating, and the effect of variations | 
in gas composition, even with gases of the same heating | 
value, specific gravity and pressure, should be carefully | 
studied. 





METALLIC FRICTION AND 
OXIDATION. 


THovuGH it has long been recognised that oxidation 
takes a part in the little understood phenomena of 
solid friction, and in the wear tests to which metals 
are submitted, it has generally been assumed that 
oxidation would only occur after the metallic particles 
had been torn off by the friction. This would make 
oxidation a secondary effect. The recent experiments 
by Max Fink,* however, indicate that oxidation is the 
primary effect, and that, in certain tests, no metal 
would be abraded if oxygen could be rigorously 
excluded. 

When the problem was discussed by the Institution 
of Mechanical Engineers in 1911, in connection with 
a paper by Messrs. E. M. Eden, W. N. Rose, and F. L. 
Cunningham on Experiments on Rotating Beams 
(see ENGINEERING, vol. xcii, page 556 et seq., 1911), 
the rusting of steel surfaces under contact in rolling- 
friction tests, as well as in the case of wheels running 
on rails, was ascribed to various causes, viz., the 
alternating stresses and the loosening of the structure 
of the metal, and oxidation hastened by moisture and 
also by the electrolytic corrosion of the parts which 
would be at different potentials under the load stress. 
The particular question was discussed for some time, 
but was then overlooked in the general study of corro- 





tubes containing yellow phosphorus, then through 
caustic-potash tubes, and finally through a drying 
scrubber. This thorough cleaning was continued 
for at least half an hour before the test began. Before 
each experiment, the discs were polished, cleaned with 
xylene and dried. After about 50,000 revolutions, 
the lower disc, weighing about 83 grammes, was found 
to have lost, for example, about 0-13 gramme in 
weight. The dust was quite free from iron oxide, 
Fe,03, and contained 79 per cent. of iron. The 
protoxide FeO would contain 77-75 per cent. of iron. 
When the experiments were made in oxygen-free air, 
there was no loss of weight at all, and the disc edges 
became mirror bright. When the speed was in- 
creased, so that the oxygen absorption was no longer 
complete, the brightness disappeared and the friction 
moment increased almost instantaneously. The fric- 
tion moment was 12-5 cm.kg. in nitrogen, and 
33-5 cm.kg. in air, decreasing in the latter case as the 
discs were run in; that is to say, as slight surface 
defects were removed and the surface became covered 
with a homogeneous coating of oxide. During this 
initial period there was first a slight increase in the 
friction. It is further noteworthy that ripples developed 
on the surface of the discs, but only in atmospheres 
containing oxygen. 

The material used in the experiments so far men- 
tioned was a Béhler rail steel. The V2A Krupp steel, 


| sion problems until Mr. G. A. Tomlinson reopened the then tested in air, behaved differently. The surface 


Messrs. J. Wood and G. B. H. Howarth, in their paper | whole subject when investigating pivot friction at' assumed a silver-grey lustre, but did not become 
on the design, &c., of domestic-heating equipment, | the National Physical Laboratory. Tomlinson observed | mirror-like, and dark shadowy spots developed and 


also refer to this point, which is not covered by the | 


Gas Regulation Act of 1920. They give a useful | 
survey of the present position, with details of commer- | 
cial testing of appliances, and point out that “‘ contrary | 
to common ideas,” luminous flames can permit the full | 
heating of the fuel to be realised, and have their place | 
in heating technique. Mr. Leask, of Leeds, lays | 
stress on the value of demonstration rooms, stating 
that one engineering firm, as a result of practical work 
in these, had increased their consumption from 4,930,300 
cub. ft. in 1927, to 16,377,300 cub. ft. in 1929. Among 
the examples he gives of customers are a newspaper 
office using 28,000 cub. ft. of gas per day for melting 
stereo metal, a fish-frying range consuming 1,000,000 
cub. ft. per annum, and a conveyor type baking oven, 
70 ft. long, which has been in use for 10 years, working 
day and night with a consumption of 7,000,000 cub. ft. 
per annum. Mr. H. C. Armstrong, in his paper on 
gases for industrial use, gives an original table showing 
the sulphur content of different types of gas per therm, 
indicating that no trouble need be anticipated if this 
does not exceed about 500 grains calculated as H2S. 


(To be continued.) > p : SF 


British PropuctTion oF Pia IRonN anpb STEEL.— 
The number of blast furnaces in operation at the end of 
May, according to the monthly report of the National 
Federation of [ron and Steel Manufacturers, was 141, a 
decrease of 10 since the beginning of the month. The 
production of pig iron during May amounted to 614,500 
tons, compared with 619,600 tons in April, and 654,800 
tons in May, 1929. The May output of steel ingots and 
castings amounted to 692,800 tons, against 696,100 tons in 
April, and 843,800 tons in May, 1929. 











Rattway Buitpine In Mancuurisa.—The construction 
of the Kirin-Hailunfu Railway, connecting Kirin, in 
Southern Manchuria, and Hailunfu in South-Eastern 
Heilungkiang, has been completed. According to a 
recent issue of The Chinese Economic Bulletin, the line 
was formally opened to traffic on June 1. The new 
railway is 186 miles in length and is regarded as 
being among the most important Chinese-owned lines 
in Manchuria. It is anticipated that the development 
of the rich mineral resources of Manchuria will follow 
the opening of the line. 





THE AssocIATION OF CONSULTING ENGINEERS.—On 
May 11 last, the Association of Consulting Engineers 
attained its majority, for on that day 21 years ago, at a 
meeting presided over by the late Sir Alexander B. W. 
Kennedy, it was decided to form the Association and to 
enrol members. This matter was referred to in the 
report of the Committee for the twelve months ending 
April 30, 1930, which was presented at the annual 
general meeting of the Association, held on May 26 
last under the Chairmanship of Mr. N. G. Gedye. 
Much of the work of the Association, during the 
year under review, has been in connection with the 
Reservoirs (Safety Provisions) Bill, 1929, and with the 
drawing up of General Conditions of Contract for use in 
connection with works of civil-engineering construction. 
With regard to the first of these matters, Mr. Gedye 
stated that the Association had been of assistance to the 
Home Office in drafting amendments, all of which had 
been accepted by the Home Office and embodied in the 





Bill in the Report stage. The Conditions of Contract, 
which had been prepared by a sub-committee under the 
Chairmanship of Mr. Vaux Graham, had been considered 
at conferences with the Federation of Civil Engineering 
Contractors, and, in their final form, had been agreed to 
by the Council of that Federation on May 20. Proof 
copies had been issued to all members of the Association 





and would shortly be on sale. 


that steel plates held in contact would rust on the 
common surfaces when agitated, that oiling did not 
prevent this rusting, and that the friction coefficient 
of a steel spindle rolling on steel pads decreased as 
both the load and the spindle radius increased, and 
was independent of the speed of the spindle. In his 
tentative molecular theory of dry solid frictiont 
he suggested that the molecules attract one another 
with forces decreasing as the square of the distance, 
but extending appreciably to distances several times 
the diameter of the molecule, and that there are 
also repulsive forces of much smaller range, which 
increase abruptly from zero when two atoms approach 
one another within a critical distance. When the 
atoms were drawn apart by strain, the rate of change 
of the repulsive forces would be much greater than 
that of the attractive forces. No oxidation would 
occur unless particles were first detached by some 
tangential stress, and there would thus be no oxidation 
with pure rolling friction even under high load, 
provided there were no slipping, which, however, 
is unavoidable in wheel friction on rails and in many 
tests. 

Dr. Fink does not agree with this conclusion. 
German experts mostly favour the view that the ground- 
off particles rapidly oxidise, but Meyer and Nehl 
suggest that the detachment of the particles is a result 
of the cold work and consequent hardening. The 
machines commonly used in Germany for friction and 
abrasion tests are of two types, one made by Amsler 
and by Mohr and Federhoff, and the other by Spindel. 
In the first type, wheels roll upon one another, with 
or without slip, while under pressure, and E. H. Schulz 
found quite recently that the brown or black dust 
then produced contained 20 per cent. of oxygen, 
which would nearly be the theoretical oxygen content 
(22-3 per cent.) of the ferrous oxide FeO. In the 
Spindel test, a disc, only 1 mm. in thickness, is made 
to grind at a slow speed (55 r.p.m.) into the material ; 
the dust then collected consisted practically of metallic 
iron with less than 1 per cent. of oxygen. Thus the 
tangential slipping in the last case yielded an unoxidised 
product. Dr. Fink made his experiments at the 
instigation of the State Railway Department at 
Munich on a machine presented by Messrs. Amsler 
and Company, of Schaffhausen. 

The machine consisted of two discs, 10 mm. thick 
and 40 mm. or more in diameter, rolling upon one 
another at about 250 r.p.m., under pressures ranging 
from 50 to 250 kg. The lower disc, being smaller than 
the upper one, generally rotated at 1-1 times the rate 
of the upper disc, corresponding to a slip of 10 per cent. 
By altering the diameter ratio, the slip was varied, 
and by arresting the upper disc a slip of 100 per cent., 
i.e., pure sliding friction, could be obtained. In order 
to experiment in various gases, the machinery was 
enclosed. As, with this arrangement, oxygen could 
not be kept out, a cell was built up of two halves 
entirely of rubber. The machine recorded the friction 
moment. When it was desired to exclude all the 
oxygen from the discs, the air to be fed into the cell 
was drawn successively through sulphuric acid, over 
incandescent copper turnings, and through several 





* Neue Ergebnisse auf dem Gebiet der Verschleissfor- 
schung. By Max Fink. Dissertation for the degree of 
Dr. Ing. at the Technische Hochschule, Charlottenburg. 
1929. 

t Proc. Royal Society, July, 1927. 

t Philosophical Magazine, June, 1929. 





spread. Microscopically examined, these were first 
of straw yellow colour, and changed, on further treat- 
ment in the machine, into the red, brown and violet 
of temper colours. Then grey dots appeared in the 
violet, and a fine dust fell off which was partly 
rolled out into scales on the lower disc, and then 
split off by the Hertz deformation. The grey scales 
disintegrated into a black powder when ground. 
Up to the appearance of the dust, the weights of the 
discs increased, owing to the adsorption of oxygen. The 
shadowy spots probably marked the initial areas of 
actual contact. When these discs were first polished 
and cleaned, as in the previous cases, the mirror lustre, 
which follows the running-in period, was also noticed. 
The characteristic feature of these experiments is 
that the V2A steel, which is generally regarded as 
not oxidisable at relatively high temperatures, is 
easily oxidised in these friction tests. Discs of copper, 
which is also not easily oxidised under ordinary con- 
ditions, behaved similarly ; the spots appeared to be 
a yellowish brown, and the scaly dust was black. 

Dr. Fink considers that, during the running-in period, 
the initial small areas in actual contact become coated 
with a protective oxidised film, which gradually 
spreads. At the same time, the pressure, first con- 
centrated on the few spots, is distributed over a larger 
surface, and the friction moment decreases. When 
there is slip between the two discs, in addition to the 
rolling friction, relatively more metal passes in unit 
time through the Hertz deformation zone than is 
the case during the “‘rolling-oxidation”; but there 
is greater compression of the air and increased wear. 
With pure rolling friction, the discs did not become 
noticeably warm in long runs, and increase of rolling 
speeds, up to 10,000 r.p.m., did not increase the wear 
in experiments made by the Allgemeine Elektrizitits 
Gesellschaft. Meyer and Nehl found, also, that with 
discs of soft iron, increased pressure did not in- 
crease the wear, possibly because it made the material 
harder. The correlations between abrasion and tensile 
strength, ductility and hardness, which Dr. Fink 
discusses, are, however, not clear, but we may briefly 
refer to his observations on the rippling of the discs 
and of rails. Ripples develop when the load and the 
slip vary with rolling friction, and with sliding fric- 
tion particularly when the pressure is low. Dr. Fink 
suggests that there is increased oxidation and wear, 
and consequent formation of dark valleys, at spots of 
high-pressure variations and slip. The brighter 
ridges were generally straight across the edge of the 
disc, but were sometimes oblique, and appeared to be 
flattened out in further service and to change their 
positions ; the latter would take place if the load did 
not strike the top of the ridge, but its side. The 
problems require further investigation, but Dr. Fink 
points out that machines of the Spindel type are not 
suitable for the testing of rail wear, because they do 
not determine the two main factors, viz., rolling oxi- 
dation and cold deformation. 








E.gectriciry GENERATION IN GREAT BritTatin.—The 
official returns made to the Electricity Commissioners 
show that 837 million units of electricity were generated 
by authorised undertakers in Great Britain during the 
month of April, 1930, as compared with 807 million 
units in the corresponding month of 1929, an increase 
of 3-7 per cent. During the first quarter of 1930, the 
total amount of electricity generated was 3,017 million 
units, representing an increase of 6 per cent. over the 
total for the corresponding quarter of 1929. 
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CORROSION OF STRUCTURAL STEEL 
AND STEEL REINFORCING RODS 
ENCASED IN CONCRETE. 


By E. A. Cross, B.Sc., Assoc.M.Inst.C.E. 


TxE following article describes the corrosion which 
occurred in both structural steel and reinforced concrete 
in the engine-room floor of a departmental store in 
Toronto, Canada. The floor in which the corrosion 
occurred was part of the engine-room of an auxiliary 
heating and lighting plant. The plant comprised 
boilers, steam engines, and generators, which provided 
heat for the store and emergency light in case of failure 
of the town electric supply. The section Fig. 2, 
annexed, shows the location of the floor in relation 
to the street line, and the plan Fig. 1 shows the arrange- 
ment of the steel beams supporting the floor. Fig. 3 
is a section showing the concrete which encased the 
steel beams and the concrete slab forming the floor. 
The floor was carried by 18-in. steel beams with a 
span of 25 ft. at 3-ft. 9-in. centres, framing into a 
steel girder at one end and a masonry wall at the 
other end. A concrete slab 6 in. thick rested on top 
of the steel girders and was reinforced by }-in. diameter 
rods at 6-in. centres. These rods were not bent and 
were located 1 in. from the underside of the slab. No 
provision was made to reinforce the concrete against 
tension from negative moment which would occur 
over the supporting steel beams. The steel beams 
were encased in concrete with a minimum cover of 
2 in. 

The floor was constructed about twenty-six years ago, 
and while parts were apparently in good condition, 
other parts showed serious signs of decay. One part of 
the floor carried an ammonia refrigeration brine tank. 
This tank had been leaking for a long period—the exact 





Fig. 3. ORIGINAL SECTION A.A. 


substitution of a more modern refrigeration plant in 
the new portion; use of the space thus vacated for 
heavy oil-filled transformers. One possible cause of 
trouble was thus removed, but under the new conditions 
the floor would have to carry loads approximating the 
original design loads. This fact, combined with the 
strong evidence of an unsatisfactory structural condi- 
tion determined the policy of removing the concrete 
slab and investigating the whole floor. 

Corrosion of the steel was evident where portions 
of the concrete casing at the bottom of steel beams 


Fig.1. PLAN. (TYPICAL FOR ENGINE ROOM FLOOR) 








existing steel beams. These: were left in position and 
new concrete beams were poured around them with 
a reinforced concrete slab placed as shown on the 
sections, Figs. 4 and 5. It will be noted that the 
reinforcement in the new slab was bent up over the 
steel beams into the top of the slab and that rods in 
the new concrete beams were bent up at the side 
of the structural steel and anchored at the ends. The 
steel beams were thoroughly scraped, brushed with 
wire brushes to remove all rust and painted with 
cement grout prior to erection of the forms. Every 
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time could not be ascertained—and in the vicinity of 
this tank severe deterioration of the floor was visible, 
the concrete slab being cracked in several places where 
crossing the steel beams. The cracks ran longitudinally 
with the beams, and in the vicinity of these cracks the 
decay was subsequently found to be most severe. At 
the ends of the beams adjoining the masonry walls, 
openings had been left by the omission of the concrete 
slab in order to provide ventilation for the pump room 
below. Around these openings further decay was 
noticed. The pump room below the engine-room, 
contained numerous steam mains. These leaked at a 
few joints, causing escape of steam, and the tempera- 
ture in this room was about 100 deg. F. The slabs 
in the vicinity of the openings were exceedingly wet, 
due to the condensation of moisture from the steam- 
laden air of the pump room meeting with the colder 
air above. It will thus be seen that several conditions 
favoured the corrosion of the steel, particularly the 
cracked concrete with a brine solution above combined 
with heat and moisture below. The floor was origi- 
nally designed for a live load of 400 lb. per square foot, 
and was by no means overloaded. 

When a new power plant was being constructed 
adjoining the existing one various changes had to be 
made, including: removal of the brine tank and 
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had fallen off, exposing badly-rusted bottom flanges 
of the steel beams themselves. The concrete slab 
was removed in this vicinity only, but owing to the 
extent of the damage it was eventually found necessary 
to remove the concrete slab and casing on the steel 
beams from the whole of one panel 25 ft. by 22 ft., 
as well as a portion of an adjoining panel. When this 
was completed it was found that reinforcing rods 
had corroded away to a tapering point in many 
instances as shown in Fig. 6. This corrosion oc- 
curred mainly in the vicinity of the cracks in the 
concrete slab, and adjoining the openings at the end 
of the slab. In most cases the reinforcing rods were 
entirely valueless. The structural steel was equally 
bad. As in the case of the reinforcing rods, the 
corrosion in the steel beams was worst at points under 
the cracks in the concrete slabs and in the vicinity 
of the holes in the floor. In some cases the top flange 
of the steel beam was entirely gone, and the web 
reduced to a thickness through which a pick could 
easily be driven. 

The general conclusions were that corrosion had 
been caused by the following factors: (a) Cracks in 
concrete slab, due to omission of reinforcing rods in 
the top of the slab over supporting steel beams. 
(6) Presence of water and brine solution on top of 
slab finding its way through these cracks. (c) Excessive 
condensation on the underside of slab at openings in 
floors combined with the high temperature. 

In considering a design for repairing the floor it 
was decided to ignore entirely the strength of the 
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endeavour was made to produce a dense, impervious 
concrete. A mixture of 1:2:3 was used with a 
two-minute mix in mixer after all ingredients were 
in same. Care was taken to avoid excess water in 
the concrete. After being placed the concrete was 
kept moist for several days by covering with sand 
continually watered. Tests were made on cubes 
stored in the laboratory and on the job. These gave 
a strength of 1,500 lb. and 1,850 lb. per square inch 
respectively at seven days. This was considered 
very satisfactory, seeing that the design was based 
on an ultimate strength of 2,000 lb. per square inch 
at 28 days, with a design compressive strength of 
650 lb. per square inch. The higher strength of job 
cured sample was attributed to the higher temperature 
of the engine room compared with the laboratory. 
In replacing the floor the holes previously mentioned 
adjoining the masonry walls were covered and other 
means of ventilation provided. 

These notes are written with the object of emphasising 
the necessity of providing a dense and impervious 
concrete with adequate reinforcement if corrosion of 
steel is to be avoided, particularly where subjected to 
heat and moisture. 








Royat Metat TRADES PENSION AND BENEVOLENT 
Socrety.—Sir Gerald Chadwyck-Healey, Bt., will 
preside at the 82nd anniversay festival dinner of The 
Royal Metal Trades Pension and Benevolent Society, 
which will be held at Ironmongers’ Hall, Aldersgate- 
street, London, E.C.1, on November 25, 1930. 














ie ln a i ee i 








JULY II, 1930.] ENGINEERING. 











DETONATION AND LUBRICATING the mixture strength giving maximum detonation. 


OIL. It has been found, however, that with doped fuels, , 
By R. O. Kixe, M.ASc., and H. Moss, D.Sc. | the mixture strength giving maximum detonation 
Tue work on dopes and detonation, begun at the is weaker than that required for maximum power*. 
Air Ministry Laboratory in 1924, included a deter- This is especially the case when nick«l carbonyl is 
mination of the effect on detonation of many | used as a fuel dope, and maximum detonation 
common organic substances, including mineral oil, occurs at a mixture strength too weak for smooth 
when added to the fuel of an internal-combustion , running of the engine. It was therefore considered 
engine. The results obtained for substances of | advisable to determine the H.U.C.R. for fuels 
known composition only were subsequently pub- containing this dope, at the mixture strength 
lished*, and consequently those for lubricating oil giving maximum power. Observed compression 
were excluded. In these early experiments, no ratios are stated as single numbers: Thus, a ratio 
measurable effect on detonation was observed given as 5:5 means 5:5 to 1. 
on the addition to the fuel of as much as 5 per cent. The experiments were made at the relatively 
of its volume of B.B. mineral lubricating oil. low engine speed of 900 r.p.m., because at this 
The fuel used was a petrol composed mainly of speed the H.U.C.R. for petrol A is low (4°45), 
paraffins, and the experiments were made at an and a large addition of benzole or metallic dope 
engine speed of 1,500 r.p.m. It has been found can be used without increasing the H.U.C.R. to 
since that in these circumstances an easily measur- such a high value that its accurate determination 
able effect on detonation is not to be expected. is difficult. The advantage gained is that more 
In later experiments} it appeared that colloidal easily measurable effects are obtained, since, as is 
iron, nickel and lead were all effective in delaying | shown later, the action of lubricating oil becomes 
detonation, but that colloidal gold procured from | effective on the addition of benzole or dope to the 
the oleate of the metal had the opposite effect. | fuel. Moreover, there was no disadvantage in using 
It was suggested by Mr. W. J. Stern at the time the low engine speed because it was found that the 
that this adverse effect might be due to oleic acid | increase of H.U.C.R on the addition of benzole or 
derived from the gold oleate, and while carrying dope, and the subsequent decrease on the addition 
out further work to elucidate the cause of detonation{ | of oil, did not vary greatly over engine speeds 
it was found that a lubricant such as oleine or ranging from 900 to 1,500 r.p.m. 
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oleic acid, when added to a fuel containing metallic The standard valve timing of the E.35 engine is 
dope, had the effect of partially inhibiting the | arranged for the best possible volumetric efficiency 
detonation-delaying action of the dope. The/at 1,500 r.p.m. At the low speed of 900 r.p.m. 
effect was much more marked with iron than with | the running becomes unsteady at full power opera- 
lead dope, and oleic acid, which is a well-known | tion, because of the considerable blow back due to 
catalyst poison, was more effective than other oils in | late closing of the inlet valves. Very satisfactory 
neutralising the beneficial effect of metallic dope. | running of the engine was, however, obtained at 
The experiments mentioned were made at an /|even lower speeds than 900 r.p.m., when a camshaft 
engine speed of 1,500 r.p.m., with prepared solu-| giving suitable valve timing was used and the 
tions of lubricating oil in ordinary No. 1 petrol. | spraying effect of the carburettor improved by a 
The more recent experiments now to be described | reduction of choke area. ; 
were made at an engine speed of 900 r.p.m., and} The E.35 engine was: especially suitable for the 
with solutions of lubricating oil in a commercial | experiments because of its low rate of oil consump- 
brand of aviation petrol given a relatively high | tion, and throughout the work was lubricated with 


metallic dope. The aviation petrol was found to | 1,500 r.p.m., the oil consumption varied from 0-25 
contain paraffins, naphthenes and aromatics in the| to 0-40 pints per hour, and over one period of 
approximate proportions by weight of 57, 35 and 8, 200 hours’ running the average consumption was 
respectively, and will be designated hereafter as | found to be 0-32 pints per hour, from observations 
petrol “A.” made by Messrs. Ricardo and Company, Limited. 
Special care was taken to limit the oil consump- | Since, for all of the experiments, the engine was 
tion of: the engine to the minimum required for|run at the relatively low speed of 900 r.p.m., 
lubrication in order that the quantity of oil passing | and as the rate of oil consumption for full power 
the piston into the combustion space should be | operation may be taken to be _proportional to 
small as compared with that added to the fuel for | speed, the average figure of 0-32 pints per hour can 
experimental purposes. be reduced in the proportion of 1,500 to 900, that 
is to 0-19. This is 1-6 per cent. of the rate of | 

Pant I.— EXPERIMENTAL. fuel consumption which, during the experiments, 

The Ricardo E35 variable compression engine | averaged 12 pints per hour, but by frequent cleaning | 
was used for the experiments. Determinations of | of the piston rings to prevent sticking, the quantity | 
highest useful compression ratio (H.U.C.R.) for! of oil passing the piston was reduced to the least | 
petrol A with additions of benzole, ethyl fluid| possible amount and the actual ra‘e of oil consump- | 
or iron carbonyl were made at full throttle, a/ tion probably corresponded more nearly to the lower | 
value of 0-25 pints per hour, observed by Messrs. | 
* Callendar, King & Sims, ENGINEERING, vol. cxxi, | Ricardo, and would be equivalent to 1} per cent. | 


age 475, et seq. (1926). R. & M. 1013. abe: sip 
¥ f Sonne pots, Ae ENGINEERING, Vol. exxi, page 774, of the rate of fuel consumption in the conditions of | 
(1926) R. & M. 1021. of the experiments. 
} Callendar, King, Mardles, Stern and Fowler, Enet- 
NEERING, vol. cxxiii, page 147, et seq. (1927). R. & M., * King and Moss, ENGINEERING, vol. cxxviii, page 219, 
1062, (1929). 
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fixed ignition timing of 30 deg. advance and with, For experiments at high inlet-air temperature, a 


heater, made up of eight 500-watt bars from a 
Belling electric fire, was fitted inside an air pipe 
forming the carburettor intake. The 4,000-watt 
total capacity of this heater more than sufficed 
to evaporate the fuel and to raise the temperature 
of the fuel-air mixture to 90 deg. C. The throttling 
effect of the heater, as designed, on the air supply to 
the carburettor, was found to be negligible. Induc- 
tion temperatures stated hereafter are readings 
in centigrade degrees of a mercury-in-glass ther- 
mometer, with its bulb in a metal pocket in the 
induction pipe. 

Experimental Results. (1) Nickel Carbonyl and 
Various Lubricating Oils—The results of a series 
of experiments made at normal air temperatures 
are shown graphically by Fig. 1. The highest 
compression ratio at which petrol A alone could 
be usefully employed in the engine in the con- 
ditions of the experiment was 4°45. On the 
addition of 10 c.c. of nickel carbonyl per gallon, the 
tendency to detonation was reduced sufficiently 
to allow the fuel to be used at a compression ratio 
of 6-0. This beneficial effect is nearly destroyed 
by castor oil, oleine* or oleic acid when present in 
the fuel in the proportion of 14 per cent. of the 
mixture. Mineral oils in the fuel in the proportion 
of 3 per cent. of the mixture destroy about 68 per 
cent. of the beneficial effect of the nickel carbonyl, 
and the rape oils about 80 per cent., when present 
in the same proportion. On the basis of the very 
small oil content of 0-25 per cent. in the fuel-oil 
mixtures, the mineral oils destroy 16 per cent. of 
the beneficial effect of the nickel carbonyl, the rape 
oils 45 per cent. and the castor oil, oleine or oleic 
acid, 80 per cent. In all cases, the effect of the oils 
reaches a maximum as their proportion in the fuel- 
oil mixture is increased. The maximum effect is 
the total destruction of the detonation-delaying 
action of the nickel carbonyl, the original H.U.C.R. 
value of the petrol alone being left unimpaired. 


(2) Iron Carbonyl and Various Lubricating Oils. 
(a) With Unheated Air Supply (Induction Tempera- 
ture 10 deg.).—The results of the experiments are 
shown graphically by Fig. 2, and are generally simi- 
lar to those obtained with the same oils and nickel 
carbonyl. The mineral oils have a somewhat less 
deleterious effect when forming a small proportion 
of the mixture. Thus, when this is 3 per cent. the 
beneficial effect of the iron dope is reduced by 0-55 
compression ratio; in similar circumstances the 
reduction was 1-05 compression ratio when nickel 
carbonyl was used as the dope. The effect of castor 


/oil on the iron dope is similar to that of the rape 


oils, whereas, when using nickel dope, it was similar 
to that of oleine and oleic acid. 


(b) Experiments with Heated Air Supply.—Ex- 


| periments at higher induction temperatures were 


made with B.B. mineral oil and with oleic acid. 


| The maximum proportion of oil used was 4 per cent. 


of the oil-fuel mixture, and sufficient heat was 
supplied to the intake air to give a temperature 


| reading of 70 deg. C. in the induction pipe. At this 


anti-knock value by the addition of benzole or| B.B. mineral oil. When run at full power and | higher temperature, the highest useful compression 


ratio for petrol A alone was 4:35, and after the 
addition of 10 c.c. of iron carbonyl per gallon it 
became 5-35. The beneficial effect of 1-0 ratio was 
completely destroyed when oleic acid was added to 
the fuel, in the proportion of 1} per cent. of the 
mixture. With a proportion of 4 per cent. of oleic 
acid, the highest useful compression ratio became 
4-30; that is, 0-05 below that of the petrol alone. 


' This difference of 0-05 compression ratio is of the 


same order as that of the experimental error, but 
it is possible that it is a real effect, since a similar 
small reduction in H.U.C.R. was obtained when oil 
was added to petrol A only. 

Oleic acid is so active in destroying the detonation- 
delaying action of the iron and nickel dopes, even 
at normal induction temperatures, that the change 
in the effect on raising the temperature is not easily 
measurable. The temperature effect is more easily 
determined for a mineral oil which is relatively 
inactive. Experimental results obtained with B.B. 
mineral oil at induction temperatures of 10 deg. 
and 70 deg. are given in Table I, and two 





* Obtained from wool fat and mainly impure oleic 
acid, 
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observations made at the still higher temperature of 
90 deg. are included :— 


TaBLeE I.—Iron Carbonyl and B.B. Mineral Oil. 


| Proportion of the Beneficial Effect of 


. . | 
Proportion of Iron Carbonyl Destroyed. 





_ Oil in Fuel-Oil | et 
Mixture. |""at 10 Deg. | At 70 Deg. | At 90 Deg. 
Per cent. Per cent. Per cent. | Per cent. 

5 12 25 40 
1-0 21 45 | 60 
2-0 35 73 | Kgs 
3-0 | 47 85 me 
4-0 55 90 | = 


} 
! 


(3) Lead Tetra Ethyl and Various Lubricating 
Oils—The mixture by volumes of three parts of 
lead tetra ethyl and 2 parts of ethylene dibromide, 
known as ethyl! fluid, was used for experiments at 
10-deg. and 90-deg. induction temperatures. 

(a) Experiments at 10-Deg. Induction Tempera- 
tures.—The experimental results for normal induc- 
tion temperatures are shown graphically by Fig. 3. 
It will be seen at once that the reduction of the 
detonation-delaying action of the lead dope by the 
several oils is much less than was the case with iron 
and nickel dopes in similar circumstances. It is 
of particular interest that the vegetable oils are 
nearly neutral in effect, although they were ex- 
tremely active in destroying the beneficial effect 
of iron and nickel dopes. Acid rape oil, in fact, 
appears to increase slightly the beneficial effect 
of the lead dope, but the effect is small, and of the 
same order as the accuracy of the experiments. 
A single observation only was obtained for castor 
oil, because it seemed that it could not be used in 
greater proportion than 1} per cent. of the oil-fuel 
mixture on account of its slight solubility in the 
doped fuel. The action of castor oil is, however, 
of importance in practice and a series of trials 
made with it alone will be described later. 

(b) Experiments at 90-Deg. Induction Tempera- 
ture-—The highest useful compression ratio for 
petrol A at 90 deg. was 4-25, becoming 5-25 on the 
addition of 12 c.c. of ethyl fluid per gallon. The 
corresponding figures at 10-deg. induction tem- 
perature were 4-45 and 6-0. Thus, the increase 
of induction temperature lowers the H.U.C.R. 
value of the plain fuel by 0-2 ratio, but that of the 

‘doped fuel by 0-75 ratio. The further diminution 
of the H.U.C.R. value by oleic acid, B.B. oil and 
acid rape oil when forming 8 per cent. of the fuel- 
oil mixture is shown by the experimental results 
given in Table II. Columns 2 and 3 of this 
table give the percentage change of dope effect 
based on the beneficial effect of the dope being 


TasLe II.—8 Per Cent. of Oilin Petrol A plus 12c.c. Ethyl 
Fluid per Gallon. 





Percentage Change of Dope Effect. 














oil. 
At 10 Deg. Induction. | At 90 Deg. Induction. 
Oleic acid oe — 58 — 45 
B.B. mineral... - 27 — 35 
Acid rape oe + 8 | —- & 





1-55 compression ratio at 10 deg. and 1-0 at 
90 deg. The minus sign indicates a diminution 
in beneficial effect due to the oil and a plus sign an 
increase. Similar results were obtained when the 
oil was present in other proportions from 2 per cent. 
to 12 per cent. 

Reviewing the results, the oleic acid is seen to be 
less effective in destroying the beneficial effect 
of the lead dope at high than at low induction tem- 
peratures, which is an effect opposite to that 
observed when this oil was used in petrol containing 
iron carbonyl. The deleterious »ffect of B.B. mineral 
oil increases with increase of induction temperature 
as was also the case when the fuel was doped with 
iron carbonyl. With acid rape oil, increase of 
induction temperature has converted a small bene- 
ficial, to about an equal deleterious, effect. A 


change of 10 per cent. in beneficial effect, however, 
is in the conditions of the experiment, represented 
by a change of 0-10 only in compression ratio. 

(4) Benzole and Lubricating Oils—The fuel used 
for the experiments was a mixture of petrol A 
and commercial benzole in equal parts by volumes. 
The large proportion of benzole was required to 





obtain an anti-knock value equal to that of petrol A 
plus 12 c.c. of ethyl fluid per gallon used for the 
experiments described in the last section. Engine 
trials were made as before at 10-deg. and 90-deg. 
induction temperatures, and in addition at an 


TABLE III.—IJnduction Temperature and H.U.C.R. 





Highest Useful Compression Ratio. 





Fuel Used. 





At10Deg. | At 50 Deg. | At 90 Deg, 
Petrol A only cl te 4945 4-40 4-25 
50/50 petrol A-benzole 5-90 5-15 4-95 





intermediate temperature of 50 deg. The effect 
of induction temperature on the H.U.C.R. value of 
the chosen petrol-benzole mixture is shown by the 





experimental results given in Table IIT. 


longer neutral, but is nearly equal in effect to oleic 
acid at the lower temperature of 10 deg. The 
activity of the oleic acid has increased by about 
50 per cent., and that of the mineral oil by about 
100 per cent. Little change in activity of the 
oils occurs with a further increase of induction 
temperature to 90 deg. It should be noted, 
however, that the deleterious effect of acid rape 
oil is measurably less than at the lower temperature 
of 50 deg. A similar decrease of deleterious effect 
at 90 deg. was observed for the case of oleic acid 
in petrol doped with ethyl fluid (see Table II.) 

(5) Effect of Castor Oil on Ethyl Fluid and on 
Benzole. (a) Castor Oil and Ethyl Fluid.—It was 
mentioned in Section 3 (a), that castor oil was 
sparingly soluble in petrol A, containing 12 c.c. 
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It will be seen by reference to the table that the 
beneficial effect of the benzole is 1-45 compression 
ratios at 10 deg. The effect is just half as much at 
50 deg., and with a second increase of 40 deg. in 
induction temperature there is little further change ; 
that is, the loss of detonation-delaying effect of 


of ethyl fluid per gallon. This was unexpected 
because it was supposed that the petrol contained 
sufficient benzole or other aromatics to dissolve 
the castor oil required for the experiments. It was 
discovered later that castor oil would dissolve in 
the petrol in greater proportion if mixed therewith 








10 Deg. Induction. | 


50 Deg. Induction. 


TABLE IV.—8 Per Cent. oF Or in 50/50 Petron A Benzote Mixture 


| 90 Deg. Induction. 




















Oil. i | 
| Decrease in Per cent. Loss of Decrease in | Percent. Loss of Decrease in Per cent. Loss of 
| H.U.C.R. Benazole Effect. H.U.C.R. Benzole Effect. -U.C.R. Benzole Effect. 
Oleic acid 0-55 | 32 | 0-43 | 57 0-40 57 
B.B. mineral 0-26 | 18 | 0-31 | 41 0-32 46 
0-0 | 0 | 0-25 33 0-18 26 
' ! 


Acid rape. . ; ‘| 








the benzole, on heating the fuel-air charge, occurs 
almost entirely during the first 40 deg. rise of 
temperature in the induction pipe. 

The effect of oleic acid, B.B. mineral oil and acid 
rape oil, when forming 8 per cent. of the oil-fuel 
mixture is shown by the results given in Table IV, 
similar results being obtained for other proportions 
of oil in the mixture. 

Reviewing the experimental results given in 
Table IV, at 10 deg. induction temperature, oleic 
acid is about 100 per cent. more effective than B.B. 
mineral oil, in reducing the beneficial effect of the 
benzole, and the rape oil is neutra in effect. At the 
higher temperature of 50 deg., the rape oil is no 


before adding the ethyl fluid and would remain in 
solution thereafter. A mixture containing 96 parts 
petrol A and four parts benzole, was used to obtain 
a fuel mixture that would hold 12 per cent. of its 
volume of castor oil in solution at room tempera- 
ture. This mixture will be described hereafter as 
petrol B. 

The H.U.C.R. for petrol B plus 12 c.c. of ethyl fluid 
per gallon was 6-25 at 10-deg., and 5-35 at 90-deg. 
induction temperature, and when castor oil was 
added to the fuel the onset of detonation was delayed 
at normal induction temperatures. This beneficial 
effect was reversed on raising the induction temper- 





ature, the deleterious effect at 90 deg. being equal in 
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magnitude to that of the beneficial effect at 10 deg. 
Results are given in Table V. 


TaBLE V.—Castor Oil in Petrol B plus 12 c.c. of Ethyl 
Fluid per Gallon. 





| Percentage of 


Highest Useful Compression Ratio. 
| [Oil in Fuel-Oil 








pt Mixtures. At 10 Deg. Induction. | At 90 Deg. Induction. 
0 | 6-25 } 5-35 
4 6-30 5-20 
8 6-35 5-15 
12 6-45 5-10 


| 


(b) Castor Oil and Benzole—The fuel mixture | 
used contained equal parts by volume of petrol A | 
and commercial benzole, and the effect of castor oil 
on the compression ratio at which the fuel could be 
used is shown by the experimental results given 
in Table VI. 


TABLE VI.—Castor Oil in Petrol A Benzole Mixture. 








Percentage of | Highest Useful Compression Ratio. 








Oil in Fuel-Oil | 
Mixtures. ‘At 10 Deg. Induction. | At 90 Deg. Induction. 
l 
0 | 5-90 | 4-95 
4 5-85 | 4-85 
6 | 5-80 | 4-80 
8 | 5-80 | 4-75 
10 = sl 
12 | 5°75 “= 





At the normal induction temperature of 10 deg., 
the deleterious effect of the castor oil is slight, being 
represented by 0-10 compression ratio for a propor- 
tion of 8 per cent. of the oil in the fuel mixture. 
The total beneficial effect of the benzole being 
1-45 compression ratios (Table ITI), about 7 per cent. 
only has been destroyed. At 90 deg. induction 
temperature, the deleterious effect is twice as great, 
being 0-20 compression ratio. This effect is rela- 
tively large, however, since the total beneficial 
effect of the benzole is 0-70 compression ratio only, 
at the high induction temperature (Table III) ; 
thus, nearly 30 per cent. of it has been destroyed. 


(To be continued.) 








LITERATURE. 


—~— 

Die Wasserkraftwirtschaft Deutschlands Festschrift zur 
Tagung der II Weltkraftkonferenz. Berlin, 1930. 
Berlin: Deutschen Wasserwirtschaft und Wasserkraft- 
verband E.V. (Price 25 marks.] 

Tus volume, which, as its title indicates, is mainly 
concerned with the economics of water-power in 
Germany, is a handsome one of some 390 pages, 
with about 130 really pleasing illustrations, worthy 
of its purpose, which is to celebrate the holding 
of the Second World Power Conference in Berlin 
by providing a survey of the development, scope, 
territory and economics of the water-power re- 
sources of the German Reich. 

No less than 22 names are mentioned in the list 
of contents, as contributors, and each is that of 
a man of eminence in his particular sphere, so that, 
so far as it is possible to deal with all aspects of 
the question in one volume, it may be said that 
the ground has been well covered, the general 
layout being as follows: 

Section A commences with a morpho-geological 
survey of the whole country, followed by notes 
and tables on rainfall and runoff, leading up to 
the causes of physical phenomena which governed 
the location of the very early waterwheels, and thus 
incidentally the location of certain industrial 
centres. 

Analysis of the census of prime movers shows 
that in 1925, of the total 22,500,000 h.p. available, 
some 1} per cent. was provided by 37,000 water- 
wheels, and some 10 per cent. by 21,000 water 
turbines ; the total power of the water turbines had 
increased 50 per cent. by 1930, and is now 31-4 
per cent. of the total available water power of the 
country. Of the electrical energy generated, water 
power provides roughly 16 per cent., though the 
proportion varies from 73 per cent. in Bavaria 
to 0 per cent. in Hamburg. 

Section B deals with the separate States, and 
with the power derived from the State waterways, 
these, like the big power companies, being under 





the close control of, and at need assisted by, the 


State authorities. It is particularly interesting 
to study the development of the Rhein, which bids 
fair to become as considerable an asset to the elec- 
trical industry in Germany as the coal mines which 
she has lost could ever be. The volume under 
notice may be regarded as a model of careful 
consideration of the many problems involved where 
both navigation and power have urgent claims. 
One cannot fail to admire the manner in which the 
large modern stations have all, as it were, been 
fitted into the spaces between the earlier plants, 
and yet have actually improved navigation. 

The geographical and industrial peculiarities of 
each State are carefully analysed ; statistics are given 
covering all vital points in generation and distri- 
bution costs, and a few outstanding plants are de- 
scribed in detail with illustrations of an xsthetic 
standard unusual in this branch of literature. Many 
of these illustrations, though we may be prejudiced, 
appear to us to show that when the engineer is left 


|to himself to harness the forces of Nature, he does 


so in such a manner that his works are most 
emphatically not a ravaging of Nature’s beauties, 
and that only when he is badgered by the voluble 
upholders of alleged theories of Art (who never- 
theless are the first to demand the creature comforts 
which only the engineer can provide) does he permit 
the erection of buildings of the Choctaw-Byzantine- 
Pretty-Pretty type unfortunately shown by two 
of the plants in this present volume. 

In each case the isolated works described have 
been chosen to illustrate the differences due to 
the characteristic functions of full-load, peak-load 
and seasonal plants, and, in all the descriptions, 
insight has been shown in giving technical data 
firstly in such a manner that it interests the layman, 
and secondly in such completeness that the specialist 
can derive practically any further desired informa- 
tion by the usual calculations, with the possible 
exception of some of the pumped-storage plants ; 
but in such cases the specialist appreciates the diffi- 
culty of compressing the full data into small space. 
While the great development of low-head plants ren- 
dered possible by the introduction of the Kaplan 
type of runner is thoroughly familiar to every inte- 
rested engineer, it is brought home to him afresh 
by such a survey of a whole country, and he will 
note that, in spite of his technical familiarity, 
he has possibly not fully appreciated how rapidly 
this form of machine is making headway, and 
what a factor it has been in the rapid growth 
in the size of units and the utilisation of waters 
hitherto regarded as being not practicable propo- 
sitions. 

In certain instances, where the scheme finally 
carried out was one of a number of alternatives, 
these are briefly described, and this feature, together 
with the account of constructional progress, renders 
these descriptions of particular value. 

No useful purpose would be served by attempting 
to summarise any of the descriptive matter, since 
in most cases each technical novelty involved has 
already been dealt with in our own columns, and 
in any case, the whole volume is a collection of 
summaries which could scarcely be further con- 
densed. 

If we have any complaint to make, it is, we fear, 
the all too common one that there is no index. The 
preparation of such would be a considerable task, 
but it would add greatly to the practical utility 
of the book. However, we understand that an 
English edition is to be published, and possibly 
by that time this improvement could be made. 
The responsible editors point out that only by 
direct sales, cutting out all profits, can they sell 
this book at the price quoted, and we congratulate 
them on the results of their efforts. 





Mechanical Equipment of Buildings. Vol. 1: Heating 
and Ventilation. By Louis ALLEN Harpine, B.S., 
M.E., and ArtTHuR Currs WrILtaRD, 8.B. Second 
Edition. New York: John Wiley and Sons, Incorp- 
orated ; London: Chapman and Hall, Limited. [Price 
50s. net.] 

Tae first edition of this work was published in 

1916, and it has several times been reprinted 

since. Now, after twelve years it has been found 

necessary to revise it thoroughly. Mr. Harding 
was formerly Professor of Mechanical Engineering 
at Pennsylvania State College, and is now President 





of the L. A. Harding Construction Corporation, Buf- 
falo, New York. Mr. Willard is Professor of Heating 
and Ventilation of the University of Illinois. The 
authors express their indebtedness to Prof. G. A. 
Goodenough and other professors for many valuable 
suggestions. They have not only made use of the 
proceedings of engineering societies, and technical 
lit-rature, but also of data issued by manufacturers. 

This volume gives a more detailed survey of the 
branches of engineering treated than any other 
single volume of which we are aware. Every 
subject is naturally discussed from the viewpoint of 
the professional man in the United States, where, 
owing to climatic and financial conditions, it 
is desirable and possible to provide buildings with 
much more complete equipment than ‘s often prac- 
ticable in this country. Before referring to the 
contents of the book it may be well to note that 
wherever the term “gallon” occurs it means the 
old Winchester gallon of 8} lb., and not the Imperial 
gallon of 10 lb. This point is clearly indicated in 
the text, but may be overlooked in a hasty reference 
to the tables. 

The book opens with a consideration of the physi- 
ca] units and measurement of heat. Convection is 
defined as the transmission of heat by the circula- 
tion of one substance, a fluid or gas, over the surface 
of a hotter or colder body; radiation is the trans- 
mission ot heat through a medium commonly known 
as the ether. In this country a good deal of con- 
fusion in the use of these terms has been caused 
by persons interested in the exploitation of new 
inventions. For example, it has been claimed that 
radiation from surfaces heated by hot water at, 
say, 120 deg. F. has the same effect as heating by 
the sun. In connection with radiators, it is noted 
by the authors that, with a body at a temperature of 
212 deg. F., if we assume its heating effect as 100 
when coated with lamp black, it will be only 3 
if its external surface is of polished silver. Sections 
dealing with water, steam and air follow, tables 
and charts being given for finding loss of head in 
water pipes. These charts are based upon the 
Slasen-Williams formula, one of the numerous 
varieties which have been propounded to deal with 
this important problem. Venturi tubes and 
weirs are described, and the book contains a table 
of the properties of saturated steam by Professor 
G. A. Goodenough, and a chart for finding pressure 
loss in steam pipes by Professor H. V. Carpenter, 
with tables for the flow of air through pipes. 

Chapter III treats of fuels; a calorific value of 
21,240 B.Th.U. per pound is given for a West 
Virginia oil. The efficiency of domestic mechanical 
crude-oil burners in cast-iron heating boilers is 
said to range from 12 lb. to 15 lb. of water evapor- 
ated from and at 212 deg. F. per pound of crude 
oil. The Peabody round flame burner for steam 
boilers is said to be widely used in the United States, 
and an efficiency of 80 per cent. obtained. Flue 
gas analysis is discussed, and it is suggested that 
readings of CO, should be checked by readings of 
CO before accepting the former as correct. In 
connection with heating boilers, the authors state 
that, although 4,800 B.Th.U. per cubic foot may be 
obtained in tests, not more than 1,800 to 2,400 
B.Th.U. should be expected in practice. Such 
boilers, operated at their rated capacity, give 
55 to 65 per cent. efficiency. The American 
Society of Heating and Ventilating Engineers 
issued a code in 1928 for estimating the requirements 
of boilers, and this is quoted with approval. The 
flow temperature is assumed as 180 deg., and the 
return 160 deg. F. These values would scarcely 
apply to gravity circulation in England, where the 
fall could usually be 40 ft., but would be applicable 
to reinforced circulation. The Kenawee type of 
locomotive boiler, with return tubes to the chimney 
at the firebox end with two Winslow oil burners, is 
commended ; the flame is directed against solid fire- 
brick built against the front of the firebox. Sectional 
boilers specially designed for use with soft bitu- 
minous coal are made in the United States, and are 
said tocomply with smoke-prevention regulations. 
This kind of boiler is not in use in this country, where 
gas-coke is the chief fuel employed. For calculating 
the draught of chimneys for heating boilers, the 

ae 
formula S = 0-75 —— 


JH 


is given, where A = area of 
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grate in square feet, S = transverse section of the 
stack in square feet, and H = the height of the 
stack in feet. The use of fireclay tube linings for 
brick chimneys is common practice in the United 
States, and might be followed in this country 
with great advantage. If the specification of the 
National Board of Fire Underwriters, U.S.A., were 
followed here there would be fewer cases of fires 
in old buildings caused by the burning of wood 
beams close to old flues. The chapter on heat 
transmission through buildings contains a good 
deal of the data referring to wood frame buildings, 
a type of construction practically unknown in 
England. The standard indoor temperature is 








slot blast-heating forms the subject of Chapter XVII, 
and is divided into ‘‘draw-through” and “ blow- 
through ” types, according as the air is sucked or 
blown through the heater. The former system is 
used chiefly for shops and factories, and the latter 
for schools and public buildings in the United 
States, although several large drapery establish- 
ments in London have adopted the former system. 
Air-conditioning is dealt with fully, with the 
methods for washing, cleaning, humidifying, cooling 
and drying the air either before or after it has 
been warmed. In this country, modern buildings, 
such as the London County Hall, the new Masonic 
building, and many others are being so treated. 


assessed at 70 deg. F. at 5 ft. above floor level, | Automatic temperature and humidity control are 
whereas here we should assume 60 deg. for living | described in the last chapter, the automatic appara- 


rooms and 55 deg. for bedrooms. 

The authors give coefficients of transmission 
through 1}-in. brick walls, &c., and here the reader 
should be cautioned that the United States brick is 
considerably smaller than the English brick. Re- 
search work is now in progress upon similar materials 
at the Building Research Station at Watford. 
To diminish air leakage through window frames, 
rib type zinc weather stripping is recommended, 
which requires a rectangular grove to be cut in 
the edge of the sash into which the zinc projection 
fits. Thesun shining upon roofs and skylights when 
the external temperature is 80 deg. to 95 deg. F. 
may raise the internal temperature to 135 deg. to 
150 deg. F. in August ; therefore the authors con- 
sider mechanical refrigeration is most desirable in 
industrial buildings. In connection with fuel con- 
sumption, the U.S. Department of the Treasury 
allow 5 tons of coal per square foot of grate area 
per season of 240 days, or 1 lb. of coal per cubic 
foot of building for the same period. The term 
““degree-day ” is used in the United States to denote 
the difference in external temperature between 
the daily mean and 65 deg. F. ; we have no similar 
recognised term here. 

The various systems of steam heating, ranging 
from one-pipe gravity to the vacuum type, are 
described. The authors state that one of the 
most prolific causes of cracking of sections in 
cast-iron boilers is the lowering of the water line 
and thus uncovering heating surface in contact 
with the fire. Unfortunately, cracking of sections 
is by no means a rare occurrence here in hot-water 
boilers always full of water. The vacuum system 
is no doubt well suited to the tall buildings common 
in the United States, as the head in the boiler room 
caused by a hot-water system would be prohibitive. 

In Chapter XI we are on familiar ground with 
hot-water heating, which is, however, little used 
in America. The authors suggest that with the 
drop system one radiator valve is sufficient, but 
we would point out that unless two valves are 
used, neither an equable temperature on all radiators 
nor the possibility of cutting radiators out in 
case of leakage can be assured. 

They consider radiator valves with y-in. holes 
in the valve discs desirable to prevent freezing. 
No cold-water supply to the expansion tank is 
shown, presumably because the installation may 
be fed direct off the water main, a method not 
permissible here. Pressure systems with tem- 
peratures above 212 deg. are described, provided 
with a closed tank and water relief valve. The 
next chapter deals with the heating of water in 
tanks and pools (swimming baths), and a useful 
table is given of the flow in gallons per minute 
for plumbing fixtures. Calorifiers heated by steam, 
gas, &c., are described, and also a type of solar 
water heater used in California, with pipes exposed 
on the roof to the rays of the sun, and said to be 
satisfactory. Electrical heating is treated very 
shortly and is considered tov expansive. 

The special gravity indirect method of heating 
by means of steam or hot-water radiators below 
floor jevel, with ducts inside the walls, is discussed. 
Warm air furnace heating, which is perhaps the 
most common method of heating the smaller type 
of residence, is then described. _ Most of the recent 
developments are based upon the research work at 
the Engineering Experiment Station of the Univer- 
sity of Illinois, in co-operation with the National 
Warm-air Heating Association. The subject is 


treated in great detail, extending to 85 pages. Fan or 





tus being placed at various points in the building. 





The Economics of Rail Transport in Great Britain. Vol. 
I. History and Development. Vol. I. Rates and 
Service. By C. E. R. SHERRINGTON, M.C., M.A, 
A.M. Inst.T. London: Edward Arnold and Company. 
[Price 12s. 6d. net each volume. ] 

A CONSIDERABLE number of years ago a practice 
grew up in London of reviling the telephone service, 
the time it took to obtain connections, and the 
unsought connections which too often were obtained. 
The Department adopted what at the time was an 
unusual method of dealing with the complaints. 
It issued a general invitation to subscribers to 
attend in person at some exchange in the busy hours 
of the day, and see for themselves the exact work 
involved in the service. It was found that after 
a visitor had spent ten minutes in watching a number 
of personable young women subjected to the lamp 
calls of the subscribers in a merciless and apparently 
unending sequence, he would thank his stars that 
it was not his job, and think more charitably of the 
telephone service in future. At about the same time, 
or not so long after, the telephone operators on 
their side began to regard mistaken connections as a 
source of the personal sorrow they express so grace- 
fully to this day. This incident illustrates how 
much the smooth working of a service may be 
promoted when those who use it and those who 
provide it understand some of each other’s difficul- 
ties. 

In the two volumes here under notice the author 
seems to be inspired by the belief that some such 
mutual knowledge would assist in promoting the 
efficient working of the far greater and more com- 
plex railway service of the country. His credentials 
for imparting such knowledge are well-known. 
At one time Instructor in Economics in Cornell 
University, he is now Lecturer in Transport at 
the London School of Economics, and Secretary of 
the Railway Research Service which is located in 
that institution. Sir Guy Granet, who introduces 
the work in a Foreword, explains that the book is 
addressed not only to the trained railway man and 
the trader but also to the general reader, and he 
testifies to the fact that practical railway men are 
learning to appreciate the qualities of Mr. Sherring- 
ton’s work to an increasing extent. On Sir Guy’s 
high authority, it appears that his reports and 
surveys of railway operating conditions abroad 
have been imbued with a strong practical spirit, and 
to an unusual extent he has brought a grasp 
of the most general principles and practical con- 
siderations into service. In expressing this striking 
testimony to the value of Mr. Sherrington’s work, 
Sir Guy Granet adds that though English railways 
have attained a high standard of efficiency, there 
is no doubt that they are far behind other countries 
in co-operative organisation with traders. In his 
view the best purpose to which this book can be 
applied is on the one hand to convince railway men 
that their equipment is defective in this respect, 
and on the other hand to enable traders to under- 
stand some of the difficulties that confront railways. 
In part these difficulties are the result of mistakes 
such as no pioneer development can hope to avoid, 
of which the conversion of the broad gauge is 
perhaps the best known instance. Some of them, 
again, arise naturally in a system which is intro- 
duced into a highly settled country, where parlia- 
mentary, legal, land and wayleave costs form a sub- 
stantial element of initial capital expense, and con- 
trast with the grants and subsidies by which similar 
enterprises are encouraged in newer countries. 





The circumstances, moreover, of modern civilisation, 
which are evident nowhere more than in this 
country, cause any new service of general utility to 
grow and be developed at an amazing rate. In the 
last half century, electric light and power and the 
telephone, and, in the present century, radio trans- 
mission and aviation, furnish examples that have 
occurred under our eyes; and as a consequence 
those who administer such services have often to 
change their practice before even it has become 
definitely established. An overall indication of 
the extent to which conditions change is seen in 
some figures, quoted by Mr. Sherrington, in regard 
to the London and South Western Railway during 
the ’forties, when the ratio of the operating costs 
to the gross operating revenue was as low as 43 per 
cent, as against 80 or 85 per cent. for operating 
ratios that are common to-day. As late as th 

early part of the present century the general mana- 
ger of one of the greatest and most progressive 
British railways expressed his conviction that in 
spite of all the progress that had been made in 
this country “‘ we are, up to now, nothing better 
than amateurs at railway work.” President Hoover, 
when Secretary of the Department of Commerce 
in 1926, referred to the reorganisation of American 
railways as probably the most outstanding single 
industrial accomplishment since the war. This 
statement in regard to the great American service, 
coming from an engineer of Mr. Hoover's experience 
and genius for administration, illustrates well the 
order of magnitude of the task of those who are 
responsible for conducting the railway service of 
other countries. 


The present work is intended not only for the 
student of railway economics and the general reader, 
but also as a reference book for those in a position 
of responsibility on the home railways and abroad. 
Occasionally, though not often, it may present a 
little difficulty to the general reader through 
employing technical terms without previously 
defining them, as, for instance, in the reference 
(vol. ii, page 157) to locomotive power percentages. 
Speaking generally, however, it appears to be 
admirably adapted to its several purposes. The first 
volume is mainly historical. It traces the growth 
of British railways from before the introduction of 
the locomotive, dealing in separate chapters with the 
various early lines in different parts of the country 
and the constituents of what are now the Southern, 
Great Western, London Midland and Scottish, and 
London and North Eastern systems. In four other 
chapters it describes the development of the perma- 
nent way, the steam locomotive, carriages, and 
wagons, dealing with electric traction and signalling 
only from the economic aspect, which is treated in 
the second volume. The first volume is concluded 
by two chapters which respectively trace the growth 
of government regulation, and give details of the 
important legislation of the present century. The 
second and somewhat longer volume, which includes 
more extensive reference than the first to American 
and continental practice, has to deal with an aspect 
of the service which does not lend itself so naturally 
to subdivision, and the treatment owes much to the 
discretion with which the author has chosen the 
subjects of his chapters. After two introductory 
chapters dealing with the economic functions of 
railway transport and the types of internal organi- 
sation, the book in successive chapters describes the 
structure of British railway finance, discusses the 
essentials of the relations between railways and 
traders, gives an account of the railway clearing 
house, and sets out in some detail the theories of 
rates and fares, and their application in this country 
and abroad. Two chapters deal respectively with 
the economics of passenger-train and freight-train 
operation, and a later chapter with the same 
aspect of electric traction ; another chapter describes 
the various systems of traffic control and marshal- 
ling yards adopted in America and in this country. 
An account is given of the various forms in which 
railway statistics are presented, while the three final 
chapters discuss road competition, State ownership, 
and the general railway situation. 

In another edition a little more attention might 
be given to proof reading. The apparent reference 
to a boiler pressure of 33,150 Ib. (vol. i, page 185) is 
not to be expected in so carefully written a work. 
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THE MITTELLAND CANAL AND ANDERTEN LOCKS. 
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|to be suitable for the foundations of large lock 
| structures, and the new route offered advantages 
‘as regards branch canals to Hildesheim and to 
| Brunswick and would facilitate the industrial 
| development of the Peine oilfields and other districts. 
| Beyond Allerbiittel a canal level of + 56 m. was 
necessary on account of the level of the ground 
| water in the Drémling, an ancient morass, but now 











| highly cultivated ground, extending about 30 km. 
| west-east from Oebisfelde to Calvérde. The 
|swamp was drained and settled by Frederick the 
| Great, as were also the morasses of the Warthe, 
|a tributary of the Oder, through which the canal 
|is also to pass. The dotted line encircling Calvérde 





THE MITTELLAND CANAL AND THE 
ANDERTEN LOCKS. 

Tue important project of the German Mittelland 
Canal, which took definite shape towards the 
end of the Nineteenth Century, aims at connecting 
the German rivers, which flow essentially north- 
ward, by a great west-to-east waterway, navi- 
gable for craft of 1,000 tons. This is intended 
to extend from the Rhine, across the plains 
of North Germany, crossing the rivers Ems, 
Weser, Elbe and Oder and joining up with 
the Vistula, which lay in German territory in 
its upper and lower reaches until the end of the 
war. The first great artery of the system—the 
Dortmund-Ems Canal—starts from Dortmund, and 
proceeds via the ship lift at Henrichenburg* north- 
ward to Miinster and to Bervergern, near the 
Ems and the town of Rheine. The Henrichenburg- 
Herne branch canal was connected with the Rhine 
coal ports of Duisburg and Ruhrort and with 
Wesel by the canalised rivers Ruhr and Lippe, 
which pass through the coal basin and are joined 
by lateral canals to some of the large collieries. The 
Dortmund-Ems Canal, opened in 1899, was carried 
further north to Emden and the North Sea along 





* See ENGINEERING, vol. Ixxii, page 338 et seg. (1901). 
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|in Fig. 1 does not mark the outline of this swamp, 
the river Ems, while the Mittelland Canal proper | but indicates the frontier of an enclave of Brunswick 
branched off east to Ibbenbiiren, Osnabriick | territory in Prussia. The lowering of the level 
and Minden, where it was carried across the Weser | by 9 m. meant a lock at Allerbiittel. 
in 1914. It then proceeded to Hanover on the; Beyond Neuhaldensleben the Canal enters the 
Leine, across which it was also taken. The Weser | low land of the Elbe valley across which it is being 
crossing was effected by a concrete aqueduct of | carried by a aqueduct, 12 km. in length, including 
eight spans and a total length of 370 metres. a series of 24 arches, each of about 30 m. span, 
By the end of the war, during the first years of | and an iron bridge. East of the Elbe, at Hohen- 
which the work on the canal was not suspended, | warthe, the canal keeps on relatively high ground 
the canal extended as far as Misburg near Hanover, | until it strikes the canalised Ihle, a tributary of the 
to be seen in the map, Fig. 1. According to the | Elbe, to which it descends by means of a lock of 
old project it was intended to proceed thence via | 18-6 m. lift. There are also two direct connections 
Lehrte, an important railway junction, and the! with the Elbe, for the benefit of the Elbe traftic, 
Aller Canal on its way east. When operations were | provided also in order to make the Elbe water 
resumed on a more energetic scale again in 1922, |available for supplying the Canal. The first 
partly in order to find work for the unemployed, |of these branches descends from the aqueduct 
several industrial plants had been started actually | mentioned to the river in a lift of 17-3 m., at 
on the intended canal route, along which marl | Rothensee near the Elbe dyke; the second branch 
was obtainable, from which a good cement could | hasa lock of 7 m. lift, near Niegripp, situated 1-6 km. 
be produced almost without additions. The route | below Hohenwarthe, near Burg. The continuation 
was, therefore, diverted in a south-easterly direction | of the Canal further east will involve the widening 
to Anderten, about 10 km. from Hanover. The | of the Ihle and the Plauen Canals, and the regulation 
ground at Anderten rises so that, for the reach of | of the Havel (tributary of the Elbe) and Oder rivers. 
62 km. to Allerbiittel, the canal level had to be| Plans for the stretch east of the Oder through 
raised from normal level of N.N. (Normal Niveau) | what is now Polish territory have not been settled. 
+ 50 m. (50 m. above datum) to + 65 m.,asshown| Up to this point the land is all German and 
in Fig. 2. This necessitated the provision of a| almost entirely in Prussian territory, and the 
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THE MITTELLAND CANAL AND ANDERTEN LOCKS. 








Fig.7. UPPER ENTRANCE. 





project is the concern of only Prussia and the 
Reich. 

The Canal dimensions and the general project 
were based upon an annual traffic estimated to 
increase from 8,000,000 tons to 12,000,000 tons, 
to be carried by barges of up to 1,000 tons capacity 
which pass through the locks together with their 
tugs. On the Ruhr Canal a pendulum service,* 





* See ENGINEERING, vol. cxxi, page 511 (1926). 
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SECTION c.d. (Fig.9) 





Emergency Sluice Straice 


described in a former article, and operated as a 
State monopoly, had been adopted in 1921. The 
tugs there steam to and fro between the locks, and 
locomotives running on rails haul the barges into 
and out of the locks ; 11,600,000 tons of cargo were 
shipped in this way in 1925. The canal prism 
first adopted on the Ems-Waser Canal, left only 
a clearance of 2 m. (63 ft.) between two barges 
passing one another, and similar clearance between 
the barge and the canal slope. A speed of 5 km. 
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per hour was only maintained at a considerable 
expenditure for fuel, and the bargemen complained 
of the risk of running into the banks when passing 
other craft. The section has therefore been en- 
larged, and the depth increased so that the room 
between passing barges and hetween the barges 
and the banks has been increased to 3 m. (10 ft.). 
Sections of the Mittelland Canal proper—that 
is to say, the reaches illustrated in Fig. 1, and 
particularly the sections Peine to Burg, are given 
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THE MITTELLAND CANAL AND ANDERTEN LOCKS. 
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Fie. 15. Upper Heap or Lock. 
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Fig. 16. Lower Enp or Loox. 
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in the diagrams, Figs. 3 to 5. The materials used 
to render the canal bottom impermeable are gravel 
embedded in a soft mud of loam, clay, broken stone. 
and so-called splitt—that is, ground and washed 
fragments of hard stone, from 5 mm. to 25 mm. 
(1 in.) in diameter. 

The locks of the main canal are all 225 m. 
(738-5 ft.) long and 12 m. (39 ft. 4 in.) wide, but are 
of different types. The Anderten locks form the 
special subject of these articles and will be fully 
described. The lock at Allerbiittel is provided with 
open storage basins. The locks on the Elbe are 
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projected on the plan of the Henrichenburg ship 
lift. Next to the locks, the bridge across the Elbe 
is one of the most important problems. The bridge 
will be supported by two river piers, leaving a 
central clear waterway 100 m. (328 ft.) in width and 
will have side spans, each 54 m. (177 ft.) long. The 
bridge approach on the western side is formed of 
the aqueduct already mentioned. The canal 
trough, 30 m. (98-5 ft.) in width, and providing 
a depth of 2-5 m. (8-5 ft.) of water, will rest on 
transverse girders suspended from two longitudinal 
girders. The canal will be crossed, between 





re aden 


Anderten and the Elbe, by no less than 72 road 
bridges, with a maximum span of 72 m. (236 ft.), 
and 15 railway bridges, with spans up to 112 m. 
(368 ft.) maximum. A good many small rivers 
are taken care of by means of inverted syphons, 
up to 2-5 m. in diameter, carried underneath the 
canal. 

The question of arranging supplies for making 
good the 1-55 cub. m. or 1-75 cub. m. (58 cub. ft, 
or 62 cub. ft.) of canal water which, it is calculated, 
will be lost per second by evaporation and leakage, 
in winter and summer, is still under discussion. The 
original plan of impounding certain valleys in the 
Harz Mountains, which lie to the south of the 
western section of the canal illustrated in Fig. 1, 
has met with local opposition. There are, however, 
other far-reaching schemes, desirable in the interests 
of agriculture and industry, which will entail the 
regulation of the Elbe and its tributaries, the 
Saale and Elster. These projects, which have 
already been taken up, ‘will make more of the 
Elbe water available for supplying the canal than 
could possibly be utilised under present conditions. 
The Innerste river water will also be made use of 
through the Hildesheim branch canal. Whether 
the somewhat acid water from the Drémling area 
can safely be utilised has not yet been settled. 

The pair of locks at Anderten, which are illustrated 
in Figs. 6 to 14, or Plate IV and page 36, connects 
the 212 km. (132 miles) stretch of the canal from 
Miinster to the Ems and Hanover, completed during 
the war, and at a level of N.N. + 50 m., with the 
reach, 62 km. long, extending to Allerbiittel, in 
which, as stated, the level is to be maintained at 
+ 65m. The Anderten site was selected because 
the ground there consists of a firm lime marl which 
is capable of supporting loading of 7 kg. per square 
centimetre (100 lb. per square inch) ; farther away 
the marl is more argillaceous and softer. The 
project provided for locks accommodating two 
barges of 1,000 tons or three barges of 600 tons, 
and admitting of 20 double lockages in a day of 
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16 hours. Assuming the traffic to be equal in the 
two directions, 18,000,000 tons could be dealt with 
per year. 

The dimensions of each of the two lock chambers 
are: useful length, 225 m. (738-5 ft.) ; width, 12 m. 
(39 ft. 4 in.); available depth of water in the 
lock, 3 m. (9 ft. 10 in.); and lift, 15 m. (49 ft.). 
In order to operate a lock of these dimensions in 
the ordinary way, about 40,000 cub. m. (nearly 
1,500,000 cub. ft.) of water would have to be taken 
from the upper reach and either lost or would 


for their size. Work was begun in autumn, 1924. 
By July, 1925, work had progressed as far as is 
indicated by the excavation shown in Fig. 6. The 
longitudinal axis of the locks lies nearly north-south 
(deviating a little to north west-south east), and 
this view was taken, like our other progress photo- 
graphs, from the southern, or upper end of the lock. 
The concreting tower on the right of Fig. 6 was 
used for placing the concrete in the foundations. 
By July, 1926, the reinforcement for the central 
block and walls had been placed in position, as 





have to be pumped back into it. After careful | shown in Fig. 14, and in November of the same year 
study of other possible types of locks, viz., several | the western lock began to take definite shape, as 
locks in flight in order to subdivide the lift, a ship | will be seen in Fig. 13. This lock was formally 
lift, and locks with open pondage or basins it was | opened by President von Hindenburg in July, 1928, 
decided to adopt multiple closed storage basins, | after having been in service for nearly two months. 
arranged on both sides of each lock chamber.|The second lock chamber was completed last 


These were designed in single rows of five groups, | 
each subdivided vertically into five basins, it being | 
considered that this form was best adapted to meet 
the difficulties of the volumes of water to be dealt | 
with and the conditions of a varying traffic. This 
is the characteristic feature of the Anderten locks, 
and is illustrated by Figs. 8 to 11, on Plate IV. 


The arrangement had been introduced in smaller 


locks at Minden in 1914. By making the basins 
discharge their water into the lock one after another, 
and by filling four of the basins again from the lock 
when lowering the level, the fifth top basin being 
replenished by the pumps, the locks can be operated 
without setting up dangerous eddies, and a great 
saving is effected in the amount of water used. 


The aggregate capacity of the basins of each lock is | 


winter. 
The two views, Fig. 15 and 16, page 37 show, 


respectively, the upper head of the lock with its 


main road bridge and uncompleted fender piers 
and guide booms and the lower end of the lock 
with a smaller bridge, fenders and booms, and 


‘further, the pumping station, in which six centri- 


fugal pumps are installed. 

The lock chamber itself is illustrated by Fig. 17, 
taken looking towards the lower level. The chamber 
is shown empty with water only up to the level 
of the lower reach. One of the control houses 
will be observed across the end of the chamber and, 
on both sides of the latter small houses of ferro- 
concrete construction which protect the upper 
ends of the valve shafts and their machinery. The 


31,000 cub. m., about three-quarters of the lock | grass plots seen to the right and left are over the 


chamber capacity, and the total surface of the 
basins of each storey is 1-8 times the area of the 
chamber. 


The gross area ratio is 2-1: 1], but the | 


filling basins, which are covered in. The fender 
piers are not shown in the plan Fig. 9. 
The numbers and arrows of Fig. 10 indicate 


ferro-concrete pillars, struts, &c., of the basins|the sequence and manner in which the basins 


reduce the net free area ratio to 1°8. 


shafts, shown in the plan Fig. 9 and sections, 
Fig. 10. 

There is one shaft for each group of five super- 
posed basins, passing right through the basins 
with cylindrical valves connecting them. Lest the 
water entering a basin from the lock should 
cause upward pressure on the floor of the basin 
above, each basin is provided with an overflow at 
the rear, as shown on the right in Fig. 10. They 
lead excess water into an emergency culvert drain- 
ing into the lower reach. As a result of this arrange- 
ment, there can be no upward water pressure in 


the basins even if a valve should fail while the lock | 


is full of water, and in this way the scantlings of the 
structure could be kept relatively light. At the 
two ends of the locks the supply culverts, 2-6 m. 
in diameter (8} ft.), which surround the chambers 
are closed by inclined face sluices, moving on rollers. 
All valves and sluices are designed so that no air is 
drawn into the water and eddies are prevented. The 
maximum water velocity in passages is 3 m. (10 ft.) 
per second ; the mean rate of rise of water in the 
chamber is 3 cm. (1-2 in.) per second ; the maximum 
rate is 6cm. The emptying or filling of a horizontal 
row of basins takes 75 seconds, allowing two seconds 
for the movement of the cylindrical valves. 

The filling of a lock took, at first, a little more 
than the expected 12 min. Of the two gates of a 
lock chamber the upper one is a falling gate, which 
turning about its horizontal axis, sinks into a pit 
in the upper entrance. The lower gate is a sluice 
gate moving on rollers in vertical guides. 
working of the locks is under the control of the 
lock master whose electric control boards are situated 
near the gates. He has two assistants. All the 
operations are effected by electric devices arranged 
in the two control houses built across the ends of 
the lock chambers with floor level about 5 m. above 
the coping level. The working is practically 
automatic in pre-arranged sequence. For the ordi- | 
nary operation no. attendant is required in the | 
control houses. Electric power is drawn from the | 
Hanover district supply. 

This descriptive outline will better be understood 
by means of the views, Figs. 6, 13, 14 and 17 and | 
the drawings Figs. 7 to 11, on pages 36 and 37 and 
Plate IV. 


The filling | 
and emptying of the basins is effected by vertical | 


The | 


opened out to 130 m. at water level. 
The construction of the Anderten locks, | at the entrance was about 100 m. The excavation 


operate. In emptying the lock, water flows from 
the chamber into the basins in the order 1 to 5; 
the bottom basin 6 discharges its water through the 
culvert into the lower reach. In filling the lock, the 
discharge of the basins into the lock takes place 


_in the opposite order, 7 to 11, and the top basin 12 


is filled from the upper canal reach. 

For the operation of one lock chamber 59 electric 
motors are required aggregating 500 h.p., 50 motors 
each of 8-h.p. being required for the shaft valves, and 
9 for the gates and sluices. The six centrifugal 
pumps in the pumping station for returning water 
to the upper level, are driven by 450-kw. motors 
on a 6,500-volt three-phase circuit. The cost of 
construction amounting to about 20 million marks 
(1,000,0001.) ; the excavation work cost 1-7 million 
marks, the machinery 3-6 millions, and the stone 
and the reinforced concrete work 14-7 million 
marks. 

It should be remembered that the financial 
situation at the time interfered greatly with the 
scheme. At various times between 800 and 900 men 
were at work on the locks, and it is noteworthy 
that there has been no fatal accident during the 
whole construction. One man was indeed killed on 
the site, a former employee ; but it was while he 
was acting as unofficial guide to some friends. 

The plans, &c. forming, Figs. 1 to 5, are reproduced 
from the Zeitschrift des V ereines deutscher Ingenieure, 
by kind permission of the editor. For the other 
illustrations and the particulars of our information 
we are indebted to Wasserdirektor Miller and 
Oberbaurat Dr. Ing. Goetze, of the Wasserdirektion 
Hanover, and especially to the courtesy of Regier- 
ungsbauriite Schonk and Riitjerodt, of the Kanal- 
bouamt, Hanover, responsible for the design and the 
superintendence of the operations. Further detail 
of the construction of the locks will be given in later 
articles. 

The excavation work for the lock begun late 


‘in 1919, by Messrs. Dyckerhoff and Widmann, 


of Biebrich, involved thé excavation of some 


| 2,200,000 cub. m. (9,000,000 cub. yds.) of material, 


about two-thirds of which had to be taken out 
in order to provide the approaches, each 700 
m. long. The lock pit itself is 250 m. long 
and 22 m. deep; the bottom width of 85 m. is 
The width 


which are the biggest inland locks of Europe, are more | was mostly in firm calcareous marl (of the Upper 
interesting, however, on account of their design than | Chalk) permitting the use of bucket excavators 





only in the upper 10 m. Below that depth blasting 
was resorted to, ten holes, 3 m. apart and 1-5 m. 
deep, made by means of electric hand drills, being 
fired simultaneously. Blasting was stopped about 
1 m. above the pit floor in order not to fissure rock 
underneath. The last half metre was broken up 
by hand with pickaxes in order to secure a good 
surface for the first layer of the concrete bed, 
which had to be laid at once, as the marl weathered 
rapidly. This first layer of 1-30 m. (51 in.) of 
concrete was made of blast-furnace cement, because 
a sulphurous spring was met with at that level ; the 
suitability of cement of this type for such con- 
ditions had been investigated by the Berlin Ver- 
suchanstalt fiir Wasserbau und Schiffbau. All 
special problems were submitted to this and other 
institutions as they arose. Drains were laid at 
the same time as the concrete was laid. There was, 
on the whole, little trouble from water, and the 
excavation was practically finished in the dry, 
although the work took over three years. The 
drains, 30 mm. (12 in.) cement pipes, were kept 
open during the operation, and were provided with 
stand pipes, 15 m. apart, later made accessible 
through man-holes and shafts. 

In the concrete work, the A. G. fiir Beton und 
Monierbau, Berlin, first concentrated attention 
upon the western lock, owing to the acute financial 
difficulties of the time. A temporary concreting 
plant was erected at the side of the pit in order 
to utilise some gravel and stone which had to 
be removed in any case. The plant shown in 
Fig. 6 comprised a double hoisting tower, a cross 
bridge with three platforms, and longitudinal and 
transverse railway tracks. Three concrete mixing 
machines were installed by the Allgemeine Bau- 
maschinen A. G., Leipzig, each of a capacity of 
1,000 litres (35-3 cub. ft.). For the general work 
a rather soft concrete was considered sufficient. 
Cement and trass were employed in the proportion 
of 1:0-33. These were first mixed, and the 
water, gravel and splitt, the local name for ground 
and washed hard rock, 5 mm. to 25 mm. in diameter, 
was then added in any required proportions. One 
machine attendant was able to look after the 
adjustments required for varying the proportions 
which frequent tests showed to be realised within 
1 per cent. and less. The machines had an output 
of up to 400 cub. m. (about 14,000 cub. ft.) of 
concrete in a shift of 8 hours. The concrete was 
transported to distributing hoppers by trucks, 
carrying 7 tons or 10 tons of concrete taking the 
form of two four-sided truncated pyramids. 

By the time that the stocks of the materials 
mentioned were exhausted, the installation of the 
regular concreting plant originally planned for the 
work had been completed. It consisted of two 
pairs of Bleichert cable cranes, the crane towers 
running on rails on the side of the pit. The towers 
on the east side carried all the machinery and the 
operators’ cab, those on the opposite side were 
hinged and weighted. The span was 250 m. 
The bucket, taking 1,000 litres of concrete mixture 
(corresponding to 800 litres of solid concrete) 
traversed the span in two minutes. The emptying 
of the heavy bucket caused oscillations of the 
rope and the buckets, which were stopped by 
adding to the tower counterweights. 

In order to accelerate the construction of the 
highway bridge which crosses the upper end of the 
lock, concrete was used for this work, the plant 
supplied by the Linke-Hoffmann-Lauchhammer 
A. G., being of the chuting type. The mixing 
plant was on the high ground, and was connected 
by a bridge with the platform of a steel tower, 
52 m. high, erected on the pit bottom between the 
two locks. With the aid of chutes, buckets, 
tvoughs, and radial distributors consisting of wooden 
troughs, it was possible to ensure that new charges 
of concrete always fell on material which was still 
fresh. When, with increasing height of the structure 
the available head became insufficient for gravity 
working, a bucket ropeway, driven by electric 
motors, was provided; for the still higher work 
concreting was completed with the aid of cranes. 
The forms were 2 or 3 m. in height, made of 1 in. 
boards. They were held in place by wires stretched 
diagonally from the eyes of the reinforcement 
in the previous lift. The clinker brick facing, 
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on the water side of the walls, was laid and jointed 
so that air could escape vertically upward through 
the joints without being caught in pockets, and the 
bricks were dovetailed into the concrete at the back. 
Further, to strengthen the connection between the 
concrete and the facing, large numbers of anchor- 
irons, 30 to the square metre, were embedded edge- 
ways in the joints. The expansion joints used, 
consisting of lead sheet, 3 mm. thick, embedded in 
bitumen ; pipe joints were wrapped with lead foil 
and impregnated fabric. 

While the tests of the soft concrete adopted had 
shown it to be impermeable, without the use of 
asphalt, there was a certain risk of shrinkage 
cracks, to obviate which reinforcement was provided, 
especially at spots of varying cross section, and in 
the valve shafts, &c. The water-swept surfaces of 
all the shafts, culverts and filling-basins, &c., were, 
after the hardening of the concrete, covered with a 
double layer, about 2 cm. in thickness, of Torkret, 
a kind of gunnite. This material was sprayed on 
and adhered satisfactorily to the floors and walls, 
but not very well to the ceilings, from which the 
sand particles sometimes rebounded and hollows 
were formed ; it was found to be best to spray the 
wet mixture rather than mix water with the prepara- 
tion only at the spraying nozzle. The reinforcement 
is everywhere covered by at least 5 cm. (2 in.) and 
in the larger masses under the lock floors, gates, etc., 
by 10 cm. of concrete, in order to minimise the risk 
of rusting. 

(To be continued.) 








THE ROYAL AGRICULTURAL SHOW 
AT MANCHESTER. 


ALTHOUGH, in the absence of a consistent national 
policy, agriculture threatens to become one of 
our permanently-depressed industries, there is no 
suggestion of such a state of affairs at the Royal 
Show, which opened at Manchester, on Tuesday last. 
The number of exhibits, whether of live-stock or 
machinery, is little below the average of the last 
few years, and to those who remember the last 
occasion on which the show was held in Manchester, 
in 1916, the contrast between past and present 
imparts a further illusion of present prosperity. 
In the war year, there were only some 1,290 ft. of 
machinery shedding in the implement section, as 
compared with 4,515 ft. to-day, and of the former, 
much of the space reserved for specific firms was 
unoccupied by a single machine. The scanty nature 
of the mechanical exhibits on that occasion was, of 
course, easily explained by the fact that most of 
the firms normally exhibiting had reversed the 
prophecy of Isaiah, and were converting plough 
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shears into swords, but the very complete range of 
exhibits to-day is by no means so easy to account 
for. We should like to believe that farmers realise 
that increased mechanisation offers the best solution 
of their difficulties, and that the show typifies their 
determination to implement their beliefs. It really 
appears more likely, however, that the implement 
industry is more prosperous than the farming 
industry, on which it primarily depends, due to the 
fact that implement makers have, in many cases, 
developed branches dealing with appliances having 
little or no relationship with agriculture, while the 
farmer’s only alternative to unprofitable crops 
appears to be grass and still more grass. Several of 
the larger implement manufacturers have achieved 
a high reputation for road-making appliances, and 
these machines, although of more interest to the 
contractor or county surveyor than to the agri- 
culturalist, have been an important feature of the 
Royal Show for many years. Again, stationary 
engines of a size and type which are rarely, if ever, 
seen on an English farm, are shown in considerable 
numbers, together with large passenger vehicles 
and other products representative of prosperous 
branches of industry. It is fortunate for the farmer, 
in fact, that the makers of implements have other 
resources than the home market for ploughs, drills, 
and such appliances, as few of them could have 
existed for any length of time on the available 
orders. , The ability to turn over to other products 
during the last few years, on the other hand, has 
provided them with a means not only of maintaining 
their implement shops in being, but of carrying out 
experimental work with a view to improving their 
standard lines. Many such improvements can be 
noticed among the implements exhibited. 

Before dealing with the actual exhibits at Man- 
chester, a word may be said about our overseas 
trade. Although, of course, in no sense an inter- 
national exhibition, the Royal Show is the most 
important of its type in the year, and affords an 
excellent opportunity to study British machines for 
the foreign market. An examination of the imple- 
ments exhibited suggests that we have little to 
learn in design from our foreign rivals, and that our 
difficulty in competing in the world’s markets arises 
entirely from price considerations. As we stated 
when discussing the show last year at Harrogate, 
our contribution to these markets is distressingly 
small, but there are distinct signs of improvement 
in this respect. It would, in fact, appear that the 
extensive re-organisation to which the home indus- 
try has recently subjected itself is already bearing 
fruit. 

We may commence our description of the 
exhibits by referring to the new range of crude-oil 
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engines exhibited by Messrs. Ruston and Hornsby, 
Limited, of Lincoln. Owing to the high reputation 
enjoyed by this firm for airless-injection engines, 
the design of a new model is of particular interest, 
and we propose to describe it in some detail. Broadly 
speaking, the engine is a development of the firm’s 
earlier ‘‘H’’ model, which will be well-known to 
many of our readers, the chief objects aimed at 
in the new design being exceptionally low fuel 
consumption and maintenance costs. Actually, the 
engine is claimed to run efficiently on the cheapest 
fuel oil obtainable, with a guaranteed consumption 
not exceeding 0-47 lb. per brake horse-power hour for 
the smaller engines, and 0-40 lb. per brake horse- 
power hour for the larger sizes. It is made as a single- 
cylinder model in sizes ranging from 10 to 66 brake 
horse-power, and as a two-cylinder model in sizes 
ranging from 76 to 132 brake horse-power. Any 
model in either range can be supplied either for 
industrial or electric-lighting work. 

The engine, which is illustrated in Figs. 1 to 9 
on this page and on pages 40, 41 and 46, is of 
the airless-injection type, operating on the four- 
stroke cycle. The bedplate, shown in section in 
Fig. 1, embodies the cylinder jacket and the two 
main bearing pedestals. The usual oil channel, 
visible in Fig. 9, is cast round the base to prevent 
oil leakage to the foundations. The cylinder jacket 
is provided with a large and accessible opening 
for cleaning purposes. The cylinder liner is re- 
newable, and is flanged into the rear end of the 
cylinder jacket, with freedom to expand at the 
front end, as shown in Fig. 1. The cylinder head 
is a separate casting, secured to the cylinder by 
long studs passing through bosses, so that they are 
not exposed to the action of the cooling water. 
The head itself is provided with a cover giving 
ready access to the jacket space. The piston is of 
considerable length, and is provided with a floating 
gudgeon-pin, except in the two smallest sizes. 

The main oil supply is fed to the pin through a 
central hole in the connecting-rod. The piston is 
provided with four rings. The crankshaft is a steel 
forging. When machined, the crank webs are 
slotted out, and the shaft is afterwards turned and 
accurately balanced by cast-iron weights locked to 
the webs, as shown in Fig. 1. The connecting 
rod is circular in section and is machined all over. 
The crankshaft bearings are divided so that the 
maximum pressures are not taken at the joint. 
They are ring lubricated. On all engines fitted with 
a single flywheel, the outer end of the crankshaft is 
supported by a ring-oiled outboard bearing and 
pedestal. The machine-cut spiral gears for the 
side-shaft drive are completely enclosed and run 
in an oil bath, while the use of a three-piece cover 
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WK to drive the vertical governor shaft, also run in an 
Y, oil bath. The inlet and exhaust valves are operated 
— 4 in the usual way by roJlers mounted on rocker arms, 
~ : and engaging with cams on the side shaft. <A 
Y Y Y silencer, clearly visible in the illustration, is fitted 
W WSN to the air inlet above the inlet valve, and this 
/N “ silencer can be readily removed to give access to 
me Yy g “ENGINEERING ’ 
a _ the valve. Both the inlet and exhaust valve 


leaves the gears and oil bath readily accessible 
without disturbing the crankshaft. The side shaft 
itself is supported in long bearings lubricated by 
ring oilers. All the valve gear is actuated directly 
from the side shaft by wide-faced cams bearing on 
hardened rollers. The usual provision is made for 
adjusting the valve clearances. The arrangement of 
the valve gearing will be clear from Figs. 2 and 
&. 

The fuel pump is shown in section in Fig. 2, 
while details of the governor gear are given in 
Figs. 3 to 6. It will be noticed that the two 
units are enclosed in one casing, through which the 
side shaft passes, as shown in Fig. 2. The fuel 
pump operating cam is mounted on the side shaft, 
and the pump plunger is driven through a rocking 
lever, the arrangement being clear from Fig. 2. 
The spill valve can be seen above the plunger in the 
same figure. All the valves are readily accessible, 
and as the pump is of the packingless type, it will 
operate for long periods without attention. The 
fuel-pump body is machined from a steel stamping 
and all the valve seats are hardened. The atomiser 
valve is of Messrs. Rustons’ s:andard type, and is 
shown in section in Fig. 7. The arrangement of 
the governor, which regulates the travel of the 
spill valve in the usual way, will be clear from the 
drawings. The smaller models of this engine, rang- 
ing from 10 to 38 brake horse-power, are designed 
for hand starting, but can be arranged for com- 
pressed-air starting if required. The larger engines 
are provided with air-starting gear as standard 
equipment. Any engine throughout the range can 


be converted to run on gas without difficulty, the 
necessary replacement parts being standardised. In 
addition to the engine described, Messrs. Ruston 
and Hornsby, Limited, are showing a number of 


others, including a three-cylinder vertical engine of 
64 brake horse-power, a single-cylinder vertical 
engine of 16 brake horse-power, and a variety of 
petrol-paraffin engines. The majority of these 
| have already been described in our columns, to- 
|gether with the pumping plant, road rollers, and 
Thermax boiler which complete the firm’s exhibits. 

Messrs. The National Gas Engine Company, 
Limited, of Ashton-under-Lyne, are showing a 
representative range of oil and petrol engines, 
together with examples of the National-Wallwin 
non-chokeable pump and National ram pump. 
The majority of these exhibits have previously 
been described in our columns, but we have not 
hitherto dealt with the small horizontal oil engine 
illustrated in Fig. 10, page 46. This engine was 
introduced some twelve months ago, and is suitable 
for driving a dynamo or pump, or for any of the 
usual farm operations. It will run satisfactorily 
on any of the lighter grades of fuel oil, and is 
arranged for cartridge starting. The engine operates 
on the four-stroke cycle, and develops 63 b.h.p. at 
60 r.p.m. 

The main frame hardly calls for special comment, 
but it may be mentioned that the cylinder is fitted 
with a separate renewable liner, and that the crank- 
shaft is totally enclosed by a cover which is merely 
held in place by dowels, and can be lifted off at 
any time for inspecting the moving parts, or for 
withdrawing the piston and connecting rod. The 
big-end and main bearings, together with the 
gudgeon-pin bearing, are of phosphor bronze, the 
main bearings being ring lubricated, and the big-end 
bearing and piston being lubricated on the drip- 
feed principle. The skew gears driving the side 
shaft are machine-cut and run in oil, and a second 
set of skew gears at the other end of the shaft, serving 














operating gear is adjustable. The fuel pump and 
atomiser are similar to those fitted on the maker’s 
larger engines of the same type, the governor regulat- 
ing the opening of a needle valve which controls 
the fuel supply to the atomiser. As this valve is 
closed, a by-pass is opened which allows the fuel 
delivered by the fuel pump to pass back to the 
tank. The engine is stopped by a hand lever, the 
movement of which lifts the roller of the pump- 
operating lever clear of itscam. <A half-compression 
device is fitted for starting up. The engine is 
strongly constructed to withstand the rough usage 
customary in farm work, and will start up without 
the use of a cartridge when warm. 

When discussing the last Royal Show, we sug- 
gested that the development of high-speed airless- 
injection engines would probably have a more 
marked influence on agricultural operations than 
had previously been the case, and this view is 
supported by the number of such engines on view 
at Manchester. So far as stationary work is 
concerned, there are now. several engines of this 
type available of proved reliability, and among 
these, one of the most interesting is the Brotherhood- 
Ricardo model exhibited by Messrs. Peter Brother- 
hood, Limited, of Peterborough, and illustrated in 
Fig. 11, page 46. Up to the present, this engine has 
only been made in relatively large sizes, which 
limits its interest from the farmer’s point of view, 
but a smaller model, if put on the market, should 
find a number of applications in farm work. The 
engine exhibited at the show is a twin-cylinder 
unit, with a cylinder bore of 7} in. and a piston 
stroke of 12 in. We described a six-cylinder 
Brotherhood-Ricardo engine on page 193 of vol. 
exxvii of ENGINEERING, and as the two-cylinder 
unit is generally similar, we may confine ourselves 
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wheels are made from alloy steel, heat treated and 
hardened, and ball and roller bearings are fitted 
at all important points. The tractor is provided 
with a foot brake operating on the transmission 
|Shaft, and a hand brake operating on the rear 
| wheels. 

Provision is made for taking a belt drive from 
the outer clutch member. The air supply for the 
engine is drawn in through a pipe carried well 
above the top of the tractor, the air being passed 
through a filter before entering the cylinder. An 
oil and spark arrester is fitted to the exhaust 
branch, which is also carried above the tractor, 
as shown in the figure. The fuel consumption is 
stated to be about 0-49 lb. per brake horse-power 
hour. The draw-bar pull is approximately 2,800 lb. 
when ploughing in low gear. The draw-hook is 
provided with a vertical adjustment of about 
15 in., and a horizontal adjustment of about 
27 in. The weight of the complete tractor is 
| about 2? tons, the front wheels are 2 ft. 9 in. in 
|diameter by 7 in. wide, and the rear wheels are 
| 3 ft. 104 in. in diameter by 12 in. wide. The total 
| length of the machine is about 9 ft. 6 in., the total 
| width about 6 ft., the turning radius about 14 ft., 
}and the height to the top of the radiator about 





AIRLESS-INJECTION HORIZONTAL OIL ENGINE. 


CONSTRUCTED BY MESSRS. RUSTON AND HORNSBY, LIMITED, ENGINEERS, LINCOLN. 
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Fie. 8. BrEEcH END AND VALVE MECHANISM. 


to recalling its leading characteristics. The feature 
which primarily distinguishes this engine from other 
high-speed airless-injection engines is that it is of 
the single sleeve-valve type. The air is injected 
into the cylinder through tangential ports, and the 
rotation thus set up is maintained during compres- 
sion and fuel injection. As a result, the fuel is 
mixed intimately and uniformly with the air, giving 
a high efficiency. The fuel consumption is guaran- 
teed not to exceed 0-38 lb. in the larger engines, 
and 0-40 Ib. in the smaller, per brake horse-power 
hour at full load. There is a separate fuel pump 
for each cylinder, and the sprayer consists of a 
hardened steel cap with a single hole of compara- 
tively large size, so that it is exceedingly unlikely 
to become choked up. Other interesting features 
of the engine are that it weighs only about 40 lb. 
per brake horse-power, and that it can be dismantled 
when the available headroom does not exceed 
7 ft. Careful attention has been given to accessi- 
bility, and it may be mentioned that a piston can be 
removed and replaced in 14 hours, and a cylinder 
in 3 hours. As will be clear from the figure, the 
engine is direct coupled to a dynamo, both units 
being mounted on a common bed plate. The 
dynamo is manufactured by Messrs. Laurence- 
Scott, of Norwich, and has an output of 75 b.h.p. 
at a speed of 750 r.p.m. 

Among the entirely new exhibits at the show, one 
of the most interesting is a tractor shown by Messrs. 
Marshall, Sons and Company, Limited, Gains- 
borough, designed to operate on Diesel oil. This 
machine, which is illustrated in Fig. 12, page 46, 
is fitted with a single-cylinder engine operating on 
the two-stroke cycle. The engine is built into the 
frame of the tractor, and has a cylinder bore of 
8 in. and a piston stroke of 10} in. It develops 
a maximum of 30 b.h.p. at 550 r.p.m. The 
engine is cartridge started, and is fitted with an 
interesting device for automatically regulating the 
compression when starting up. A half-compression 
valve in the cylinder head is connected by cable to 








a valve-operating lever carrying a roller engaging | 
with the flywheel rim. On starting up, the operat- 
ing lever is held by catch blocks in such a position 
on the flywheel periphery that the half compression 
valve is full open, so that no resistance is offered to 
turning the engine by hand. The catch blocks are 
mounted on a swinging arm rotated by a ratchet 
mechanism, the latter being operated by the 
valve-operating lever itself. As the flywheel is 
rotated by hand, the roller on the operating lever 
falls into a small depression in the flywheel rim 
at each revolution of the wheel, with the result 
that, after two or three revolutions, the catch blocks 
are swung partially clear of the operating lever, 
which then moves forward and allows the roller 
to engage with the half-compression cams cut on 
the periphery of the flywheel. After the engine 
has been running on half compression for a few 
revolutions, the catch blocks are swung entirely 
clear of the operating lever, which then falls clear 
of the flywheel, leaving the engine on full com- | 
pression. The remaining features of the engine 
are generally in accordance with the firm’s usual 
practice, the cylinder being fitted with a renewable 
liner, and the engine bearings being force-feed 
lubricated throughout. The cartridge holder is 
held in place by a bayonet joint. The engine is 
water cooled, the water being pump circulated 
through a radiator cooled by a fan. The pump and 
fan are mounted on a common shaft, driven from 
a cross-shaft above the engine, the cross-shaft 
itself being driven from the flywheel by a V-belt. 
A flywheel governor is fitted, which controls the 
stroke of the fuel pump. 

From the engine, the drive is taken through a 
cone clutch and spur gearing to a three-speed gear 
box, the final transmission being by gearing to the 


5 ft. The fuel tank has a capacity of 12 gallons, 


}and fittings are provided on all points throughout 


the chassis for grease-gun lubrication. 

The same firm are showing a very comprehensive 
range of their products, including a single-cylinder 
traction engine, oil and steam-driven road rollers, 
the Manumit petrol roller, oil engines, vertical 
boilers, and concrete mixers. The great majority 
of these exhibits have been previously described in 
our columns, and we may refer more particularly 
to the oil-driven road roller described on page 40 
of vol. cxxviii, the horizontal oil engine described 
on page 192 of vol. cxxvii, and the Manumit roller, 
described on page 535 of vol. cxxv. 

(To be continued.) 








BREEZE AND CLINKER CONCRETE. 


THE use of breeze and clinker in the manufacture 
of concrete offers advantages in respect of lightness 
and price, and clinker, in addition, may have some 
pozzuolanic properties. It has, moreover, in the past 
been not unusual to employ such concrete as a filling, 
casing, or for other purposes which involve close 
contact between the materials and the structural 
metals, and sometimes even in reinforced concrete. 
Many failures have been found to result from the 
application of such concrete in contact with steel. 
It is found, usually, that the steel rusts rapidly, and 
the swelling of the material resulting from the 
formation of rust may burst off the concrete and 
cause the structure to fail. The rate of corrosion 
may be extremely rapid, and cases have been reported 
of stout girders encased in breeze concrete having been 
corroded right through within twenty years. 

These circumstances were under the notice of the 
Building Research Station of the Department of 
Scientific and Industrial Research at the time when 
they were making their studies on the soundness of 
slag, breeze and clinker as aggregates in concrete, 
on which they have already reported. They have 
considered it necessary to make a further investigation 
with the object of ascertaining whether the tendency 
to cause rust in steel appears in all concrete made 
with breeze or clinker as aggregates, so that the 
materials should be forbidden altogether for that 
purpose when the product is to be used in contact 
with steel, or whether the corrosive action is confined 
to particular varieties. A number of experiments 
have been made to clear up doubtful points as to the 
cause of the rusting, and the results, together with 
a brief summary of those contained in the literature 
on the subject, have now been published.* 

The report corrects the common impression that 
the corrosion can be due to the presence of sulphuric 
acid, as such, in the aggregate. In the early life of 
the concrete, the abundance of free lime that is present 
would neutralise any such acid, and even when the 
lime is itself neutralised by carbon dioxide, the bases 
with which this weak acid is combined would, in all 
probability, prevent the material from acquiring an 
acid reaction. The factors in concrete which tend to 
produce corrosion may be separated into four groups. 
The permeability, which is not necessarily high when 





back axle, which is fitted with a differential. The 
gears give three forward speeds of 1}, 3 and 
5 m.p.h., and a reverse speed of 24 m.p.h. is also 
provided. The transmission gearing throughout | 
is totally enclosed and runs in oil. The gear| 


there is high porosity, may affect the corrosion of 

.: Department of Scientific and Industrial Research. 
Building Research: Special Report No. 15. The 
Corrosion of Steel by Breeze and Clinker Concrete. H.M. 
Stationery Office. Price 6d. net. 
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embedded steel, not only by affording ready access 
of moisture and oxygen, but also by reducing, through 
carbonation, the protective effect of the concrete. 
In dense concrete, the carbonation of free lime proceeds 
only at the rate of a few millimetres a year in the 
first few years, and becomes slower later on, making 
the material an effective and practically permanent 
protection against rusting for enclosed structural 
steel. In porous concrete, on the other hand, the 
carbonation is rapid, and with a normal depth of cover 
applied in a porous breeze or clinker concrete will reach 
the steel and start the corrosive action in a period 
to be measured in months. It does not, however, 
follow necessarily that in such cases the corrosion is 
due to the presence of coal residues in the concrete, 
but it may arise merely from the permeability. 
Unsoundness, again, arising from reactions between 
unburnt or partially-burnt coal, oxygen, moisture 
and lime, may cause expansion in breeze and clinker 
concrete and ultimate cracking. Experience has 
shown that, with ordinary gravel concrete, in which 
such cracking may occur through high stresses, the 
protection afforded by the concrete is so great that 
only the steel actually exposed to the air is attacked. 
On the other hand, experiments with soluble salts 
present in coal residues, derived principally from 
sulphur compounds in the coal, show that sulphides 
seem to be potent factors in the corrosion process. 
Many coals, finally, can adsorb high percentages of 
water, and breeze or clinker concrete containing raw 
or slightly-oxidised coal may accordingly adsorb high 
percentages of moisture, and become reservoirs for it 
to an extent that will cause corrosion of the reinforce- 
ment. 

By a series of experiments described in the report 
it was found that, generally speaking, the corrosive 
power of concrete increases with increasing sulphur 
contents of the aggregates, and that sometimes even 
a small amount of sulphur left in a well-vitrified clinker 
will promote rusting. The extent of this action is 
reduced when the fines in the clinker aggregate are 
replaced by sand, but even then is not wholly 
prevented. Probably, by reason of their adsorptive 
powers, breeze and clinker aggregates promote rusting 
of steel even under dry indoor conditions. Occa- 
sionally, the removal of all fumes from the aggregate 
and their replacement by sand may prevent the 
rusting of steel in a 1:6 concrete under moist 
conditions for as much as six weeks. It is considered, 
however, that the instances in which the very best 
qualities of clinker, used only as coarse aggregates, 
are harmless are so rare, and the conditions that they 
may not cause rusting in a limited period are so 
restricted, that safe practice requires the use of coal 
residues of any kind as aggregates to be forbidden 
in concrete, if the material is to come into contact 
with steel when in use. 








Surpwreck Sratistics.—Lloyd’s Register quarterly 
wreck returns, which have just been issued, show that, 
during the three months ending December 31, 1929, 
ships to the number of 125, totalling 176,177 gross tons, 
were totally lost or condemned in consequence of casualty 
or stress of weather. Out of these totals, 98 vessels, 
making together 161,055 tons, were steamers and 
motorships, the remainder being sailing ships. Seventeen 
British steamers, totalling 41,567 tons, and one sailing 
ship, were included. Vessels otherwise broken up or 
condemned during the quarter under review totalled 85, 
aggregating 149,988 tons. Of these, 70, making together 
132,032 tons, were steamers and motorships, and 


included among them were 27 British steamers aggre- 
gating 58,664 tons. 








Fig. 1. WaAGon oN STRAIGHT TRACK. 


120-TON CROCODILE WAGON FOR 
TRANSFORMER TRANSPORT. 


THE development of the National Electrification 
Scheme of the Central Electricity Board involves the 
construction of a large number of turbo-generators, 
transformers and other heavy plant, the transport 
of which from the makers’ works to the installation 
site presents some interesting problems for solution. 
For handling such traffic on the Great Western Railway, 
a 120-ton crocodile wagon has recently been constructed 
at the company’s Swindon works, and we illustrate this 
vehicle by the photographs reproduced in Figs. 1, 2 
and 3 herewith. As there shown, the wagon is 
intended for the transport of transformers up to 
120 tons in weight and up to 24 ft. in length, but the 
straight sole bars shown in the illustration can be re- 
placed by beams of the well type, now under construc- 
tion, for the transport of other heavy loads, such, for 
example, as the stators and rotors of turbo-generators. 
The maximum load with the well girders will be the 
same as that with the straight sole bars. 

In order to place as little restriction as possible on 
the dimensions of the transformers to be carried, it 
was decided, in consultation with transformer manu- 
facturers, to construct the wagon so that the trans- 
formers could be supported by brackets fitted on 
their sides for the purpose, it being possible in this 
way to accommodate the full width at the bottom of 
the transformer. To facilitate the handling of such 
loads it was also necessary to provide for the removal 
and replacement of the sole bars. As is most 
clearly shown in Fig. 1, the ends of the two sole 
bars are supported on swivelling cross _ bolsters, 
to which are attached the top halves of cast-steel 
main pivots and side bearings, the bottom halves 
of these main pivots and side bearings being bolted 
to supplementary frames which transfer the load to 
two six-wheel bogies at each end. The supplementary 
frames, as shown in Fig. 1, are extended beyond 
the outer bogies to carry the buffing and draw gear. 
Between the ends of the main girders, special bracing 
frames are riveted to the swivelling bolsters and the 
girders are secured to these frames by means of 
four steel clutches with 3-in. bolts at each end. It 
should also be mentioned that the bracing frames 
are adjustable, as can be seen in Fig. 2, so that the 
width between the main girders can be varied, in steps 
of 2} in., from 7 ft. 6 in. to 5 ft. 10 in., to suit the 
particular transformers being transported. 

The method of loading a transformer on to the 
crocodile is as follows: On arriving at the manu- 
facturer’s works, adjustable legs, fitted with rollers 
which run on auxiliary rails outside the track rails, 
as shown in Fig. 3, are bolted on to the side girders 
to support them and the girders are disconnected from 
the bracing frames by removing the 3-in. bolts. The 
bogie to which the sole bars are still connected is then 
drawn away, leaving a space for the admission of the 
load, which is brought into a position central with the 
track and supported on packing and jacks. Fig. 3 
is an end view of the crocodile with one pair of 
bogies removed, and also shows the method of 
bracing the ends of the sole bars temporarily by 
means of timber struts, and chains and turnbuckles. 
After the bogie with the two sides has been run back, 
and the girders have been re-connected to the bracing 
frames, the load is lowered until it is supported by 
the brackets resting on the sole bars and secured in 
position. On arrival at its destination, the weight 
of the transformer is first supported on jacks, and, 
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after taking the crocodile apart, as before, the 
transformer is fitted with its own wheels, lowered, 
and moved to its site on these wheels, the crocodile 
then being re-assembled and returned. 

The vehicle will negotiate curves of 1} chains radius, 
and is shown on such a curve in Fig. 3. It is fitted 
with the company’s either-side brake on each of the 
outer bogies, and with a screw brake on each of the 
inner bogies. These are capable of holding the vehicle 
with its maximum load under all normal working 
conditions. The following are the main dimensions 
of the vehicle: Length over buffers, 89 ft. 6 in.; 
length over headstocks, 86 ft. 6 in. ; distance between 
centres of main pivots, 55 ft.; distance between 
centres of supplementary-frame pivots, 15 ft.; distance 
between wheel centres, 5 ft.; diameter of wheels, 
3 ft. 2in.; dimensions of axle journals, 10 in. by 6 in. ; 
height from rails to top of sole bars, in the fully-loaded 
condition, 7 ft. 9in. ; and depth of sole bars at centre, 
3 ft. 9 in. The tare weight is 75 tons 19 cwt. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, inquiries have been conducted by 
Board of Trade Officials into a number of explosions. 
Reports of the investigations have been published 
i tia and of some of these we give brief summaries 
yelow. 


Accidents to Boilers of Fishing Vessels—Steam 
trawlers and drifters are nearly always fitted with 
one ordinary cylindrical return-tube boiler with two 
or three furnaces, between the lower parts of which 
are the boiler manholes. For various reasons, both 
manhole doors and seatings are subject to wear and 
waste, and the doors then become slack. In this 
condition, the making of a satisfactory joint is some- 
times a difficult matter, and the jointing material may 
be blown out. No fewer than four recent Board of 
Trade Reports deal with accidents connected with 
manholes, and they all emphasise the importance of 
the doors being maintained in good condition, and 
of the need for care in making the joint. In one 
instance, the manhole door was as much as } in. slack, 
and the engineer surveyor-in-chief observes that 
“Tt is surprising that any man having experience of 
boilers took the risk of rejointing a boiler door in 
such a condition as the one described in the report.” 
The vessel in which the accident occurred was the 
trawler Manx Princess, and the report was No. 3066. 
In another accident dealt with, the door itself was a 
good fit, but a jointing ring of too small a size was 
used, and, though it held for a time, it failed whil 
the vessel wasat sea. As there were no spare jointin 
rings aboard, the vessel had to be towed into port. 
As these boilers were worked at as much as 180 lb. 
per square inch, it is fortunate that no personal injuries 
were sustained for, as the report says, ‘‘ The blowing 
out of these door joints in the confined space of a 
vessel’s boiler room causes serious risk of injury to the 
men on watch.” 


Explosion of a Cast-Iron Stop Valve.—Another 
serious accident through the action of water hammer 
is the subject of Report No. 3056. The accident 
occurred on October 24, 1929, at No. 3 power house of 
the Clydebridge Steel Works, Cambuslang, of Messrs. 
David Colville and Sons, Limited, and, as a result, 
two experienced servants of the firm, Mr. W. Morton, 
shift electrical foreman, and Mr. W. Wilson, turbine 
attendant, lost their lives. On the morning in question, 
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Fie. 2. Wagon on SHARP CURVE. 

















Fie. 3. 





Enp VIEW WITH ONE BoGIE AND BoLsTER REMOVED. 


it was decided to restart a 1,000-kw. turbo-generator | did not realise that, before turning steam into a com- 


in No. 3 power house, and it was while admitting 


| 
} 


paratively cold range of pipes, the drains should be 


steam to a long length of exposed steam piping, 10 in. | opened fully to ensure freedom from cold water accumu- 
in diameter, that the explosion took place. The/| lations. The necessity for complete drainage in such 


piping, some 150 ft. in length, was fitted with four 
separate drains, but these were not open widely enough 
to carry the water of condensation away. Omitting 
a detailed description of the lay-out or of the procedure 
adopted on the morning, we quote the remarks of the 
engineer surveyor-in-chief. ‘‘This explosion was 
due to water hammer set up in a range of steam pipes 
which had been out of use for some hours in cold 
weather and had therefore become charged with water 
of condensation. Adequate means for draining the 


range were provided, but these drains were closed to | 


such an extent that, with practically no pressure in the 


range, drainage was interfered with. When, in starting | 


up the turbine, the main valve at the boiler end was 
opened, followed by the opening of the valve at the 
engine end, violent water hammer took place, causing 
fracture of the range and the death of the two men 
responsible for the operation of starting up the turbine. 


These men were apparently of long experience, but | 








circumstances has been repeatedly emphasised in these 
reports, and this explosion is another terrible object 
lesson as to the dangers of carelessness in handling 
steam-controlling valves, especially where the pipe 
lines are in exposed places.” 








Triats oF H.M.S. ‘‘ FotKestone.’’—Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, have recently 
been engaged upon the construction of three sloops at 
their Wallsend yard. The first of these, H.M.S. Folke- 
stone, a minesweeping sloop similar to those completed 
last year, has now been delivered after a series of success- 
ful speed and power trials at sea off the mouth of the 
Tyne. The twin-screw propelling machinery was 
supplied by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne, and consists 
of steam turbines with single-reduction gearing. Steam 
is supplied by oil-fired water-tube boilers. H.M.S. 
Folkestone is now being commissioned at Portsmouth 
for service in the Persian Gulf, 








LETTER TO THE EDITOR. 


CONTINENTAL IRON AND STEEL 
PRODUCTION. 


To THE EpITor oF ENGINEERING. 


S1r,—In the editorial on ‘‘ Continental Iron and 
Steel Production,’ appearing in your current issue, 
the question of the increased productivity of German 
works, brought about through the inflation period 
reconstruction policy, was touched upon, but, in the 
writer’s view, scarcely sufficient weight was attached 
to the results obtained in their bearing upon the 
present unemployment situation. 

The bulk of the output of ordinary steel is now 
concentrated at some ten large self-contained works, 
of which those belonging to the Vereinigte Stahlwerke 
A.-G. (amounting to about 40 per cent. of the country’s 
capacity) enjoy the benefits of a certain amount of 
specialisation in character of production. The policy 
of concentration with specialisation, coupled to plant 
reconstruction, either partial or complete, has resulted 
in wonderful increases in the productivity of the 
major units of plant as the following instances will 
serve to show :— 

The usual make of large blast-furnaces in the 
Rhineland producing basic (steelworks) iron in 1913 
was between 300 tons and 400 tons per day. Now 
such furnaces are tapping from 600 tons to 800 tons, 
and in some cases even 900 tons, daily for short 
periods. 

The average capacity of Thomas converters has 
grown in the same period from 15 tons to 25 tons, 
whilst the blowing time has remained virtually constant. 
In open-hearth practice, the hourly production of 
furnaces working hot-metal charges has risen from 
about 6 tons per hour to as much as 10 tons per hour. 
The blooming mills of the big plants rolled between 
900 tons and 1,100 tons per day pre-war, and now 
from 2,000 tons to 2,500 tons of ingots are cogged 
down by a single unit. 

Such examples could be readily multiplied, and 
when it is remembered that equally fruitful scrutiny 
has been devoted to the amelioration of the non- 
productive services in German steelworks, it is scarcely 
surprising, notwithstanding productions approaching 
the pre-war level, that considerable unemployment 
should exist. It is, in fact, almost an inevitable 
consequence of rationalisation when applied to an 
industry with a relatively static market to serve. 
This condition has been aggravated by the recession 
in production which set in early in the present year. 

I am, Sir, 
G. A. V. RussELL, 
234, Portland-road, Assoc.M.Inst.C.E, 
Edgbaston, Birmingham. July 8, 1930. 
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AN HISTORIC CHAIN LINK. 


THE illustration below shows a link from an iron 
chain which at one time formed part of the defences 
of Portsmouth Harbour, and which has recently been 
placed in the Royal United Service Museum, Whitehall. 
The chain, which is mentioned in a Navy Account 
presented in February, 1522, and is stated to have 
cost 40/1. in the money of that time, was intended to 
be buoyed across the mouth of the harbour by means 
of three barges. It appears from the records, however, 
that the chain was not put into use until 1545, and 
for a number of years prior to that, it was probably 
lying on the sea bottom at the mouth of the harbour. 

















About 100 years later a further chain was made, and 
the old one was left lying in the mud. Until recently 
the shore end could be seen, at low water, to the south 
of King Edward’s Tower. On the suggestion of the 
President of the Staffordshire Iron and Steel Institute 
some of the links were recently salved with a view to 
their metallurgical examination, and it is one of these 
recovered links that is now to be seen in the Royal 
United Service Museum and is shown in the above illus- 
tration. The link measures 3ft. 8in. by lft.2in. To re- 
cover the link it had to be cut through both long limbs, 
but before being placed on exhibition was repaired 
by welding by Messrs. Barimar, Limited, of 18, Lamb’s 
Conduit-street, W.C.1. The welds are situated towards 
the botvom end of the long limbs in the figure, but are 
scarcely distinguishable in the reproduction. 











EXTENSION OF Mascot AERODROME, SYDNEY, AUs- 
TRALIA.—In a report presented recently to the House 
of Representatives at Canberra, Australia, the Federal 
Public Works Committee recommend the adoption of 
a scheme for the extension and improvement of Mascot 
aerodrome, Sydney. The scheme, the estimated cost of 
which is in the neighbouraood of 40,000/., comprises 
the purchase of 62 acres ot privately-owned land, the 
transfer to the Commonwealth of 160 acres of State 
(New South Wales) land, and drainage, surfacing, road 
and path construction, and fencing. 


INTERNATIONAL Price List or Hack-Saw BiapEs.— 
As announced on page 505 of our issue of April 18 last, 
an international price list of hack-saw blades, drawn up 
by the members of the British, American, and German 
Hack-Saw Makers’ Associations, came into force on 
May 1. On the introduction of tne new list, the British 
manufacturers decided that, for uniformity, the nominal 
inch lengths of all listed sizes, made after this date, 
should be the actual distance between the outside edges 
of the holes, This arrangement was made in order 
that their blades, which are made to inch measurements, 
should coincide as closely as possible with the corre- 
sponding blades made to millimetre dimensions. Messrs. 
James Neill and Company (Sheffield), Limited, have 
drawn our attention to the fact that this arrangement 
does not make any material alteration in the lengths of 
hand and light power blades, but involves a slight 
reduction in the length of heavy power blades. This 
slight reduction does not, however, present any difficulty 
in tensioning up heavy power blades in most hack-saw 
machines on the market. Should any trouble be 
experienced, it is only necessary for the positioning holes 
in the tail pieces of the frame of the machine to be slightly 
elongated with the aid of a file. 





ENGINEERING TRAINING AND 
EDUCATION. 


Course for Quarry Engineers.—It was announced at 
the annual conference of the Institute of Quarrying, 
held at Scarborough, from July 2 to 5 last, that 
arrangements were being made for instruction in 
quarrying at the Imperial College of Science and 
Technology. A rough draft of the scheme has now 
reached us. The course, it appears, will be taken 
primarily at the City and Guilds (Engineering) College, 
and will also include work at the Royal School of 
Mines, and the Royal College of Science. The course 
leads to the B.Sc. degree in engineering, and extends 
over the normal degree course of three years. A 
post-graduate course for a fourth year in a special 
subject, with laboratory and research work, could 
be arranged. During the summer vacations arrange- 
ments are to be effected, through the Institute of 
Quarrying, under which the students would be enabled 
to gain experience in the working conditions obtaining 
in different classes of quarries in Great Britain. 








LAUNCHES AND TRIAL TRIPS. 


‘‘ FERNWOOD.”—Twin-screw cargo motorship; Bur- 
meister and Wain Diesel engines. Trial trip, June 26. 
Main dimensions, 406 ft. by 55 ft. by 37 ft. 3in. Built 
by Messrs. Nakskov Shipyard, Limited, Nakskov, 
Denmark. 

*“San AntTonio,.’’—Single-screw cargo steamer; four- 
cylinder triple-expansion engine. Launch, July 1. Main 
dimensions, 430 ft. by 57 ft. by 37 ft. 6 in. Built by 
Messrs. Harland and Wolff, Limited, Belfast, for La 
Compagnie Générale Transatlantique, Paris. 

“* TALISSE.’’—Single-screw cargo and pilgrim-carrying 
ship for the Far East trade; eight-cylinder, two-cycle, 
single-acting Diesel engine constructed by Messrs. 
Sulzer Bros., Winterthur, Switzerland. Trial trip, July 1. 
Main dimensions, 465 ft. by 62 ft. by 30 ft. 3 in. Built 
by Messrs. Caledon Shipbuilding and Engineering Com- 
pany, Limited, Dundee, to the order of Messrs. Stoom- 
vaart Maatschappij “‘ Nederland,’’ Amsterdam, Holland. 


‘“* PENERF.”’—Single-screw cargo steamer; __ triple- 
expansion engine supplied by Messrs. McKie and Baxter, 
Limited, Govan. Launch, July 2. Main dimensions, 
278 ft. by 42 ft. 6 in. by 22 ft. 6 in. Built by Messrs. 
Napier and Miller, Limited, Old Kilpatrick, for La Com- 
pagnie Nantaise de Navigation & Vapeur, Nantes, France. 


“ Harpaaus,”’—Single-screw cargo steamer; triple- 
expansion engine. Trial trip, July 3. Main dimensions, 
409 ft. by 54 ft. 3 in. by 27 ft. 2 in. Built by Messrs. 
John Readhead and Sons, Limited, South Shields, for 
Messrs. J. and C. Harrison, Limited, London. 

‘“ PRINCE Davip.’’—Twin-screw passenger and cargo 
steamer for service on the Pacific coast of Canada; 
single-reduction geared turbines. Trial trip, July 4. 
Main dimensions, 385 ft. by 57 ft. by 20 ft. Built by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, for Messrs. Canadian National Steamships, 
Montreal. 








BOOKS RECEIVED. 


History of the Canterbury and Whitstable Railway. By 
REGINALD B. FELttows. Canterbury: J. A. JENNINGS 
Limited. [Price 6s. net.] 

Metalliferous Mine Surveying. 
London: Crosby Lockwood and Son. 
net. ] 

Department of Scientific and Industrial Research. 
Research. Physical and Chemical Survey of the 
National Coal Resources. No. 15. A Survey of 
Scottish Coking and Furnace Coals. By THomas 
Gray and Oraers. London: His Majesty’s Stationery 
Office. [Price 4s. net.] 

United States Coast and Geodetic Survey. Special Publica- 
tions No. 156. Triangulation in Hawait. By H. C. 
MrrcHett. [Price 50 cents.] No. 160. Triangula- 
tion in Colorado (1927 Datum). By O. S. Apams. 
[Price 15 cents.) Washington: Government Printing 
Office. 

Hilfswerte fiir das Berechnen und Entwerfen Stahlerner 
Eisenbahnbrucken (H. E.). Berlin: Wilhelm Ernst 
und Sohn. [Price 15 marks. ] 

Department of Scientific and Industrial Research. Report 
of the Food Investigation Board for the Year 1929. 
London: His Majesty’s Stationery Office. [Price 
2s. 6d. net.] 

Electric Testing Simplified. By Harouip H. U. Cross. 
London: Crosby Lockwood and Son. [Price 5s. net.] 

Mines Department. Safety in Mines Research Board, 
Paper No. 59. The Effect of the Rate of Cooling on the 
Structure and Constitution of Steel. By J. M. RoBERTSON, 
London: His Majesty’s Stationery Office. [Price 2s. 
net. 

A i Outline of Modern Physical Chemistry. 
By FRepERIcK HurN ConstaBLeE. London: Ernest 
Benn, Limited. [Price 10s. 6d. net.] 

The Time Journey of Dr. Barton. An Engineering and 
Sociological Forecast based on Present Possibilities. 
Edited by John Hodgson. Eggington, Beds.: John 
Hodgson. 

Department of Scientific and Industrial Research. Building 
Research. Special Report. No. 15. The Corrosion of 
Steel by Breeze and Clinker Concretes. By F. L. 
Brapy. London: His Majesty’s Stationery Office. 
[Price 6d. net.] 


By Tuomas G. Hanton. 
[Price 15s. 


Fuel 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Automatic Refrigerating Plant.—The supply and 
installation of a new modern automatic refrigerating 
plant to be fitted on board the yacht Mahroussa at 
Alexandria. The Egyptian Authorities, Alexandria ; 
August 7. (Ref. No. A.X. 9832.) 

Steam Engine.—A firm in Wellington, New Zealand, 
is desirous of receiving catalogues and particulars of 
compound vertical medium-speed steam engines. 
(Ref. No. A.X. 9843.) 

Trailer Chassis——The supply of a number of 4-ton, 
5-ton, and 7-ton trailer chassis. The South African 
Railways and Harbours Board, Johannesburg; Sep- 
tember 8. (Ref. No. A.X. 9845.) 

Locomotive Boilers.—The supply of 20 superheated 
locomotive boilers for classes 3 and 3B engines. The 
South African Railways and Harbours Board, Johannes- 
burg; August 18. (Ref. No. A.X. 9855.) 

Floating Crane.—The supply and delivery of one 
25-ton self-propelling floating crane complete. The 
South African Railways and Harbours Board; Sep- 
tember 1. (Ref. No. A.X. 9858.) 

Transmission Lines.—The supply and delivery of 
electric power transmission line material for the Public 
Works Department, Jaipur State. The Chief Controller 
of Stores, India Store Department, Simla; August 4. 
(Ref. No. A.X. 9859.) 

Calcium Carbide.—The supply and delivery of approxi- 
mately 231,500 lb. of carbide of calcium. The South 
African Railways and Harbours Board, Johannesburg ; 
August 25. (Ref. No. B.X. 6648.) 








NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Scottish Steel Trade.—There is practically nothing fresh 
to report in connection with the state of the Scottish 
steel trade, and makers are very hard up for specifica- 
tions. The latter are so scarce at the moment that a full 
week’s running of plant is well-nigh impossible. The 
recent improved outlook in the shipyards will not bring 
any benefit to the steel works yet awhile, and as there 
seems little prospect of the overseas demand becoming 
much better in the near future, it would look as if the 
present dull conditions were likely to last for some time. 
The break for the holidays next week may be of longer 
duration than many would like, unless there should be an 
unexpected accumulation of specifications. Current in- 
quiries do not point to any large volume of tonnage being 
forthcoming. In the black-sheet trade there is still 
quite a steady business passing for the thinner gauges, 
but the heavier sorts are slow. Galvanised sheets are 
in a very lowly state and orders are few in number. 
The following are the current market quotations :— 
Boiler plates, 10/7. 10s. per ton; ship plates, 87. 15s. per 
ton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
}-in., 91. r ton; and galvanised corrugated sheets 
(No. 24 gauge), 127. 15s. per ton, all delivered at Glasgow 
stations. 

Malleable-Iron Trade.—No change of any kind has 
taken place in the West of Scotland malleable-iron trade 
since the last report, and business is very poor. The 
works are only being carried on in a hand-to-mouth 
manner, and the outlook is very clouded. The re-rollers 
of steel bars are experiencing very dull times as the 
demand is very limited. Prices are unchanged and are 
as follow :—‘‘ Crown” bars, 10/. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export; and re-rolled 
steel bars, 7/. 122. 6d. per ton for home delivery and for 
export. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade show no sign of improvement, and even 
the recent reduction in prices has failed to increase busi- 
ness. The home and export demands are very limited 
and ample stocks are held by makers to meet all calls. 
The current prices are as follow :—Hematite, 79s. 6d. 
per ton, delivered at the steel works ; foundry iron, No. 1, 
79s., per ton, and No. 3, 76s. 6d. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments——The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 5, was again very poor, and 
only amounted to 441 tons. Of this total, the overseas 
tonnage was 66 tons, and 375 tons went coastwise. 
During the corresponding we:k of last year the figures 
were 680 tons overseas and 825 tons coastwise, making 
a total shipment of 1,505 tons, 

Shipbuilding.—Messrs. A. Hall and Company, Limited, 
Aberdeen, have secured orders from the Don Fishing 
Company, Limited, for two vessels for their Iceland 
trawling business. These vessels will be 140 ft. in 
length, 24 ft. 6 in. in breadth, and 14 ft. in depth. 








Arr-SEPARATION COAL-PULVERISING PLANT: ERRA- 
tTuM.—We ‘regret that, in describing the air-separation 
coal-pulverising plant made by Messrs. The British 
Rema Manufacturing Company, Limited, we referred, 
on page 827 of vol. cxxix, to the conical chamber on 
the ascension pipe as containing screens. The final 
separation is effected by adjustable vanes, which term 
should replace the word “ screens ”’ in the two places in 
which it occurs. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Output of Cleveland 
pig iron is little in excess of current needs and accumu- 
lations at the blast-furnaces are not of hampering 
dimensions. Ironmasters continue to absorb the bulk 
of the make at their own foundries and_ steelworks, 
and are selling a few small parcels to home consumers, 
but are unable to do business of moment with firms 
abroad. Recent transactions with consumers in 
Scotland are understood to have been at very low 
figures, but recognised market rates for other business 
are unaltered. Merchant sales are very few and small. 
Second-hands possess little Cleveland pig, and have 
not a free hand to deal with principal home consumers, 
ironmasters reserving to themselves the right to such 
business by inserting a clause to that effect in their 
contracts with merchants. Quotations stand :—No. 1 
Cleveland, 70s.; No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 
66s. 6d.; and No. 4 forge, 66s. 


Hematite.—Hematite pig is abundant. Makers are 
hampered by heavy stocks, but their attitude is slightly 
firmer than of late, as output is being brought more 
into line with moderate market needs. Production is, 
this week, being further substantially reduced by the 
two furnaces running at the Ayresome works of Messrs. 
Gjers, Mills being put out of action. Merchants are 
still underselling manufacturers, and Continental compe- 
tition in overseas markets is as severe asever. Ordinary 
East Coast brands are 71s. and No. 1 grade of iron is 
at a premium of 6d, 

Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig iron for April, May, and 
June having been certified at 65s. 9-99d., as compared 


with 68s. 11-68d. for the previous quarter, under 
sliding scale arrangements North-East Coast blast- 


furnacemen’s wages are reduced by 3 per ent. for the 
third quarter of the year, lowering wages from 14-75 
per cent. above the standard to 11-75 per cent. above 
the standard. 


Foreiqn Ore.—Business in foreign ore is virtually at a 
standstill, consumers having large stocks, and heavy 
contracts made. 


Blast-Furnace Coke.—Prompt parcels of good average 
Durham blast-furnace coke are still obtainable at 16s. 6d. 
delivered here. Makers, however, refuse to sell forward 
on such unprofitable terms. 


Manufactured Iron and Steel.—There is absence of new 
business in the various branches of manufactured iron 
and steel, and the tonnage output cannot be maintained 
unless the demand promptly improves. Common iron 
bars are 107. 15s.; hest bars, 111. 5s. ; double best bars, 
112. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 11/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 62. 15s, ; steel billets (medium), 7/7. 12s. @d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 11l. 5s. ; 
steel ship plates, 8/. l5s.; steel angles, 8/. 7s. 6d. ; 
steel joists, 87. 10s.; heavy sections of steel rails, 
8l. 10s. for parcels of 500 tons and over, and 9/. for 
smaller lots; fish-plates, 127. 10s.; black sheets (No. 24 
gauge), 97. 12s. 6d.; and galvanised corrugated sheets 
(No. 24 gauge), 110. 17s. 6d. 

Scrap.—Business in scrap is exceedingly dull, and 
prices are weak. Borings are 35s. and turnings 40s., 
with sales very difficult to effect, while heavy steel scrap 
is 47s. 6d., ordinary heavy metal 57s. 6d., and heavy 
machinery metal, 59s. 


Imports of Iron and Steel.—Returns issued this week 
by the Tees Conservancy Commission give the imports 
of iron and steel to the River Tees from Holland, Belgium, 
France, Norway, Sweden, Finland, India, Germany, and 
coastwise for the eight months ending June 30 last, 
as compared with the same months a year ago, and 
with the corresponding pre-war period of 1913-14. 
Pig iron unshipped in the months just ended is given 
at 6,393 tons, as compared with 19,391 tons a year ago, 
and only 218 tons in the pre-war period; crude sheet 
bars, billets, blooms, and slabs unloaded in the past 
eight months reached 69,821 tons, as compared with 
66,008 tons a year ago, and 30,307 tons in the pre-war 
period; and plates, bars, angles, rails, sheets and joists 
imported to the end of last month amounted to 23,229 
tons, as compared with 34,227 tons a year ago, and 
17,419 tons in the pre-war period. 








BrrrisH STANDARD SPECIFICATION FOR WALL PLUGs.— 
The British Engineering Standards Association has 
recently issued a specification, designated No. 372— 
1930, for side-entry wall plugs and sockets for domestic 
purposes. This specification is a combination of specifica- 
tion No. 73 for two-pin plugs and sockets, and specifica- 
tion No. 317 for three-pin plugs and sockets, both of 
which it supersedes. The only matter in which No. 372 
differs appreciably from the superseded specifications is 
in connection with clauses 12 and 36, dealing with the 
provision of a guard or hand-shield. These clauses 
have been broadened somewhat to allow more scope to 
the designer in providing adequate protection to the 
hand of the user. The specification gives standard 
ratings, and tests for current-treating capacity for two- 
pin and three-pin plugs and sockets of the type used for 
domestic purposes. Dimensions are given to ensure 
interchangeability, and stipulations as to the attach- 
ment of conductors, &c., are made in order to ensure 
safety and durability in use. Copies of the new specifi- 
cation may be obtained from the B.E.S.A. Publications 
Department, 28, Victoria-street, London, 8.W.1, price 
28, 2d. post free. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though the current position is one 
that is causing a certain amount of uneasiness owing 
to the difficulty of securing new business, and the conse- 
quent unsatisfactory state of order books, manufacturers 
are making great efforts to rehabilitate their position. 
They are not allowing grass to grow under their feet, 
but are going out in search of fresh business. Details 
are now available of Sheffield’s industrial mission to 
South America. It will be headed by the Master Cutler 
(Mr. A. K. Wilson), and will sail for Rio de Janeiro on 
August 1. It is approved by the Government, and has 
the unanimous support of the steel, engineering, cutlery, 
and other trades, The object of the mission is to take 
advantage of the favourable impression created by the 
recent d’Abernon Commission, to demonstrate that 
Sheffield is seriously out to increase her business in 
South American countries, and to explore ways and 
means of doing so. It will endeavour to create a benefi- 
cial atmosphere for improved business, to acquire detailed 
information of the requirements of steel, cutlery, and 
other goods, and deal with false reports, mainly circulated 
by foreign countries, that Sheffield is behind times, and 
to advertise the wonderful effort which Sheffield has 
made to overcome its handicaps. The mission will 
travel about 15,000 miles and will visit Brazil, Uruguay, 
Argentina, Chile, and Peru, and is expected to arrive 
home in November. Conditions in the steel trade gene- 
rally have undergone little change. Many sections are 
in the grip of depression, but an optimistic feeling is 
abroad. Though orders are scarce, the number of enquiries 
broadcast are on the increase. As is only to be expected, 
in view of the continued decline of business, gross 
steel output shows a considerable contraction. In some 
cases, furnaces have not been relighted since the Easter 
set-down, and the probability is that other plant is 
likely to go out of commission unless work shows a 
welcome spurt. The raw and semi-finished steel trades 
are finding great difficulty in maintaining production. 
Stocks are accumulating but users still persist in adopting 
a ‘‘ wait and see ”’ policy, and decline to enter into forward 
business. Rather brighter reports are received from 
makers of railway steel. Competition from the Continent 
in this class of business is keen, but local producers are 
able to hold their own, and attract a fair share of the 
orders in circulation. The demand for shipbuilding 
requirements is not excessive, contracts being of the 
oddment nature which do not represent much in the 
bulk. There is substantial activity in equipment for the 
electrical industry, while makers of tram-cars, omnibuses, 
lorries, and motor cars are taking increased tonnages 
of high-class steels from this district. Firms having 
connections with the textile industry could handle a 
much greater volume of business. The tool trades are 
patchy. Sales of farm and garden implements have 
expanded, but the level of former years is not likely 
to be attained. There is improved outlets for spades, 
shovels, twist-drills, hack-saws, milling cutters, and 
engineers’ small tools. Among the weak lines are files, 
saws (both circular and hand), and plantation implements. 
Foundries making builders’ ironwork and general house- 
hold ironmongery are not so well employed as in the past. 


South Yorkshire Coal Trade,—-Business in most classes 
of fuel is on the quiet side. The export position has 
undergone little change while the tonnage absorbed 
for home consumption remains on recent levels. Indus- 
trial requirements are weak and no improvement is 
expected until the iron and steel trade have better order 
books. The call from the textile trade and electricity 
undertakings is not considerable. As is only to be 
expected at this time of the year, the market in house coal 
is unsatisfactory. Only a moderate tonnage is being 
transported to London and Southern areas. There is a 
steady trade in foundry and furnace coke at 17s. to 
18s. 6d.; while gas coke continues firm at 21s. to 25s. 
Quotations :—Best branch hand picked, 24s. to 25s. 6d. ; 
Derbyshire best brights, 19s. to 21s.; Derbyshire best 
house, 18s. to 19s. 6d.; screened house coal, 16s. to 17s. ; 
sereened house nuts, 14s. to 16s.; Yorkshire hards, 
14s. to 15s. 6d.; Derbyshire hards, 14s, to 15s. 5d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls, 3s. to 5s. 








SrrucTURAL STEELWORK IN Morocco.—A report on 
the market for structural steelwork in the Tangier and 
Spanish zones of Morocco has been prepared by the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1. United Kingdom firms desirous of 
receiving a copy of this report should communicate with 
the Department, quoting Reference No. A.X. 9779. 


Tue British INpustrRIES Farr, BrrMINGHAM.—As 
has been the case in previous years, the heavy and 
hardware section of the British Industries Fair is to be 
held, concurrently with the London section, in the 
Exhibition Buildings, Castle Bromwich, Birmingham, 
from February 16 to 27 next. The grounds occupy 
45 acres and the buildings cover 1] acres: some 450,000 
sq. ft. of floor space is available,, all of which is under 
one continuous roof. The Birmingham Chamber of 
Commerce, the organisers of the Fair, have recently sent 
us a prospectus giving the general regulations for exhibi- 
tors and full particulars regarding such matters as 
charges for space, erection of stands, and installation of 
exhibits. We understand that 88 per cent. of the total 
space available in the building has been allocated. The 
Dominion of Canada is arranging an exhibit of increased 
importance and interest. All correspondence relating 
to the heavy section of the Fair should be addressed to 
the General Manager, at the Birmingham Chamber of 
Commerce (Incorporated), 95, New-Street, Birmingham, 





NOTICE OF MEETING. 


INSTITUTION oF NAVAL ARCHITECTS.—Summer Meeting, 
Monday, July 14, to Friday, July 18. Town Hall, 
Liverpool. Tuesday, July 15, 10 a.m., ‘‘ Some Considera- 
tions on the Economics of Cargo Liners,”’ by the Hon. 
L. H. Cripps. ‘‘ Mechanisation of Airship Handling,’ by 
Major G. H. Scott. ‘ Trial Trip Performances of Three 
Similar Ships, with Special Reference to Rudder Effect,”’ 
by Mr. W. H. Woolnough and Dr. A. M. Robb. Wed- 
nesday, July 16, 7.30 p.m., Midiand Adelphi Hotel. 
Institution Dinner. Thursday, July 17, 10 a.m., Tech- 
nical School, Byrom-street, Liverpool. ‘‘ The Effect of 
Growth in Size of Cargo Ships on Docks and their 
Equipment, with Special Reference to Liverpool Docks,” 
by Professor T. R. Wilton. ‘‘A Note on the Direct 
Measurement of the Virtual Mass of Ship Models,’ by 
Professor T. B. Abell. ‘‘ Model Experiments on the 
Wind Resistance of Ships,’’ by Mr. G. Hughes. Friday, 
July 18. Visits and Excursions. 











NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The prospects for forward business 
have been improved by the possibility of the withdrawal 
of the Coal Mines Bill, which would remove the danger 
of increased production costs, resulting from shorter 
working hours in the mines. Many operators have 
been reluctant to take the risk of long-period contracts, 
fearing that production costs would be raised, while 
prospective buyers have not been disposed to pay the 
higher prices asked by sellers consequent on the chance 
of production costs being increased. The feature is 
still a scarcity of dry sized coals, due to the reduced 
make caused by lessened outputs of large. This results 
from intermittent colliery working in consequence of the 
general slackness in trade. Dry washed nuts command 
up to 20s. for prompt loading, which is 2s. per ton 
above the schedule, and for forward shipment, business 
has been done at 22s. and 22s, 6d. Bituminous sized 
coals, though relatively not so well placed as the dry 
varieties, are comfortably situated at 6d. to 1s. above 
schedule. Large and small steams, however, remain 
plentiful at stabilisation prices based on 20s. for best 
Admiralty large and 13s. 6d. for best bunker smalls, and 
with stocks still considerable, buyers experience no 
difficulty in obtaining their requirements. Here and 
there collieries are comfortably placed, but buyers not 
tied to named coals can easily secure substitutes. Ship- 
ments of coal last week abroad totalled 460,000 tons, 
which was 6,000 tons less than in the preceding week, 
France taking 131,000 tons, Argentina 51,000 tons, 
Italy 84,000 tons, and Canada 25,000 tons. 


Steelworks Closing Down.—Lack of orders has caused 
the closing down of the blast-furnaces and steel depart- 
ment of the Dowlais Works at Dowlais, near Merthyr, 
which belong to British (Guest, Keen-Baldwins) Iron 
and Steel Company, Limited. Operations are, however, 
to be resumed as soon as the necessary orders can be 
obtained. As Continental and Indian iron and steel is 
being brought into South Wales, and sold at about 1l. 

r ton less than the cost of manufacture in South 
Wales, the prospects of an early reopening of the Dowlais 
works are not too promising. As a direct result of the 
closing of this works, the Llanhary mines of the Glamorgan 
Hematite Iron Ore Company, Limited, are also to stop 
for an indefinite period, with the result that altogether 
some 2,000 men will be thrown idle. Speaking at the 
annual dinner of the Permanent Way Institute, held 
at Cardiff, Mr. Wm. Simons, director of Guest, Keen and 
Nettlefolds, Limited, said that about 10,000 tons of pig- 
iron were brought into South Wales each month, and 
dumped at about 2s. per ton below the cost of manufacture 
in the district, resulting in a saving of 12,0007. a year, and 
a loss in wages to local coal miners, steelworkers, and 
transport workers of about 270,000/. a year. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 14,758 tons, or 2,000 tons more than 
in the preceding six days. Shipments of tin-plates and 
terne-plates were increased from 5,730 tons to 8,715 tons, 
but of black-plates and black-sheets, reduced from 1,715 
tons to 780 tons, of galvanised sheets, from 3,037 tons to 
2,530 tons, and of other iron and steel goods, from 
4,317 tons to 838 tons. 








Contract. — Messrs. Vickers-Armstrongs Limited, 
have received an order from Lord Inchcape for a large 
passenger ship for the Union Steamship Company of 
New Zealand. The vessel will be built at Barrow-in- 
Furness, and the main propelling turbo-electric unit 
will be supplied by Messrs. The British Thomson- 
Houston Company, Limited, Rugby, in collaboration 
with Messrs. Vickers-Armstrongs. 





PerRsonaL.—Mr. A. Burton Buckley has removed from 
49-50, Parliament-street, to larger premises at 64, 
Victoria-street, London, S.W.1.—Messrs. Booth, Wilson 
and Pettit have moved their offices from 49-50, Parlia- 
ment-street, to larger premises at 64, Victoria-street, 
London, S.W.1.—Messrs. Harnischfeger Corporation of 
Canada, Limited, recently established with headquarters 
at Ottawa, have opened an office at 504, Dominion 
Square Building, Montreal.—New depots have been opened 
by Messrs. Metropolitan-Vickers Electrical Company, 
Limited, for the sale of their Cosmos lamps, at 177, 
West George-street, Glasgow, and at International 
Exchange Buildings, Edmund-street, Birmingham. In 
the case of Glasgow, the Company’s meter business will 
be conducted from the same address. 
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TRADE EFFLUENTS AND SEWERS. 


Tue sewerage system of a district is normally 
designed to accommodate its domestic sewage. 
The duty on the local authority to accept it, in order 
that it may be disposed of without detriment to 
the public health, is obviously the first purpose for 
which the sewers must be used, and in many com- 
munities they have nothing more to do. As the 
applications of science to industry become more 
varied and extensive, cases are found in which, 
after a sewerage system has been constructed in 
reasonable proportion to the domestic needs of the 
community, new industries arise, which produce 
effluents, and obviously the sewer offers the easiest 
way of disposing of them. In such circumstance 
it must often happen that by reason either of the 
volume of the effluent, or of its nature, the local 
authority cannot accept the trade effluent without, 
either at the time in question or in a not remote 
future, overburdening its sewerage system and 
unfitting it for discharging the duties for which it 
was provided. On the other hand, if the local 
authority does not accept the trade effluent, the 
trader must dispose of it for himself, and it may 
not be easy either for him to know in what way it 
can best be disposed of without injury to the com- 
munity, or for the community to be assured that the 
trader is dealing with his effluent in such a way. 

Subject, therefore, to its paramount interest in 
having proper arrangements for its domestic sewage, 
it is to the advantage of the community to accept 
and dispose of the trade effluents, lest a worse thing 
befall, and in many instances the trader’s natural 
desire to get rid of his effluent and his responsi- 
bility for it in the simplest way is probably very 
much to the public interest. As the law stands at 
present, however, he may be entirely unable to do 
so, even when the effluent is quite pure. His right 
to use the sewer for receiving his trade effluent is 





defined by the Public Health Act of 1875, and in 





addition to his being restricted from passing into 
the sewers any effluent likely to injure it, or to im- 
pede the disposal of the sewage, or to be injurious 
from a sanitary point of view, he may only send his 
effluent down the sewer if the accommodation is 
more than sufficient for the domestic requirements of 
the district. This is a very wide exception, and the 
situation under which a local authority has both the 
power and the duty to apply it has been examined 
recently by the Joint Advisory Committee on River 
Pollution, who have just issued their second report 
to the Ministries of Health and of Agriculture, in 


2 | which they deal with the question. [H.M. Stationery 


Office, 6d. net.] 

In the opinion of this Committee, the matter is 
one which calls urgently for legislative attention. In 
recent years new riparian industries have been grow- 
ing up, stimulated by the application of scientific 
research, and they tend to increase the gravity which 
the problem possessed before. The importance of 
conserving all available sources of water supply, 
both for domestic and for industrial use, is constantly 
increasing, and measures should be taken to prevent 
any avoidable pollution or waste. On the other 
hand, it is difficult to say in general terms what 
those measures should be, for those that would be 
fair and desirable in one district, or under one set 
of circumstances, might be unreasonable or im- 
practicable in another. The one thing that appeared 
clear to the Committee was that public interest 
made it highly undesirable to allow the present 
situation to continue. They have accordingly 
considered in the first instance on what principle 
remedial measures should be based, and, secondly, 
what mechanism would be the most convenient 
and workable for applying them. Their enquiries, 
including the evidence of a number of witnesses, 
representing local authorities, on the one hand, and 
effluent-producing industries on the other, have 
led them to definite conclusions about the steps that 
should be taken, and it seems likely that their re- 
commendations will be supported by those who 
have had occasion to consider them. 

In short, the fundamental principle they adopt 
as the basis of any measure by which the situation 
can be rectified is that, except that traders should 
not be allowed to discharge into the sewer any 
substance so intractable that it would be out of 
the power of the local authority to prevent it from 
interfering with the sewers or the working of the 
sewage disposal system, every trader should have 
the right, upon notice, to discharge his trade 
effluent into the sewer. According to the nature 
of the effluent and the circumstances of the district, 
it will be a question whether this right shall be 
conditional on his carrying out some preliminary 
treatment, and it appears that this was one of 
the questions to which the answers varied from 
district to district, according to the nature of the 
effluents. Accordingly, the committee recommend 
that on receiving notice of the desire of a trader 
to discharge his effluent into the sewer, the local 
authority shall come to agreement, with repre- 
sentatives duly appointed for the purpose by the 
traders of the district, about the terms and general 
conditions under which the trader shall be allowed 
to pass his effluent into the sewers and the safe- 
guards he must provide for the benefit of the sewerage 
system. Failing agreement, questions in dispute 
are to be determined by the Ministry of Health, 
and at any time either party can call for the regu- 
lations to be modified by the same procedure as 
was used in their initial drafting. These regulations 
may provide inter alia for the preliminary treatment 
of the effluent, and where practicable the removal of 
specified substances, and they also are to regulate 
the rate and volume of discharge, and provide 
for reasonable charges being made for the facilities 
given. Where special works are necessary for 
compliance with the regulations, they are to be 
carried out at the trader’s expense, but the local 
authority is apparently to bear the cost of any 
work required merely to enable it to accommodate 
the effluent. If the trader has to instal works on 
his premises their value should not be taken into 
account in his assessment for rates. 

These are the principal provisions recommended, 
and in support of them it is stated that they are 
based on agreed regulations adopted in seven 
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north-country towns, which have worked satis- 
factorily and without any necessity to appeal. 
There can be little doubt that the present state 
of the law is unsatisfactory. The local authority 
is probably in a better position than most traders 
to treat an effluent effectively, and it is in the 
public interest that the trader should be encouraged 
to use the sewers for the purpose. If he is charged 
too much for the privilege, he need not assert his 
rights to it. Cases, however, would be rare where 
the local authority would seek to burden unfairly 
a new industry, the prosperity of which would go 
to increase the prosperity of the district. If the 
volume of the effluent was great, and the water 
of the river was being used for industrial purposes 
to anything like its full capacity, the trader might 
be liable to compensate riparian owners for any 
volume of matter he might pass into the sewer, 
while the local authority might discharge elsewhere 
than in the river. This is, in fact, the position 
that exists at present, and if all parties stood on 
their rights it would operate to prevent the trader 
from using his rights to discharge his effluent into 
the sewer. A great merit of the suggested provisions 
is that they provide a mechanism by which the 
local authority’s regulations shall be framed, after 
discussion with the trade, under conditions that 
have already been tried successfully for similar 
purposes in various localities. There seems no 
reason why they should be less successful elsewhere, 
for the regulations will be framed specially in each 
case, in accordance, if possible, with local wishes. 
Much will depend on the spirit in which the 
proposed measures are worked. The right of entry, 
for instance, which it is suggested should be given for 
the purpose of inspecting the premises, or the power 
to remove and dispose of sludge from the trader’s 
premises at his expense, could be administered 


so as to be a burden upon the trader. Whether 
it would or not depends on the nature of the 
administration. The local authority should, 


however, know better than to quarrel with its 
bread and butter and handicap local industries. 
Of recent years general experience seems to show 
that local authorities are more reasonable and 
far-seeing than they were formerly, and the 
disposition of supervisory Government authorities 
seems to have turned steadily to using the arts of 
persuasion and discussion, rather than to attempt 
compulsion. The proposed Bill would certainly 
call for a good deal of give and take. Its subject 
matter, however, is worth minor sacrifices, and 
there seems no reason to doubt that when they are 
required they will be cheerfully made. 








ECONOMIC CONDITIONS IN CHILE. 


At the present time Chile appears to be among 
the countries with which things are going well. 
For several years past its economic situation has 
been satisfactory. In the last four years it has 
balanced its budget and now shows a surplus. 
Its trade is on the increase, and by a settlement of 
a long outstanding dispute with Peru it is hoped 
that it will obtain a valuable South American 
market for its manufectures. Before the war 
Great Britain was much the largest supplier of its 
imports, and even now in most years is its largest 
customers for its exports. Accordingly its pros- 
perity is by no means a matter of indifference 
to British manufacturers, and they will read with 
interest a report by Mr. E. Murray Harvey, Com- 
mercial Secretary to H.M. Legation at Sartiago, on 
“Economic Conditions in Chile to November, 
1929” (H.M. Stationery Office, 3s. net), which 
has just been issued by the Department of Overseas 
Trade. 

Apart from its prosperity and its considerable 
natural resources, Chile is among those countries | 


which have room for a much larger population than li in the 


it supports. 
Great Britain it has only about 4,000,000 inhabitants, | 


a fourth of whom are to be found in Santiago|from many other parts of the world. 


and Valparaiso. 


about 100 miles in average width, it 





of which are immediately productive, and others, 
such as roads, serve both to open up the country 
and improve its value as a market for road vehicles. 
Largely through this policy, which it has been possi- 
ble to pursue with economic advantage owing to the 
great room for further development, Chile is in 
the fortunate position of having practically no 
unemployment, and indeed in some directions 
is apt to suffer from a scarcity of skilled labour. 
It has considerable mineral resources, being for 
example, the second largest copper-producing 
country in the world, but its chief product is, of 
course, its nitrate of soda, the consumption of 
which in the last three years has increased to a 
much larger extent than that of the world’s con- 
sumption of synthetic and by-product nitrogen. 
During 1928 the foreign trade of the country 
was larger than it had been since 1920, a very 
abnormal year, and its balance of exports over 
imports—nearly 20,000,000/.—was also the largest 
of that period. It may well be imagined that with 
such a balance of incoming money it is likely to 
continue the vigorous measures by which it is 
improving the port and other utilities of the country, 
and whatever may be the disposition of British 
manufacturers to increase their canvass for its 
business, or to neglect it as not worth their while, 
it seems evident that they cannot dismiss it prudently 
without consideration. 

As in so many other countries, British manu- 
facturers in Chile enjoy the benefit of a high reputa- 
tion for quality, but in other important respects 
appear to give less satisfaction than their com- 
petitors. Before the war more than a third of the 
total imports into Chile were supplied by Great 
Britain, which was nearly double the share of the 
United States. At the present time the British 
share has fallen to little over a fifth, while that 
of the United States has risen to nearly a third. 
British trade with Chile has in fact suffered a 
severe set-back. In motor vehicles, for example, for 
which there is a rapidly increasing demand, the 
British share is almost negligible. The market is 
practically a monopoly for the United States, and 
even in motor bicycles, of which in most markets 
British manufacturers have the largest share, the 
United States are doing the bulk of this increasing 
trade. Only in steam wagons do British makes 
appear to predominate. In agricultural machinery, 
again, though British manufacturers are more 
successful, their sales amount to barely more than 
a fourth of the United States supplies, and in 
electrical apparatus and material, though in some 
lines British manufacturers have not had a bad 
year, their total share is only about the same as 
that of Germany, and not very much more than 
half of that of the United States. A striking 
falling off, again, was seen for a number of years up 
to 1927 in the British imports of tin plate, which 
were practically divided between the United King- 
dom and the United States, the United Kingdom’s 
share having fallen from about three-fifths to 
about a sixth of the total, though in 1928 it rose 
to just on a quarter. In the Chilean export trade 
the British share has fluctuated. In 1928 exports 
from Chile into Great Britain were higher than 
those of any other country, and formed much more 
than a third of the total, but in some previous 
years their proportion was a good deal lower than 
that of the United States. 

Doubtless the immense relative advance which 
has been made by the United States is attributable 
largely to its financial circumstances and to the 
much more favourable terms its manufacturers 
offer in respect of credit. It is said that American 
financiers are now providing most of the funds 
with which the country is being developed, whether 
by means of railways, roads or other public works 
|carried out by the States, or by private enterprise 
mining industry. The report suggests, 


With more than three times the area of | however, that other factors have been operating, 


‘which are much the same as have been reported 
Here, as 


In shape a narrow strip only | elsewhere, the high quality of British manufacture 
has a | is said to be well known and appreciated, but 


coast line of 2,800 miles, and well under 4,000|on the other hand advertisement, price, and in 


miles of railway. 


The policy of its government has | | Many cases credits are said to have more weight 


been, and is, to maintain an extensive programme |than quality. The publicity arrangements of 
of public works, such as irrigation schemes, many | British firms are said to be inferior to those of 





their competitors, and even now catalogues and 
trade literature are often sent out in English. 
There is said to be, in fact, a disposition to give a 
less effective service than is given by competitors, 
and to take insufficient account of the needs of 
the local market. This is well illustrated in the 
case of motor-cars. The difficulty of obtaining 
spares and the lack of service facilities generally 
are said to deter any would-be purchaser of British 
vehicles, and while near-side steering, in accordance 
with standard American practice, is generally 
preferred in Chile, and one or two British makers 
of commercial motor vehicles have exported chassis 
so fitted, no such British passenger car has yet 
been produced. Doubtless service conveniences 
and the production of special patterns cost 
money, and it may well be a question for any 
individual firm whether they cannot employ their 
resources to more advantage in other markets. 
What seems, however. to be clear is that it is waste 
of money for a firm to attempt to enter the market 
or to compete in it unless it can see its way to offer 
effective competition in its service, conditions of 
trading, and design of products as well as in quality 
of manufacture and price. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


(Concluded from page 20.) 


WE conclude below our account of the summer 
meeting of the Institution of Mechanical Engineers 
at Bristol last week. For Wednesday, July 2, three 
visits had been arranged. One party visited Bath, 
at which city some of the members inspected the 
Newark Foundry and the Victoria Works of Messrs. 
Stothert and Pitt, Limited, afterwards proceeding 
to the Bath Corporation’s Sewage Pumping Station 
at Twerton. Others visited the Monks Park 
quarries at Corsham belonging to Messrs. The Bath 
and Portland Stone Firms, while others again 
went to Saltford to inspect the Bath Corporation’s 
Sewage Disposal Works. The whole party re- 
assembled in Bath in the afternoon, where they 
were received by the Right Worshipful The Mayor 
of Bath, Mr. Aubrey Bateman, and entertained to 
tea. A visit to the Roman Baths followed. A 
second party made a visit to the Barrow Filter beds, 
the Yeo Reservoir and Pumping Station, the Cheddar 
Intake and Pumping Station, and the Chelvey 
Pumping Station, all belonging to Messrs. The 
Bristol Waterworks Company, and were entertained 
to luncheon at Cheddar, and tea at Chelvey, by the 
company. 

The third, and perhaps the largest, party paid a 
visit to Yeovil, where the Westland Works of Messrs. 
Petters, Limited, were inspected, the oil engine 
works in the morning, and the aircraft works in 
the afternoon. The party was entertained to 
luncheon on the Works Aerodrome, and afterwards 
had the opportunity of witnessing a flying display 
of several of the types of aircraft made by the 
firm. The performance of the all-metal, fast- 
climbing, single-seater, low-wing interception fighter 
monoplane was particularly interesting, and an 
outstanding feature of the display was the de- 
parture for Belgium of the first of four aeroplanes 
constructed for a Belgian Company, Messrs. Sabena- 
Transports-Aeriens. This machine is the Westland 
Wessex, and is a high-wing monoplane with three 
Genet major engines. Excellent cabin accommo- 
dation is provided for four passengers, and an 
additional passenger or navigator may be carried in 
the cockpit alongside the pilot. The machine was 
taken over by the chief test pilot of the Belgian 
operating company. The party returned to Bristol 
by way of Sherborne, visiting the Abbey there, and 
here it may be said that a very pleasant charac- 
teristic of the Bristol meeting was the great beauty 
of the routes to and from the outlying works and 
towns. 

The Institution dinner took place in the evening. 
The members and guests were received by the 
President, Mr. Loughnan St. L. Pendred, and Miss 
Marjorie Gresley. The toast of “The City and 


University of Bristol”? was proposed by Sir Ernest 
W. Petter, who pointed out that the west of England 
had contributed some famous names to engineering 
history, and the city and district had always been 
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distinguished for its spirit of adventure and enter- 
prise. The fine work done at Avonmouth and 
Portishead indicated the great amount of prevision 
possessed by the Corporation of Bristol in the 
creation of these undertakings. No engineer who 
had visited the University would fail to be impressed 
by the equipment for engineering teaching, apart 
from the magnificence of the buildings themselves. 
This toast was responded to by the Right Hon. the 
Lord Mayor of Bristol, Councillor Walter Bryant, 
who, in reviewing the history of the city, expressed 
the opinion that the enterprise of the merchant 
venturers of to-day exceeded that of the past. 
Apart from the docks and the Portishead station, 
there was a great deal of pluck necessitated in the 
financing of such works as the municipal air port, 
the well-known Portway, the new goods station, 
and the extensions to factories, in all of which the 
citizens, railway companies, and private firms had 
shown an equal spirit with their forefathers. Dr. 
Thomas Loveday, Vice-Chancellor of the University, 
also responded, and remarked that the Faculty of 
Engineering afforded an outlet to the academic 
world for practicaily-minded people. The presi- 
dent proposed the health of ‘“‘ The Visitors,” in a 
felicitous manner, and this toast was fittingly replied 
to by Major Andrew N. Pope, Master of the Society 
of Merchant Venturers. 

On Thursday, July 3, three whole-day visits 
were arranged, all well-attended by members. 
One party visited Dursley, and inspected the 
engineering works of Messrs. R. A. Lister and 
Company, Limited, and after lunch separated to 
examine the wool carpet and rug factory of Messrs. 
John B. Champion and Sons, or the cloth mills of 
Messrs. Hunt and Winterbotham. The whole 
Dursley party was entertained to luncheon and 
tea by Messrs. R. A. Lister. A second group of 
members went to Melksham, where it divided 
between the works of Messrs. Spencer (Melksham), 
Limited, and those of Messrs. The Avon India 
Rubber Company. After luncheon, provided by 
the two firms just mentioned, the members went 
on to Trowbridge where two cloth mills, viz., 
those of Messrs. Kemp and Hewitt, and Messrs. 
Palmer and Mackay, were inspected. These mills, 
together with that visited at Dursley, afforded 
an opportunity of examining the manufacture of 
that well-known product, West of England 
cloth. After the inspection of the mills, the party 
was entertained to tea, on the kind invitation of 
Councillor H. H. Garlick, J.P., Chairman of the 
Trowbridge Urban District, and Mr. W. C. Thomas, 
President of the Trowbridge and District Chamber 
of Commerce. The third whole-day visit was to 
the Filton works of Messrs. The Bristol Aeroplane 
Company, where the visitors were entertained to 
luncheon after their inspection of the works. After 
luncheon, the party divided, one group visiting the 
Bristol Corporation Portishead Generating Station, 
and the other the Bedminster works of Messrs. 
W. D. and H. O. Wills. Those in the first group 
were entertained to tea by the invitation of Coun- 
cillor J. H. Inskip, Chairman of the Bristol Corpora- 
tion, and of the Members of the Committee. Messrs. 
W. D. and H. O. Wills paid a similar compliment to 
their guests. The evening was set apart for a 
reception and dance, by the kind invitation of the 
Bristol Reception Committee. The members were 
welcomed by the Lord Mayor of Bristol, as chair- 
man of the committee, and by Mr. Sidney Clifford, 
chairman of the Executive Committee, as well as 
by the Lady Mayoress and Mrs. Clifford. The 
function proved a very enjoyable one, as it was 
held in the well laid-out grounds of the Zoological 
Gardens, and the weather was pleasant. 

For Friday, July 4, the last day of the meeting, 
only two whole-day excursions with professional 
interest were provided, viz., visits to Gloucester and 
Swindon, but a whole-day excursion of a purely 
recreative nature was made to Wells and Glaston- 
bury. It may be added that on most of the days 
there were generally excursions to places with 
historical or scenic interest, which were enjoyed 
by the ladies of the party. The visit to Gloucester 
embodied three alternative programmes, that is, 
an inspection of Messrs. the Gloucester Railway 
Carriage and Wagon Works, or of the Gloucester 
Corporation Electricity Works or visits to the 





works of Messrs. Williams and James, and those of 
Messrs. W. Sisson and Company. After luncheon, 
the members paid a visit to the cathedral, and 
subsequently proceeded to Chosen House, Huccle- 
cote, where they were entertained to tea by Mr. and 
Mrs. Sisson. The party visiting Swindon inspected 
the Great Western Railway Company’s locomotive 
works in the morning, and the Carriage and Wagon 
Works in the afternoon, after having been enter- 
tained at luncheon by the company. In addition 
to the organised visits, a large number of firms 
threw open their works for individual visits by the 
members. In conclusion, it may be said that the 
whole of the visits and functions passed off without 
a hitch of any kind, and the success of the meeting 
would not have been so complete but for the hard 
organisation work done by the Bristol Reception 
Committee and the secretary and staff of the 
Institution. 


THE SECOND WORLD POWER 
CONFERENCE, 


(Concluded from page 23.) 


On Monday morning, June 23, the proceedings 
commenced with a meeting of Section X, over which 
Professor Jan Kieswetter presided. The subject 
for discussion was ‘“‘ Steam Turbines, Gas Turbines, 
and Reciprocating Engines,” the General Report 
being presented by Professor E. Josse. The latter 
remarked that high-pressure steam figured in nine 
of the thirteen papers presented to the section. 
It could thus be inferred that considerable import- 
ance was still attached to the question of the most 
economical pressure. At the same time, it was 
becoming more fully realised that the turbine was 
only a part of the whole plant, and that economy 
depended not only on fuel costs but on maintenance 
charges and lay-out. An optimum lay-out for 
generating stations had not yet been devised, but 
special attention should be devoted to turbines 
which, though not too expensive, were mechanically 
strong and reliable. 

The size of the generating units installed in power 
stations was increasing, and they must be capable 
of withstanding heavy overloads. In the very 
large condensing sets the blades in the last stages 
were difficult to deal with, especially when, as the 
result of initial high pressures, they were working 
in wet steam. No final conclusions regarding the 
use of intermediate superheating, steam draining, 
or the best material to employ for the blading had 
yet been reached. On the other hand, the lower 
economical limit of turbine output was of con- 
siderable importance, especially in industrial power 
stations. In such cases, the use of high pressures 
gave rise to difficulties, owing to the small amount 
of steam passing. Opinions were still divided on 
the influence of short blades on efficiency. The 
question of the upper economic limit of output 
of reciprocating engines was important for purposes 
of comparison. 

Experiments were being made in the use of 
ammonia vapour at a pressure of 120 lb. per square 
inch combined with steam at 330 lb. per square inch. 
In the first stage, absorption instead of condensation 
took place, fused salts being used as the initial 
material instead of aqueous solutions. It was 
claimed that, with this arrangement, the saving in 
fuel was 30 per cent., compared with a steam plant 
working at the same pressure, and that the first cost 
was the same in both cases. Another new develop- 
ment was to employ a steam generator fired under 
pressure from an exhaust gas turbo-compressor, the 
steam being used to generate power in steam turbines. 

In the course of the discussion on this report 
Dr.-Ing. F. Marguerre said that the opinions which 
had been advanced on the most economical steam 
pressures were not unanimous. In the case of 
condensing plants, the most economical pressure 
was 100 atm., and the general view was that the 
cost would be only a few per cent. higher than if 
ordinary pressures were used. An initial pressure 
of 35 atm. could not be employed without causing 
erosion in the last turbine stages. It was advisable 
that pressures should be standardised at, say, 
100 atm. and 30 atm., and the National Committees 
might well exchange opinions on this subject. 
Mr. Havlicek added that the efficiencies of pres- 











sures over 50 atm. was still very doubtful. Mr. B. 
Pochobradsky said that the reliability of steam 
turbines had been affected by blade breakages due 
to critical vibration. These vibrations could be 
decreased by reducing the distance between the 
guide and moving blades, the increased loss being 
counteracted by setting the former forward in the 
diaphragm. Dr.-Ing. E. A. Kraft pointed out that 
a good efficiency was only obtainable in high- 
pressure turbines by using a small volume of steam 
and speeds as high as 30,000 r.p.m. or 40,000 r.p.m. 
Whether this was possible depended on the success 
that could be obtained with flexible shafts. The 
difference between peak-load and base-load turbines 
was not apparent in the larger-sized units. 

Section XIII also held a meeting on Monday morn- 
ing, under the presidency of Mr. 0. Lefebvre. The 
subject for discussion was “‘ Rationalisation and the 
Technical and Economical Problems of Water 
Power Utilisation.” The General Reporter was 
Professor Dr.-Ing. D. Thoma, who stated that the 
economics of water power plant had been consider- 
ably affected by recent developments in steam 
engineering. These had brought about a reduction 
in coal consumption, and had led to the possibility 
of employing lower-grade fuels. The high first cost 
of water power plants often made it difficult for 
them to compete with steam. On the other hand, 
steam plant was more expensive than it used to be, 
and had become so complicated that its operation 
was affected to a greater extent than formerly by 
load fluctuations. The advantage of water power 
plants was that they could deal with heavy loads 
almost instantaneously. Special stress should there- 
fore be laid on storage facilities and stations, such 
as at that at Conowingo,* might be economical even 
in regions where the price of fuel was low. In 
addition to adapting such plants to the operating 
conditions, efforts were also being made to reduce 
their first and running costs by making the number 
of units as small as possible. The objection to this 
policy, that breakdown might be serious, was no 
longer of importance now that interconnection was 
so common. 

Continuous progress was being made in the details 
of plant design, and the Kaplan turbine was being 
increasingly used in its particular field. In the case 
of low-head plants, efforts were being made to reduce 
the size and cost of the stations by installing 
propeller turbines with axial guide wheels. Par- 
ticular attention was also being paid to the reduction 
of operating costs by employing automatic plant 
or by cutting down the number of attendants to a 
minimum. 

On Monday afternoon, a meeting of Section XV 
was held to consider ‘‘ Economic Problems Relative 
to Power Storage on a Large Scale.” The chairman 
was Professor Dr. W. Wyssling, and the General 
Reporter Professor Dr.-Ing. R. Haas. The latter 
said that the papers presented showed that there 
was a certain reluctance to erect large peak-load 
steam plants. Opinion seemed to incline to the 
view that it was sounder economically to store 
energy whenever possible, for the reasons that this 
led to a savingin building costs and that it wasalso : 
advisable to increase the load factor. It was evident 
that water storage was only suitable for annual stor- 
age purposes, while for daily storage heat accumu- 
lators and even electric batteries might be utilised. 
Peaks might be taken by Diesel engines, the oil fuel 
being regarded as a form of stored power. In this 
way savings were frequently effected, not only in the 
cost of the fuel converted into kilowatt-hours, but 
on capital, while, when the storage plant was near 
to the place of consumption, there was also a saving 
on transmission. In such cases, the Diesel engine 
could compete successfully with peak-load steam 
plant, and the same applied to electric and steam 
accumulators, provided the outputs were not exces- 
sive. The steam accumulator was a profitable pro- 
position if the annual increase in the plant output 
could not be met by the boiler plant installed. 
Pump-fed storage plants could also be employed 
for this purpose where it was a question of large 
outputs. Nearly all types of storage plant had the 
advantage that they could be used in cases of 
emergency. 

A meeting of Section X XI was also held on Monday 
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afternoon, the chairman being Professor Gorev. 
The subject for discussion was ‘“‘ Farthing, Lightning 
Protection and the Effects of Power Lines on 
Telephone and Telegraph Lines,” and the General 
Report was presented by Professor Dr.-Ing. R. 
Riidenberg. The latter pointed out that the earth- 
ing of non-current carrying parts of apparatus was 
now compulsory in many countries, especially where 
there was a possibility of high pressures penetrating 
into low-pressure systems. There was also a 
tendency to demand the earthing of portable as 
well as fixed apparatus. The rules were mostly 
based on certain figures for voltages with which it 


was assumed contact would be dangerous, though | 


in reality it was the current and not the voltage 
which caused the injurious effects. Very little 
quantitative data regarding dangerous or fatal 
voltages and currents had been published. 
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to obtaining the insulation of all-metal parts. As |General Report was presented by Dr.-Ing. K. 
regards interference between power and signal| Rummel. The latter said that the principal points 
‘lines, there had been several short-circuits on the | raised in the papers were whether the consumer 
132-kv. lines near Glasgow, without any trouble | should take his energy crude, 7.e., in the form of coal 
being experienced. Mr. R. Braillard considered that | or oil, or prepared, 7.e., in the form of electricity, 
the interference with wireless reception by power | gas or steam, and when he had made his choice 
equipment should be met by modifying the latter, | between crude and prepared energy, what kind 
while Mr. W. W. Lackie said that of the 1,048|he should use. Further, the type of prime mover 
|cases of interference investigated by the British | which should be employed in a private generating 
| Broadcasting Corporation during 1929, 50 per/ plant had to be selected. 

|cent. had been due to small motors. This problem| A meeting of Section XI was also held, Mr. F. 
| required treatment at the source in the interests | Bennhold being in the chair, the subject for dis- 
of the listening public. On the other hand, Mr. W. cussion being ‘“ Boilers and Furnaces.’ The 
3rave thought that the true solution was the use |General Report was presented by Dr.-Ing. F. 
of more selective receivers, otherwise the postal | Miinziger, who said that the principal lines of de- 
authorities would be greatly affected, as consider- | velopment could be summarised under some such 
able disturbance was caused by automatic telephone |headings as greatly increased boiler outputs, 
equipment. Other speakers followed on one side 1 ; 








| evolution of simpler and cheaper forms of construc- 


or the other. 

At the conclusion of the sectional meetings, a 
General Address on ‘“‘ Sub-Atomic Energy” was 
delivered by Professor Sir A. S. Eddington, who 
said that he was going to utilise the invitation that 


The determination of the interference of power 
with signal lines had been hindered by the diffi- 
culty of obtaining measurements of the disturbing 
effects which could be accepted as correct. The 
introduction of an equivalent disturbing voltage, 
which reduced the effect of all the disturbing 
frequencies to one, which might be selected at will, 
had, however, rendered it possible to compare the 
various harmful conditions and had opened the resources existed in everything we saw and 
way to a quantitative determination of interference | handled, but were so securely locked away that 
phenomena. A further difficulty lay in the fact | they might as well be in the remotest star, unless 


'of energy resources so illimitable that the idea of 
fuel economy need not be considered. These 


that the most marked disturbances were due to the | we could find a key to the lock. There was enough | 


return earth currents, which occurred when there | of this sub-atomic energy in a drop of water to 
was a short-circuit or double fault in the power line | furnish 200 h.p. for a year, and if the day ever came 
to earth. It was now recognised that, as regards | when it could be utilised, the year’s supply of fuel 
distance effects, the conductivity of the soil and its | for a 100,000-kw. station could be carried in a tea 
distribution were of supreme importance, as these |cup, containing 30 grammes of water, or in any- 
determined the intensity of and the law governing | thing else that was handy. 

the interference. As the conductivity of the soil| To the astronomer, however, this vision was 
and its distribution varied in every case, the | something more than the extravagant speculation 
disturbing effects must either be predetermined | of the theorist. For it was evident that solar and 
on the basis of average values, or tests must be stellar energy were being maintained sub-atomically, 


carried out beforehand in localities, where it was | This sub-atomic energy might be supplied by the 
proposed that the lines should be erected. Owing 


to the greater distance effects of high-tension 
lines transmitting large powers, as well as the 
increased concentration of power and signalling net- 
works, the estimating of these disturbing influences 
was of importance, as otherwise it would be impos- 
sible to run both types of line overhead in densely 
populated districts. Disturbances to wireless 





transmutation of matter by building up complex 
elements out of hydrogen. At present it was 
doubtful whether there were means of deciding 
between these two possibilities, and, of course, 
both might be in operation, either simultaneously 
or at different stages in a star’s life, to maintain 
| the output of heat and light. There was, however, 
reception could not be met by spacing, and special | , tendency to prefer the annihilation theory, as 
means of protection were necessary. The possi-|this led to more interesting astronomical conse- 
bilities of reducing higher harmonics in the power | quences. For if transmutation was assumed to be 
equipment and of rendering wireless apparatus |oceurring, only about 1 per cent. of the energy in 
less sensitive to disturbance had not, so far, been |the star was available to maintain its heat, while 
sufficiently closely examined. |in the case of annihilation, as much as 70 per cent. 

The phenomena of atmospheric storms and their | might be turned into heat and radiated away. 
effect on electrical installations had been investi- | There was, in fact, evidence to show that stars of 





gated by such apparatus as the clydonograph and | all ages must, during the course of their lives, have | 
Surges due to the lines | lost a great part of their original mass. Unfortunately, | 


cathode ray oscillograph. 
being charged by lightning were only dangerous on 
moderate voltage networks, the chief risk on very 
high voltage systems being due to direct strokes. 
Insulators were now being designed to resist 
flash-overs both at normal frequency and from 
surges ; and lightning arresters, which were capable 
of dealing with the heavy currents involved, had 
also been developed. The marked damping effect 
of the line to a large extent prevented lightning 
discharges being dangerous to the station plant, 
and this effect was increased by the use of a short 
lengths of less highly insulated line. Guard rings 
were commonly employed on the line insulators to 
equalise the potential distribution and to prevent 
the maintenance of ares when the line went to earth. 
Transformer windings could be protected by suitable 
windings as effectively against surges as against 
low frequency voltages. 

In the course of the discussion, Mr. C. H. Bay 
said that relatively few electrical accidents occurred 
in Germany, though many of the installations were 
not in accordance with the regulations. Additional 
protection against contact was advisable when this | 
could be effected without complication. He did | duced which in due course disintegrated and libera- 
not regard earthing as the ideal method of protec- | ted sub-atomic energy. 
tion in every case. An earth of 25 ohms was useless | On Tuesday morning, June 24, a meeting of Sec- 
on low-tension networks. In the household, good | tion VI was held to consider the subject of ‘“ Costs 
protection was afforded by the use of insulating | and Comparative Efficiency of Different Forms 
floors. Mr. R. O. Kapp thought that the regula-|of Energy from the Consumer’s Point of View.” 


the theory required that coeval stars should be of 
the same mass and brightness. But this was not 
in accordance with observation, so that the whole 
idea was open to scepticism. 

It appeared that to tap any really large supply 
of sub-atomic energy, matter must be heated up 
to a temperature of about 40,000,000 deg. C., but 
that at some million degrees lower the yield was 
practically nil. In other words, there was some 
critical temperature at which the liberation of 
atomic energy occurred very rapidly. This increase 
must not, however, be too fast, otherwise the star 
would be thrown into pulsation, and it was very 
difficult to find a law which would steer the star 
safely between stability and pulsation. The 
passage was so narrow that it seemed unlikely that 
any practical method of release of energy would 


The only likely way out of this difficulty was to 
suppose that the stimulating effect of a temperature 
increase was delayed. If the temperature increased, 
there was no immediate increase in the production of 
energy, but an active kind of material was pro- 


had been given him by tantalising them with a vision | 


disappearance of matter into radiation, or by the | 


| operate so as to come between the required limits. | 


‘tion, extensive elimination of manual labour, 
adaptation of furnaces to fuels of the most widely 
differing characteristics and the production of boiler 
constructional materials suitable for high pressures 
and temperatures. 

It appeared that boiler outputs could be increased 
up to, and even above, 400 tons per hour and that 
grate loadings of 80 lb. per square foot were being 
aimed at. The application of forced and induced 
draughts, turbulent flames, secondary air and of 
extensive cooling surfaces had proved extraordin- 
arily advantageous. On the other hand, excess 
ash in the furnace proper, as well as in the flues 
and chimney, still caused great difficulties. Pul- 
verised fuel furnaces were the most suitable for 
large boilers, though mechanical stokers were better 
|for medium and small units. The great importance 
of simplicity, reliability and low installation costs in 
boiler operation was generally acknowledged. 
One of the signs of the tendency towards simple 
and cheap installations was the increasing employ- 
ment of unit pulverisers, even in the largest stations. 
It was obvious that the attempts to discover 
entirely new forms of construction would make the 
boiler and furnace a self-contained unit. In Europe, 
at least, very high steam pressures were being only 
slowly adopted. Owing to the fact that in researches 
|into the most economical steam pressures the instal- 

lation costs were sometimes referred to the gross 
and sometimes to the useful delivered output, 
|great confusion was caused. There was a diver- 
| gence of opinion as to the economy of fully auto- 
| matic furnace regulation. The importance of careful 
| feed water preparation was generally acknowledged. 
|The development of constructional materials more 
suitable for high pressure and temperatures was 
being carefully considered, partly in order that the 
whole installation might be simplified, for example, 
| by the elimination of intermediate superheating. 

The Chairman opened the discussion with the 
remark that he hoped that speakers would not 
;make the products of their own firms the basis 
|of their contributions, thus earning the applause 
| of the meeting. 
| Mr. F. zur Nedden said that a committee which 
| ad been appointed in Germany had made good 
| progress towards solving the problem of extracting 
|the dust from flue gases. The methods were, 

however, expensive both initially and in the cost of 
j operation. The crux therefore lay in discovering 
| ways and means of utilising the ash. The German 
Federal Coal Council had instituted a competition 
| for the best solution of this problem and this would 
| be open to all comers. Mr. H. Zeuner said that 
considerable success had been achieved with 
pulverised brown coal in the plant with which he was 
connected by increasing the size of the furnace. 
| This had led to a reduction in cost. 

Mr. M. Birkner pointed out that stokers had 
now been developed on which coal with a low 
ash content and low melting point could be burnt. 
| This was effected by forcing a stream of moisture 
over the fuel bed, an arrangement which enabled 

fuel to be used for which an oscillating grate was 
not suitable. Stokers could also be designed for 
taking the peak loads. Mr. A. Siebenreicher pointed 
out that the question of banking losses required 
|investigation, as these were often higher than was 
|supposed. They could be reduced by cutting out 
| the chimneys by dampers. These dampers were 


tions for domestic apparatus might be directed | The chair was occupied by Ing. F. Brock, and the | arranged in the ducts in pairs with a short space 
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between them, into which hot air was admitted. 
A 10 per cent. saving in fuel could be effected in 
this way. Several speakers dealt with the question 
of flue gas temperatures and pointed out that 
considerable difference of opinion existed as to which 
was the most suitable figure to use. Mr. H. Gleich- 
mann remarked that it was too early to talk about 
the standardisation of air temperatures. Dr. F. 
Marguerre said that there had been no trouble 
at Mannheim in maintaining the pre-heated air 
temperature between 460 and 470 deg. C. The 
superheater tubes were of 3 per cent. nickel steel, 
which was the best material that could be obtained 
three years ago and only three had failed. The 
tubes on the new superheaters were of molybdenum 
steel, but it was too early to say anything about 
them. ‘Tests had also been made with molybdenum- 
chrome-silicon steel. Mr. W. Nover said there 
could be no real development with high pressure 
boilers, unless the feed water problem was solved, 

A meeting of Section XVI was also held on Tues- 
day morning, the chair being occupied by Viscount 
Inouye. The subject for discussion was ‘‘ The 
Water Power Industry in Individual Countries.” 
Dr.-Ing. F. Krieger presented the General Report, 
in which he said that efforts were being made in all 
countries, where water power was available, to utilise 
it for the production of energy, especially when 
coal had to be imported. A solution would appear 
to have been found in the Argentine for the problem 
of the utilisation of tidal power by closing the 
mouth of the Gulf of San Jose by a dam 7 km. long. 
This would provide a head varying from 0-5 metres 
to 2-25 metres, and enable 10,000,000 kw.-hr. to be 
generated per day at a cost in Buenos Ayres, 1,100 
km. distant, of 0-ld. per kilowatt-hour. Efforts 
were being made in all countries to increase the 
utility of variable water powers by reservoirs, 
while the use of the pumped storage system was 
increasing. 

At the conclusion of the sectional meetings on 
Tuesday morning, a general address on ‘“ Mech- 
anical Power as a Factor in Culture ” was delivered 
by Dr. A. F. Enstrém, who compared industry to 
a tree, the trunk of which was machine power in 
the form of mechanical or electrical energy. It 
had been estimated that for every kilogram of grain 
that was consumed, 1 kw.-hr. of mechanical or 
electrical energy was expended. The question 
therefore arose what had man gained by this addition 
to his sustenance, and on this point there was con- 
siderable difference of opinion. If, however, we 
compared the labour of the farmer one hundred 
years ago, or of the stoker of an Atlantic liner two 
decades ago, with that performed under the same 
conditions to-day, it must be admitted that mech- 
anical power had lightened work to an appreciable 
extent; the same was true in multitudinous other 
spheres. Whether the percentage of those who 
rejoiced in their work was higher than formerly it 
was difficult to decide, but there was no doubt it 
could be higher under present conditions. The 
machine, in fact, gave mankind opportunities for 
cultural gain in the form of increased education, 
increased knowledge and greater training of the 
powers of observation and thought. Indirectly, it 
contributed to a better understanding between 
peoples and to a removal of the causes of conflicts. 
Far from being a curse, therefore, mechanical power 
was a blessing to man, and was capable of carrying 
him forward and upward, if he only understood how 
best to utilise it. 

In the afternoon, the City of Berlin entertained 
a large number of those taking part in the confer- 
ence at Wannsee. The journey to Potsdam was 
made by train, whence steamers took the visitors 
for a short trip on the Havel River and the adjoin- 
ing lakes on their way to their destination. 

On Wednesday morning, June 25, there were two 
sectional meetings. The first of these was Section 
VIII, over which M. H. Parodi presided. The sub- 
ject for discussion was ‘“‘ Combined Heat and Power 
Supply Plants.”” The General Reporter was Dr.- 
Ing. F. Marguerre, who said that it was becoming 
more and more widely recognised that in industrial 
works a continuous demand for steam permitted 
energy to be generated at the lowest price, and 
this principle was now being applied without 
regard to the limitations of individual plants, 
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The most economical medium for this purpose was a 
high pressure, such as 100-atm. and upwards. Such 
pressures had proved satisfactory in the United 
States for a number of years, and were now being 
introduced into Germany. The highest pressures 
were usually employed in condensing turbines in 
power stations. 

In addition, the problem of balancing the demands 
for steam and power must be considered. This 
could be effected either by steam accumulators or 
bleeding the turbines, by Diesel engines in isolated 
stations or, on a broader basis, and generally at a 
lower cost, by connecting a public electricity plant 
and nearby works for the supply of electricity and 
steam, respectively. The process of centralising 
power production, such as had been effected in public 
electricity supply, would be developed, if regard 
was paid to the common economic welfare. The 
exploitation of waste heat and the balancing of 
demands, in co-operation with the public electricity 
supply, must be carried out in a similar manner. 
In the case of stations supplying heat to city 
districts or to factories, it could not generally be 
determined whether the production of current 
over short periods was economic, and local condi- 
tions played an important part in this connection. 
Attention to the effect of heat stations in the 
centre of the city on the capital expenditure for 
electrical distribution would frequently show that 
the generation of current in such stations was 
profitable. 

The second meeting was that of Section XIX, 
over which M. E. Brylinski presided. The subject 
for discussion was ‘‘ Switchgear, including Automatic 
Control Apparatus for Power Stations and Remote 
Metering and Signalling Apparatus.” The General 
Report was presented by Dr. Ing. H. Probst, who 
said that as regards switchgear, a step towards 
reducing costs had been made by the introduction 
of oil-less switches. These had been developed 
both in America and Europe, and were awaiting 
their first practical trials. The operation of all 
these switches depended on the prevention of the 
re-formation of the are by some artificial method 
of re-establishing the air gap at the moment when 
the short-circuit passed through its first or second 
zero value, thus causing the are to be extinguished 
rapidly and reducing the amount of work performed 
by the switch. Investigations made in the United 
States on the equilibrium of systems had shown 
that with the method of earthing extra high- 
tension networks in vogue in that country, an 
extraordinarly short total period was required to 
clear a short-circuit on an overhead line. Switch- 
gear had also been developed to comply with this 
condition. There had been some _ interesting 
advances in instrument transformers. On medium- 





pressure systems there had been a demand for a 
transformer which was absolutely secure against 
| short circuits, and this problem had been satisfac- 
| torily solved. For economic reasons, however, it 
|was not possible to employ the same solution on 
| high voltages. Cascade transformers, with arrange- 
ments for measuring the voltages by condensers, 
had therefore been devised. 

| Outdoor switchgear was being increasingly 
‘employed even in the soot-laden air of large cities. 
Lay-outs had hitherto been governed by the danger 
'of explosion in the oil switches. It might therefore 
be expected that the introduction of oil-less switches 
|would bring about a modification in the arrange- 
ments and a reduction in the cost. Ironclad 
switchgear had been adopted to a greater extent in 
|England and the United States than elsewhere. 
Such equipment had been erected in the open in 
| Several countries. As regards auxiliary apparatus, 
‘the grouping of the control boards was being 
‘increasingly effected in such a manner that the 
movements diagramatically followed the lay-out 
of the main switchgear. In special cases a con- 
centrated view of the operations was necessary. 
This had given rise to control boards fitted with 
an illuminated diagram, on which the effect of the 
movements was indicated. Concurrently with the 
development of remote control came the problem of 
operating the switchgear by means of signal cur- 
rents. This might lead to a saving where the 
switchgear was some distance from the control 


board. 


The development of automatic switching had 
been relatively rapid, and had been successfully 
applied in a great variety of ways. Apart from 
the saving in personnel it had considerable technical 
advantages, since it reduced the time necessary 
to put the machines on load, both when starting 
and when they had been cut out after a disturbance. 
A combination of automatic working and remote 
control had operating and organising advantages, 
which made plants so equipped superior to those 
in which manual working was used. Special 
attention was therefore being paid to the perfection 
of such combinations. 

The systematic and correct utilisation of inter- 
connected generating stations had led to the estab- 
lishment of a central signalling post from which 
the main switching movements of the individual 
switchboards were controlled. The necessary orders 
for this purpose were transmitted by signals or by 
telegraph, the view being that remote control 
would not for the time being be employed on 
large systems. Nevertheless, it might be ex- 
pected that it would become of increasing import- 
ance as the reliability of operation of switches in 
large stations increased. Step-by-step or con- 
tinuous distance regulation, together with automatic 
repeating signals, were indispensable for the load 
distributor. Distance measurements were effected 
either by direct-current or impulses. The first pro- 
vided an uninterrupted indication of the measuring 
instruments, but special conductors were necessary. 
The latter gave a delayed indication, but had the 
advantage that the main conductors could be used 
for transmitting the signals. The remote control 
devices worked either on the principle of the rotating 
distributor or by means of step-by-step equipment. 
The latter was similar in principle to the automatic 
telephone switch. 

There was a tendency to instal central signalling 
stations in boiler houses. These contained press- 
buttons and control apparatus, from which the 
whole of the auxiliary installation could be operated. 
It was doubtful whether, apart from the firing 
operations, automatic working would be introduced 
to any considerable extent, but the possibility must 
be considered. 

The concluding meeting of the Conference took 

lace on Wednesday afternoon, June 25, Mr. O. C. 
Merrill, one of the vice-presidents being in the 
chair. In opening the proceedings the Chairman 
remarked that since the date of the first Conference 
in London the spirit implicit at that gathering 
had quickly spread throughout the entire world. 
The World Power Conference had brought about the 
co-operation of scientific and technical men from 
all countries for the good of mankind. It had 
enabled information to be made available, and 
problems to be discussed, irrespective of national 
boundaries, and this was the true measure of its 
value, useful as the data given in the various papers, 
reports and discussions presented at the meeting 
were. 

A report on the Conference prepared by the 
International Executive Council was presented 
by Mr. F. zur Nedden. In this it was stated that 
the total number of members registering was 
3,900, and that 34 sectional meetings had been held. 
To each of the latter a General Report covering in 
all 380 papers, had been. presented Largely due 
to the speech transmitting apparatus, it had been 
possible for 430 persons to take part in the discus- 
sions. During the technical sessions a number of 
important resolutions had been passed. These 
would be circulated to the National Committees, 
and examined by a Sub-Committee appointed by 
the International Executive Council, who would 
report on them to the next meeting of that body. 

The International Executive Council had also 
appointed a sub-committee to examine, after 
consultation with the National Committees, certain 
proposals for promoting the rational development 
of the World Power Conference. These included 
the avoidance of too voluminous transactions, 
and the facilitating of a continual exchange of power 
statistics and information regarding important publi- 
cations. Very satisfactory progress had been made 
towards consolidating relations with other inter- 
national organisations. An understanding had been 





come to with the International Commission on Large 
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Dams, the International High Tension Conference 
and the Commission Mixte Internationale pour les 
Lignes Telephoniques et Jes Canalisations Souter- 


raines, with regard to the mutua] demarcation of | 


fields of interest and the interchange of informa- 
tion, while all standardisation problems falling 
within their scope would be handed over to the 
International Standards Commission, the Inter- 
national Electrotechnical Commission 
International Association for Testing Materials, 


with the suggestion that these organisations should | 


decide among themselves upon the division of 
the work. The International Executive Council 
having had its attention called to proposals for 
creating a World Engineering Federation and a 


permanent World Engineering Congress, had de- | 
cided that such an organisation would result in | 


overlapping, and lead to a duplication of activities. 

Of the four resolutions of the Fuel Conference in 
London in 1928,* three were being carried out. 
The fourth, regarding international regularisation of 
calorific fuel values, had been finally dealt with 
during the present meeting, and it had been unani- 
mously agreed that the World Power Conference 
should utilise all the resources at its disposal to 


ensure that when data based on calorific value was | 
given it should be made perfectly clear whether the | 


upper or lower (gross or net) value had been taken 
a basis. For this purpose an official list of 
terms used for the two values, as well as interna- 
tional indices for both, was being drawn up in all 


as 


the principal languages, and would be published | 
The International Stan- | 


during the current year. 
dards organisations were to be requested to create 
an international standard definition for the upper 
and lower values. 

It was further stated that a discussion on the 
advantages and disadvantages of charging for 
electricity on the basis of either the kilowatt-hour 
or the kilowatt-year, or a combination of the two, 
would be welcomed, that it had been arranged 
tentatively that the next Sectional Meeting should 
be held in Scandinavia in 1933, and that the third 
Plenary Conference would take place in America 
in 1936. 


In conclusion, the opinion was expressed that the 


most important result of the Conference was the 
personal contact that had been established between 
so many experienced specialists from all over the 
world. The success of the Conference had been 
largely due to the sympathetic collaboration of the 
Press, and, as a whole, it had offered answers to 
the important problems it had been called upon 
to solve by leading statesmen and the whole world. 
The general theme of the Conference had been 
that power could be cheapened by the reduction 
in the cost of generating and distributing plant 
and by increasing the number of full-load working 


hours of that plant. The Conference had also shown | 


that the supply of mechanical power, light and 
heat must in the long run lead to a reduction of 
unemployment, and had opened up great perspec- 


tives for the future, not only in the scientific and | 
technical, but in the economic and sociological, | 


fields. 

The Chairman then thenked all those who had 
contributed to the success of the meetings, among 
whom he made special mention of Dr. F. W. Puppe 
and his staff of interpreters. 

Mr. Llewelyn B. Atkinson proposed a resolution 
expressing the thanks of the Conference to the 
German Governments and the German National 
Committee for their work in connection with the 
organisation of the gathering. Those who had 
conceived the first World Power Conference, he 
said, had been pioneers in estab ishing international 
co-operation, but it had been a difficult experiment, 
so soon after the war, to attempt to bring together 
those who had been on opposite sides in that struggle. 
A great deal of work was involved in organising such 
a Conference, but the resources of a great industry 
had been placed at their disposal in a remarkable 
way. This resolution was seconded by Viscount 
Inouyé and carried. 

A resolution, proposed by Mr. E. Brylinski 
and seconded by Mr. R. Avramovitsch, thanked the 
German National and Executive Committees for 
their work, while Mr. O. Jacobini proposed and 
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| Mr. J. W. Meares seconded a further resolution of 
}thanks to the various societies which had offered 

hospitality to the participants. Finally, Dr. C. 
| Kéttgen ‘expressed his appreciation of the work 
iof the fifty National Committees, the resolution 

to this effect being seconded by Professor C. 
| Matschoss. The proceedings were then brought to 
|a close. Official excursions were arranged to cover 
| the following days. 








NEW ENGINEERING LABORATORIES 
AT UNIVERSITY COLLEGE, NOT- 
TINGHAM. 

Stnce 1880, University College, Nottingham, has 
played a considerable and worthy part in the educa- 
tional life of the Midlands, and this, perhaps naturally, 
applies particularly where engineering is concerned. 
It is not surprising, therefore, that the increasing 
number of students and the expansion and complica- 
tion of the syllabus, especially on the practical side, 
have rendered it necessary to provide further accom- 
modation and equipment, in order that this useful 
work may be efficiently carried on. For some time, 
the Engineering Department of the College has been 





LABORATORIES 








AT NOTTINGHAM. 


AOU RETEOSSREERO KREINER TER? 


PAR. 


LENL/NEERING 























Fig. 2. 


housed in a wing of the old building in Shakespeare- 
street, but as these premises offered no possibility for 
expansion or for the installation of new plant, it was 
decided to provide an engineering block in the new 
buildings, which the munificence of Lord Trent has 
made it possible to erect at University Park. It was 
also decided to concentrate the courses on heat engines 
and power production in these new premises, and to 
make an appeal for the money and extra apparatus 
which would be required for equipping the new labora- 
tories. Assistance in this somewhat difficult task has, 
we are glad to say, been freely given by an influential 
advisory committee of local engineers, and the genero- 
sity of a number of firms has further facilitated the 
work of the authorities. 

The new block, which was formally opened on 
Wednesday by Brigadier-General G. M. Jackson, 
includes two laboratories, as well as a boiler house and 
engine room. The first of the laboratories is 100 ft. 
long by 23 ft. wide, and will be devoted to work on heat 
engines ; while the second, which is of the same size, 
though it is at present being employed as a building 
workshop, will later on be available for the activities 
of the department. The boiler house, a view in which 
is given in Fig. 1, is equipped with a Babcock and 
Wilcox water-tube boiler and superheater, arranged 
with an automatic stoker, and with a Thompson 
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water-tube boiler, the firing of which will be effected by 
hand. Both boilers can be fed through a Clay Cross 
economiser, and the provision of a Lea coal meter and 
water recorder, draught gauges, CO, meter, pyro- 
meters, steam meter and other instruments will enable 
the plant to be operated on modern lines, and efficiency 
tests on it to be carried out. 

‘The heat engine laboratory contains a British Thomson- 
Houston 60-kw. turbo-alternator, which is illustrated 
in Fig. 2. This set exhausts into a Worthington- 
Simpson condenser, the pumps for which were manu- 
factured by the same firm. As will be seen, this 
condenser is mounted alongside the machine. Cooling 
water is obtained from a spray pond in the roof. The 
alternator is controlled from a switchboard manu- 
factured by the Park Royal Engineering Company, 
Limited. In addition, the laboratory is equipped with 
a small Ruston and Hornsby horizontal steam engine, 
a Petter two-stroke oil engine, a National gas engine, 
which can be operated on either producer or town gas, 
a four-cylinder paraffin engine, and a Dorman petrol 
engine, which is equipped with a Froude brake. 

The necessary electricity for supplying power 
and lighting to the new building is obtained from 
the Nottingham Corporation, through a transformer 
sub-station in the power house. This power house, 
which is illustrated in Fig. 3, is also equipped with a 








rotary convertor and a booster-balancer set for battery 





EXGIN EER ING 


4. 


charging purposes, as well as with a Ruston-Hornsby 
heavy-oil engine, the latter being coupled to a Holmes 
dynamo, as shown in Fig. 4. All this plant will also 
be available for testing and experimental work, a special 
feature of the course being the training of the students 
in the details of power station operation. It is also 
proposed to instal a mercury arc rectifier at an early 
date. Further apparatus for hydraulic and civil 
engineering work will be available shortly. It must 
be added that the whole of the equipment mentioned 
has been presented by the firms named. 

The establishment of the new laboratories and the 
removal of other departments of the College to Univer- 
sity Park, has rendered an expansion of the accommo- 
dation available for engineering work at Shakespeare- 
street. Advantage has been taken of this fact to 
instal a great deal of new electrical apparatus, which 
has either been purchased or presented, so that the 
equipment now includes a large number of generators 
and motors of varied types, as well as transformers and 
mercury arc rectifiers. In addition, there is a complete 
equipment of standardising instruments, which will 
shortly be extended so that high-frequency work can 
be carried out, while wave forms can be studied with 
a Duddell oscillograph, and transient phenomena with 
a cinematograph camera. The testing of insulation 
up to 10,000 volts is also possible. 

The engineering laboratory at Shakespeare-street is 


equipped with a good range of testing machines, 
including a 50-ton single-lever Wicksteed testing 
machine with hydraulic traverse, on which specimens 
up to 5ft. in length can be dealt with, while the stress- 
|strain measurements can be automatically registered 
on a hydraulic recorder. A Pelton wheel and turbines, 
weirs, orifices, pipes, flume, and measuring tank are 





available for hydraulic experiments, and the power 
plant includes a loco-multitubular and water-tube 
boiler, which supply reciprocating engines and a 
| steam turbine, as well as oil, gas and petrol engines and 
| suction gas and ammonia refrigerating plant. Other 
| equipment comprises microscopes, photographic appara- 
| tus, electric furnaces and pyrometers. All the instru- 
| ments necessary for practical work in surveying are 
javailable. The division of the laboratories in the 
| way described is, of course, only a temporary measure, 
| and ultimately it is proposed to erect further buildings 
|at University Park, and to transfer the whole of the 
| work there. 
| The head of the engineering department is Mr. 
|C. H. Bulleid, O.B.E., the director of the sub-depart- 
;ment of electrical engineering being Mr. H. Cotton, 
|M.B.E. Two courses of instruction are provided, one 
| leading to the B.Sc. in Engineering of the University 
| of London, and the other to the College Diploma in the 
same subject. The latter is designed to enable students 
| to take the Associate Membership Examination of one 
| of the Engineering Institutions at the end of their 
third year. The Diploma is also awarded to students 
who attend classes from October to Easter and spend 
the remainder of the year in works, while all students 
are expected to go into works during the summer 
| vacation or to attend the College workshops in July 
| and September. 











| 

| 

|LIGHTNING EFFECT ON TELEPHONE 
| LINE. 

| Particutars of an unusual case of lightning damage 
| to a telephone line have reached us from New South 
| Wales. After a heavy thunderstorm, a line to a farm 
|in the Lismore district, about 34 miles from the ex- 
change, was found to be damaged. The line, for the 
greater part of its length, was carried on the main 
| pole route, but, for the last half-mile, was supported 
on a separate pole line running along a by-road, the 
final connection to the subscriber’s house being made 
| by a length of about 90 ft. of twisted-pair insulated 
wire. Each wire of the pair was composed of a copper 
conductor with a rubber covering, and external cotton 
braiding, one of which was coloured red and the other 
black. Investigation showed that, for the whole length 
|of the twisted wire, the covering had been completely 
' cut through, and that the wire with the black braiding 
| had passed through the covering and was in contact 
| With the wire inside the red coloured braiding. The 
|insulated coverings on both wires appeared to have 
| been cut through, but no signs of burning were 
| evident. 

| In addition, it should be mentioned that the con- 
nection between the main pole route and the subscriber’s 
route, at a point about half a mile from the subscriber’s 
premises, was made by insulated wires, 6 ft. in length, 
stapled to the cross-arm of the junction pole. This 
wire was cut into six pieces, but the insulation was not 
damaged longitudinally. 1t appeared, however, to 
have been expanded, since the conductors could be 
drawn from their covering with ease. The copper wires 
of the half-mile length of pole line between the junction 
pole and the pole near the subscriber’s premises, were 
also found to be fused in two spans. At each terminal, 
the circuit was equipped with protectors, fuses and 
coils, and the fuses at the exchange had operated. 
The protector on the cable terminal pole outside the 
exchange also showed evidence of having carried a 
discharge, and the effects on the fuses and protector 
at the subscriber’s end were similar. 

The most interesting effect is, of course, the cutting 
of the insulation of the twisted pair at the subscriber’s 
end of the line, and this, although uncommon, as far 
as we are aware, can possibly be explained in terms 
of Ampere’s law, that the magnetic effects on two 
parallel conductors carrying currents flowing in the 
same direction produce an attraction between the 
conductors. It is, of course, striking that the duration 
of the current was sufficient to produce the mechanical 
effect mentioned without fusing the wire. The expan- 
sion of the insulation on the separate wires at the 
junction, above referred to, would doubtless be caused 
by the rapid evolution of water vapour or gases due 
to the heating effect of the current. We are indebted 
to Mr. H. P. Brown, Director General of Posts and 
Telegraphs, Commonwealth of Australia, for the infor- 
mation on which the above is based. 














CaLENDAR Reriiis.—Messrs. Hopkinsons Limited, 
Huddersfield, have sent us a set of monthly refills for 
use in their calendar. 
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LABOUR NOTES. 

ADDRESSING the annual conference of the General 
Federation of Trade Unions at Morecambe last week, 
Mr. J. F. Sime, the president, discussed the question 
of unemployment. One of the causes of it was, he 
said, the over-capitalisation of industrial concerns, 
which merely put abnormal sums of money, subscribed 
in many cases by simple-minded people, into the pockets 
of company promoters, many of whom, after the flota- 
tion of the concern, cleared out as soon as possible, 
leaving the too-confiding shareholders to hold the baby. 
The present period of depression and unemployment 
was the worst experienced since the termination of 
the war. Any Government must be seriously handi- 
capped in its efforts to solve the problem by the dead- 
weight of the National Debt, and the interest to be 
met onit. Sooner or later the question of taking radical 
steps to reduce the debt and interest payments would 
have to befaced. 

Gibes and sneers were forthcoming, Mr. Sime went 
on to say, from many superior people at the unemployed 
and the dole. The inference was continually being 
publicly drawn that unemployment benefit was paid 
as a gift without conditions. While it was true the 
conditions of receipt of unemployment benefits had 
been relaxed, that had been due only to the abnormal 
period of depression. It was rubbish to suggest that 
while unemployment benefit was being paid work would 
not be sought. He was certain that given the oppor- 
tunity to work, a great percentage of the unemployed 
would gladly rush to accept it. He considered it a 
gross slander on the working classes to stigmatise 
them as work-shy. 


Mr. C. J. Wright, on behalf of the Midland Counties 
Trades Federation, moved that the Government 
should be pressed to amend the Unemployment 
Insurance Acts by extending the obligations and 
benefits to those categories and classes which now 
enjoyed exemption, so that the risks might be more 
widely spread and the costs fall less heavily upon 
unsheltered occupations. Unemployment insurance, 
he thought, should be a national charge upon the whole 
community instead of upon one section only. He 
did not agree that those in the more favourable positions 
should be exempt. There were about 11,750,000 
insured persons under the Acts and between nine and 
ten millions exempt from payment of contributions. 
In the exempted section were Government officials, 
local government workers, domestic servants, agri- 
cultural workers, teachers, and members of other 
professions. These, in his opinion, were the least | 
likely to suffer from unemployment. They were in | 
sheltered occupations, whereas the real productive | 
worker of the country had to bear the whole cost of | 
unemployment insurance. Such insurance — should | 
be made a national scheme. The resolution was | 
adopted by a large majority. 





At the annual convention of the Joint Industrial 
Council of the Printing and Allied Trades in London, 
last week, Mr. H. W. Lee, the retiring chairman, said 
that the success of the Council was due to its strong 
organisation, high type of leaders, and the fact that 
it was an advisory and not a negotiating body. Mr. 
T. E. Naylor, M.P., secretary of the London Society 
of Compositors, said that he had no faith in the present 
methods of arbitration in industry, mainly because 
the courts could only take a superficial view, and very 
often their judgments were equally superficial. The 
judgment of a conciliation committee was better. 
[t left the losing party more satisfied, and in it they 
had a very powerful instriment for peace. 





According to a statement by the Ministry of Labour, 
145,954,000 working days were lost in this country in 
1926, owing to disputes classified as arising out of | 
proposed reductions of wages. The corresponding 
loss in 1927 was 425,000 days ; in 1928 it was 296,000, 
and in 1929, 7,284,000. The number of working days 
lost in the five first months of the current year was 
estimated at 2,825,000. 


The writer of the editorial notes, in the July issue 
of Man and Metal, the organ of the [ron and Steel 
Trades Confederation, deals at some length with the | 
question of unemployment. The world-wide growth | 
of unemployment is proving definitely, he says, the | 
arguments advanced by socialists for over 40 years, | 
viz., that capitalism contained within itself the seeds | 
of its own destruction, that machines would displace | 
labour, that should a time come when emigration was | 
not possible, unemployment would increase to such | 
an extent as to jeopardise the existence of society, | 
and that the only remedy for the evil was collective | 
ownership of the means of producing wealth. It is | 
not through lack of wealth or raw material or mech | 
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anical appliances, the writer declares, that men are | organisation of all workers employed on orin connection 


idle, but because those who are at work have produced 
more of everything the world wants than it can con- 
sume. The unemployed have now to wait until this 
surplus wealth is used up, so as to get a chance of 
returning to industry. a 

This country is not alone, Man and Metal’s contri- 
butor says, in having an unemployed army. Germany 
has more unemployed than we have; so has Russia 
and the United States. Agricultural countries like 
Australia and Japan are also confronted with unemploy- 
ment problems. As a matter of fact, this writer 


claims, the percentage of the population unemployed | 


in this country is lower than the corresponding figure 


for the United States, which is estimated to be 4-8 per | 


cent. In Germany, the figure is 4-4 per cent. In 


this country it is 2-8 per cent. 





The official organ of the American Bureau of Labour 
gives particulars of two rather unusual kinds of provi- 
sion found in a number of collective agreements in the 
United States, viz., the ‘‘ check-off”’ and regulations 
concerning life assurance, sickness benefits and old age 
pensions. The “‘check-off’’ is an arrangement under 
which the employer agrees to deduct from the wages 
paid to each union employee who signs a written 
authorisation, the amounts that may be owing from 
month to month from such employee to the union for 
regular dues, special assessments or fines. The 
aggregate amount thus collected from the individual 
employees is then paid over by the employer to the 
treasurer of the local union. The best known example 
of the ‘‘ check-off ’”’ system is to be found in the bitu- 
minous section of the coal-mining industry. Research 
made by the Bureau of Labour Statistics shows, how- 
ever, that the practice exists in a number of other 
trades, affecting bakers, barbers, brickmakers, cleaners, 
dyers and pressers, shop assistants, window-glass 
cutters, hotel and restaurant employees, meat cutters, 
street railway employees, teamsters and chauffeurs, 
carpenters, cement finishers, hod carriers and labourers, 
lathers, painters, plasterers, plumbers, roofers, and 
sheet-metal workers. In the building trade agreements 
the ‘‘ check-off’’ generally covers only the collection 
of initiation fees, when non-union men are employed. 
In certain of the other agreements, particularly those 
affecting teamsters and chauffeurs, there is a provision 
that the employer shall hold the employee’s receipt 
book for dues throughout the term of employment. 





Provisions in collective agreements concerning life 
insurance, sickness benefits and old age pensions are 
of recent date, the first known to exist having been 
made in 1926. Typically, the agreements (which until 
very lately have been confined for the most part to 
tramwaymen) provide for a life insurance policy of 
1,000 dols., and sickness benefit of 15 dols. to 20 dols. 
per week. Deen 

Reviewing the events of the year at the annual 
conference of the National Union of Railwaymen, 
which began on Monday at West Hartlepool, Mr. C. 
Gore, the president, said that the outstanding feature 
was the restoration of the 2} per cent. cut in wages, 
which was a great boon to men in the lower paid grades, 
who had felt keenly the sacrifices they had been 
called upon to make. There was, however, a black spot 
in connection with the restoration, namely, the short 
working time of the railway shopmen. While one could 
not charge the companies with a violation of the 
restoration agreement, it was felt that the attitude of 
some of the companies in seeking to recoup themselves 
at the expense of the shopmen was both mean and un- 
warrantable. He trusted that the organisation of 
all railway workers would be such that in future a 
repetition of the recent reduction in wages would be 
an impossibility. The managerial side were taking 
full advantage of the present trade slump as an 


| excuse for de-grading posts and displacing staff under 


the guise of economy. The practice would not be 
resented so deeply if it operated all round, but while 
economy was preached and practised to a stage when 
it became almost ridiculous in its application to the 
working grades, the positions of the higher salaried 
officers were being definitely entrenched by substantial 
advances in their salaries. He emphasised in the 
most definite manner that the conditions under which 
railway workers, or employees in any other industry, 
were employed under a capitalist system would only 
be determined by the strength of disciplined organisa- 
tion and the capabilities of the elected negotiators. 


Developments had taken place during the year in 
railway road transport, Mr. Gore went on to say, which 
had necessitated vigilance in following up the ramifica- 
tions of the various railway companies in the extension 


of that section of the railway industry. This vigilance | 


with any railway in the United Kingdom or the Irish 
| Free State. During this process they had found 
| that men employed by companies absorbed, or partly 
| absorbed, had been unorganised and working under 
| the worst possible conditions. Not to have tackled 
| such a position would have created a menace to the 
| employees on the rail side of their industry. Unfor- 
tunately their action had been displeasing to another 
| union, which, in addition to failing to come to an 
| amicable arrangement, had charged them with poaching. 
| This charge was puerile, having regard to the state of 
| organisation of the road transport workers who had 
been taken over by the railway companies. He 
deplored any difference of opinion between trade 
unions, always being anxious not only for closer 
working, but ultimately for one union for all transport 
workers, whether employed on rail, road, sea, or air. 
That must necessarily be a slow process ;_ but as a 
national union they could not be expected to vary 
their constitution at the whim of any other organisation, 
although they were prepared to consider amalgamation 
with other transport unions which agreed with their 
policy of co-ordination and nationalisation of transport. 





At a private session on Tuesday of the annual con- 
ference of the National Union of Railwaymen, it was 
decided to refer the proposals for a national wage pro- 
gramme to the Executive Committee with an instruc- 
tion to do something for the lower-paid grades and the 
railway shopmen, and that such programme should be 
submitted to a special delegate meeting in October, 
-which would decide upon its form and the time of 
presentation. see 

A resolution sent forward for discussion at the 
Trades Union Congress in September, by the Transport 
and General Workers’ Union proposes that unions, 
when faced with the effects of rationalisation, should 
‘*‘ press for a reduction of hours of work in order to 
limit replacements; the institution generally, in 
connection with the reorganisation of industry, of ade- 
quate compensation for men displaced, and an adequate 
State pension for persons of 65 years old and over, in 
order to provide avenues of employment for the younger 
workers.” The Boiler Makers and Iron and Steel Ship- 
builders’ Society desire a 44-hour week with restrictions 
on overtime, and the Union of General and Municipal 
Workers, the Distributive and Allied Workers. and 
the Sheet Metal Workers a 40-hour week with pre- 
cautions against a lowering of wage standards. The 
Locomotive Engineers and Firemen want a six-hour 
day. The Boiler Makers and Iron and Steel Ship- 
builders’ Society are responsible for a resolution calling 
upon the Government “to take such emergency 
measures as will enable them to offer employment on 
trade union rates and conditions to the surplus able- 
bodied workers which capitalism cannot employ.” 





It is estimated that on June 23, 1930, there were 
approximately 9,719,400 insured persons, aged 16 to 64, 
in employment in Great Britain. This was 4,200 less 
than a month before and 569,500 less than a year 
before. On June 30, 1930, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,169,700 wholly unemployed, 628,600 temporarily 
stopped, and 92,300 normally in casual employment, 
making a total of 1,890,600. This was 75,258 more 
than a week before and 748,218 more than a year 
before. The total on June 30, 1930, comprised 
1,358,000 men, 45,400 boys, 447,000 women, and 40,200 
girls. =. 

During June, 1930, the average number of persons 
on the registers of Employment Exchanges in Great 
Britain were 1,168,090 wholly unemployed, 579,834 
temporarily stopped, and 93,657 normally in casual 
|employment, making a total of 1,841,581, of whom 
1,220,513 were men aged 2] and over, 96,021 men aged 
18 to 20, 43,937 boys aged 14 to 17, 377,754 women aged 
21 and over, 62,494 women aged 18 to 20 and 40,862 
girls aged 14 to 17. 











Mortor-VEHICLE INDUSTRY, GERMANY.—A report on 
|the motor-vehicle industry in Germany has been pre- 
pared by the Department of Overseas Trade from infor- 
| mation furnished by H.M. Consul-General at Frankfort- 
on-Main. United Kingdom firms desiring to possess @ 
| copy of the report should communicate with the Depart- 
ment at 35, Old Queen-street, London, S.W.1, quoting 
Reference No. A.X. 9499. 





| 
| MARKING oF IMPORTED Botts AND ScREws.—The Board 


|}of Trade states that a draft Order in Council was 
| laid before Parliament on May 28 in pursuance of Section 
| 7 (1) of the Merchandise Marks Act, 1926, requiring an 
| indication of origin to be shown on imported bolts, nuts, 
| rivets, set screws, coach screws and studs. Communica- 
tions on the subject may be addressed to the Assistant 
Secretary, General Department, Board of Trade, Great 


was necessary to their policy to secure complete | George-street, London, 8.W.1. 











JULY II, 1930.] 


ENGINEERING. 


55 








DEVELOPMENTS IN AIR-COOLED 
AERO-ENGINES.* 
By A. H. R. Feppen, M.B.E. 


Ir is safe to say that the solution of the problem 
of mechanically-sustained flight might have been 
attained many years earlier if a suitable prime-mover 
had been available which was not only light enough in 
itself, but also did not consume too great a bulk of fuel. 
Although an extremely ingeniously designed steam- 
engine, of very light weight, was produced by Sir 
Hiram Maxim, and the petrol-engine actually used by 
the Wright brothers was watercooled, it is no exaggera- 
tion to state that air-cooled engines were responsible 
for making heavier-than-air machines practicable, 
because other types were comparatively heavy and 
permitted the carrying of so little fuel that anything 
but the shortest flights were out of the question. In 
France, where aviation made by far its deepest impres- 
sion in the first years of the present century, a series 
of air-cooled engines was developed and produced in 
considerable quantities, the most original type being 
the Gnome air-cooled rotary engine designed by 
Monsieur Seguin. Prior to 1914, therefore, by far the 
greatest number of aircraft were fitted with air-cooled 
engines. The Warcreated a demand for a rapid increase 
in the power of aircraft engines, to which the rotary 
engine and the thermodynamic technique of the air- 
cooled cylinder were not equal, with the result that 
by 1920 the usually accepted size for general purposes 
was about 250 b.h.p. to 275 b.h.p., and these engines 
were almost universally of the water-cooled type. In 
spite of this position, however, there were those who 
believed that, provided sufficient time and experimental 
work were given to the thermodynamic aspect of the 
problem, the air-cooled engine offered many advantages, 
and they had sufficient faith in their beliefs to concen- 
trate upon the problems involved. The result of these 
labours is that, in 1930, the air-cooled aero-engine is 
throughout the world in a considerable ascendency over 
the water-cooled type. Apart from the light type of 
private aeroplane for which the air-cooled engine of 
about 100 h.p. is universally used, the generally accepted 
size of aircraft engine is now 500 b.h.p. to 550 b.h.p., or 
approximately double the power of standard engines of 
1920. 

Reasons for Air Cooling.—With the great triumph of 
British water-cooled engines in the Schneider Trophy 
race, still fresh in the minds of all interested in aviation, 
it is natural to ask: ‘‘ Why are air-cooled engines 
fitted to the majority of present-day aircraft? How 
has it come about that at the present time by far the 
larger proportion of the Service aircraft of the Royal 
Air Force employ air-cooled engines? Why is it that 
the same condition exists in most of the other fighting 
air forces of the world, while in commercial aircraft, 
both for the light plane and large air liners, the air- 
cooled engine is almost universally used ? ”” 

In America, where, as in the case of the motor-car, 
really large aircraft production prevails, because of the 
temperament of the people and the great outlet for 
aircraft, the air-cooled engine is universally accepted. 
During the last two years, over 20 serious manufacturing 
concerns have entered the aero-engine business, and they 
are all producing air-cooled engines. In championing 
the air-cooled engine, it must not be thought that the 
advantages of the water-cooled engine are not appre- 
ciated, and it is believed that there is a definite field for 
both types. For extremely high speed and ultimate 
endurance the water-cooled engine offers, at the present 
time, advantages that the air-cooled engine cannot 
give. The reasons are that with the water-cooled 
engine very fine stream-lining and low-drag, compact, 
wing radiators are possible, and that the higher com- 
pression ratio possible enables a slightly better thermal 
efficiency to be attained, and consequently a low 
specific fuel and oil consumption. Reviewing the main 
advantages of the air-cooled engine, it is considered 
that they should be placed in the following order : 
(a) Simplicity ; (6) light weight; (c) absence of a 
water system and risk of damage by frost; and (d) 
service qualifications—quick get-away, manceuvrability, 
less vulnerability. 

(a) Simplicity.—It is considered that the outstanding 
advantage of the air-cooled engine is its simplicity. 
This term should include low first cost, fewness of 
parts, ease of repair, ease of installation and engine 
replacement, and, in the case of the radial type, ease of 
application of gearing and a supercharger. In support 
of this view a statement made by the late Chief of the 
Air Staff, Marshal Sir Hugh Trenchard, may be quoted. 
When lecturing three or four years ago to the Cambridge 
Air Squadron, he said: “In the event of another war, 
the wastage of aeroplanes would be so great that the 
country which could most rapidly re-equip itself would 
most probably win the war.” Such an authoritative 
statement alone would seem to justify the retention of 





* Paper read at the Summer Meeting of the Institution 
of Mechanical Engineers, Bristol. July 1, 1930. Abridged. 





the large air-cooled radial engine for general Service 
purposes, for of the known types of engines to-day, it 
alone offers hope of keeping an Air Force adequately 
supplied in time of war. ~ 

Granted equal manufacturing facilities, an air-cooled 
radial engine of 450 b.h.p. costs at least 20 per cent. 
less than an in-line water-cooled engine of equal power, 
to which must be added, also, the cost of the radiator, 
water piping, &c. An air-cooled radial engine of this 
size has also approximately 20 per cent. fewer parts, 
but what is more important is that the single-bank 
radial engine lends itself readily to the employment 
of forgings for many of the stressed parts. A casting, 
even of the permanent-mould type, is unsatisfactory 
for such a light and highly-stressed structure as an 
aero-engine. It may be added that in really large 
production the use of forgings actually reduces the cost 
of manufacture, an outstanding example being the 
Férd car. It is believed that this is one of the reasons 
why most of the best American engines are of the 
single-bank air-cooled radial type. The forgings for 
a radial engine are simpler to make, and easier to 
handle than the castings of an in-line engine; the 
simpler problems of material, and the fact that the 
machining operations are less intricate, with more 
frequent repetition, are considerations of primary 
importance if new firms, unaccustomed to aircraft 
engine manufacture, have to be hurried into production. 
For the same reasons, the cost of repairs is lower also. 
The times for stripping and rebuilding a radial engine 
are considerably less than for an in-line water-cooled 
engine of equal power. The extent of the repair 
equipment, including jigs, tools, and special tackle, 
necessary for a repair depot, is less for a radial air- 
cooled engine, a matter of prime importance for the 
outlying base of an air force or a commercial operating 
company. The air-cooled engine, and especially the 
large air-cooled radial, can also be installed more easily 
than the corresponding water-cooled engine which 
entails the making of water connections, &c. 

Supercharging and gearing, both comparatively 
recent additions to aircraft engines, seem to present 
less serious dynamic problems on air-cooled radial 
engines than on water-cooled in-line engines, and fit 
neatly into the structure of the power unit. It is 
considered that in both cases this is more a matter of 
luck than design, and is chiefly due to the short crank- 
shaft whereby serious harmonics are avoided. The air- 
cooled engine is at a further advantage when employing 
a supercharger, inasmuch as it has a sufficiently large 
cooling capacity to deal with the reduced cooling at 
high altitudes with the amount of supercharging which 
is practicable to-day. In the case of the water-cooled 
engine, a considerable amount of radiator surface must 
be added when a supercharger is used. 

(b) Light Weight.—The specific weight of large air- 
cooled radial engines of from 300 b.h.p. to 600 b.h.p. is 
far better than that of any other proved type of aircraft 
power unit. A modern 450-h.p. air-cooled radial 
engine complete weighs 30 per cent. less than a corre- 
sponding in-line water-cooled engine, with an allowance 
of 0-56 lb. per brake horse-power for water and radiator. 
In view of the inherently low load-carrying capacity of 
all aircraft, this saving in weight is of the highest 
importance on all types. 

(c) Absence of a Water System.—The elimination of the 
water system with its attendant radiator, water- 
pump, and piping, is an obvious advantage, but the 
problem of the “ plumbing,” as the Americans aptly 
describe it, goes a good deal deeper. The tendency for 
water leaks to occur in a power unit mounted on such 
a light and “live’’ structure as an aeroplane, is a 
continuous source of trouble. Up till the time the 
Imperial Airways Company adopted air-cooled engines, 
30 per cent. of their engine failures were attributed to 
thisone cause. Owing tothe thin sections of the water- 
jackets, radiators, &c., water must be drained in frosty 
weather on all aircraft lying in the open, a tedious 
operation on such craft as flying-boats. The efficient 
working temperature-range of an air-cooled engine is 
two-and-a-half-times that of a water-cooled engine, 
a matter of great importance in extreme climates, and 
all the Scandinavian countries have changed to air- 
cooled engines during the past three years, with marked 
improvements ; the Royal Air Force in Iraq and India 
have now also been equipped with air-cooled engines. 
As an interesting example of flying conditions in Scan- 
dinavia, it may be mentioned that military competi- 
tions were held in Sweden under winter conditions in the 
Arctic region. The machines, mounted on skis, were 
left out in the open all night under a military guard, 
and the temperature was down to 20 deg. F. below 
zero. When permission was given to commence start- 
ing operations, the machines with air-cooled engines 
were in the air in under three minutes, while the best 
time for a water-cooled engine machine was thirty- 
eight minutes, and in some cases steam had to be 
pumped into the jackets before filling up with hot 
water. 

Corrosion is an ever-present trouble, and, owing to 





the very thin metal sections employed, may be serious ; 
in some very hot countries it is sometimes more difficult 
to obtain supplies of suitable water than to obtain 
fuel. With the introduction of wing radiators as 
used on the Schneider Trophy racing machines, the 
water-cooled engine has a considerable advantage over 
the air-cooled engine in that the surplus heat from the 
engine is dissipated at a negligible drag; such a form 
of cooling has not proved practicable until the present, 
however, for anything but specialised racing machines. 
The radiating surfaces are necessarily large and vul- 
nerable, and are only a few thousandths of an inch 
thick. The Americans tried this arrangement on their 
“*Scout’’ machines, but abandoned it as being too 
unreliable. 

(d) Service Qualifications.—There are two important 
service qualifications which the air-cooled radial engine 
fulfils, namely, manceuvrability and quick get-away. 
Considerably better manwuvrability is possible with 
the short air-cooled radial engine than with an in-line 
water-cooled engine of corresponding power. Owing 
to high mechanical efficiency, which results from the 
use of a short shaft, and the shorter warming-up period 
necessary with air cooling, an aircraft fitted with an 
air-cooled radial engine can get away very much more 
quickly than one fitted with a corresponding water- 
cooled engine. This is a matter of the utmost import- 
ance for a ship’s fighter launched from a gun turret, 
or for a night fighter. The latest types of water- 
cooled in-line engines require a warming-up period of 
considerable length, and in extremely cold climates 
some form of preliminary heating has to be used. 

Present-day Air-cooled Aero-Engines and _ their 
Manufacture.—It will be agreed that the progress of 
the internal-combustion engine during the last fifty 
years has been one of the outstanding developments 
of mechanical engineering, and when it is remembered 
that the early internal-combustion engines of fifty 
years ago weighed 500 lb. per horse-power (even 
Daimler’s high-speed engine, running at about 1,000 
r.p.m., weighed just 90 lb. per horse-power) and that 
present-day motor-car engines weigh 7 lb. per horse- 
power, it will be realised that the present production 
type of air-cooled engine of 500 h.p., weighing under 
2 lb. per horse-power, has necessitated considerable 
research and development.* 

Future Air-cooled Aero-Engine Development.—It 
may be of interest to indicate some of the most likely 
developments of this type of engine in the future. 
The author has deliberately narrowed the scope of 
his remarks to cover the near future only, as we are 
probably a long way from the standardised aircraft 
power unit, and the discovery of new materials may 
bring about radical changes resulting in an engine 
of a design outside our present conception, or the 
successful evolution of a type not at present considered 
as a prime-mover for aircraft purposes. As aircraft 
differ greatly according to their purpose, engines will 
have to be designed for special purposes, and definitely 
divided into military and commercial types. For light 
commercial planes the in-line air-cooled engine has 
given exceptionally good service, and air cooling is 
universally used for this purpose. 

Up till the present, air-cooled in-line engines of larger 
size have not been successful owing to cooling problems, 
and it is believed that by the time these engines are 
satisfactorily cooled by suitable air ducts, the resistance 
will be practically the same as that of the radial engine, 
while the latter has the advantages of light weight and 
simplicity of construction outlined above. During the 
last year or two the introduction of completely cowled 
radial air-cooled engines promises to mitigate the 
greatest objection to this type, namely, that the air-flow 
in passing the engine cylinders becomes thoroughly 
disturbed. The desirable clean stream-line flow is 
thereby considerably broken up and as the disturbance 
continues past the structural part of the aircraft 
parasitic resistance is caused. The cowling is of stream- 
line form in itself and in relation to the fuselage ; it 
permits the entry of only sufficient air for cooling 
purposes. This cooling air finally passes out through 
a circumferential gap, to join, with the minimum of 
disturbance, the larger portion of the air stream, which 
travels smoothly over the external cowling skin, and 
continues in a similar manner over the fuselage. A 
considerable improvement in the performance of 
aircraft is obtained as a result of this development. 

In the near future a 1,000 h.p. air-cooled engine will 
be required for both military and commercial work, 
and it is believed that the compression-ignition engine 
has a considerable future. So much has been promised 
for the compression-ignition aero-engine of late years 
that there is some scepticism concerning it. For the 
smaller types of power unit referred to previously it 
certainly does not seem extremely hopeful, although 
compression-ignition engines of 225 h.p. are being 
produced in America. It would appear that to cope 





* A description of the Bristol “Jupiter” 500-h.p. 
engine was given at this point. Details of this engine 
were given in ENGINEERING, Vol. cxxviii, page 76. 
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with the additional stresses of a compression-ignition 
engine the specific weight will have to be at least 50 per 
cent. higher than for the corresponding petrol-engine, 
and for power units of 800 h.p., or under, this is a very 
serious consideration. There is also the question of 
smell, and creep from the fuel, and it is expected that 
this type of engine must run comparatively roughly, 
with serious effect on such a light structure as an 
aeroplane. When, however, one considers the require- 
ments of a large aircraft remaining in the air for 
considerable periods, where the lower fuel consumption 
of approximately 25 per cent. would be of the utmost 
value, it is believed that the compression-ignition engine 
will come into its own. The author’s firm have been 
experimenting for some time on a single-cylinder 
air-cooled compression-ignition unit of 73 in. by 12 in., 
and 512 cu. in. capacity, and the results have been very 
promising. An output of 80 brake horse-power with 
a fuel consumption of 0-43 lb. per brake horse-power- 
hour has been obtained. 








HIGH-QUALITY CAST IRON IN 
MODERN ENGINEERING PRACTICE.* 
By Artuur B. Everest, Ph.D., B.Sc. 


In the study of cast iron it soon becomes apparent 
that the properties of the material are broadly 





unmachineable. The appearance of cast iron in this 
condition when examined under the microscope is 
shown in Fig. 1 annexed. This condition may be 
corrected by increasing the amount of silicon in the 
iron or, as will be shown later, by the addition of 
certain other elements, which tend towards the forma- 
tion of graphite at the expense of carbide. The micro- 
scopic appearance of the grey cast iron so produced is 
illustrated in Fig. 2. 

The ultimate structure of a casting, however, is also 
governed by the thermal history of each particular 
portion of it. The most important consideration here 
is the cooling rate to which the iron is subjected from 
the moment solidification commences until the casting 
reaches room temperature. Here again we find that 
variation of the cooling rate has a profound influence 
on the relative proportions of carbide and graphite 
which are found in a casting. Thus, for example, 
in castings in which thick and thin sections occur, 
it is not uncommon to find that in the thin sections 
the combined carbon is present in such quantity that 
these sections are white and unmachineable even 
though, in the heavier sections, the casting may be 
too soft for the purposes of the engineer. As an 
example, in castings with sections varying between 
1 in. and } in. it is often possible, with an engineering 
iron, to obtain a Brinell hardness figure of about 450 
on the }-in. section, while the hardness on the 1-in. 














Fig. 3 on this page,* and, moreover, so effectively do 
these flakes break up the structure of the iron that the 
natural elasticity of the matrix is hardly effective 
at all, so that the iron breaks as a brittle material. 
The strength of cast iron is thus clearly determined 
by the extent to which the graphite breaks up the 
continuity of the matrix rather than by the actual 
structure of the matrix itself. 

Its susceptibility to rate of cooling, which pro- 
duces a hard material in thin sections and perhaps 
excessively soft material in thicker sections, is one of 
the most serious limitations of cast iron as we know 
it to-day. For in several engineering castings good 
properties are required in the heavier sections, which 
probably occur inside the casting, whereas the quality 
of the material used is necessarily determined by 
the machineability and structure of some relatively 
unimportant thin sections occurring in the outer part 
of the casting. Thus, for example, in almost any type 
of combined cylinder and jacket for a steam or internal 
combustion engine, good wearing qualities coupled 
with soundness of structure are required in the cylinder 
wall, but the metal composition is often determined 
by the necessity to machine various bosses and flanges 
on the lighter section water-jacket outside. Conse- 
quently in “‘ playing for safety” in getting the casting 
through the machine shop the foundryman has tended 
towards using softer materials which give open and 
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determined by the relative proportions of carbide 
and of graphite which are present in the casting. 
Following the ordinary laws of chemistry, the relative 
stability of the two forms of carbon is very profoundly 
influenced by the presence of other elements which 
occur in the iron either as impurities or as intentional 
additions. Consequently we find that the structure 
of a cast iron under a given set of conditions is 
determined by its composition. This is a matter of 
every-day experience, as every foundryman knows, 
for when, for example, the silicon in an engineering 
cast iron is reduced, the amount of carbide in the 
casting increases, tending to render the iron ‘‘ white,” 
in which condition the casting is hard, brittle, and 


* Paper read before the Rugby Engineering Society, 
on January 15, 1930. Abridged. 
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Fig.4. VARIATION IN HARDNESS OF ORDINARY 
“ & NICKEL CAST IRON WITH COOLING RATE. 
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section is about 200 or 220. It is generally found | 
that the best quality in cast iron results when the 
combined carbon is maintained at a figure which 
is the maximum that can be obtained compatible 
with the machineability of the particular part. As 
a general rule, in cast irons of engineering quality 
the combined carbon is of the order of about 0-5 per 
cent. to 0-8 per cent., this corresponding with what 
is generally known as the pearlitic condition of the 
matrix of the metal (Fig. 2). Under these conditions 
the matrix has its maximum strength and maximum 
resistance to impact, etc. The graphite flakes in 
the casting have, for all practical purposes, no strength | 
and their presence in the iron produces the effect | 
of having a large number of internal fissures in the | 
matrix. Consequently, when cast iron is strained to | 
breaking point, fracture occurs along these flakes as | 
illustrated in the microphotograph reproduced in| 





9 


7 


Grey Cast Iron. x 50. 


VARIATION IN HARDNESS OF ORDINARY 


Fig.d. 
& NICKEL CAST IRON WITH SECTION. 























400 
TC." 3-15 
i 1-15 
0-40 
a 350 0-05 
; 0:30 
ZS 300 
¥ 
cr 
<) cue 
250 Nt 7-5 
| 
200 
N% le ij 
(2101 £) Section Thickness. Inch . 
“ENGINEERING” 


sometimes porous structures in the heavier sections. 
Such structures are inevitably weak, and have often 
been responsible for leading the engineer to discard 
cast iron in favour of other materials. Where trouble 
with weakness has occurred, the tendency has been 
for the designer to increase the section thicknesses 
in order to obtain further strength. This increase 
in section generally leads to a retarded rate of cooling 
and a further weakening of the metal. Thus, 
surprising though it may seem, in certain heavy 
sections of castings such as turbine casings, &c., the 
cast iron, if machined into the form of test pieces, 
would often show tensile strengths of perhaps less 
than 5 tons per square inch, even though the same 





* Reproduced with permission from an article by 
Mr. F. D. Corbin in the Foundry Trade Journal of 
January 31, 1929. 
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material, when cast into standard test bars for checking 
against engineering specifications, would show strengths 
of from 14 tons to 16 tons per square inch. It is for 
reasons such as these that a great deal has been 
heard recently concerning the inadequacy of testing 
cast iron by breaking small separately-cast test bars. 
From the above remarks it will be clear that with 
a good mixture of metal the quality and absolute 
strength of the cast iron will be improved as the section 
is reduced, which is the same thing as saying that 
these properties are improved as the cooling rate is 
accelerated, until the point is reached at which the 
casting becomes unmachineable. Thus it is that in 
many engineering castings adequate hardness and 
strength may be shown in uniform sections in the 
casting, but excessive weakness and porosity become 
apparent in heavier sections and in bosses. Conse- 
quently there is clearly a plea for the designer to 
maintain the sections of a casting as uniform as possible 
so that throughout the casting, if a constant cooling 
rate can be maintained, a uniform structure will be 
obtained with any particular grade of iron. Then, 
under these conditions, the composition of the metal 
can be controlled so as to give the best structure 
throughout the casting. This unification of section is, 
however, manifestly impossible in the majority of 
castings which the engineer is called on to design, 
and consequently we find the necessity of employing 
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the addition of steel, but it is found that in the cast 
irons made up from steel the graphite often occurs in a 
more finely divided form. In favour of steel is also the 
fact that on account of the low market price of steel 
scrap, steel-mix cast irons can often be made up more 
cheaply than are corresponding irons made up froni 
ordinary pig and scrap-iron charges. The use of steel 
has been developed to its highest extent in various 
special patented processes, in some of which not only 
is steel usually incorporated in the charge, but very 
desirable properties are obtained by the judicious 
control of the melting conditions. In some cases up to 
60 or 80 per cent. of steel may regularly be melted in the 
cupola furnace, and we are aware that experiments 
have been satisfactorily carried out in which a charge 
consisting entirely of steel has been used, from which 
cast iron is produced by subsequently making suitable 
additions. 

In all these processes, however, the resulting material 
has the inherent disadvantage, mentioned above, of 
possessing a lack of uniformity of structure in castings 
of varying section and, consequently, considerable 
attention has been paid recently to means of eliminating 
this trouble. One method of surmounting this difficulty 
has been to control the cooling rate of different parts 
of the casting by artificial means. A method of 
attaining this end has developed into the use of chills 
or “denseners,” which are inserted in the mould 
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various special methods of technical control in the 
foundry for obtaining the best possible results in the 
casting from a given pattern. 

Methods of Improving Cast Iron.—It was recognised 
some years ago that the first stage in the development of 
scientific control in the foundry lay in the greater 
supervision of the composition of the metal, and in the 
closer study of the influence of melting conditions. 
It was thus possible to work the cast iron nearer to the 
border line of machineability, and consequently to get, 
with a reasonable factor of safety, a casting of hard 
quality and generally improved mechanical properties. 
Along these lines we have seen in the past few years the 
development of the engineering quality cast iron, in 
which the highest combined carbon compatible with the 
machining requirements of the casting is maintained. 
Not only does the maintenance of this high combined 
carbon lead to the optimum properties in the matrix 
of the iron, but it is a matter of common experience 
that, under ordinary conditions, the higher combined 
carbons are associated with a finer and more satisfactory 
form of graphite structure, consequently, in improving 
the matrix, the graphite form is also improved and this 
is all reflected in an improved quality throughout the 
body of the casting. 

With the improvement of foundry technique it has 
been possible to work harder and harder iron mixtures, 
while still maintaining adequate fluidity in the metal to 
run the most difficult castings required. Coupled with 
this general tendency, we find the introduction of 
steel with the pig iron and scrap, which form the charge 
of the furnace. The use of steel generally improves 
the mechanical properties and hardness of the casting, 
since not only has tt a profound influence in reducing the 
silicon content of the mixture, but it also reduces the 
amount of other impurities present. As a general rule 
the total carbon present is not appreciably affected by 





wall against certain heavy portions of castings. These 
consist of suitably shaped pieces of metal, generally 
of cast iron or steel, placed, in such a manner that when 
the iron is poured into the mould the chills abstract 
the heat from the iron at a higher rate than is the case 
with the sand walls of the mould. Thus through this 
chilling action the ultimate cooling rate of the heavy 
sections is brought more nearly identical with that of 
the thinner sections of the casting. A more recent 
development along these lines is that covered by the 
well-known “‘ Perlit-iron’’ patents. In this process an 
endeavour is made to obtain uniformity of cooling 
conditions, with subsequent uniformity of structure in 
the casting, by heating the mould in the case of the 
thinner sections so that the cooling rate is retarded. 
Under these conditions a much harder iron can be 
worked than would normally be the case, and, in the 
final product, a greater uniformity of structure is 
obtained. 

Alloy Cast Irons.—Under this heading considera- 
tion will only be given to the use of alloy addi- 
tions which are in such proportions that they modify 
the existing structure of cast iron without materially 
altering its constitution. For example, it is not 
proposed to discuss the non-magnetic austenitic cast 
irons of the ‘‘ Nomag”’ type, or such special corro- 
sion resisting cast irons as ‘‘ Nimol,” or the high- 
silicon irons. Following our general remarks on the 
theory of cast iron it is clear that the successful appli- 
cation of any element as an alloy addition to cast iron 
must be based on a full understanding of the action 
of the element on the fundamental structure of the 
material. Obviously considerations such as cost rule 
out initially a large number of possible metals or 
elements which might be added to cast iron in this 
connection. Other considerations, such as suitability of 
form, will again rule out a number of other elements. 


As a further consideration it is clear that, as in the case 
of any alloy, the added material must for all general 
purposes enter completely into solution in the system to 
which it is added, for, if it does not so behave, it will 
be impossible to obtain a homogeneous product from 
the mixture. A consideration of these various factors 
leads to the conclusion that there are only a limited 
number of metals or elements which are worth investi- 
gating as special additions. Several of these possible 
additions have been investigated and, as a result of 
these researches, some of these have been found to 
serve useful purposes, while others have no beneficial 
effect. 

In the light of the simple consideration of cast iron 
which has been put forward, we find that we can divide 
into two groups elements which may be added to cast 
iron as alloys. These groups comprise, in the first 
place, metals which promote the formation of graphite 
from carbide, and, secondly, metals which tend to 
retard this formation of graphite and consequently 
keep the iron in the hard condition. Thus it has been 
found that silicon, aluminium and nickel all tend to the 
elimination of carbide and the formation of graphite in 
cast iron, whereas, on the other hand, such elements as 
manganese, sulphur, phosphorous, chromium, and 
molybdenum tend to harden iron by increasing the 
stability of the carbide under given conditions of 
cooling. In the use of alloys in cast iron the whole 
composition of the base material must be adjusted so 
as to maintain the proper balance of elements to give 
the desired relative amounts of graphite and combined 
carbon. Thus, for example, it is known that, under 
| certain conditions, chromium will improve cast iron 
| by hardening the structure and producing a finer grain ; 
| if, however, an iron of normal composition is being 
| worked so that the casting is only just machineable on a 
normal basis, it will clearly not be logical to expect a 
simple chromium addition to the iron as it stands to be 
of all-round benefit, since it would render the structure 
too hard for general machining purposes. If, for some 
special purpose, the presence of chromium is desired 
in the casting, it will be necessary to alter the com- 
position by some such means as increasing the silicon, 
so as to retain the combined carbon at the pre-deter- 
mined level which was giving just the required machining 
qualities. It has been the author’s privilege to carry 
out extensive researches on the influence on cast iron 
of some of the elements mentioned above. The object . 
was first to ascertain their fundamental influence on 
structure and subsequently to investigate their possible 
commercial application ; the final aim being to obtain 
an improved cast iron for engineering purposes. 

Aluminium in Cast Iron.—In considering the develop- 
ment of special irons, attention was first given to the 
influence of aluminium. It was felt that cast iron 
alloyed with this element might possess valuable 
properties with regard to resistance to heat and corro- 
sion. Some small-scale laboratory experiments led to 
the conclusion that aluminium acts like silicon with 
regard to its influence on the production of graphite in 
cast iron, thus confirming the work of previous investi- 
gators. Subsequent experiments were directed towards 
the comparison of ordinary cast irons with irons in 
which some of the silicon was replaced by aluminium, 
thus giving a comparable condition of the structures in 
the various castings. It was found, on the whole, that 
aluminium tended, perhaps, to produce a finer form of 
graphite than silicon, and also that the pearlite in the 
matrix of the iron was in a finer form. There were not, 
however, any sufficiently characteristic properties in 
the aluminium iron to warrant anticipating any 
promising further development of this material, and, 
| moreover, considerable difficulty was experienced in 
|the foundry in the production of sound and clean 
| castings, since there was a marked tendency towards 
| the formation of inclusions of alumina in the body of 

the metal. This was brought about by the deoxidising 

| action of the aluminium on the iron, and was due to 
| the facility with which the aluminium combined with 
' the oxygen in the iron during the pouring and casting 
| of the metal. 

It is known that for some time past aluminium has 
been used in cast iron to a small extent, as in the case 
of steel, for the intentional deoxidising of the metal 
before pouring. However, under these circumstances 
it may be taken as a general rule that the amount of 
aluminium used is small, that the aluminium added is 
completely oxidised before the iron is poured, and that 
sufficient time and opportunity is given for the alumina 
to rise to the surface to be skimmed off with the slag. 
In these circumstances aluminium may not actually 
be present in the finished casting. It is understood 
that, more recently, higher additions of aluminium are 
being used by some manufacturers for special purposes, 
and that the inherent difficulties of handling the metal 
without obtaining oxide inclusions have been overcome 
by special methods of casting and pouring of the alloy 
iron. At the moment, however, there is no very widely 
developed application for aluminium cast iron, and 
moreover, from the work done to date, no great 
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development in this field is anticipated. Further 
experiments on aluminium-chromium cast iron again 
led to results which, although good, were not sufficiently 
characteristic to warrant development of this special 
material. 

Nickel in Cast Iron.—Following the work on alumi- 
nium, the author next turned to a study of the influence 
of nickel in cast iron, a subject which had received 
considerable attention for many years past. Even 
in the last century it had found application in engi- 
neering practice, and early patents dealing with the 
industrial application of nickel-bearing cast iron date 
back as far as 1799. Extensive researches carried 
out particularly at Birmingham University have 
established beyond question that nickel has a very 
beneficial influence in cast iron, on account of which 
the development of nickel cast irons in engineering 
practice is to-day becoming very rapidly commer- 
cialised. Detailed reports giving the results of this 
research work, carried out at Birmingham, are to be 
found elsewhere,* but at the moment a general con- 
sideration may be given to the results of this work. 

As is the case with steels, nickel has proved particu- 
larly well adapted as an alloy addition to cast iron. 
It has been shown that nickel is soluble in all propor- 
tions in iron. Nickel is not, like aluminium, readily 
oxidised, consequently as an alloy addition to cast iron 
it should induce no special casting troubles in the 
resultant material. Nickel thw, proves clean in use, 
and, moreover, a recovery of 100 per cent. of the added 
alloy may beexpected. The funcamental experimental 
work carried out on the influenve of nickel on cast 
irons has adequately demonstrated that nickel is, like 
silicon, a graphitising agent. This effect, however, is 
milder than that of silicon, and, moreover, the result 
of its action differs in several important respects from 
that of the latter element. The results obtained have 
confirmed those demonstrated by workers abroad. 
If the final cooling of cast iron from the molten state 
be studied in detail, it is found that at the latter end 
of the cooling period of the solid metal the production 
of graphite in the body of the material is not strictly 
proportional to the cooling rate. In illustrating this, 
experience justifies us in taking the Brinell hardness 
of a cast iron of normal structure as proportional 
to the amount of combined carbon present, other things 
being equal. Again, the cooling rate may be taken, 
as a first approximation, to be proportional to the 
section thickness; consequently, as an illustration 
of the above feature, we may study curves connecting 
Brinell hardness of castings with their section thick- 
nesses. Such a curve is shown in Fig. 4, on page 56. 
The curve marked “ A’ demonstrates well the relation- 
ship between section and Brinell hardness in an ordinary 
cast iron. It is seen that as the section increases, 
and the cooling time becomes greater, the Brinell hard- 
ness falls rapidly at first and then more gradually, 
tending towards a more stable figure. 

It is not a practical proposition to retard the cooling 
rate to a very great extent by increasing section thick- 
ness, and consequently, when the section thickness has 
reached a reasonable limit, the study of the structure 
of the specimens is continued by retarding the cooling 
rate artificially. The results of such treatment are 
shown as a continuation of the curve in the dotted 
portion. It is seen from this that the stable condition 
referred to above is merely a period of temporary 
stability in the relationship between Brinell hardness 
and section thickness. As the cooling rate is further 
retarded this period is passed, and, as shown by the 
Brinell hardness, the amount of combined carbon in the 
specimen again decreases and rapidly falls off, generally 
to zero. This is associated with a Brinell hardness of 
about 80 to 90. It has been mentioned that this period 
of temporary stability corresponds to the pearlitic con- 
dition of the matrix of the ‘ron. This condition is 
usually associated with a Brinell hardness of 180 or 
200, and this with a combined carbon of about 0-5 to 
0-8 per cent. We are mostly concerned with this 
period of temporary stability, since this represents the 
condition in which cast iron is normally used for engi- 
neering purposes, and corresponds to the pearlitic 
condition which has been mentioned before as yielding 
the best properties from the point of view of strength 
and resistance to abrasion, and, moreover, is usually 
associated with the best graphitic structure. 

Returning now to the influence of nickel, the results 
of repeated experiments in the laboratory and in the 
works have shown that nickel has a very distinct 
modifying influence on the curve illustrated in Fig. 4. 
The curve for the nickel iron is shown as curve B. 
Taking the modifications in order, we find that, initially, 
nickel is very effective in breaking down the hard 
structure obtained by rapid cooling. Consequently 
we find that the first portion of the curve starts with 
a very much lower Brinell hardness figure than was the 
case with ordinary cast iron. This lower figure is 
associated with the absence of chilled and hard spots in 





* See Journ. Iron and Steel Inst., vol. exvi, page 185 
1927), and vol. exvii, p. 339 (1928). 
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the cast iron, which are features leading to the well- 
known machining troubles obtained in hard castings 
which have a tendency to be chilled in the thin sections, 
or in corners and edges. Consequently for all practical 
purposes we can say that, initially, the nickel iron 
reaches a stable pearlitic condition in a thinner section 
than is the case with an ordinary iron. As the section 
is increased towards the other limit, it is found that 
whereas an ordinary iron soon reaches a point at which 
it commences to be excessively soft and open, a nickel 
iron continues this stable condition with a higher com- 
bined carbon into greater section thicknesses than is 
the case with the former. Thus it is seen that the 
desirable period of stability is appreciably lengthened 
at both ends by the use of nickel, and it is on this 
feature that the successful application of nickel largely 
depends. 

When we consider a casting made from a material 
such as that shown in curve B, in the figure, the advan- 
tage of the use of the special iron at once becomes 
apparent. The lengthened period of temporary stability 
results in the production of an iron possessing a much 
greater latitude than is shown by the ordinary material, 
and, as will be anticipated, this increased latitude 
leads to a very marked improvement in the structures 
of the resultant castings, and enables the foundry man 
to steer a safe course between machining difficulties 
on the one hand, and porosity on the other. A further 
feature which will be gathered from Fig. 4 is that, in 
the case of the nickel iron, the actual hardness values 
corresponding with the period of temporary stability 
are appreciably higher in the case of the nickel iron. 
Curves taken from some of the author’s actual results* 
are shown in Fig. 5, on page 56. Besides the effects 
already mentioned, nickel has a marked refining 
influence on the graphite as well as on the coarseness 
of the pearlite. This results in improved strength and 
wearing qualities, a feature which lies at the root of the 
successful application of nickel cast iron for internal- 
combustion engine cylinders, and other parts, subject 
to high stress, abrasion, &c. 

In the early portion of the paper, stress has been 
laid on the fact that in order to obtain the best quality 
in the casting it is necessary to have the combined 
carbon at a percentage corresponding as nearly as 
possible with the pearlitic condition of the iron, com- 
patible, of course, with the machineability of the casting. 
Bearing this principle in mind it will clearly be seen that 
to obtain the best quality in the casting when using 
an addition of nickel, it is necessary to modify the com- 
position from that usually employed, so as to obtain 
the combined carbon at this constant level. This means 
that in ordinary castings, if nickel is to be employed 
to its best advantage, a corresponding modification 
in the silicon content is usually required. This feature 
cannot be stressed too much, since in many cases, 
particularly where trouble has already been experienced, 
only mediocre benefit may perhaps be obtained by the 
addition of nickel to the iron as it stands. If, however, 
the silicon in the iron is first reduced before the nickel 
addition is made, the nickel can then produce its full 
effect upon the casting. 

The advantages of the use of nickel in cast iron 
consequently may be stated to be. firstly, that the 
nickel improves the machineability of all castings 
showing a tendency to the production of hard spots, 
and, secondly, that at the same time it improves the 
denseness and soundness in the heavy sections of the 





casting, providing thereby castings of much greater 
reliability and uniformity of structure than are obtained | 
from ordinary iron. 

In a casting for an internal-combustion engine, the 
valve seats and cylinder bores are the parts from | 
which high service is required, and, consequently, in | 
these should be found the highest quality material. 
On the other hand, the composition of the metal is | 
necessarily controlled by the machining requirements | 
of the outer portions. In these circumstances the 
advantage of using an iron of improved latitude and 
structure will clearly become apparent. .To quote an 
example, large automobile-engine blocks were cast 
in ordinary and alloy irons so that in each case the 
casting was just sufficiently machineable on the 
outer portions. In the latter case an improvement 
in Brinell hardness of nearly 40 points was obtained 
on the cylinder walls. Furthermore, this improvement 
corresponded with a very much finer grain and with 
improved strength and soundness in the iron, which 
undoubtedly will be associated with improved life in 
service. As a further typical case, a piston in which 
a heavy boss is adjacent to a comparatively thin 
skirt may be cited. It is common experience that 
in such a casting porosity is liable to occur in the 
boss as indicated in the left-hand example in Fig. 6, 
on page 57. If the metal be hardened by reducing 
silicon to render the boss sounder, trouble with 
machining occurs at the bottom of the skirt. In 
such a case a sound and easily machinable piston is 
obtained by using a low silicon iron with a nickel addi- 








* See Foundry Trade Journal, July 25, 1929, page. 61. 
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tion of about 1 per cent. Nickel cast iron is thus 
finding ever-increasing application for pistons of all 
sizes, from the smallest weighing an ounce or two, 
up to large Diesel pistons weighing as much as 2 cwt. 

The ease with which nickel may be added to cast 
iron is another factor in favour of the adoption of 
nickel cast iron. Moreover, although nickel is not a 
cheap addition to cast iron, when trouble is experienced 
with porosity or machining difficulties, the added cost 
is rapidly returned by the reduction of scrap and waster 
castings. 

Effect of Chromium.—Chromium, by itself, is a 
hardener in cast iron, tending to retain the carbon in 
the combined form rather than in the graphitic form. 
At the same time it imparts a finer structure to the 
matrix as well as to the graphite. In virtue of its 
tendency to increase the amount of combined carbon 
present, it has a tendency to lead to machining diffi- 
culties in the castings. Consequently the use of 
chromium alone is not often permissible unless the 
silicon is increased, or costly grinding operations can 
be performed. In virtue of its action in reducing the 
amount of carbide present, nickel may be used in 
conjunction with chromium, since the effects of the 
two elements on carbide production may be balanced 
one against the other. The effects of both elements 
in refining structure and hardness of the matrix 
augment each other, so that by a suitable combination 
of these two, high hardness and strength figures may 
be obtained. Again in castings of relatively uniform 
section, in which hardness and machineability are both 
required, nickel-chromium combinations are often 
employed. — In these circumstances the special function 
of nickel is to impart toughness to the structure, since 
this has a tendency to become brittle when chromium 
is added alone. 

From this brief survey of the use of alloy additions 
in cast iron, it is seen that wherever high strength 
and good wearing qualities, together with improved 
machineability are desired, there are strong grounds 
for the increased application of alloy iron, and the 
use of special elements enables the foundryman to 
give the engineer a more uniform and more reliable 
product with improved life and service. 








THE WORLD POWER CONFERENCE, 
BERLIN, 
(Continued from page 29.) 


WE continue below our abstracts of the papers 
presented to the various Sections at the recent World 
Power Conference in Berlin. The actual proceedings 
at the meetings are being dealt with elsewhere in our 
columns. 


Dams. 

Section XIV was concerned with the question of 
dams. Ina paper entitled ‘“‘ Fundamental Views in the 
Analysis of Arch Dams,”’ Dr. F. Vogt dealt qualitatively 
with the assumptions that must be made in designing 
these structures, and pointed out that whereas an 
experienced engineer can make a sound job of a dam 
up to say 60 ft. high by using the simple cylinder 
formula, present demands for heights nearly 10 times 
as great demand much closer analysis, and stated that 
practice has generally crystallised into the use of the 
‘*‘trial-load’’ method, which, while its mathematics 
might conceivably be simplified, gives satisfactory 
results with much labour. 

He dealt with considerations of the elastic phenomena 
of the concrete and of the rock foundations and abut- 
ments, deflections as affected by spreading of the 
canyon, heat effects, shrinkage and swelling, and the 
influence of these on the distributions of loads and 
stresses on the cantilever and arch sub-divisions which 
are the essential feature of the method specified. 

He recommended a flattening of the arch towards 


|the abutments to cause the cantilevers there to do 


more towards taking their share of the load, and 
proposed as the best all-round angle, 120 deg., although 
a central angle of 150 deg. is theoretically better, 
further suggesting the setting-up of initial stresses 
by pressure grouting of the joints after the initial heat 
has disappeared, thus making it possible to build 
constant angle arches with cantilevers overhanging 
downstream without risking the initial vertical upstream 
tension otherwise unavoidable. An interesting sug- 
gestion was that foundation yield can be allowed for 
by assuming the dam to be rigidly fixed at a distance, 
(0-5 x ray times the thickness, below the 

(rock) 
actual foundation. 

Hydraulic questions alone were discussed by Professor 
A. Smrcek in a paper entitled ‘‘ Modellversuche iiber 
Einrichtungen zur Regulierung des Ueberfalls und 
BewAltigung der Hockwiasser bei Talsperren,” the 
flood discharge requirements of a number of existing 
dams throughout the world being compared with his 
own models of these dams, and he showed that all 
of them were so throttled in the discharge channels 
that the spillways were bound to be drowned, thus 
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making the rise in pond level much greater than public 
safety requirements should permit. The error common 
to all these examples is the false assumption of uniform 
longitudinal flow in the channels, and he sounded a 
note of alarm at the prevalence of this error. 

The logical solution is the syphon, which can be 
built with a barrel depth in the throat up to a practical 
limit of about 28 ft. and only occupied a fraction of 
the length of the normal spillway. 

Professor Smrcek examined in detail the design and 
functioning of the types known by the names of their 
designers, Gregotti, Heyn, Griiner, and gave test 
results from his models, using these to show how, by 
slight modifications, he arrived at the very simple 
type now known by his name, for which he claimed a 
higher efficiency, a lower cost, and a total freedom 
from shock and vibration, the latter advantage being 
indicated clearly by his pressure-distribution diagrams. 

His statement of relative efficiencies was not quite 
complete, since he omitted to define the critical sectional 
area, but we subscribe heartily to his final appeal that 
truly scientific methods of hydraulic model research 
should be liberally subsidised and the results freely 
published, as an important contribution to the cultural 
intercourse and good feeling between nations. 

Professor Dr. P. Fillunger stated that the effects 
of permeability in gravity dams could be very simply 
and very exactly calculated, and in his paper ‘‘ Auftrieb 
und Unterdruck in Staumauern” elaborated vector 
analyses of resultant internal forces, assuming a certain 
void-factor for the masonry and another for the binding 
materials, and evolved vector equations for expressing 
the specific weight of saturated masonry. 

Since these included the pressure gradient it was 
possible to resolve the resultant into an uplift com- 
ponent and a horizontal component due to wall-friction 
of the water flowing through the voids, which force, 
he stated cannot be neglected. 

Uplift may occur as a result of a layer of an excessive 
number of voids between the dam and the bed-rock, 
but he stated that there is no positive evidence of the 
existence of such a layer, and he categorically refused 
to accept the current assumption that fissures may be 
present in any and every stratum of a dam, since he 
believed this to be tantamount to a demand that the 
structure must actually be able to fulfil its function 
after it is completely disrupted. 


ELECTRICITY IN DoMESTIC AND AGRICULTURAL USE. 


In Section I, Electricity in the Household and in 
Agriculture, Mr. Marshall E. Sampszll, National Electric 
Light Association of the United States, in a paper 
on “ Developing the Domestic Use of Electricity,” gave 
statistics of the extent to which that use had grown. 
There were already some 175,000 miles of transmission 
line at about 11,000 volts in service in the United 
States, and in spite of the large areas and distances in 
question supplies had been given to every community 
in the country with a population of 5,000 or more, 
97 per cent. of the community between 1,000 and 
5,000 population, and 50 per cent. of those between 
250 and 1,000, and was being extended steadily to 
individual farms. From 1919 to 1930 the number of 
homes using electric service had increased from 8,000,000 
to 20,000,000, and in the last 10 years over a third of 
the present population had begun to use electricity in 
their homes, making a total percentage of over two- 
thirds. In the same period the average price of 
current for household purposes had dropped from 7-6 
cents to 6-2 cents per kw.-hour, and the average con- 
sumption per household had increased by two-thirds. 
By graduated tariffs large domestic consumers were 
paying as little as 24 cents to 3} cents per kw.-hour. 
Nevertheless it was estimated that only a fifth of the 
labour-saving appliances which could be run electrically 
had been installed, and by contests between supply 
companies for the greatest increase in output, co-ordi- 
nated advertising with propagandist window displays, 
slogans demanding refrigeration, a tremendous educa- 
tional campaign in favour of better lighting, “‘ promo- 
tional’’ rates, and other methods vigorous attempts 
had been made to raise the figures still further. Mr. 
C. W. Sully, of the Electric Lamp Manufacturers’ 
Association of Great Britain, dealing with ‘‘ Illumina- 
tion and Electric Signs as Factors in the Sale of Elec- 
tricity,” urged that the lighting load had greater 
potentialities than most other types of load, and in 
modern lighting development brought about an im- 
provement in load factors. Among the means of 
improving the lighting load the use of electric signs 

ad an important place, especially when they were of 
the still and not the flashing variety. Modern practice 
and habit had shown the considerable advantage which 
might be obtained in point of decorative effect by 
using much more than the minimum illumination, and 
the advertisement value of continuous lighting to 
shops, both when closed and open. Scientific investiga- 
tions by the government had indicated that for pro- 
cesses involving fine work greater output could often 
be obtained by increased illumination. In a large 
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variety of ways more use could be made of electric 
light, inducing an increased consumption of current, if 
the supply companies maintained an expert staff to 
bring home these advantages to the minds of consumers. 
On similar lines Mr. B. Seeger, of the Zentralver- 
band der deutschen electrotechnischen Industrie und 
Deutsche Beleuchtungstechnische Gesellschaft of Ger- 
many, in a paper on “ Lichwirtschaft und ihre Werbe- 
methoden im Rahmen der Elektrizitaétswirtschaft ” 
urged that the interest of consumers were promoted 
rather by increasing the extent and efficiency of the 
consumption of artificial light to the extent necessary 
to obtain from it its full benefit, than by seeking to 
save in consumption. Specialists should be trained 
systematically in the best modern methods, and their 
work supplemented by vigorous propaganda directed 
to promoting an improved consumption. 

A paper was read by Dr. F. A. Gaby (Canada), of the 
Canadian Management Committee, on ‘‘ The Economic 
Aspect of Electrical Supply in the House and on the 
Farm,” in which an account was given of some economic 
results obtained in the working of the hydro-electric 
plant of Ontario. The Commission, which was a state 
body, carrying out its work at cost price either whole- 
sale by delivery in bulk or retail as trustees for munici- 
palities, by delivery to consumers, supplied about three- 
fourths of the population of the province, and though it 
had a vast available water power, this advantage was 
offset to some extent by the cost of transmitting over 
the long distances. With a population of rather over 
3,000,000 it had more than 5,000 miles of high-tension 
transmission lines, ranging in distances up to about 
450 miles, and over 9,000 miles of distribution lines 
thus making the delivered costs of bulk power in 
some smaller and more remote districts comparable 














with those of steam-generated current in large cities. 
| In the four years between 1924 to 1928, in addition 
; to increases in high and low tension lines, the num- 
baad of rural low-tension lines carrying 4 kv. or 8 kv. 
increased more than fivefold. Owing to the statu- 
tory obligation to supply at cost, considerable at- 
tention had been given to the construction of the 
tariff, which now consisted of a service charge of 33 
cents per month, and for 95 per cent. of the consumers 
a first consumption charge of 2 cents to 3 cents per 
kw.-hour up to 60 kw.-hours and a reduced charge of 
1 cent to 1-5 cent per kw.-hour for all additional 
current, the total bill being subject to a discount of 
10 per cent. for prompt payment. The large use of 
electrical ranges and other different appliances had 
given very favourable diversity factors, which accounted 
for the cheapness with which the current could be 
supplied. It was observed that during the increase 
of consumption from 1922, the load factor increased 
at very similar rates to the price. The service in 
rural districts had increased rapidly in the last five 
years, and there was reason to expect considerable 
improvement on the favourable results that had been 
obtained already. Mr. A. Petri, of the Vereinigung 
der Electricitatswerke und Zentralverband der deutschen 
elektrotechnischen Industrie of Germany, in a paper 
on “ Die Electrizitat in der Haus- und Landwirtschaft,” 
' pointed out that the great increase in work to be done 
by the housewife which had arisen since the war had 
favoured the introduction of electrical labour-saving 
devices. This process was restricted by reduced 
purchasing power, but it was remarkable that the 
‘large majority of the domestic electric kitchens, now 
fitted to the number of some 50,000 all over the country, 
was found in households with small monetary means. 
In agricultural work, progress had been made in intro- 
ducing electricity for transport, dairies, irrigation and 
drainage, ploughing, and the various purposes for 
which a carefully controlled supply of heat is necessary, 
including those of the household, dairies, fodder 
storage, incubators and forcing beds. In particular 
the introduction of milking machines in 1924 had led 
to the equipment of 9,500 establishments with such 
plants, which, however covered only about 2 per cent. of 
German cows, as against 20 per cent milked mechanically 
in Denmark. 

Mr. H. Edholm (Sweden), in a paper on “‘ Erfahrungen 
bei alteren und Versuche mit neuen Verwendungsarten 
der Elektrizitat in der schwedischen Landwirtschaft,” 
stated on the other hand that comprehensive investiga- 
tions had shown no prospects that the heat requirements 
of a dairy could be cheapened by electrification, the 
principal power and heat supply being always obtained 
most cheaply from steam engines and their exhausts, 
and electric motors having only a small application. 
In addition to its use for ordinary purposes, electricity 
was being used with success for the supply of heat and 
light for agricultural purposes, including the provision 
of electric heat instead of that derived from farmyard 
dung for covering forcing beds and houses, and of 
electric radiation for promoting the growth of plants. 
Similar experience was recorded in regard to forcing 
beds and open land, by Mr. G. Jacobsen (Norway), 
of the Norwegian National Committee, in his paper on 
‘“‘ Electrische Erwairmung von Treibbeeten und Frei- 
land,” in which he gave an account of his own experi- 
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ments and experience in their design and construction, 
and by Mr. C. A. Cameron Brown (Great Britain), of 
the Institution of Electrical Engineers, in his paper on 
“The Most Recent Applications of Electricity to 
Agriculture.” 

From a paper by Mr. Genjiro Tada (Japan), of the 
Department of Communications, on ‘The Employ- 
ment of Electricity in the Sericultural Industry,” it 
appeared that considerable progress had been made in 
applying electrical methods to most or all of the pro- 
cesses employed in the silk-making industry. 


(To be continued.) —P f- 9) 








CATALOGUES. 


Lifts.—Messrs. Marryats latest house journal contains, 
as usual, some good illustrations and descriptions of goods 
and passenger lifts and control gears. It is published 
from their office at 40, Hatton-garden, London, E.C.1. 

Sub-station Equipment.—Messrs. The Delta Star 
Electric Company, Fulton-street, Chicago, U.S.A., have 
sent us copies of their monthly journal illustrating several 
examples of large substations for which they have 
supplied the switchgear and other equipment. 


Coverings for Underground Cables.—Messrs. H. J- 
Baldwin and Company, Cheapside, Nottingham, have 
sent us a circular showing tile slabs for covering cables 
laid in the ground. The slabs are linked to prevent lateral 
displacement and are placed a foot or more below ground 
level. They are marked “ Danger Electricity.” 

Motor Omnibuses.—Messrs. The Associated Equipment 
Company, Limited, Southall, Middlesex, have sent us a 
copy of a special pamphlet describing their 95-h.p. *bus 
with covered top and 4 or 6 wheels, together with the 
latest issue of their house ‘‘ Gazette,” containing some 
useful practical information. 

Power Station Equinment.—A 10,000-kw. steam power 
plant completed in Pernik, Bulgaria, by Messrs. The 
Skoda Company, of Prague, Czechoslovakia, is illustrated 
in arecent issue of the Skoda Review. There are numerous 
illustrations of the machines and buildings and a plan 
of the layout, with brief notes in English, French, 
German, Italian, and Russian. 

Milling Machines._-A catalogue of milling machines 
received from Messrs. Midgley and Sutcliffe, Richmond- 
road, Bradford, shows an extensive range of types and 
sizes, and accessory parts such as vices, dividing heads, 
rotary tables and rack-cutting attachments. This 
firm also makes several types of small machines with 
hand lever traverse for fixing on the bench or on a 
pedestal. 

Packing.—We have received a wall chart, designated 
The A.B.C. of Packing, which refers to Palmetto, Cutno, 
Pelro, and Palco packings. An alphabetical list of 
liquids is shown, and the chart indicates which packing 
is recommended for use in connection with the pumping 
of each particular liquid. The chart is obtainable from 
Messrs. W. F. Johnson and Company, 14-16, Farringdon- 
road, London, E.C.1. 

Steel Piles.—A pamphlet containing a series of views of 
dock, bridge and similar work, while in progress, has been 
issued by Messrs. The British Steel Piling Company, 
Limited, 54a, Parliament-street, London, 8.W.1, to illus- 
trate the applications of steel piling. The two kinds in 
use are the universal, or joist section, in lengths connected 
by pieces which embrace the flange edges, and the 
Larssen, or trough section, in lengths with interlocking 
edges. Tables of sizes, weights and area covered are 
given to facilitate estimating. 

Electrical Machinery.—A review of their work and 
progress in 1929 has been issued in the form of an illus- 
trated pamphlet by Messrs. Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, Pa., U.S.A. 
It deals mainly with the development of large-scale 
power plant such as turbines, generators, motors, con- 
densers, transformers, circuit breakers, &c., and also 
with river craft, dredgers, railway rolling stock, mining 
and factory plant, lighting equipment, &c. The pam- 
phlet contains 36 quarto pages with many good illustra- 
tions and is well written. 

Electrical Accessories for Marine Work.—The Metro- 
politan Vickers Electrical Company, Limited, of Trafford 
Park, Manchester, have published a very complete 
catalogue of the electrical accessories for incorporation 
in marine installations, covering such apparatus as 
adaptors, lampholders, switches of various kinds, bells 
and conduits, wires, cables, distribution boards, fittings 
and reflectors, fans, cooking and heating appliances, 
wireless sets and measuring instruments, generating 
plant for supplying such installations, and motors for 
driving various auxiliaries. In the case of the smaller 
apparatus prices are given. The data provided regard- 
ing the larger plant indicates the range of the company’s 
products, without including a full specification. 

Aerial Ropeways.—A very well-produced catalogue on 
aerial ropeways has recently been issued by Messrs. 
Ceretti and Tanfani Company, Limited, 53, Victoria- 
street, London, S.W., accounts of whose works have 
several times figured in our columns. This volume 
contains over 700 illustrations, showing the class of 
installations the firm is in the habit of carrying out, as 
well as giving details of componenets. Among other 
interesting matters are numerous ae of installa- 
tions carried out in country of all kinds. The photo- 
graphs reproduced show very well the way difficulties 
of various kinds have been surmounted. The book 
includes formule and tables, and altogether is very 
complete. The catalogue, of which the English edition 
is here referred to, is printed in four other languages. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OT RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 


Specification is, in each case, given after the abstract, unless the | 


Patent has been sealed, when the word ** Sealed”’ is appended, 

Any person may, at any time within tro months from the date of 
the advertisement of the acceptance of a Complete Specification 
give notice at the Patent Office of opnosition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


HYDRAULIC MACHINERY. 


325,219. The Gas Light and Coke Company, 
London, and F. M. Birks, Beckton, London. Pack- 
ing for Stuffing boxes. (2 Figs.). November 12, 
1928.—-The invention relates to joint making packing 
for use in stuffing boxes, and more particularly to 
joint making packing for use with pistons or valves 
which in their operation engage or come into contact 
with ports or openings, as is the case in fluid operated 
apparatus such as hydraulic machines and/or plant and 
other fluid operated apparatus. The joint making pack- 
ing isin the form of an annulus | having an internally 


extending flange 2 provided with a centrally disposed | 
hole 3 through which passes a plunger valve rod 4. | 


Between the rod 4 and the annulus formed by the parts 


1 and 2 is interposed a ring 5 of expandable material | 


the inner face of the inner end of which abuts against a 
face of the internally extending flange 2. 
bear against the outer end of the ring 5 and surrounding 
the rod 4 is a sleeve 9 which is forced endwise against 
the ring 5. The pressure may be effected by gas or liquid. 
The pressure is applied by pressure liquid admitted into 
a space 10 surrounding the sleeve 9, the liquid flowing 


from the space 10 by passages 11, 12 to the outer end of | 


the rod 4, The rod 4 at its outer end terminates in an 
evlarged portion 13 mounted in a casing 14 on the con- 
tiguous end of the plunger rod sleeve 9. 16 is a piston 
mounted in the casing 14 between the closed end of the 
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Adapted to | 


is made up of a rigid part z, and a flexible part y, and 
one of a pair of wheels w, z, is journalled in the rigid 
part and the other is journalled in the flexible part. 
The rigid part 2 comprises a forked radius member having 
a wheel w journalled in the outer ends of its arms, and 
the flexible part y is made up of a pair of laminated 
springs, the inner ends of which are bolted to the inner 
ends of the radius member 2, and in the outer ends of 
which the other wheel z is journalled. Such an arrange- 
ment is particularly suitable for constructions in whichit is 
essential that the rollers or certain of them, be kept very 
rigidly in position and side movement entirely eliminated 
or reduced to a minimum as, for, instance, where the 
| first and last rollers of the track are adapted to maintain 
the track in position relative to an idler wheel or a sprocket 
wheel employed for driving the endless track. (Sealed.) 


MINING METALLURGY, &K&c. 


323,257. E. West, Miles Platting, Manchester, 
and West's Gas Improvement Company, Limited, 
Miles Platting, Manchester. Wagon Tipplers. 
(3 Figs.) September 24, 1928.—The invention provides 
a side discharging wagon tippler with improved auto- 
matic means for clamping the wagon upon the platform 

| before the tippling commences. The invention com- 
prises a side discharging wagon tippler of the type in 
which the wagon n is carried upon a platform k pivoted 
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|upon a frame a. To the latter a turning movement 
| is imparted and this brings wagon clamping arms f into 
operation. The frame a is so connected with the wagon 
clamping arms f that the movement of the frame a for 


casing and the enlarged end 13 of the rod 4. Disposed wagon tippling purposes consists in a rotation about a 
in the interior of the casing 14 between the piston 16 | first axis e causing & movement of the clamping arms Bd 
and the enlarged end 13 is a cup leather 17. The passage | for clamping the wagon upon its platform k, and there- 
12 debouches on the inner face 18 of the piston 16. The | after in the turning of the frame a about a fixed second 
rod 4 and sleeve 9 are disposed in a cylinder 19 having axis c and the tippling of the wagon to discharge its 


an internal sleeve 20 provided with ports 21, 22, 23, 24 
and holes 25 for the escape of fluid, which exhausts throug 

the ports 23, 24 into an exhaust space 26 in the cylinder 
19. The ends of the cylinder 19 are closed by plugs 27, 
28 and 29 and by the packing 30 and 31. The rod 4 may 
be manually or mechanically moved in the sleeve 20. 
The sleeve 20 is stationary. In operation the pressure 
medium is admitted to the pressure space 33 and flows 
thence by the ports 21, 22 to the space 10. The pressure 
fluid then flows by the passages 11, 12 to the outer end 
of the plunger rod 4 and by passages or holes in the piston 
16 to the inner face thereof. The piston 16 thus tends to 
force the plunger valve rod 4 to the left, the packing 
annulus 1, 2 meanwhile being forced outward by the 
endwise pressure on the expandable ring 5. The annulus 
during the to and fro displacement of the rod 4 moves 
over the holes 25, The relative movement which tends 
to be produced between the rod 4 and the sleeve 9 and 
the pressure of fluid on the piston 16 acts to expand the 
expandable material 5 in a radial direction so that the 
packing annulus 1, 2 is forced radially outward in accord- 


ance with the pressure applied to the expandable ring 5. | 


(Sealed.) 
MOTOR ROAD VEHICLES. 
324,841. Vickers-Armstrongs, 
minster, and J. V. Carden, Westminster. Endless 
Track Vehicles. (4 Figs.) May 13, 1929.—The in- 
vention relates to endless track vehicles of the kind in 














which rollers within the tracks for supporting the vehicle 
are arranged in pairs and are carried by spring members 
which are mounted at their middle parts in such a manner 
as to be capable of angular or rocking movement about 
a horizontal axis during the travel of the vehicle. Accord- 
ing to the invention, one or more of the spring members 


| contents.—(Sealed.) 


STEAM ENGINES, BOILERS, &c. 

324,404. R.S. Portham, London, and The Super- 
heater Company, Limited, London. Steam Super- 
heaters. (5 Figs.) October 27, 1928.—The invention 
relates to steam superheaters of the kind in which the 
headers are arranged transversely of the boiler in front 
of the smoke box uptake and the elements, in the form 
of loops or coils, are vertically disposed in the smoke 
box and have their inlet and outlet ends detachably 
secured to the headers by studs and nuts. According 
to the invention, jointing surfaces 12 on the ends of the 
elements 11 are clamped against appropriately formed 





Limited, West-| 





| 
| jointing surfaces at the apertures or holes 13 through 
| the bottom walls of the headers by means of clamping 
| members or dogs 15 which engage loose washers 19 on 
| the ends of the elements. Screw studs 16 are provided 
|for the clamping members 15. The inlet ends of two 
| adjacent elements are secured to one of the headers by one 
|clamping member 15 and a single screw stud 16, the 
screw stud being disposed between the said ends and 
extending through a central hole in the clamping member. 
The outlet ends of the elements are secured in a similar 
manner to the other header. (Accepted February 5, 1930.) 


| 323,484. Clarke Chapman and Company, 
Limited, Gateshead-on-Tyne, and W. A. Woodeson, 
Gateshead-on-Tyne. Powdered Fuel Furnaces. 
(2 Figs.) October 1, 1928.—The invention relates to 
means for burning powdered fuel in boilers of marine or 
Lancashire type. According to the invention, a burner 
7 is employed inclined to the axis of the furnace 1, which 
is either horizontal or substantially horizontal, in such a 
manner that flame is directed downwards to come 
lightly but directly into contact with an exposed part of 
brickwork 8 at the bottom of the combustion chamber. 
The brickwork has a raised or inclined portion so as to 
prevent the slag running in the direction of the flame 
and to cause the slag to flow towards the door 6 of the 








furnace through which it can be readily withdrawn at 


intervals. The arrangement is such that the flame coming 
directly into contact the brickwork 8 maintains a hot 
spot on the brickwork exposed or uncoated with slag and, 
after striking the brickwork the flame continues its 





flow, without reversal, in the direction of the chimney 
and away from any accumulation of slag, so that complete 
combustion of any remaining particles of unburnt carbon 
will take place quickly.—(Sealed.) 


325,584. Kerr, Stuart & Co., Ltd., Stoke-on- 
Trent (A. N. Thorpe, Dholpur, India). Gland 
Packing. (2 Figs.) November 22, 1928.—The inven- 
tion relates to gland packing for piston rods. The 
packing consists of one or more rings D of rigid material 
of U-shaped cross section having parrallel sides, and so 
arranged that axial pressure -on the packing will tend to 


~ 





(325,504) 


bring its sides together and cause a lateral expansion of 
the packing, and thereby a tightening of the opposite 
edges of the ring against the sides of the gland b and the 
piston rod a. The axiai pressure between the rings D 
of the packing is effected by a gland flange C of the kind 
having a spherical surface c? engaging a similar spherical 
surface c? on a metal collar c! conveying pressure to the 
packing rings. (Sealed.) 


324,145. G. H. Collins, Brentford. Forced 
Draught Furnaces. (4 Figs.) November 1, 1928.— 
The invention relates to furnace bars for forced draught 
furnaces, and of the kind in which fire bars are carried 
on & main trough or trough bar element through which 
air or steam is passed. 1 is the bridge plate at the rear 


of the furnace and 7 is the dead plate at the front end of 
the furnace. 9, 10 are the side walls of a trough which 
are curved inwards at their lower ends, and aresuspended 
by pins or trunnions at the end of their upper edges in a 
pair of semi-circular depressions in the bridge and dead 
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plates. A number of troughs is provided across the 
furnace. A shaft 15 arranged across the furnace 
carries a number of arms 18 which move between 
and engage the outer faces of a pair of side walls of 
adjacent troughs, the arrangement being such that when 
the arms are in a vertical or substantially vertical position 
as shown in Fig. 1. the walls 9, 10 are moved together 
and the troughs are closed and when the arms are lowered, 
as shown in Fig. 2 the side walls separate at their lower 
ends and the troughs are opened. (Sealed.) 
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THE COLLOIDAL NATURE AND 
WATER CONTENT OF CLAYS. 
By H. Berriwer, C.LE., M.Inst.C.E. 

(Concluded from page 7.) 

Appendix I.—The state of knowledge regarding 
the properties of clay prior to the author’s in- 
vestigations can be indicated by the following 
quotations :— 

In a treatise on clays, by Ries, published by 
John Wiley and Sons in 1914, experiments made 
by Van Bemmelen in 1893 are quoted to the 
following effect: ‘‘Nearly all metallic oxides and 
many salts have the power of entering into that 
peculiar hydrated non-crystalline condition which 
Graham, in 1861, denoted colloid or glue-like .. . 
these curious substances consist of heterogeneous 
molecular complexes which possess a sub-micro- 
scopical, web-like, porous formation, one of the 
distinguishing characteristics of which is the 
peculiar relation to and dependency on water. The 
water content of these hydrogels varies continually 
with the temperature and the vapour pressure of 
the atmosphere in which they find themselves. 
Dried at high temperatures, up to a certain critical 
point, they will lose nearly all their water only to 

Fig.2. DRYING TEST ON CLAY CYLINDER 
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take it back again eagerly when allowed to cool in 
free air or in moist atmospheres. This dehydration 
and rehydration can be repeated indefinitely, unless 
the temperature of drying is carried too high, when 
the faculty is gradually lost and finally destroyed. 
The water thus absorbed is denominated ‘ micel- 
lian’ water, and differs from hygroscopic water in 
the ordinary sense of the word. It is absorbed into 
the particles of a powder of an inorganic hydrogel 
without changing the physical appearance when 
under the microscope, while hygroscopic water is 
usually absorbed on the particles producing a 
distinct appearance of wetness.” 

In An Introduction to British Clays, Shales and 
Sands, published in 1912, Mr. Alfred B. Searle 
states, on page 255, ‘“‘ Colloids exist in two forms 
(a) suspension in a liquid in which they mostly 
behave like solutions and are termed sols or hydro- 
sols, and (b) as a jelly, whose pores are filled with a 
liquid termed a gel or hydrogel. If they can change 
from the sol to the gel state and back again, they 
are termed ‘reversible,’ but gels which cannot be 
converted into sols are ‘ irreversible.’ The process of 
passing from sol to gel is termed coagulation, the 
reverse process is deflocculation.” On page 315 
he adds, ‘‘ On heating to temperatures above 415 
deg. C., most clays lose their plasticity, and it 
cannot be restored.’’ Later on, page 344, he notes 
that “Clays may contain, without any special 
appearance of wetness, as much as 30 per cent. of 
evaporable moisture, the maximum amount depend- 
ing on their porosity, and on the amount of . 
active colloids present. When the moisture is 
removed, if the exterior parts lose water more 
quickly than the interior, the clay must be sub- 








mitted to some internal strain, which must not 
exceed the adhesive power of the particles or cracks 
will be formed. When there is no longer sufficient 
water to allow the grains of clay to become displaced, 
the shrinkage ceases and the evaporation of the 
last portions of the water causes the formation of 
pores in the interior of the mass. The dry body 
thus obtained no longer resembles the original 
clay ; it forms a harder mass of greater density and 
the molecular attraction continues to be so power-. 
ful after the departure of the water that, unlike 
other (non-plastic) mineral powders, it retains its 
form and does not fall into powder when dried.” 
He gives, on page 420, the following as the compo- 
sition of London clay : 


Silica mae mer ee «- §«©=—6 1 0 
Alumina ... ia pre «. «=—6. 280 
Iron oxides... ul 1-5 
Lime oa 0-5 
Alkalis a xa he axa 1-0 
Water, &c.... eae wee wae 19-0 
101-0 (sic) 


In a later work, Clay and What we Get from It, 
published in 1925, he states that : ‘‘ The coagulated 
and flocculated particles formed by the mutual 
attractions of differently (electrically) charged 
Fig.3. SHEWING RESTRICTED 
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colloidal particles produce a material of gelatinous 
character—or ‘gel.’ These gels have the power of 
absorbing and swelling to many times their original 
volume. They have a curious porous network 
texture and a surface which is enormous in propor- 
tion to their volume. For this reason they have 
very high powers of absorption.” 

Writing in the Journal of Agricultural Science, 
for 1916-17, Mr. H. A. Tempany arrives, amongst 
others, at the following conclusions :— 

(1) ‘In soils which have been moistened to the 
point of maximum plasticity the whole of the water 
probably exists in the form of a ‘ gel.’ 

(2) ““The gel occupies the whole of the inter- 
stitial spaces of the soil and as it loses water by 
evaporation draws together the soil particles in its 
meshes. 

“Tt appears reasonable to assume that . . 
the cubical contraction is equal to the volume of 
water lost by evaporation.” 

Dr. Chatley, in a paper published by the Society 
of Engineers, in 1922, described experiments from 
which, by use of the Stokes formula, he concludes 
that clay consists largely. of colloidal particles 
having diameters of 0-0002 to 0-00006 cm. 

Mr. H. C. Shenton* has traced shrinkage cracks 
15 ft. deep in clay. 

Professor Giesche states that :— 

‘** A 2-in. cube in a brass mould expanded }-in. 
above mould, and lifted 0-049 in. off the plate. 
Expansion 14-9 per cent.” 

The change in moisture content of a 6 ft. layer 
of clay under a building, produced a vertical lift 
of 4in., broke a floor slab, lifted iron and wooden 
columns off concrete pillars and lifted brick and 
concrete foundation walls. Vertical expansion 
5:55 per cent. He suggests keeping clay moist. 

Mr. C. H. Cooperf remarks: “ Light masonry 





* Society of Engineers, 1920, page 225. 

{¢ Discussion on “ Lateral Pressure and Resistance of 
Clay,” by A. L. Bell, M.Inst.C.E., Proc. Inst.C.L., 
vol. excix, 1914-15, page 55. 





structures—such as garden walls or light buildings— 
almost invariably failed on London clay. . . There 
were two great influences at work, one being the 
effect of moisture in making the clay semi-fluid 
and the other the effect in causing the clay to 
swell.” 

In the same discussion, page 56, it was stated that 
on one of the railway tunnels at the Crystal Palace, 
the effect of the atmosphere on the clay was such 
as to smash the timbering to bits. Mr. J. Mitchell 
Moncrieff stated “he had had a trench 100 ft. 
long and 18 ft. deep opened in highly stratified 
clay. It had not been opened more than a few 
days when the light timbering was crushed in ; 
it had a very small critical depth, and it was beauti- 
ful clay for puddle.” 

In the same discussion, page 68, Mr. C. S. Meik 
stated that: ‘The great obstacle to the practical 
application of any formula in the case of clay was 
the difficulty of classifying clays. In the list given 
in the paper different kinds of clay were referred 
to as ‘ puddle clay,’ ‘clay puddle,’ ‘sandy clay,’ 
‘stiff clay,’ ‘moderately firm boulder clay,’ and 
‘very stiff boulder clay.’ ... “‘ Therefore, it was 
evident that until some way was devised to define 
the different classes of clay, it would not be possible 
to apply any formula with confidence.” 

The brown colour of London clay at or near the 
surface is merely a colour of decomposition, the 
proto salt of iron that imparts to it the bluish tint 
becoming peroxidised by exposure to atmospheric 
action.* 

Appendix I1.—For the experiments described 
below the writer had available the following 
apparatus :— 


(a) Small chemical balance, weighing up to 
2,000 grains by 1 grain. 

(b) Specific-gravity bottle, 1,000 gr. 

(c) Le Chatelier expansion cylinder gauge. 

(d) Letter scales weighing to 4 lb., turning with 
about } oz. 

(e) Spring scales reading to 28 lb. by 1 oz. 
, { Uy) One hand spring balance reading to 12 lb. by 


(g) Two hand spring balances reading to 50 Ib. 
by 4 lb., used in pressure tester. 

In addition to the foregoing, a pressure tester and 
penetrometer were improvised by the writer. The 
pressure tester} was a double lever of the third order 
and gave results with an accuracy which was 
probably within 1 per cent. _ The penetrometer is 
simply a 4-in. square bar fitted loosely in guides 
and loaded with weights giving steps of about 4 ton 
per square foot. Later, the writer added a chemical 
balance of 250 grm. sensitive to 2 mgm., for volume- 
weight experiments. Several of the experiments 
were carried out with English weights and converted 
to metric for facilitating comparison of volumes 
and weight of water evaporated. 

In the first experiment, described as No. B.1, 
a plug of “green ” clay, 32 mm. diameter and 
30 mm. high, was made and then sprung into a Le 
Chatelier cement expansion gauge. The plug weighed 
45-6 grm. and had a volume of 24-2 c.c., and its 
volume weight was 1-88. The gauge pointers were 
27-5 mm. apart, and the plug was left in the sun. 
In 24 hours, the weight had fallen to 40-1 grm., the 
dimensions to 29 mm. diameter by 29 mm. high, 
or a volume of 19-4 ¢.c., and volume weight had 
increased to 2-01. The edges of the gauge had, of 
course, closed up. The total fall of weight is shown 
in Fig. 2, and was 8-84 grm. in 15 days, or 23 per 
cent. of that of the final weight of the clay. 

In Experiment No. B.2, a piece of clay taken 
from the bottom of a pipe trench about 3 ft. 6 in. 
deep, was cut into 11 pieces about 34 in. by 2 in. 
by 2 in., weighing 16} lb., and kept in a wooden 
box under cover in an open shed. The box and 
clay were weighed on spring scales reading to 1 oz. 
every day except Sundays for 18days. The weather 
was warm and dry, and the total loss of weight 
was 2°25 lb. This is 15-15 per cent. of its original 





* See Memoirs of Geological Survey Geology of London, 
page 238, 1889. 

+ Since making this instrument, the writer finds that 
one on the same principle was used by Reinke for 
testing the swelling of seaweed ; he called it an “ wdo- 
meter.” See An Introduction to the Physics and Chemistry 
of Colloids, Hatschek, page 118. 
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difference. These cracks were so extensive that it 
was only possible to make a solid plug by cutting 
sectors 2 in. long from the solid portions. This 
sample of clay lost 66-6 gallons of water per cubic 
yard of its original bulk ; or, if the final weight of 
material be taken as the basis, it originally held 
24 per cent. of water by weight. Consideration of 
this experiment convinced the writer that the dry 
material (argil) must be taken as the fundamental 
material of clay, and that water is the addition to 
which its variable properties are due. 

For experiments No. B.6 (a), (b) and (c) four pieces 
of dried clay from experiment No. B.5 were shaped 
into quadrantal sectors, making a cylinder 4 in. 
by 1{ in., and fitted into an agricultural unglazed 


weight, or 17-5 per cent. on the dry weight. Evapo- 
ration was probably not complete within 7 per cent. 
For experiment No. B.3, an irregular-shaped, 
flattish piece of the clay from experiment No. B.2, 
of volume weight 2-22 and total weight 11-2 gm., 
was next put into the scale of a small balance and 
water dropped on with a medicine dropper. In 
35 minutes it adsorbed 4:3 gm. and disintegrated. 
Water adsorbed on original weight was 38-3 per cent. 
This was followed by experiment No. B.4 (a). 
A rough ball of the clay from experiment B.2, 
air-dried as described and weighing 32-4 gm., was 
wrapped tightly in a strip of surgical bandage and 
left to soak in water for 14 days. The result 
is shown in Fig. 3, page 61. It adsorbed 5 per cent. 
of its weight in an hour and 12-6 per cent. in 20 
hours, with no further increase in 14 days. This 
showed that adsorption was affected by pressure. 
For experiment No. B.4 (b) one of the pieces 
from experiment B.2, about 3 in. by 2 in. by 2:5 in. 
and weighing about 466 gm., was placed near a 
stove, and in two days its weight fell to 457-5 gm. 
From this, a plug 30 mm. diameter by 30 mm. to 
fit a Le Chatelier cement gauge was turned in a 
lathe. When worked, the material was rather 
harder than chalk and became polished like a soft 
soapstone. The volume of the plug was 21-21 c.c. 
and its weight 47-1 gm., volume weight 2-22 
(138 lb. per cubic foot). The gauge containing 
the plug (with a thin strip of lead covering the 
slit) was next placed in the scale glass of a small 
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balance, and water dropped on the top of the plug % * 
with a medicine dropper. The first few drops were 
immediately absorbed, after which the surface iy ] 
became flocculent and the water was retained about 8 64 
1 mm. high by its surface tension. In this way the bf | 
plug absorbed 3-24 gm. of water in 50 minutes, Se 
during which time the gauge pointers, originally at | = , | 
10 mm., expanded to 25mm. It absorbed a further 0, _w 50 70 
1-3 gm. in one hour, the pointers showing 28 mm.,|_ (8%? (9 Sept-19 Nov 1928) Days “envineeninc” 
after which 3-24 gm. of water were poured into the 
scale glass and it was left for 20 hours, by which| 907 24-30 
time it had absorbed, in all, 5-97 gm. of water and P, 
the pointers showed 36 mm.; a length of clay! go! , 
about 1 mm. bulged out at both ends of the gauge. 
The volume of the plug had increased by approxi- al DRY CLAY: ECCENTRIC ( 
mately the equivalent of the water. This experi- ON PRISM 8% x15. 
ment showed that dry clay when adsorbing water 
increased in bulk and exerted, at any rate, sufficient | ,60- 
pressure to spring open the Le Chatelier gauge |‘ 
about 1 lb. per square inch. S50. 
In experiment No. B.4(c), a piece of dried clay S 
from experiment B.2, weighing 111-5 gm., was| 2 
immersed in a glass of water. The water was care- S40" 
fully poured off about every ten minutes, and the} » 
remaining mass weighed. The final weight was B30. 
161 gm., showing a total adsorption of 45 per cent. ig 
of its original weight. The resulting mass was a qe 
soft jelly-like material, which gradually dissolved 3 
and settled to a level surface at the bottom of the | = 
glass, leaving the clear water above it. The! /? 
percentage weights of water absorbed in these 
experiments are plotted against the time in Fig. 3. 00 


For experiment No. B.5, two rough cylinders po =. ee ae 
(Nos. I and II) were formed of clay taken from a Lele 
water-pipe trench in Deansbrook-road, 3 ft. 6 in. | 9 f) 
below the surface, of which the details were as | 


given in the following table: 








oS 8 2 8-2 WO 180 


Days 


“ENGINEERING 


z eee Pe ek en ee tile pipe. Circular pieces of roof tile, } in. thick 
by 3} in. diameter, were bedded in plaster of Paris 


t 








| | = | | 
| 3 2 ae Volume- . ° 
— he Diameter | 3 | Volume. | Surface. | Weight. | above and below this cylinder, and on these the 
cee | oe |__| ~____s'| machine washer plates were again bedded in plaster. 
| | ! . bs * eo £ Shs 
| In. | In. | Lb. | Cub.in.!| Sq. in. | The spring was screwed up to give the initial 
I. 13¢ | 4} 17 | 232-5 | 232-94 | 2-03 | pressures shown in Fig. 5. 
« fr o | Re. | 9 9 2. e . x . . ~ 
alll \ons At WINE hind Peucind inaniiest! Chelan The spring reading multiplied by 0-511 gave 


The object of making these cylinders was to get 





tons per square foot. In the case represented by 
(c) two springs were used to obtain the required 
some dry solid plugs to fit an agricultural drain | pressure. Water was poured into the top of the 
tile pipe for a pressure experiment. They were | tile pipe, and, after it had been running through the 
placed in an open-sided shed and weighed every | specimen rather freely for an hour, the clay swelled 
day on spring scales (capacity 28 Ib. by 1 02z.),| enough to stop leakage and the pressure began to 
and the loss of weight observed in the case of cylinder | rise as shown. The lever arm being 10 to 1, and 
No. II are plotted in Fig. 4. Cylinder No. I gave a | the spring index moving through 3-82 in. to register 
similar curve. The surfaces remained smooth and | 50 Ib., it followed that the expansion of the clay 
solid looking, and the writer checked the dimensions | could be calculated, and was 0-0764 in. per pound of 
during shrinkage, and was puzzled at a discrepancy | spring reading. On completion of the expansion 
between the weight evaporated and volume derived | experiment (a) the plug was forced out in an 





from measurement. On cutting up cylinder No. I,| hydraulic press. It required 0-6 ton to start it, | 
however, it was found to have large star-shaped|and about half this to follow through. This 
cavities along its axis, thus accounting for the’ resistance appeared to be entirely due to friction 


’ 


| 


and amounted to 53-5 lb. per square inch of circum- 
ferential surface, or 3-46 tons per square foot. The 
inside of the tile was smooth but irregular. 


The original weight of the plug was 1-9891b. = 903 gms. 
and when taken out was --- 1-690 ,, = 766 


” 





giving water absorbed «0-299 ,, = 137 
whereas the plug only swelled from 4 in. diameter 
by 1% in. to 4 in. by 2 in., or, say, from 386 c.c. 
to 413 c.c., or a volume of 27 c.c. 

This proves that there must have been pores or 
137-27 110 _ 
386s 386 
28-6 per cent. of weight, but this figure is not very 
reliable, as the dimensions of the pipe and plug were 


spaces in” the original plug of 
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| only approximate, and the fitting of the plug was 
| irregular. 
| From these experiments it appears that, even when 


. | loaded to above 5 tons per square foot, dried clay 


'will expand when wetted, and the phenomenon 
|seems akin to osmotic pressure, of which the limit 
/can be calculated, and further investigations, both 
| experimental and mathematical, are evidently 
|desirable. If the formula for osmotic pressure is 
|applicable, it seems that the limiting pressure 
| required to stop expansion might be in the neigh- 
bourhood of 16 atmospheres, or, say, 15 tons per 
| square foot. Pressures up to 41 atmospheres were 
‘obtained by Reinke in his “ cedometer” with 
seaweed. 

Pressures of this order seem to be met with in 
tunnelling,* and, at the Sydenham Tunnel, the 
|clay had a volume weight of 2-2, and took a week 
| to exert its full pressure, very much as in the experi- 
ments. In such cases, it might be worth while to 
| dry the air admitted to the face. It should be noted 
| that, at a depth of 300 ft., the pressure of the ground 
| would be sufficient to prevent adsorption of moisture 
‘until released by tunnelling, and also that the 
| pressure produced is quite independent of gravity. 


| 
| 


| 
| 


| 





* See Drinker’s treatise on Tunnelling, pages 879 
and 892, and Proc. Inst. C.EZ., vol. xlix. 
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In further experiments, Nos. B.7 (a), (b) and (c), 
a prism of dried clay, 83-in. long by 1} in. wide by 
2 in. high, was fitted tightly into a wooden box. 
A piece of roof tile and a steel washer were bedded 
on the top of it, and the whole put into the testing 
machine and loaded at a point one-third of its 
length from one end. The area of the piece was 
the same as that of the 4-in. cylinder in experiment 
No. B.6; the springs were screwed down to the 
same initial pressures, and a drip of water let fall 
on the top. The object was to see if any tilting 
took place owing to the pressure being double the 
average at one end, and nil at the other. This 
tilting took place to the extent shown in Fig. 6. 
The tilting will evidently be proportional to the 
maximum pressure, and to the depth of clay 
below the foundation liable to saturation. It 
possibly explains some failures and seems to point 
to the necessity, in clay foundations, for keeping 
the resultant line of pressure as central as possible, 
and to the advantage of having foundations inclined 
from front to back, which used frequently to be done. 

Experiment No. B.8 was undertaken to ascertain 
the tensile and compressive strength of dry clay 
(argil). Briquettes were made of “ green” clay in 
a mould of which the dimensions were those of the 
B.E.S.A. cement briquette increased by 15 per cent. 
When dry, the briquette dimensions corresponded 
within 1 per cent. to those of the cement briquette. 
The particulars are given in the following table :— 























Face Cross Thick-| Average | Average | Volume- 
Area. | Section. | ness. | Weight. | Volume.| Weight. 
Sq. in. In. In. Gm. C.C. 
Original) 5-55 |1-15 1-15) 1-15 195 100 1-95 
Final ..| 4-46 |1-04x1-04) 1-04 157 74-4 2-11 
Loss 38 25-6 
Diff. 
12-4C.C. 




















It is noteworthy that the loss in volume in cubic 
centimetres is less by 12-4 c.c. than the volume of 
the 38 gm. of water lost by evaporation; and, 

9. 
therefore, the mass must finally have had ae = 
16 per cent. volume porosity. 

The briquettes were kept in the office 54 days, 
and finally broken under exactly the same conditions 
as a cement briquette. The breaking strength 
of five briquettes averaged 230 lb. per square inch ; 
and one, defective, 140 lb. per square inch. The 
broken briquettes were put together and tested 
in compression on the “ flat,” failing at 3-12 tons 
on 4-15 sq. in., or 1,625 lb. per square inch. In 
tension, the briquettes broke at the jaws and not 
at the minimum section. In compression, there 
were shear planes intersecting at 45 deg., and the 
fracture was silky. It is remarkable that material 
giving these results can be reduced to the consistency 
of soup by a few minutes immersion in water. 

Experiment No. B.9 was made to correlate, if 
possible, volume-weight and water content. Six 
cylinders (A-F) were formed of clay from the bottom 
of a trench 4 ft. deep, about 206 above O.D. 
at Watling. They were about 1-40 in. high and in 
diameter. All six were weighed more or less con- 
tinuously for three months. 

Specimens D, E and F were also weighed in kero- 
sene of specific gravity 0-822, to find volume 
weights, A, B and C being kept as controls to see 
if the kerosene affected the weights. It seemed 
that it did not, but xylol, specific gravity 0-865, 
did appear to do so. Finally, all six cylinders were 
dried to constant weight in a gas oven at about 
130 deg. C. From the figures obtained, the volume- 
weights and water content were calculated, and 
shown in Fig. 1, page 6, ante. Three similar 
cylinders, marked I, II, ITI, of London clay from an 
escalator shaft at Camden Town, 42 ft. below the 
surface and 48 above O.D., were also made and the 
results plotted in Fig. 1. Mixtures of powdered 
“‘argil” and water were also made, and the results 
are plotted in Fig. 1. The mixture, however, below 
volume-weight 1-80 is not easy to work, as it is 
neither solid nor fluid. The results are only given 
as a rough confirmation of the author’s theory. It 
will be seen that, as plastic clay dries, when the 
water content falls below about 12-5 per cent. of its 
dry weight, shrinkage practically ceases, but evapora- 


tion of water continues until it reaches about 6 per 
cent., which artificial drying is required to remove. 
If the clay thus dried is left exposed to the atmos- 
phere, it will reabsorb about 6 per cent. without 
perceptible change. If wetted with free expansion, 
the outer layers swell rapidly and crack; but if 
expansion is restricted by mechanical pressure, it 
can be made to recover its original plastic state. 

A further experiment, No. B.10, was made 
to find the effect of water content on the bearing- 
power of clay. A prism of clay, rather sandy, 
from St. Helier Estate, Morden, 4 in. by 2-4 in. by 
1-75 in., was cut into two pieces nearly the same 
size, one piece (P) allowed to dry in a living room, 
and the other (Q) tied up tightly in a piece of calico 
and put to soak in water. At each test they were 
weighed in air and kerosene, specific gravity 0-815, 
and then the penetrometer rod applied, the rate of 
loading being about 4-ton per square foot in 5 min. 
The readings were taken before and after each load- 
ing. The results are shown in Fig. 7. Finally, 
after a month, the dried piece P (volume-weight 
= 2-2) gave no penetration at all at 4 tons per 
square foot, having lost the equivalent of 45 gallons 
of water per cubic yard; while Q, (volume-weight 
=1-89) which had absorbed the equivalent of 22-8 
gallons of water per cubic yard, failed completely at 
1 ton per square foot. Failure took place by the 
bursting of the prism, the portion displaced from the 
surface being forced into the interior. Bearing-power 
is well-known to be affected by lateral support, and 
if prism Q had been unable to spread, the vertical 
pressure would have been converted by the plastic 
material to a horizontal one, and a greater bearing- 
power obtained. The results are very similar to 
those given by Mr. T. B. Hunter, Fig. 34, page 92, 
Proc. Inst. C.E., vol. exix. It seems to the author 
remarkable that, in the many tests and observations 
in this paper and the discussions there recorded, 
the water content of the clay specimens is not given 
or referred to as affecting tests on the material. 

In connection with these tests it may be noted 
that the load on the B.E.S.A. Vicat needle (300 gm. 
on 1 sq. mm.) is equal to 27-4 tons per square foot, 
which is much too high for clay. 








THE WELLAND SHIP CANAL.—XIII. 


In our last article we described the regulating 
and waste weirs on the new Ship Canal, used in 
connection with the control of the pondage and 
lock-chamber water levels from the summit down. 
On the summit level there are two further structures 
of interest in this connection, which we will now 
deal with. They are the Guard Gates and Safety 
Weir not far distant from Lock No. 7, and the 
Supply Weir at Humberstone to control the 
summit level, by regulating the supplies drawn 
from Lake Erie beyond. 

The tuard Gates and Safety Weir, as already 
explained, are provided to protect Lock No. 7, 
and the others below in the event of accident, 
by holding up the water of the summit level, 
which extends for some 154 miles to Humberstone. 
In the event of accident at Lock No. 7, the flow 
could thus be restricted to the escape of the water 
north of the Guard Gates. The structure has 
already been briefly described, while views of it 
during construction were given in Figs. 114 and 115 
accompanying Article No. IV of this series (see 
ENGINEERING, vol. cxxviii, page 191). Drawings 
and a further view of the structure are now given 
in Figs. 508 to 512 on page 64. Essentially it consists 
of a pair of mass concrete walls, somewhat similar 
to the standard lock entrance walls, accommodating 
a single pair of 44-ft. 6-in. gates, built to standards 
to conform to the design of the ordinary lock gates 
on the canal. A reverse sill is provided so that 
a spare pair of mitreing gates can be used for 
unwatering. 

The permanent gates are protected from accident 
from the north side by Bridge No. 9, and from 
the south by fender gear. In the event, however, 
of accident to the gates occurring in spite of this, 
the further precaution will ultimately be taken 
of installing an emergency dam on the south 
side of the gates, and this would be brought into 
operation to stop the escape of water through 
the Guard Gates structure, if the gates failed. 








Emergency dams are divided into two classes. 


One of these is known as the wicket type, and the 
other as the stop-log type. The most interesting 
examples of the wicket type are probably those 
at Sault Ste. Marie and at Panama. The latter 
were fully described and illustrated in ENGINEERING, 
vol. xevi, pages 70, 139 et seq(1913). The dam 
consists of a swing bridge structure under the 
floor of which a number of wicket girders are 
hinged, to be let down when the bridge is swung 
across the lock. When the bridge is in this position, 
and the wickets let down into their sockets on 
the floor, panels are slid down them so as to block 
up the cross section by degrees. In the stop-log 
type a revolving structure is also used, but partakes 
more of the character of a crane, which picks up 
in turn from storage positions a number of stop-logs, 
which it traverses out over the lock chamber and 
lowers into recesses in the walls. Emergency dams 
of this type have been previously installed on the 
Trent Canal in Canada, and more lately on the 
New Orleans Inner Harbour Navigation Canal. 
The latter installation was fully described in a 
paper read in December, 1927, before the American 
Society of Civil Engineers, by Mr. H. Goldmark.* 
It is interesting to note that in this contribution 
the author gives credit for the design of the 
emergency dam in question to Mr. F. E. Sterns, 
who is now, as we have previously recorded, 
occupying the position of Designing Engineer on 
the Welland Ship Canal staff, under the Engineer-in- 
Charge, Mr. Alex. J. Grant. 

For the Welland Ship Canal emergency dam, 
the stop-logs, so-called, will be steel box girders 
7 ft. from front to back at the centre, tapering 
to 4 ft. 2 in. at the ends. They will be 4 ft. 8 in. 
high and 86 ft. long from centre to centre of bear- 
ings, in order to span the clear width of channel 
of 80 ft. They will be stored in a special recess 
provided for them behind the wall on the east side 
of the canal, where they can be reached by the 
lifting tackle of the crane, which will be used for 
swinging them across the channel and lowering 
them into place. The crane will be pivoted on 
the east side of the present structure, which, 
it will be remembered, is designed for possible 
duplication on this side in the future. If such 
duplication is proceeded with, the present location 
will result in the crane being situated on the 
centre wall, so that it will serve both sides. 

A general plan of the Guard Gates structure ix 
given in Fig. 508, which shows in dotted line the 
position which will be occupied by the future 
duplicate structure. At present the line of the 
future second channel is crossed at both north 
and south ends by long wing walls. As the 
character of the structure is similar in general 
features to corresponding parts of the locks, it has 
been virtually covered by our description of the 
latter. The floor is laid on good rock, and anchored 
thereto. The walls are of solid mass concrete at 
the gate positions ; north and south of this stretch 
the solid cross-section gives way to gravity sections, 
but on the west side these are so close together 
that they merge into one mass at the base. The 
main width of this wall is 36 ft. The designed 
ultimate width of the east wall is 60 ft., and this 
will accommodate a 38-ft. roller path for the 
emergency dam crane. Radiating from the same 
centre, recesses, for the stop-logs are provided in 
the wall faces. The arrangement of sills, gate 
recesses, quoins, stairs, coping, checks and metal 
cut-off details are all to the standards already 
described. 

Extending at right angles from the west wall of 
the Guard Gates structure is the Safety Weir. In 
order to allow free access for the water to this from 
the summit reach extending south, the south 
approach wall to the Guard Gates on the west side 
takes the form of a series of concrete piers and deck- 
ing. This wall extends for a total distance of 695 ft. 
Details of this approach are given in Figs. 509 to 
511. The piers are mostly spaced 28 ft. 6 in. apart 
centre to centre. They are 30 ft. high, and let into 
the rock. Across the piers the width at the top is 
4 ft. and at the base 8 ft. Downstream, the corre- 
sponding figures are 20 ft. and 30 ft. 6 in. No floor 
slab is laid between the piers, the rock simply being 
dressed, but a trench 10 ft. wide and 6 ft deep is cut 








* Trans. Am. Soc. C.H., vol. xcii, page 1589. 
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along the front line of the piers to prevent damage 
if the rock should be later blasted for a 30 ft. 
channel. The deck consists of reinforced concrete 
slabs 17 in. thick, reinforced near the lower face 
with {-in. rods. Along the front the slab is 
deepened to beam section, with its face finished 
uniform with the standard coping. This facing 
beam is 3 ft. 6 in. deep, 4 ft. 4 in. wide, and is 
reinforced by } in. rods. The piers are reinforced 
at the top, and for the top 17 in. are cut back 
to form the seatings 1 ft. wide, on which the deck 
slabs are set. Illustrations of this wall were given 
in Figs. 113 and 115, Plate XX XI which accom- 
panied our issue of August 16, 1929. 

The Safety Weir is illustrated in the drawings, 
Figs. 513 and 514, on page 65. The weir contains 
twelve openings 15 ft. wide by 18 ft. high, separated 
by piers 6 ft. and 8 ft. wide, the latter being used 
where expansion joints are employed. A section 
through one of the openings, which are closed by 
Taintor gates, is given in Fig. 515. The floor slab is 
let into the rock, and has a normal thickness of 3 ft. 
up-stream and 2 ft.9 in.down. Thisis increased to 
form small cut-off walls at both edges, while at the 
sill the thickness is increased to 3 ft. 9 in. The 
slab is anchored to rock by rods bent upstream, and 
grouting was carried out under the upstream cut-off 
by means of 2-in. holes, 10-ft. deep at 3-ft. centres, 
a pressure of 100 Ib. per sq. in. being adopted. 
The piers are rounded both up and down stream 
and have a total length in that direction of 54 ft. 
1] in. 


6 in. thick, extending from the lintel to deck 
level. Some 10 ft. away from the downstream face 
isa 7 ft. by 7 ft. 9 in. reaction beam or block, 
carrying the Taintor gate hinges and hinge girders. 
Rising from the reaction beam to the deck is a 
12 in. wall, thus enclosing the upper space between 
the piers. The deck provides a roadway 24 ft. 
wide and side walk 6 ft. wide, bounded by balus- 
trades. Outside this again, both up and down 


Between them and set, 6 ft. 11 in. back} both up- and down-stream. 
from the upstream face, is a curtain wall 3 ft.| are 1 ft. 11 in. wide, and on the latter 1 ft. 6 in. wide. 


| 





stream are areas reserved for the operation of the 



































gates and stop logs, for which slots are provided 
On the former the slots 


Each valve chamber can thus be unwatered 
separately for repairs without interfering with 
the supply. The sidewalk decking is 12 in. thick ; 
the roadway slab is cambered and 15 in. thick at 
the haunches. The side decking is 12 in. thick 
and provided with rails for the crabs. The piers, 
curtain walls, reaction. beams, deck, &c., are all 
reinforced at 2 in. from their faces. At the east 
end, the structure, which is 260 ft. long, joins up 





Ce 
ince 


Fic. 512. Guarp Gatre SrructurE; East Enp or Sarety WEIR ON THE RIGHT. 


end it is completed by a gravity section end wall, 
from which gravity wing walls extend on both sides. 
The weir structure has been designed with a view 
to ensuring continuous operation throughout the 
year. For this reason, the gates have been enclosed 
in the covered chambers described, as protection 
against frost, the curtain wall and the reaction 
beam with its thin superposed wall, reaching from 
below normal water level to the underside of the 
deck. 

The Taintor gates are of 25-ft. radius and consist 
of two frames, each of side girders and three radial 





with the Guard Gate structure wall. At the west 


struts, cross braced. The face plate is § in. thick 
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LABORATORY. | 
TuE annual meeting of the General Board of the | two small houses, has been decided upon. The build- 


National Physical Laboratory, held on Friday, | ing for the compressed-air tunnel is finished so far as 
June 27, brought as usual a crowd of visitors to | it can be before the tunnel itself has been installed. 


Teddington, where they were received in the Aero- | The site for the new Tank has been selected, and the 
dynamics Buildings, by Sir Ernest Rutherford, O.M., | Urgent need for the erection of a special Photometry 
as President of the Royal Society ex officio Chairman | Building 18 acknowledged. One of the objects of 
of the Board, Sir Richard T. Glazebrook, Chairman | the extensions is to provide greater facilities for 
of the Executive Committee, and Sir Joseph E. | research work, which, in some divisions, is at present 
Petavel, Director of the Laborato~y. The demands | hampered by the pressure of the routine work. 
made on the activities of the Laboratory are not | The usual excellent arrangements were made to 
diminishing. The volume of test work done is enable visitors to- study demonstrations and 
greater than ever, the Report* is growing in length, | #PParatus, exemplifying the aim and nature of the 
and the unoccupied ground to the north and west of | Very varied commercial and research work. 

the nucleus of the Laboratory, Bushy House, is being | ENGINEERING DEPARTMENT. 


more and more covered with buildings. The new \ ia es 
Physics Building has been erected at the north end | Fluid Friction and Heat Transmission.—We 


of the site, and the erection of an Acoustics Building | illustrated last year, on page 795 of vol. xxvii, 
for the Sound Division, at present accommodated in| ne of the arrangements by which Sir Thomas 
a a oe = | Stanton and Miss D. Marshall are investigating the 

car 1929. Publi aon her HM "Beatinnecy Piffice oa = | vortex system in the wake of flat plates under three- 
Deomtenant of Scientific and Industrial Research. [Price | dimensional flow. Water was made to flow down a 
11s. net.) vertical channel, 1} in. square, and coloured ink 








was introduced into the channel from a separate 
tank, at the level of the water tank, into an axial 
tube, 1 mm. in diameter, from the top of which 
the ink escaped. In order to secure a more sym- 
metrical distribution of the ink, a small disc was 
placed over the upper end of the tube, leaving 
a small slit for the escape of theink. As the outward 
flow of the coloured ink towards the edge of the 
disc was still not quite symmetrical, a second disc 
has now been placed close to the first, at a distance 
of a fraction of a millimetre above it, so that the 
outward flow of the ink takes place in this small 
gap between two parallel plates. The stream then 
shows a permanent vortex ring at the back of the 
plate, which persists at speeds up to a critical value 


v, = 120 > where d is the diameter of the plate. 


Above v,, the vortex ring was shed in the form of 
a spiral discharge the frequency of which was 
inversely proportional to the square of d. There 
was apparently no angular velocity in the spiral, nor 
any anti-rotation. 
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Another investigation, also mentioned last year, 
concerns the wave motion set up by air blowing 
over the surface of water in a rectangular channel, 
12 in. by 12 in., by 70 ft. long and enlarged at the 
far end. The wave length is determined photo- 
graphically, by a camera placed underneath the 
glass bottom of the channel; the amplitude and 
velocity are determined with the aid of cork floats of 
various shapes, to which a stylus is attached. 
Experiments and pressure calculations indicate that 
the waves are of the character of those investigated 
by Kelvin rather than those of the recent observa- 
tion of H. Jeffreys. The latter observed the 
initial waves forming on a pond. At Teddington, 
the phenomena are chiefly studied at the end of the 
long channel, where the waves, initially small, 
have become longer and of greater amplitude. 

The relations between fluid friction and heat 
transmission are investigated by passing hot air 
through water-jacketed pipes of rectangular cross 
section, 2-65 em. by 0-355 cm., and 5:08 cm. by 
0-247 cm. As the ratio of width to depth increases, 
the conditions become more those of two-dimen- 


sional flow. For equal values of =. where d is 


the hydraulic mean depth of the section, dynamical 
similarity of the motion may be assumed in pipes 
of circular and rectangular cross sections. 

Lubrication, Doped Oils, Gears, Bearings.—In 
the previously described experiments of Sir T. E. 
Stanton on the characteristics of boundary lubrica- 
tion, in cases of surfaces under relative reciprocating 
motion, certain cyclical variations had been observed 
in the frictional resistance of the oscillating journal. 
These fluctuations were at first ascribed to a 
variation of the frictional resistance with speed, 
but they were afterwards traced to the inertia of the 
moving parts of the recording mechanism. Further 
tests have, therefore, been made at speeds at which 
these effects could be regarded as negligible, and 
with a new machine which produces the oscillation 
of the journal, not by the pendulum method for- 
merly employed, but by an electric motor working 
through a reduction gear of 100 to 1; this reduces 
the frequency to ten oscillations per minute. With 
the aid of a mirror torque-meter, records are obtained 
on a photographic plate, at loads which can be varied 
within wide limits. 

The study of the effect of rotation speed on 
the seizing temperature of continuously rotating 
cylindrical journals under forced lubrication has 
also been continued by Mr. C. Jakeman. The 
oil is fed at a constant rate to the unloaded side 
of the bush, the excess oil escaping at the ends. 
With this bath lubrication under a load of 2,000 Ib. 
per square inch, the seizing temperature of a 
particular oil decreased continuously as the speed 
was reduced, the rate of temperature fall becoming, 
more rapid with low speeds. There was, however, 
no indication of a sudden change at a critical speed, 
within the test range of 30 to 1,300 r.p.m., and 
the tests are being continued. The addition of 
lead-ethyl dope had different effects on different 
oils. A well-known brand of motor-engine oil was 
distinctly improved ; with pure castor oil, how- 
ever, the addition of the dope reduced the seizing 
temperature from 203 deg. to 107 deg. C. In the 
case of a straight mineral oil supplied to the Air 
Ministry the minimum friction coefficient was 
lowered by the addition, but the seizing temperature 
remained unchanged. The two oils used in blending 
this oil were then examined separately. The more 
expensive constituent, Pennsylvania stock, proved 
very constant as to seizing temperature and mini- 
mum friction after addition of the dope, and was 
unaffected by prolonged exposure to an oxidising air 
blast while running, during which the seizing 
temperature varied between 130 deg. and 145 deg. C. 
The cheaper constituent, Russian oil, gave a lower 
minimum resistance (0-0009 against 0-00125) after 
35 hours of hot air-blast run, while the seizing 
temperature rose from 73 deg. to 135 deg. C.; 
after that the friction remained constant, while the 
seizing temperature fluctuated. The same effects 
were observed when the hot-air blast was applied 
before the run in the bearing ; that is to say, this 
previous treatment reduced the initial period, during 
which the friction decreased and the seizing tem- 
perature rose, by 35 hours. The addition of lead 








ethyl without previous heat treatment had the 
same effect and did not further improve the heat- 
treated oil. ‘The above-mentioned marked improve- 
ment of the motor-oil was not observed in any other 
case, and may be connected with the presence of 
some bitumen-base oil. 

Mr. J. H. Hyde’s continued experiments on 
power transmission by gears concern the criteria of 
gear-tooth design. The old-established practice 
aims at securing sufficient strength to support the 
maximum load and to cover shock stresses. The 
more recent practice takes into consideration the 
surface-contact stress and the abrasion, stipulating 
that the product of the tooth load and the sum of 
the curvatures of the teeth should not exceed a cer- 
tain limit. The experiments proved definitely that, 
for ground gears of air-hardened steel, these criteria 
were not the essential factors, since the teeth in- 
variably failed by fatigue under tooth-loads much 
smaller than the breaking load and without serious 
abrasion. This conclusion, that fatigue, rather than 
abrasion, is the essential factor, is confirmed by 
further experiments with gears running at low 
speeds of 125 r.p.m. under heavy tooth loads of 
6,000 Ib. per inch of tooth width. Gears ground 
with a smooth semicircular curve at the root have 
a much greater endurance than gears with the 
common root fillet. Owing to its greater length, 
such a modified tooth has a smaller static strength, 
but it sustained 47,500,000 revolutions at 1,500 | 
r.p.m. with a tooth load of 1,500 lb. per inch tooth | 
width, although the average life of a standard 
tooth is only 8,000,000 revolutions. 

Tn tests of motor-lorry gear-boxes for the Mecha- 
nical Warfare Board, efficiencies of 98 per cent. have 
been observed at high speeds and 250 per cent. over- 
load. The demand for commercial friction tests of 
brake linings has greatly increased. Fourteen different 
materials have been tested, and several makers have 
installed machines made to drawings supplied by the 
Laboratory, of the type of Mr. Jakeman’s machine 
which we illustrated a few years ago. The latest 
materials submitted show a noteworthy improve- 
ment as to heat resistance. Asbestos-brass wire 
linings, with suitable bonding, have been found 
capable of working at temperatures up to 250 deg. C. 
without disintegration or fraying at the edges. In 
ball and roller bearings the chief difficulty seems to 
be the fitting. When such a bearing is tested under 
increasing loads, the coefficient of friction falls 
gradually to a minimum and then commences to 
rise. The rise might be expected to set in at the 
load at which some part is stressed beyond the 
elastic limit, but the friction-load curve is almost 
parallel to the load axis over a considerable range, 
and it is difficult to ascertain the load at which the 
friction coefficient increases, particularly when it 
is of the order of 0-0005. 

Hardness.—The results of the researches by 
Dr. G. A. Hankins on the relationship between 
indentation hardness tests and tensile stress-strain 
curves, with special regard to the deformation 
produced by hardened steel balls in contact with 
mild-steel plates and cylinders, have been com- 
municated to the Institution of Mechanical Engi- 
neers. Deviation from elastic conditions occurred at 
the same maximum shear stress in direct tensile 
tests and in ball indentation tests, but the tensile 
yield stress of mild-steel could not be recognised 
as a definite point in the ball tests. 


layer which may be harder or softer than the body 
of the material. Scratch tests for very thin surface 
layers, less than a thousandth of an inch thick, 
such as electrolytic deposits of chromium, &c., 
have been developed in the Laboratory. In a very 
simple apparatus, the specimen is pulled by a screw 
under a stationary cutting diamond. The trace 
produced is measured under the microscope. 
Laminated Springs and Chains.—The importance 
of surface conditions in relation to the fatigue 
failures of spring steels is now fully recognised. 
The problems have been brought before the Iron 
and Steel Institute by Mr. R. G. C. Batson and Dr. 
Hankins, and were noticed by us last year when 
we also illustrated Mr. J. Bradley’s machine for 
high-speed endurance tests of laminated springs 
(ENGINEERING, vol. cxxvii, page 36, 1929). Surface 
irregularities, cracks and notches, as well as electro- 


The wearing | 
properties of a material depend upon the surface | 








lytic coatings, lower the fatigue resistance of spring 
steel more than was expected from previous work 
on other steels. The microscopic cracks produced by 
quenching may not be important in the case of 
unpolished steel springs, but surface decarburisation 
is of importance. This is being further investigated 
in the Metallurgical Department. The specimens, 
of the rotating cantilever type, are prepared from 
rolled spring-steel plate ground and polished to 
size, hardened and tempered in a vacuum furnace 
in neutral atmospheres of mixtures of CO, and CO 
and then tested without further surface treatment. 
Silicon-manganese spring steel tempered to a 
Brinell hardness of 350, has been produced with a 
fatigue limit but little lower than that of the same 
material when normally ground and _ polished. 
Endurance tests of complete chrome-vanadium 
springs had shown a very slight increase in the 
endurance when the leaves were machined before 
heat treatment. This suggested that an injurious 
skin had been formed during the heat treatment, 
although the effect might have been due to the 
camber of the specimen. Silicon-manganese spring 
plates were, therefore, tested under four con- 
ditions: heat-treated as rolled, the same and 
surface-machined, heat-treated after machining, and 
again re-machined after this last treatment. 
The experiments showed that the improvement 
obtained by machining before heat-treatment was 
only small, and that the reduction of strength caused 
by the skin was due to heat treatment. The results 
support the general conclusion that the skin effect 
is due to decarburisation during heat treatment ; 
but internal stresses and the ductility of the steel 
may also influence the results. 

The inquiry into the failures of wrought-iron 
chains exposed to low temperatures (down to 
— 78 deg. C.), by Messrs. H. J. Gough and A. J. 
Murphy, has, by the request of the Home Office, 
been extended to the effect of low-temperature 
annealing on mild-steel fittings attached to wrought- 
iron chains, and to suitable restorative heat-treat- 
ments for mild-steel chains and lifting gear. As it 
was found impossible to imitate the service con- 
ditions in the Laboratory, questionnaires have been 
sent to manufacturers and users of chains as to 
standard practice. Two points have received 
particular attention. No information could be 
obtained about the origin of defective pilings, which 
are a possible source of brittleness in some chain iron, 
but mechanical and microscopical examination of 
such streaks in the Laboratory showed that the 
defect could be traced back to the manufacturing 
stage of the iron. The other point concerns 
machine-made chains. Most chains and ships’ 
cables are still made by hand, and the electrically 
welded machine-made chains, are regarded with 
some suspicion. Comparative tests conducted at 
Teddington prove, however, that the machine- 
made chains are not inferior in their resistance to 
shock loading. 

Metals for High-Temperature Use.—As regards 
metals and alloys for use at high temperatures, 
Messrs. Batson and H. J. Tapsell are studying the 
creep of cast and forged steels, so far between 450 
deg. C. and 650 deg. C. They are examining 
a 0-51 per cent. carbon steel and a 3 per cent. 
nickel steel at 700 deg. C. for short-time tensile stress 
and impact strength, and at temperatures between 
300 deg. C. and 500 deg. C., forcreep. Both materials 
gave slightly higher limiting stress than a 0-51 per 
cent. normalised carbon steel at 300 deg., and were 
somewhat inferior at 500 deg. Creep tests are being 
made of stainless steel, nickel-chromium and chrome- 
vanadium steels. | Staybrite, phosphor-bronze, 
Duralumin and Muntz metal for Messrs. Synthetic 
Ammonia and Nitrates, Limited. The rates of 
creep of tungsten valve steels between 600 deg. C. 
and 800 deg. C., and the effect of superheated steam 
on mild steel at 450 deg. C. and 540 deg. C. are 
likewise under investigation. A steel containing 
0-21 per cent. of carbon and 1-7 per cent. of man- 
ganese had a longer life for high stress than a 
0-24 per cent. carbon steel, but this superiority 
decreased as the stress decreased. 

In these researches on alloys for high temperatures 
the Engineering Department has been co-operating 
with the Metallurgical Department, and we should 
refer our readers to the paper which Dr. Rosenhain 
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and Mr. C. H. M. Jenkins recently read before the 
Iron and Steel Institute (see ENGINEERING, vol. 
exxix, page 780, et seq.). To improve the creep 
strength, small percentages of alloying elements 
are added, separately or in combination, to three 
carbon steels, and the comparison is made on a 
basis of the stress required to produce a creep rate 
of 10-5 in. per day at the conclusion of a 40 days’ 
test. 
(To be continued.) 








THE LIEGE EXHIBITION. 


Tue holding of two exhibitions simultaneously, 
at the maritime centre and the industrial centre, 
respectively, of the same country is probably an 
unigue occurrence in the history of such events. 


Belgium is this year of the centennial anniversary | 





| 
| 
| 


of her independence, thus signalising and, it may | 
be said, fully justifying, her claim to existence as a | 


producing and self-supporting nation. 


colonial, social, and recreative aspects we have 
little concern, nor does a complete survey of all 
the arts and sciences displayed by them fall within 
our purview. It is the engineering side in which 
we are most interested, though even here we have 
to take a somewhat narrow survey by confining 
ourselves, for reasons of space, to some account of 


With the | 
scale of these two exhibitions in their international, | 


what is to be seen at the industrial centre only, | 
namely, Liége, omitting at any rate at present | 
reference to what may be on view at the maritime | 


centre, Antwerp. 

As might be expected, the largest single building 
at the Liége Exhibition is that devoted to the 
illustration of progress in the metallurgical, mining, 
and mechanical sides of the engineering industry. 
This building houses the exhibits of Belgian firms 
and of those foreign forms having Belgian repre- 
sentatives, but, apart from these exhibits, there are 
also examples of machinery to be found in the 
various pavilions devoted to particular countries, 
notably France, Italy, Holland and Switzerland. 
In addition, there is a separate building devoted 
to transport and to civil engineering, and 
an outdoor display of railway appliances and 
signalling apparatus, the latter being very compre- 
hensive. The gas industry has also a separate 
pavilion of its own, but the electrical industry, not 
very adequately represented by the way, has to 
share a building with two unrelated sections. There 
is, further, a separate pavilion given up to illustrat- 
ing the processes of manufacture of small firearms, 
an industry for which Liége has long been well 
known, and to exhibits of bicycles, motor-cycles, 
and motor cars. Some printing, leather-working 
and textile machinery, together with industrial 
chemical apparatus, is to be found in a long building 
containing also the exhibits of the Belgian army 
and the several Belgian Ministries. Agricultural 
machinery is displayed in a separate section of the 
exhibition accommodated in the Zoological Gardens 
and a park some distance away from the main 
section. This main section occupies both banks of 
the River Meuse, the two parts composing it being 
connected by a new bridge which, as it is a per- 
manent structure, will, in the future, serve the 
suburb which is to occupy the site of the largest 
part of the main section. 

With a distribution of exhibits so scattered, and 
thus differing from the more convenient segregated 
arrangement of the Palace of Engineering at 
Wembley, it will perhaps not be surprising if our 
survey be not immediately complete, whilst two 
other points of difference between this exhibition 
and those of our own country may be remarked on 
as adding to the difficulties of the visitor. There 
is, up till the present at all events, no catalogue 
of exhibitors, while the stands are, in large part, 
unattended, in some cases the machines shown 
being not even labelled nor accompanied by any 
descriptive literature. We have endeavoured to 
comment on those exhibits which are the most novel 
or which, if not altogether new, possess features 
differing from accepted British practice. In con- 
nection with British products, it may be noted 
that there is, at Liége, no British pavilion, though 
some familiar English names are to be seen on the 
stands of certain Belgian agents. 
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The building devoted to metallurgy, mechanics 
and mines, to give it its official title, is steel framed 
with concrete facing walls, and consists of two spans, 
each 82 ft. wide by 624 ft. long, with two flanking 
aisles of 24 ft. wide. The aisles contain longitudinal 
galleries connected by transverse galleries at the 
ends and in the centre. Adjoining this main 
building is another, slightly longer, but considerably 
lower, and of one storey only. It has four spans, 
with an aggregate width of about 184 ft. The 
main building houses the general engineering 
exhibits ; the annexe is chiefly occupied by machine 
tools. Most of the stands in the former are, as 
compared with British exhibition practice, notice- 
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able for their size, and in the case of those occupied 
by the great steel firms, for the variety of products 
displayed. These displays, while demonstrating the 
completeness and high degree of Belgian technique, 
mostly consist of material well known to the 
engineer, though undoubtedly informative to the 
general public. Any reference made to such stands 
may be therefore somewhat cursory, but that fact 
does not necessarily derogate from their importance. 

One other impression may be recorded. Liége 
being the centre of a mining district, a substantial 
exhibit connected with this industry might have 
been expected, but there is very little in the way of 
coal-winning and coal-preparation machinery to be 
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seen. The mining industry is chiefly represented 
by exhibits dealing with the economic, geological, 
and welfare sides, the latter being particularly well 
done. On the other hand, it must be admitted 
that there are at least two features of the engineering 
section of the Exhibition which are fully and 
adequately treated, and in which Belgium shows 
distinct superiority over many other countries. 
These are the displays relating to refractories and 
to technical education. Dealing with the former 
first, the variety, complexity, and linear truth of 
products made from silica and other fire- and acid- 
resisting materials is remarkable. On the one hand 
are large firebrick slabs, some 74 in. thick, and 
weighing nearly 12 cwt. each, in which all planes 
and angles are without distortion; on the other 
are more delicate pieces, with tortuous passages and 
ports, and such cylindrical forms as acid stills and 
plug cocks, with the several parts accurately 
bedding together. Among the firms displaying this 
fine work may be mentioned Messrs. 8. A. des 
Produits Réfractaires & Céramiques de Baudour, 
Hainaut ; S. A. Franco-Belge des Produits Réfrac- 
taires de Seilles, Liége; Usines Louis Escoyez, 
Tertre et Hautrage; Establissements Tinsonnet- 
Pastor-Bertrand et Gillet Réunis, Andenne; Raoul 
& René Amant & Cie, Baudour; H. Chaudoir et 
Cie, Ste. Ame, Angleur ; and Union Chimique Belge 
des Produits Réfractaires, St. Ghislain. 

The other feature well illustrated, namely, 
technical education, can only be referred to in very 
general terms, though these are justly all of praise. 
The display is here again rather split up, most of 
the engineering examples are set out in the galleries 
of the main machinery hall, but there are also good 
collections in connection with the instruction of 
railway apprentices, army recruits, &c., and with the 
work of the Universities in some of the other build- 
ings. The teaching apparatus, in all, is excellent ; 
the courses, as illustrated by lecture précis and by 
the students’ notebooks, practical work and drawings 
are systematic and thorough; while the standard, 
on such an examination as a short time permitted 
us to make, would seem to be high. One method 
of demonstration appears useful. In combining a 
number of curves in a three-dimensional manner, 
these are drawn in heavy lines on sheets of thin, 
colourless glass, which are then arranged parallel 
with one another in a box-like frame at suitable 
distances apart. When viewed obliquely, the whole 
has the effect of a solid transparent model, and 
illustrates very well any general relative changes 
in the properties of the curves. Geological and 
anatomical subjects treated in this way were very 
illuminating, as showing the relation of internal 
structure to external contour. This method might 
well be extended in several directions. 

Passing now to a more detailed description of 
some of the engineering exhibits, two interesting 
machines with rotating tools are shown by Messrs. 





Th. Kieserling and Albrecht, Solingen. The first, 
illustrated in Figs. l-and 2,,page 68, is intended 
for cutting off the ends of tubes, and enables 
a very high rate of output to be secured. The 
tube remains stationary, being -held in a vice, 
the jaws of which are operated by compressed 
air, while the rotating cutter head carries two 
tools which are automatically fed in radially. 
The general arrangement is seen in Fig..1. This 
shows. a self-contained motor-driven machine 
with belt transmission. In front of the motor is 
seen a portion of the feed gear-box, while in the 
centre of the machine is the enclosed cutter head. 
At the right of the figure is the vice. This is 
mounted on a heavy base carried on hinges so 
that it can be swung out of the way of the cutter 
head. It is shown in this position in Fig. 2. The 
vice jaws are grooved, and are reversible in order 
to accommodate different sizes of tubes more effec- 
tively. They are carried on a transverse slide ; 
coarse adjustment, that is, the preliminary adjust- 
ment to suit the particular size of tube being 
dealt with, is made by a screw, but the actual 
gripping movement is effected by compressed 
air at a pressure of about 75 lb. per square inch. 
The operating cylinder is seen underneath the 
vice in Fig. 1, and the movements of gripping and 
release are controlled by the double pedal near it. 
The vice is arranged quite close to the face of the 
cutting head so that the tube is held rigidly, and 
a roller at the entry facilitates the introduction of 
the tubes. 

The cutter head, to the right of Fig. 2, has a 
hollow spindle and, as will be clear, carries two tool 
holders set diagonally on slides moving in a direc- 
tion tangential to the tube. The tools cut on the 
horizontal diameter of the tube and the crescent 
shape of the holders provides a steady for the 
opposite tool. There are three spindle speeds in 
the smaller machines, which will handle tubes from 
4 in. to 3 in. diameter, and six in the larger, 
which are suitable for diameters between 8 in. and 
19 in. Cutting is started by a lever. The tools 
then immediately move in towards the tube at 
a quick rate, take up their feed speed, and, on 
completing the cut, are withdrawn quickly. The 
whole of the feed motions are automatic, and the 
rate of feed can be adjusted by a lever working on 
a graduated scale. The feed gear box and controls 
are not visible in the figures. All the quick motion 
shafts run in ball bearings, but the spindle has 
bronze bearings with ring lubrication. The hole 
through the spindle tapers outwards, so that the 
pieces cut off fall outside the machine. The chips 
fall into a removable pan, the end of which is 
seen between the hinges in Fig. 1. Forced lubrica- 
tion is provided, and tool cooling water is circulated 
by a pump. The horse-power required ranges from 
64 h.p. in the smaller machines to 18 h.p. in the 
larger. 





The ‘machine shown in Fig. 3 has two cutter 
heads with the driving and gear box between them. 
It-is intended for turning hot-rolled bars for trans- 
mission shafting or for mandrels for tube drawing 
processes, &c. It is also employed for turning 
tubes and bars ready for use in automatic lathes, 
accurately-shaped material being desirable for 
the efficient working of these machines. The bar 
does not revolve, and is supported at the ends by 
the two travelling vices seen in the figure. These 
run upon three circular rails, and each grips the bar 
in three jaws, one of which is adjusted by a large 
handwheel. At each end of the machine, and 
carried on the bottom guide rails, is a supporting 
bracket, that on the right hand of the figure having 
adjustable top, bottom and side rollers, in order 
to afford steady guidance to the ends of the bar. 
The bar is traversed from left to right of the figure. 
At the left hand, on the bed of the machine, may be 
seen the bar-feeding gear. This is provided with 
four horizontal feed, and two vertical guide, rollers. 
The horizontal rollers are made of cast steel with 
machine-cut and hardened teeth, and may be 
adjusted to suit the size of bar. 

The cutter heads, as the machine is constructed for 
parallel turning, are quite different from those first 
described for the cutting-off machine, there being 
no in-feed. They are attached to each end of the 
main spindle through which the bar passes, and 
which runs in long bearings with ring lubrication. 
Each contains a broad-faced tool, from which the 
machine is described as a “ pointless”’ shaft turning 
and paring machine, and three adjustable steadies. 
The first cutter head takes a rough cut, the 
second one finishes the bar within the limits of plus 
or minus 0-05 mm. on the diameter. A centring 
head, with four adjustable points, is provided close 
up to the cutter head in each case. The number of 
speed and feed changes provided varies with the 
size of the machine, but in general there are eight 
of the former and six of the latter. There is also 
a quick return reverse feed to enable the finished 
bar to be rapidly withdrawn into the same area as 
the black bar was fed from. The drive is by 
electric motor and a belt with a tensioning device 
and friction coupling, so that the driven pulley 
continues to run while the machine is idle. 

On the stand of Messrs. Société Commerciale de 
Belgique, Ougree, is an example of what is probably 
the most novel machine in the exhibition, viz., one 
for machining the interior of ingot moulds. It is 
made by Messrs. Fetu-Defize, Quai de Longdoz, 
Liége, and is illustrated by Figs. 4, 5, 6 and 7, 
page 70. It has been observed that the inner 
surfaces of ingot’ moulds deteriorate, in varying 
degrees, due in large measure to the way in which 
they are arranged side by side in the casting pit. 
Two sides of an ingot mould are generally quite 
close to adjoining ones, and therefore do not cool so 
quickly as the more exposed sides, while, in pouring, 
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the stream of metal is apt to impinge upon the same 
side time after time, due to the same arrangement. 
The result is that pockets and fissures soon appear 
in the surface and lead to difficulties in stripping, 
to say nothing of interfering with the homogeneity 
of the ingot. Hitherto these pockets have been 
filled in with refractory material in the endeavour 
to obtain a smooth ingot, a proceeding which some- 
times leads to trouble by the filling becoming 
detached and included in the poured metal. Mr. 
Henry, the chief engineer at Messrs. Ougree- 
Marihaye’s steel works at Rodange, has given close 
attention to the problem and has shown conclusively 
that, in general, it pays to machine the interior 
of ingot moulds as soon as they show any signs of 
scoring. The quality of the product is thereby 
improved and the life of the mould greatly prolonged, 
the latter advantage necessarily implying that a 
smaller stock of moulds can be carried than would 
otherwise be the case. The design of a suitable 
machine for this purpose is due to this engineer. 
The problem of machining the moulds, which are, 
of course, tapered from top to bottom and have, 
very often, also curved sides—has been attacked in 
two ways, viz., the first, by a machine having some 
resemblance to a lathe ; the second, by the machine 
exhibited, which is based on the shaper or planing 
principle, that is, having a cutting stroke in an axial 
direction, which is also the direction of stripping. 
Its general appearance is vell shown in Fig. 4. 
The ingot mould is made with four external bosses, 
by means of which it is centred in a circular 
carrier or chuck and is held in it in the manner 
shown in Figs. 4 and 5. The chuck is automatically 
rotated at the end of each cut. The cutter head is 
carried upon a bar containing a lead screw for 
traversing it, and having at one end the driving gear. 
The latter consists of a variable-speed reversible 
electric motor with the necessary reduction gear. 
The axis of the bar has naturally to be adjustable 
to enable moulds having different degrees of taper 
to be handled, and the connection with the drive 
is, in consequence, flexible. Further, as the in- 
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Fig. 5. 


ternal surfaces of the mould are generally conical 
or pyramidal, the two ends of the bar have to 
be independently guided. They are therefore car- 
ried by means of slides upon two face-plates 
on which are also formers of the outline shown in 
Fig. 6, one former being larger than the other. 
These formers rotate in synchronism with the 
chucks, the bar, of course, remaining stationary 
except as regards the displacement of its axis. The 
traverse of the cutter head is controlled by another 
screw arranged on the bedplate of the machine, and 
| of the same thread and speed as the lead screw, 
so that the movements of the latter are duplicated. 
A traversing nut repeats the motion of the cutter- 
| head, and by means of suitable stops causes reversal 
of the motor driving the cutter head. The rotation 
|of the chucks is, of course, intermittent and in 
one direction, and is effected by a separate driving 
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|mechanism. Provision is made for varying the 
| degree of feed, that is, the angle of rotation. 

The machine shown is capable of dealing with 
moulds producing ingots 6 ft. 10? in. long, 18% in. 
square at the top, and 208 in. square at the bottom. 
The precise internal shape is, clearly, only a matter 
of the provision of suitable formers. A usual 
method followed is illustrated by Fig. 7. The 
inner curve represents the surface as cast, the 
outer ones successive machinings, up to the point 
where it is considered that the mould has become 
too thin for further use. The corners are not 
machined. The amount to be removed naturally 
depends upon the depth of the pockets in the surface 
which have to be removed, but in practice it is 
found that one or two cuts are sufficient, the 
previously machined surface being less liable to 





abrasion than the original cast one. The removal 
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of a layer 32 in. deep over’the interior surface of 
an ingot of the type shown in Fig. 4 usually takes 
about eight hours, which includes both the setting 
up and removal times. As the operation is auto- 
matic, one boy is usually competent to attend to 
two machines. Two apparent objections to machin- 
ing ingot moulds may be briefly commented on 
here. It may be urged that machining exposes 
softer metal at each successive cut, but it is stated 
that with moulds of 3 tons to 5 tons weight it is 
possible to remove at least 2$ in. in a well-made 
mould before damage from the poured metal is 
likely to result. It is also objected that the steel 
maker is liable to be confused by the different 
weights resulting from a number of ingot moulds 
in the same pit with differing degrees of machining. 
This is got over in practice by painting the appro- 
priate weight of metal to be poured upon the outside 
of each reconditioned mould, and it is found that 
this method results in more accurate pouring and 
fewer defective ingots through transverse faults due 
to short pouring. 

Messrs. Usines Meura 8.A., Tournai, show several 























Fie. 10. Liguip 


types of filter presses and other apparatus used 
either in the food production or chemical industries. 
Many of these do not call for comment. An 
example of continuous rotary filter shown in 
Figs. 8 and 9, annexed. This is used in sugar 
refineries, paint factories, chemical works, &c. It 
consists of a drum rotated slowly through the liquid 
to be filtered, and having suitable a filtering medium 
on its periphery, through which the cleared liquid 
is drawn and removed by way of its central shaft, 
which is hollow. Fig. 8 gives a general external 
view of the machine, but the structure of the drum 
is best seen in the section of Fig. 9. Boxes con- 
taining the filtering material A, supported by 
perforated plates, are arranged on the periphery of 
the wheel, and are connected to the centre shaft 
by a tapering portion B. This shaft is perforated 
with holes, corresponding in number to the boxes, 
through which the fluid is drawn by vacuum during 
a part of the revolution, and a stream of cleansing 
air blown through at another time. The drum is 
immersed to the extent of about two-thirds of 
its surface in the liquid. A connection with the 
exhauster is automatically maintained during this 
period of immersion, the device containing ports 
being situated at one end of the shaft. The separa- 
ted solids are deposited on the outside of the drum 
and, on emerging from the liquid are, in some cases, 
washed by the spraying arrangement seen on top of 
the figure. The rotation of the wheel then carries 
the adherent material under the roller at the 
right hand. The latter is chain driven in a 
direction opposed to the drum, but at the same peri- 
pheral speed. At the moment of passing under the 
roller, air pressure is automatically admitted to the 
boxes, with the result that the layer of material 
is gently blown off the drum on to the roller, from 
which it is scraped by a knife to fall down the chute 
at the side. 


A particularly good example of the apparatus 
used in food production, from the point of view 
of finish, is the refrigerating screen shown in 
Fig. 10, above. This type of screen is used for 
cooling beer, milk, wine, &c., and consists of an 
undulating surface over which the fluid to be 
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cooled trickles, and within which cold water or 
brine is circulated. The surface is formed of a num- 
ber of solid-drawn copper tubes expanded into gun- 
metal headers. The tubes are closely pitched, and 
the interstices between them are filled in with tin 
solder, so that an unbroken surface, which can be 
kept clean, is presented to the flow of the liquid. 
The distributing and collecting troughs for the 
liquid treated are easily made out in the figure, 
as also the connections for the cooling medium. 
These screens are made of any depth and of widths 
up to 23 ft. 
(To be continued.) 








IMPROVEMENTS ON THE GREAT WESTERN RaILway.— 
In order to cope with increasing holiday traffic, the down 
platform at St. Thomas station, Exeter, on the Great 
Western Railway, is to be lengthened from 400 to 620 ft., 
so that longer passenger trains may be dealt with. In 
addition, track circuiting is to be installed at Reading ; 
Lawrence Hill, Bristol; Merthyr; and Mardy junction, 
and, at Barry, modern signalling arrangements are to 
be installed. With the object of permitting the passage 
of heavier locomotives and trains over the Andoversford 
junction and Andover junction section, certain bridges 
are to be strengthened, portions of the permanent way 
relayed, and wider clearances afforded. 





UNIVERSAL DrrEcTORY oF Rartway OFFICcIALs, 1930. 
—The 36th annual edition of the Universal Directory of 
Railway Officials has now been issued by Messrs. The 
Directory Publishing Company, Limited, 33, Tothill- 
street, London, 8.W.1. The work has been compiled, 
chiefly from official sources, under the direction of the 
Editor of The Railway Gazette, and, as has been the case 
with former issues, the contents are divided into 10 
sections, lettered from A to K. Section A is an official 
directory giving particulars of Government Departments 
and of railway institutions, associations, societies and 
unions. The remaining sections are geographical, res- 
spectively dealing with the railways of Great Britain, 
Ireland, Europe, Asia, Africa, Australia, North America, 
Central America, and South America. In each case the 
full name of the railway is given, together with brief 
particulars of the mileage open to traflic, the gauge, and 
data on locomotives and rolling-stock. Then follow 
lists of railway officials with their titles and the addresses 
of their departments. The book closes with a personal 
index of railway officials. The Directory has been long 
established as of value in the railway world. It is of 
service also to manufacturers, &c., doing business with 
the railways, giving addresses of all officials with whom 
they may need to deal. The book is well printed on 
good paper, and the price is 20s. net. 
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LABOUR NOTES. 


TuE writer of the editorial notes in the July issue 
of the Amalgamated Engineering Union’s Monthly 
Journal pays tribute to the services rendered by Mr. 
J. T. Brownlie, the late president of the organisation, 
“ through a long and trying period, particularly during 
the last eight or nine years.’’ “ Brother Brownlie,” he 
says, ‘‘ would be the last man to expect his views to 
be accepted by all. It is, however, an undoubted fact 
that his strong personality and his masterful manner 
in presenting his case on behalf of those he represented 
earned for him the respect of the general body of 
employers and workmen, and we are confident that 
he will carry with him into his retirement the good 
wishes of our membership, together with our thanks 
for the efforts he has put forward on behalf of all 
sections of engineering workers.” 

The same contributor to the Journal has an interest- 
ing note on the Prime Minister’s proposal to confer 
with the two other parties in the House of Commons 
on the question of.unemployment. ‘‘ We fully recog- 
nise,” he says, “‘ the magnitude of the work which lies 
before the Conference, and whilst admitting that the 
proposals already made in respect to roadmaking, 
housing, and other public work will alleviate the 
position to some extent of a certain section of the 
workers, submit that such proposals can be of little 
assistance to the engineering industry in particular. 
It is because of this view, we venture to again direct 
attention to the need for some effort being made to 
so distribute available work as to curtail to the utmost 
possible limit systematic overtime on production work. 
We shall, no doubt, be told that there are many difficul- 
ties in the way, such as the question of plant, accom- 
modation, &c. We suggest, however, that these 
difficulties could be got over, and that the Conference 
might invite representatives of the employers to sit 
down with them and endeavour to put into practice 
a system which will have for its object the prevention 
of some men being called upon to work far beyond the 
normal working hours per week, while thousands of 
others have no work at all.” 








During June the home branch membership of the 
Amalgamated Engineering Union decreased from 
196,516 to 195,686, and the colonial branch membership 
from 27,134 to 26,874. The number of members in 
receipt of sick benefit decreased from 5,481 to 5,087, 
and the number in receipt of superannuation benefit 
increased from 10,662 to 10,697. The total number 
of unemployed members increased from 18,440 to 
20,134. Mr. 8S. Bradley, one of the two Irish organising 
district delegates, has been elected to fill the vacancy 
on the Executive Council caused by the death of Mr. A. 
Lorimer. eas 

“J. R.,” who contributes the editorial notes to 
the Journal of the Electrical Trades Union, states, 
in the July issue, that the demand for the labour of 
members has been gradually increasing, with the 
result that the organisation’s percentage of unemploy- 
ment has been considerably reduced. ‘* There is not,” 
he goes on to say, ‘‘ much out of the ordinary in this, 
because as was stated last month, it was somewhat 
extraordinary that we should have any serious 
unemployment. It can quite safely be stated that 
during the next three months there will not be a 
percentage of unemployed members of the E.T.U. 
sufficient to worry the organisation, financially or 
otherwise. While we, the Electrical Trades Union, 
are nearly free from unemployment troubles, we 
cannot get away from the fact that unemployment 
in general is becoming a desperate problem, and it 
seems that we are rapidly approaching the point 
when there will be not less than two million unemployed 
persons in the country. The remarkable factor is 
that notwithstanding this great number of unemployed 
people, we are producing more to-day then ever in 
the history of the country, and it is safe to assert 
that with only one-half the labour we are producing 
five times the quantity of manufactured articles 
that were produced during the pre-war period. It 
is necessary again to emphasise the necessity of a lesser 
working hour week in order to absorb the rapidly- 
increasing number of unemployed persons, because 
if they are not in employment themselves they must 
be kept by those who are in employment.” 





Alluding to the question of Free Trade versus 
Protection, this contributor, ‘ speaking from a purely 
impersonal point of view,” says that the two shibboleths 
Free Trade and Protection, have gone by the board, 
and something is required ‘‘ which will take in the 
best of each and leave us free from the viciousness 
of either.’’ ‘It is pleasing to note,’ he adds, “ that 


the General Council of the T.U.C. have dealt with 
this problem in a manner which should appeal to 
everyone who is not biased in his outlook.” 





At West Hartlepool on Thursday last week, the 
annual conference of the National Union of Railwaymen 
adopted the following resolution unanimously : “ That 
this congress urges the Government to take the 
necessary steps at the earliest possible moment to 
restore the rights of trade unions of which they were 
so unjustly deprived by the cynical class action of 
the Conservative Party in its attempt to cripple the 
strength of trade unionism both on the industrial and 
political field.” 





Speaking in support of the resolution, Mr. Cramp 
said that it was in the interest of the wider trade 
union movement that the railwaymen. desired the 
Government to take speedy action in amending the 
trade union law, because, in the main, the Act had 
not done their union any harm. It had, however, 
inflicted grievous harm on and crippled the political 
activities of unions catering for men spread over 
many industries. The railwaymen were able under 
their Act to assist their own members, and to call out 
one section in support of other sections because they 
were concerned with one industry, and were therefore 
inside the law in so doing. Unions whose members 
were spread over many industries, however, could not 
without a violation of the law, use the strength of 
their organisation by one section assisting another. 
In trade union disputes, therefore, the Act deprived 
them of very much of their strength on the trade union 
field. He was uncertain whether the Government 
would be able to pass the Bill, and if it passed through 
the House of Commons it was uncertain whether the 
House of Lords would allow it to pass into law. A con- 
stitutional crisis of the first magnitude might then 
arise. 





A Bill, sponsored by Mr. Kirkwood, Mr. Maxton 
and others requires the Board of Trade to establish 
one or more wage boards to consider questions relating 
to reductions of wages referred to them by the 
Board of Trade. Present rates of wages are to be 
fixed by the Wage Boards as the minimum to which 
the Act applies. It is proposed that the Board of 
Trade shall make an order, within three days after 
the wage board has given notice that present wage 
rates are to be the minimum, making the minimum 
rate obligatory in applicable cases, and employers 
shall, it is suggested, pay wages at not less than the 
minimum rate, clear of all deductions, and shall be 
liable, if they fail to do so, to a fine not exceeding 
201. and 5/1. for each day on which the offence is 
continued after conviction. In addition to the fine, 
the employer will pay “such sum as appears to the 
court to be due to the person employed on account 
of wages.” 





Addressing the annual conference of the National 
Union of Blast-furnacemen, Oreminers, Cokeworkers 
and Kindred Trades at Blackpool last week, Mr. 
Thomas McKenna, the general secretary, said that 
ten years ago there were 30,000 people working at 
blast-furnaces. To-day the industry could provide 
work for only 20,000. Scientific organisation of 
industry was inevitable, but the human element must 
not be lost sight of. The workers alone should not 
have to bear the brunt of rationalisation, which, as 
they saw it up till now, was a social danger. He had 
an open mind regarding safeguarding, but so far 
he was not convinced that it would do benefit to 
their trade. aha 

The latest official report of the United Pattern 
Makers’ Association states that the total membership 
of the organisation is 11,178 and the total number of 
unemployed members 1,120. Commenting upon the 
unemployment figures, Mr. Findlay, the general 
secretary, declares that they ‘“‘ make sorry reading.” 
‘“* Not since January, 1927,” he says, ‘‘ have we been 
so badly hit. In that month we had 1,163. At that 
time we had not quite recovered from the effects of 
the national strike. Ruling out that period, we have 
to go back to 1923 to find a parallel to our present 
position. Various reasons are given for the present 
slump, and probably more than one is responsible, 
but, however much they may be dressed up, the root 
cause lies in this system of production for profit rather 
than for use. And while that obtains, it is up to us 
more and more to insist on, and fight for, the organisa- 
tion of the State being used to support those who, 
through no fault of their own, find themselves outside 
the factory gate. The social conscience is slowly 
awakening to the fact that it is just as much an injustice 
to have an idle rich class battening on industry as to 
have a large unemployed class existing under circum- 
stances which are far from satisfactory.” Mr. Findlay 
“sees no reason why both sections should not cancel 
out each other in a properly governed community.” 





The eight loom question in the cotton trade took a 
serious turn last week-end. Under a local agreement, 





the system was introduced experimentally at Burnley 
with the consent of the Weavers’ Union, on the under- 
standing that its adoption was only temporary and 
that there would be no extension. Only 16 out of 600 
looms were used for the experiment in the Burnley 
works. Last month, the Central Committee of the 
Spinners and Manufacturers’ Association applied to 
the workers’ organisation to extend the practice to all 
districts, and by way of rejoinder, the Union ordered 
the stoppage of the Burnley experiment. The Cotton 
Spinners’ and Manufacturers’ Association appealed 
to the Home Secretary on the subject. Mr. Clynes was 
chairman of the recent Government Inquiry into the 
Cotton Industry, which stated, amongst other things, 
that if Lancashire was to recover her lost trade, every 
practicable measure, including the use in the most 
economic way of the most efficient machinery, must 
be taken to reduce costs. At.a joint consultation in 
Manchester on Tuesday between representatives of 
the employers and representatives of the men, it was 
arranged that the matter should be discussed at a 
joint meeting after work has been resumed next Monday 
on the conclusion of the holidays. 





Ata meeting in London last week-end of the National 
Council of the Independent Labour Party adopted 
a resolution declaring that the Council could not 
regard adherence to capitalist Free Trade or the 
adoption of Protection, whether masquerading as 
Safeguarding or Empire Free Trade, as likely to offer 
any solution of the unemployment problem which, 
in its view, was caused by the poverty and lack of 
purchasing power of the workers, and the consequent 
collapse of international trade. The Government was 
urged to proceed with Socialist remedies, including 
the raising of the standards of life of the people, the 
public ownership of social services, and the establish- 
ment of import and export Boards under national 
control, with a view to stabilising prices, developing 
foreign trade on co-operative rather than competitive 
lines, and prohibiting the importation of competing 
goods made or imported under unfair conditions. 





Mr. William F. Green, president of the American 
Federation of Labour, expressed the opinion recently 
that the introduction of the five-day week would 
help to correct unemployment and to create an 
opportunity to use the goods and commodities which 
industries produce. ‘‘ Machinery and power,’ he 
said, ‘‘ make the five-day week possible, and humane 
and spiritual reasons make it necessary. We have 
come to understand, as never before, that it is not 
enough merely to create the power to buy; we must 
create the opportunity to enjoy and use goods and 
commodities.” 





On July 7, the numbers of persons on the registers of 
Employment Exchanges in Great Britain were 
1,182,400 wholly unemployed, 658,200 temporarily 
stopped, and 92,900 normally in casual employment, 
making a total of 1,933,500. This was 42,925 more 
than a week before and 789,254 more than a year 
before. The total on July 7 comprised 1,385,900 
men, 47,500 boys, 458,300 women, and 41,800 girls. 





At a meeting of the Unemployment Grants Com- 
mittee on Monday, Lord St. Davids in the chair, a 
number of schemes of work submitted by local authori- 
ties and other statutory bodies for the relief of un- 
employment were approved for Government grant. 
The estimated cost of the schemes so approved was 
1,002,0007. to provide employment for approximately 
2,000 men. Schemes before the Committee for approval 
which are now the subject of inquiry number 650, and 
are estimated to cost 12,100,0001. 





The Post Office Engineering Union announces that, 
after negotiations, improvements have been secured 
in the wages and duties of the rank-and-file depot staff 
of the Stores Department. An improvement of 4s. 
has been obtained in the minimum and maximum of 
the warehousemen class, an increase of 2s. in the 
minimum and maximum of the storemen class, an 
increase of 2s. in the minimum and maximum of the 
warehousewomen class, an increase of 2s. in the rate 
paid to drivers of various types of motor-vehicles, 
and an increase of 1s. in the rate paid to the guards 
of motor-vehicles. The improvements are in all 
cases to the basic scales, and to them has to be added 
the Civil Service cost-of-living bonus. The hours of 
the watchmen have been reduced from 594 per week 
to 48 without reduction in pay. 








UnitEep States Propuction or CapMIum.—According 
to the Bureau of Mines at Washington, the production of 
metallic cadmium in the United States, during 1929, 
totalled 2,481,4271lb. This constituted an increase of 
32 per cent. over the 1928 production, which had, itself, 
shown an increase of 75 per cent. over the 1927 output. 
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Fig. 1. The position of the shaft is shown in Figs. 1 
and 2, and it will be noticed that it is made in a single 
piece, with a flange for the driving wheel, and is 
carried in three bearings. The latter are of die-cast 
white metal. The valve tappets are of the mushroom 
type, bearing directly on the cams, and are hardened 
and ground. They are provided with the usual 
adjustment, and slide in phosphor-bronze guides. 
The valves are interchangeable, and the guides are 
renewable. The valves are completely enclosed 
and operate in an oil mist, but access for adjustment is 
given through the covers shown in Fig. 2. The 
lubricating oil is circulated by a plunger pump directly 
driven from an eccentric on the camshaft, and not 
shown in the drawings. The oil is delivered through a 
strainer to a duct running the whole length of the 
engine, and branches from this duct convey oil to the 
main bearings. The supply to the big ends is taken 
through passages in the crankshaft in the usual way. 
The strainer in the oil circuit is readily accessible and 
is interchangeable with that inserted in the filling 
orifice, so that should the latter become choked at 
any time, it is possible to change them over and clear 
the choked strainer while the engine is running. 

As regards the accessories, magneto ignition, with 
an impulse starter, is employed, the magneto being 
mounted in line with the dynamo on the port side of 
the engine, as shown in Fig. 3. If required, battery 
ignition can be fitted in addition to the magneto, 
when two sets of plugs are provided. Alternatively, 
two magnetos can be fitted. The arrangement of 
the hand-starting gear is similar to that employed 
on other Parsons’ engines, the position of the starting 
handle being shown in Figs. 3, 5 and 6. An electric 
starter, engaging with a gear ring on the flywheel, can 
be fitted as an extra. The water-circulating pump 
is made from non-ferrous metals, and is of the plunger 
type, driven by an eccentric. It is fitted with inter- 
changeable valves and is lubricated from the engine. 
A bilge pump, of which all the main parts are inter- 
changeable with the circulating pump, can be fitted if 
required. The reversing gear is of the maker’s standard 
type. Any of the engines in the range can be supplied 
with a cast-iron or steel bed plate for industrial purposes, 
in which case starting is effected by a detachable handle 
applied to the end of the crankshaft. 

The engines are of medium weight, that of the four- 
cylinder unit, arranged for industrial use, being 1,540 Ib., 
or complete with reverse gear for marine use, 1,980 lb. 
Where weight is of importance, any engine can be 
supplied with an aluminium-alloy crankcase, inspection 
doors, and other parts, resulting in a weight reduction 
of about 20 percent. The engines are stated to be free 
from vibration periods throughout their normal speed 
range, and the fuel consumption is given by the 
makers as 0-65 pt. per brake horse-power hour. 








TORPEDO-BOAT DESTROYERS FOR 
' THE ROYAL CANADIAN NAVY. 


TuHE first of the two new destroyers Saguenay and 
Skeena, ordered for the Royal Canadian Navy in 
January, 1929, was successfully launched from the 
Woolston Yard of Messrs. John I. Thornycroft and 
Company, Limited, on Friday, July 11, the launching 
ceremony having been performed by Mrs. Desbarets, 
wife of the Deputy Minister of National Defence of 
Canada. The two vessels, which are due for delivery 
in the spring of next year, have a length of 309 ft. 
between perpendiculars, an overall length of 321 ft., 
a breadth of 32 ft. 6 in., and a displacement of 1,320 
tons, while their designed speed is 35 knots. They 
are intended to replace the Champlain (ex Torbay) 
and the Vancouver (ex Toreador), which were trans- 
ferred to the Canadian Navy in 1928 and are employed 
for training the personnel of the Royal Canadian Naval 
Volunteer Reserve on Atlantic and Pacific Coast 
stations, It is understood that the Saguenay will 
be stationed at Halifax and the Skeena at Esquimalt. 

In general design, the vessels are similar to the 
modified “A” type, Acasta class, destroyers of the 
British Navy, and, if required, they can operate with 
the destroyers of that class, which includes Acasta, 
Achates, Acheron, Active, Antelope, Anthony, Ardent 
and Arrow, all of which were laid down in 1928 under 
the 1927-28 Estimates. These vessels are 312 ft. in 
length between perpendiculars, 323 ft. in length overall, 
and have a breadth of 32 ft. 3 in., with a displacement 
of 1,330 tons and a designed speed of 35 knots. They 
are propelled by single-reduction geared turbines driving 
twin screws and developing 34,000 shaft horse-power, 
steam being supplied at a pressure of 300 Ib. per square 
inch by three water-tube boilers, oil-fired and fitted 
with superheaters. Their armament includes four 
4-7-in. guns, two 2-pdr. pom-poms, five machine guns, 
and eight 21-in. torpedo tubes on quadruple mounts. 

_The Canadian vessels, it will be seen, are of similar 
dimensions to the British vessels and will have the 
same speed and armament, but certain details of 


the design of the former have been modified to render 





them suitable for the more severe climatic conditions 
in which they will normally operate. It has been 
necessary, for instance, to provide heavier scantlings and 
to give sufficient stability to allow for the accumulation 
of ice on the upper decks, bridges, rigging, &c., and 
the climatic conditions have also necessitated the 
provision of an elaborate heating system in order to 
maintain a comfortable temperature in the living spaces 
with an external temperature below zero. In some 
other respects, the accommodation is differently 
arranged from, and on a rather more complete scale 
than, that usual on British destroyers, including such 
amenities for the crew as a recreation space and 
shower bath ; more powerful motor boats are also 
carried. Many other special devices and arrangements 
have been incorporated in the vessels, either on the 
suggestion of the builders or the technical authorities 
of the Canadian Navy, so that considerable interest 
will attach to their service performance. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Insulated Wire.—The supply and delivery of insulated 
wire. The Deputy Director, Posts and Telegraphs 
Department, Melbourne, Australia; September 16. 
(Ref. No. A.X. 9879.) 

Telephone Cable.—The supply and delivery of multiple 
twin telephone cable. The Deputy Director, Posts and 
Telegraphs Department, Melbourne, Australia ; August 5. 
(Ref. No. A.X. 9877.) 

Testing Instruments.—The supply and delivery of 
testing instruments (Schedule C. 630). The Deputy 
Director, Posts and Telegraphs Department, Melbourne, 
Australia. (Ref. No. A.X. 9878.) 

Tile-Pressing Machine.—A firm in Bahia, Brazil, is 
desirous of receiving, from British manufacturers, 
particulars and prices of a composition tile-pressing 
machine. The tiles are to measure 100 cm. by 50 cm. 
(39-37 in. by 19-68 in.), and are to be corrugated. The 
plant should be capable of producing from 200 to 500 tiles 
daily. (Ref. No. A.X. 9881.) 


Pressure Gauges.—The supply of vacuum and steam- 
pressure gauges. The South African Railways and 
Harbours Board, Johannesburg; August 29. (Ref. 
No. A.X. 9884.) 

Electric Air-Compressor Sets.—The supply of four 
electric air-compressor sets. The Egyptian Ministry of 
Public Works, Cairo; September 14. (Ref. No. A.X. 
9886.) 

Diesel Marine Engines.—The supply of four new two- 
cylinder, four-cycle type, airless-injection Diesel vertical 
marine engines. The Egyptian Ministry of Communica- 
tions, Ports and Lighthouses Administration, Alexandria ; 
July 31. (Ref. No. A.X. 9888.) 

Telephone Cable-——The supply of telephone cables 
required by the Indian Posts and Telegraphs Depart- 
ment. The Chief Controller of Stores, India Store Depart- 
ment, Engineering Branch, Simla; July 28. (Ref. No. 
A.X. 9893.) 








BOOKS RECEIVED. 


Department of Overseas Trade. Economic Conditions 
in the Netherlands, 1929. Report. By R. V. Lamina. 
oe His Majesty’s Stationery Office. [Price 
3s. net. 

Die Wasserkraftwirtschaft Deutschlands. Festschrift zur 
Tagung der II Weltkraftkonferenz, Berlin, 1930. 
Mit Unterstutzung der Behérden des Reiches und der 
Deutschen Linder. Berlin: Deutschen Wasserwirt- 
schaft und Wasserkraftverhand EV. [Price 25 marks. ] 

Autobiographical and Other Writings. By Awan A. 
CaMPBELL Swinton. London: Longmans Green and 


Company. [Price 10s. 6d. net.] 

The Measurement of Hydrogen Ion Concentration. By 
Jutros Grant. London: Longmans Green and 
Company. [Price 9s. net.] 


Electricity Commission. Electricity Supply 1928-29. 
Engineering and Financial Statistics. London: i 
Majesty's Stationery Office. [Price l5s. net.] 

Canal Irrigation in the Punjab. By Paut W. Paustian. 
New York: Columbia University Press. London: 
P. 8. King and Son, Limited. [Price 12s. net.] 

The Development of the Federal Program of Flood Control 
on the Mississippi River. By Arthur De Witt Frank. 
New York: Columbia University Press. London: 
P. 8. King and Son, Limited. [Price 17s. net.] 

On the Question of Condensation in Steam Plant Instal- 
lations. By V. A. Makterr. Moscow and Leningrad : 
State Publishing Offices. Press Bureau. 

Public Works Department. Madras Presidency Adminis- 
tration Report for the Year 1928-29. Part II. Irri- 

; Madras: Government Press. [Price Re. 
2-8-0 


Journal of the Institution of Eng 3 (India). Vol. IX. 
May, 1930. Edited by the Secretary. Calcutta: 
Offices of the Institution. ; 

Department of Overseas Trade. Ec Ci 8 in 
Sweden. February, 1930. Report. By W. J. GLENNY. 
London: His Majesty’s Stationery Office. [Price 
ls. 6d. net.] 
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ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Heating and Ventilating Engineers. 
—As its name implies, the object of The Institution of 
Heating and Ventilating Engineers, which was estab- 
lished in 1897, is to promote and advance the science 
of heating and ventilation and kindred subjects. 
Examinations for the admission of graduates and 
associate members into the Institution are held at 
suitable centres in January, May and September of 
each year, and application forms and full particulars 
may be obtained on application to the secretary of 
the Institution, 12, Russell-square, London, W.C.1. 

Busk Studentship in Aeronautics—A vacancy for 
the Busk Studentship in Aeronautics has arisen, and 
applications from candidates should be made to 
Professor B. Melvill Jones, Engineering Laboratory, 
Cambridge, to whom all correspondence relating to 
the studentship should be addressed. This has a 
value of 150/. and is tenable for one year from October 1, 
but a student may be re-appointed on the same 
terms for a second year. It is open to a British 
subject of either sex, who has not attained the age of 
25 years on October 1. The object of the studentship 
is to enable the holder to engage in research in aero- 
nautics, and especially in such subjects as stability 
problems, meteorological questions bearing on flight, 
and the investigation of gusts. Subject to the per- 
mission of the trustees, the student may carry out his 
research either at home or abroad. Application 
forms should be returned to Professor Melvill Jones 
not later than July 26. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have been little better during the past week, and 
with the arrival of the holidays managements are relieved 
of a certain amount of their recent anxiety. Plant has 
only been partially employed of late, and even the 
approach of the annual holidays failed to bring out any 
urgent orders. Local consumers are short of business 
themselves and their demand for steel material has been 
poor, while that from overseas shows little sign of 
expansion. The prospects for the immediate future are 
not bright, but there are indications that an improvement 
will take place in the demand from the shipyards in the 
late autumn. In the black-sheet trade there has been 
no change. The lighter gauges are fairly active, but the 
heavier gauges and galvanised sorts are in poor demand. 
The following are the current market quotations :— 
Boiler plates, 107. 10s. per ton; ship plates, 87. 15s. per 
ton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
4 in., 91. per ton; and galvanised corrugated sheets 
(No. 24 gauge) 127. 15s. per ton, all delivered Glasgow 
stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the past week has been very much 
like those preceding it, as there has been a decided 
scarcity of business. The re-rollers of steel bars are also 
very quiet, and in neither branch are the prospects very 
good. Prices are unchanged and are quoted as follow :— 
‘“Crown ”’ bars, 10. 5s. per ton for home delivery and 
91. 15s. per ton for export; and re-rolled steel bars, 
71. 12s. 6d, per ton for home delivery or export. 

Scottish Pig-Iron Trade.—A very dull state prevails in 
the Scottish pig-iron trade and orders are very few from 
all quarters. Current prices give little return to makers 
and the output is being curtailed. The furnaces at the 
Glengarnock works of Messrs. David Colville and Sons, 
Limited, have been blown out for an indefinite period, 
and the re-lighting of some of those which will be damped 
down this week may be held back for a few weeks longer 
than usual. The following are the current market 
quotations :—Hematite, 79s. 6d. per ton, delivered at the 
steel works; foundry iron, No. 1, 79s. per ton, and 
No. 3, 76s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 12, amounted to 723 tons. Of that total, 
418 tons went overseas, and 305 tons coastwise. During 
the corresponding week of last year the figures were, 
582 tons overseas, and 140 tons coastwise, making a total 
shipment of 722 tons. 








Om FRoM AUSTRALIAN Brown Coat.—Some months 
ago Messrs. Imperial Chemical Industries (Australia), 
Limited, acquired several extensive brown-coal mining 
areas in Victoria, and Messrs. The Synthetic Coal Oil 
Products Pty., Limited, was formed as a subsidiary 
Company to work the mines. As the name of the new 
company implies, its main operation will be the extraction 
of oil from the brown coal. 





CHILLED-IRON Rott MANUFACTURE IN _AUSTRALIA.— 
We understand that Messrs. David Bridge and Company, 
Limited, Manchester, recently completed an arrangement 
with Messrs. A. Goninan and Company, Limited, New- 
castle, N.S.W., Australia, under which machinery required 
for the rubber and allied industries, and hitherto im- 
ported, will be manufactured in Australia. In connection 
with the scheme, Messrs. Goninan are to construct plant 
for the production of chilled-iron rolls. It is stated that 
the production of rolls for the steel, milling, and printing 
trades, is also contemplated. 

















JuLy 18, 1930.] 


ENGINEERING. 


75 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel—Weak features predominate despite 
sustained efforts to place production on a more 
satisfactory basis. It was hoped that the shrinkage 
experienced during earlier months would end with 
the advent of the second half-year; but, in the main, 
expectations have not been realised. This district is 
not immune from the national shrinkage in the 
manufacture of steel ingots and castings. Large areas 
of plant are working much below capacity, and in this, 
and related branches, unemployment shows a steady 
rise. Not only is the general demand, both home and 
overseas, on a more limited scale, but competition from 
foreign rivals tends to increase in intensity, and sales 
of foreign materials are being pushed at prices con- 
siderably below British cost. Distributors of steel- 
making irons and scrap are inevitably suffering, though 
even under diminished production of bulk steel con- 
sumption of scrap is so great that dismantlers are going 
ahead with schemes that will ensure supplies for months 
ahead. At 50s. per ton, basic steel scrap stands at 
a remarkably low level, being 17s. 6d. cheaper than 
was the case*a year ago. Bearing a heavy burden of 
costs, pig-iron producers have hesitated to sanction 
further cuts in official rates, but in an effort to tempt 
users to buy more liberally, reductions of half a crown 
a ton have now been made in both classes of Derbyshire 
pig-iron. Revised quotations are as follows :—Siemens 
acid steel billets, 9/7. 10s.; hard basic, 91. 2s. 6d. to 
91. 12s. 6d. ; medium hard basic, 7/. 12s. 6d. to 81. 2s. 6d. ; 
soft basic, 6/. 10s.; Lincolnshire foundry, 72s. 6d. ; 
crown iron bars, 11/.; iron hoops, 12/.; steel hoops, 
91. 10s. to 101.; basic scrap, 50s. Concentration on 
special lines has to some extent counterbalanced the 
effect of the slump in naval and marine requirements. 
Efforts are constantly being made to evolve higher 
quality steels that will prove of still greater efficiency 
for general and special engineering purposes. In the 
older sections there is a substantial call for steel 
products of various classes from the agricultural, mining, 
woodworking, electrical and roadmaking industries. 


South Yorkshire Coal Trade.—Reports are cheerless. 
In most grades stocks continue to rise despite tempting 
offers of special rates. Production is retarded by the 
weight of fuel lying at railway and colliery sidings. 
The number of wagons standing idle under load gives 
rise to some concern. Business in housecoal is at a low 
ebb, but hope is entertained of an expansion in country 
buying against winter needs. The demand for industrial 
coal and coke reflects the depressed conditions that 
generally prevail in the basic trades. Supplies of all 
kinds of slack are much in excess of requirements. There 
is a common tendency towards price shading. Quota- 
tions :—Best branch hand picked, 24s. to 25s. 6d. ; 
Derbyshire best brights, 19s. to 2ls.; Derbyshire best 
house, 18s. to 19s. 6d. ; screened housecoal, 16s. to 17s. ; 
screened house nuts, 14s. to 16s.; Yorkshire hards, 
14s, to 15s. 6d.; Derbyshire hards, 14s. to 15s. 64d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls, 38. to 5s. 








THE PRODUCTION OF ZINC IN CANADA IN 1929.—Most 
of Canada’s zinc is derived from mines in British Columbia, 
nevertheless ‘Quebec and Ontario also produce appre- 
ciable quantities. According to the Dominion Bureau 
of Statistics, Ottawa, the zinc output of Canada during 
1929 aggregated 196,213,221 lb. Out of this total, 
British Columbia supplied 172,100,000 Ib.; Quebec 
19,653,000 lb. ; and Ontario 4,463,000 Ib. 





THE Iron TRADE REvIEW.—The publishers of the 
United States metallurgical periodical, Iron Trade Re- 
view, announce that they have recently decided to discard 
this name, which the journal has carried for nearly 50 
years, and to substitute in its place the name Steel. The 
first issue of the publication in its new form appeared 
on July 3. In connection with the change of name, 
the publishers of the journal, Messrs. Penton Publishing 
Company, Cleveland, Ohio, U.S.A., have issued an 
attractive little illustrated pamphlet entitled Steel- 
Basicto Industry. This contains many data and statistics 
relating to the iron and steel industry of the United States. 





Contracts.—The Central Electricity Board has 
recently placed contracts for the supply of high-tension 
cables with Messrs. British Insulated Cables, Limited, 
Prescot ; Messrs, W. T. Glover and Company, Limited, 
Manchester ; Messrs. Siemens Bros. and Company, Limited, 
London; and Messrs. Standard Telephones and Cables, 
Limited, London. Contracts for switchgear have been 
placed with Messrs. The British Thomson-Houston 
Company, Limited, London; Messrs. Ferguson Pailin, 
Limited, Manchester; Messrs. The General Electric 
Company, Limited, Birmingham ; Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Manchester ; 
and Messrs. A. Reyrolle and Company, Limited, Heb- 
burn-on-Tyne. A contract for the supply of general 
meters has been awarded to Messrs. Landis and Gyr, 
Limited, London.—Messrs. Pulsometer Engineering 
Company, Limited, Nine Elms Iron Works, Reading, 
have secured the contract for the electrically-driven 
hydraulic pumping plant for Leith Docks. The plant 
is to consist of two sets, the one discharging 800 gallons 
per minute and the other 600 gallons per minute, 
against a pressure of 800 lb. per square inch. In addition, 
a return water pump and feed tanks, two Venturi 
tubes, piping and valves are to be supplied. The motors 
will be supplied by Messrs. Bruce, Peebles and Company, 
Limited, Edinburgh, and the control gear by Messrs. 
The Electric Control Company, yan Glasgow. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The market is very dull. 
Customers with small orders to place are markedly 
disinclined to pay recognised ruling rates, but ironmasters 
hold to their fixed figures, and merchants have very little 
Cleveland pig to offer. The latter, however, manages 
to put through a little business in products of other home 
districts, and in foreign iron. A consuming firm here 
is understood to have made a considerable purchase of 
Continental pig. Indian iron is offered very freely at 
comparatively low figures, but is not very suitable for 
castings manufactured on Tees-side. Obstacles to export 
trade are as great as ever, but Cleveland ironmasters 
continue to make small direct sales to local and other 
home users. Fixed prices remain: No. 1 Cleveland, 70s. ; 
No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. 

Hematite.—Further substantial reduction of East 
Coast hematite output, is believed to have reduced pro- 
duction to about the current moderate needs, but pro- 
ducers are hampered by heavy stocks, much of which, it 
is true, is sold; if customers could take supplies as they 
become due under running contracts, the statistical posi- 
tion would soon be greatly strengthened. At present, how- 
ever, there seems no prospects of early material expansion 
of demand. Continental competitors are retaining over- 
seas business by selling at comparatively cheap rates, 
and producers of East Coast brands have still to contend 
with price cutting by merchants, both for home and 
export business. Ordinary qualities of East Coast 
hematite are 71s. ; and No. 1 is at a premium of 6d, 

Foreign Ore.—No business is passing in foreign ore, 
consumers having large stocks, and long contracts. 
Nominally, best rubio is 20s. ¢c.i.f. Tees. 

Ironstone Miners’ Wages.—Cleveland ironstone miners’ 
wages have been reduced by 3 per cent. for the third 
quarter of the year. Under sliding scale arrangements 
the owners are entitled to a reduction of 3-9 per cent., 
but yielding to an earnest plea of the men’s representa- 
tive to deal as leniently as possible with the matter, they 
waived part of their claim. 

Manufactured Iron and Steel.—Inquiries circulating 
for manufactured iron and steel are few, but quotations 
are upheld. Common iron bars are 10/. 15s. ; best bars, 
1ll. 5s.; double best bars, 11/7. 15s.; treble best bars, 
127. 5s.; iron rivets, 11/. 10s.; packing (parallel), 82. ; 
packing (tapered), 10/.; steel billets (soft), 62. 15s. ; 
steel billets (medium), 7/7. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 117. 58, ; steel ship plates, 87. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 87. 10s. for parcels of 500 tons and 
over, and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 9/. 12s. 6d.; and galvanised 
corrugated sheets (No. 24 gauge), 11/. 17s. 6d. 

Scrap.—Prices of scrap vary, but with the demand 
extremely light the tendency is markedly downward. 
Borings are 35s. ; turnings, 40s.; ordinary heavy metal, 
57s. 6d. ; heavy machinery metal, 59s. ; and heavy steel 
scrap, 478. 6d. 

Idle Plant.—By the damping of two hematite blast- 
furnaces, at the Ayresome Ironworks of Messrs. Gijers, 
Mills, and the closing down of a hematite and a basic 
furnace at the Clarence Works of Messrs. Dorman, Long, 
of the 93 blastfurnaces in this area only 27 remain in 
operation. With the exception of occasional stoppages 
through trade disputes, the Clarence Ironworks have 
been running continuously for nearly 80 years. The 
steelworks at Clarence are going out of action, but the 
coke oven and by-product plant continue at work for the 
present. Messrs. Dorman Long are also closing down 
their Sherburn House Colliery this month. In nearly all 
branches of the iron and allied trades orders are urgently 
needed, and unless demand improves still more plant will 
have to be laid idle in the near future. 








Trave Mission to SoutH America.—On August 1 
a special South American mission, representing Sheffield, 
and comprising Mr. A. K. Wilson, the Master Cutler, and 
Mr. R. C. Hodgson, the President of the Junior Chamber 
of Commerce, will sail for Rio de Janeiro. The mission 
will visit Brazil, Uruguay, the Argentine, Chile, and Peru, 
and is expected to arrive home in November. The 
object of the mission is to facilitate and increase Sheffield’s 
trade with South American countries and to investigate 
ways and means of <a this. In his speech 
at the Forfeit Feast of the Cutlers’ Company, on June 27, 
the Right Hon. J. H. Thomas made it very plain that 
the mission is under the auspices of H.M. Government 
and will receive the full support and assistance of H.M. 
Representatives in every country visited. 





THe InstrTuTION oF Mryina aND METALLURGY.— 
The Report of the Council for the 1929-30 session of the 
Institution of Mining and Metallurgy, which report was 
presented at the thirty-ninth annual general meetin 
of the Institution, held in London on June 26, showe 
that the total membership on December 31, 1929, was 
2,289, compared with 2,325 at the end of the previous 
year. During the session eight general meetings of 
the Institution were held at the rooms of the Geological 
Society, Burlington House, Piccadilly, London, W.1. 
The statement of accounts appended to the Report of the 
Council indicated that the receipts for the year ending 
December 81 last amounted to 10,3911., while the 
expenditure totalled 10,0937. Mr. J. G. Lawn has been 
elected president of the Institution for 1930-31, in suc- 
cession to Dr. W. Cullen, and was installed at the meeting 
held on June 26, 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade,—Though shipments of coal foreign 
from South Wales in June amounted to only 1,670,369 
tons, the smallest quantity despatched in any month 
since February of last year, the total exports for the 
first half of this year at 12,110,324 tons, were 355,000 
tons greater than in the corresponding period of 
last year. This improvement has been effected 
notwithstanding the slackness of day-to-day business 
during the last three months, and was due to the 
heavy contracts made at the end of 1929 and the 
beginning of this year. Not only was the volume of 
trade increased, but the value of the coal shipped was 
also advanced by 745,000/. to 11,267,564/., or 7 per cent., 
the average price per ton f.o.b. being raised by 
84d. to 18s. 7}d. in consequence of the higher prices 
conceded for contract supplies over this year and the 
raising of minimum prices under the Marketing Asso- 
ciation scheme. Shipments of bituminous coal were 
increased from 10,285,822 tons to 10,473,096 tons, and 
the price from 17s. 2}d. to 17s. 84d. per ton, while ex- 

orts of anthracite expanded from 1,469,202 tons to 
1,637,228 tons, and the price from 22s, 11}d. to 24s. 4}d. 
All the ports, with the exception of Cardiff, contributed 
to the increased traffic, shipments at Newport expand- 
ing from 2,116,189 tons to 2,296,931 tons, at Port 
Talbot from 861,544 tons to 1,154,137 tons, and at 
Swansea from 1,467,213 tons to 1,547,033 tons; at 
Cardiff they fell from 7,310,078 tons to 7,112,223 tons. 
The prospects for the future, however, are not bright, 
though it is hoped that a substantial improvement in 
the demand will set in in the autumn when it is 
customary to make contracts for supplies over the 
remainder of the current year, and well into the 
following twelve months. 


Low Freights.—An indication of the quiet conditions 
in the Welsh coal trade is afforded by the slow demand 
for tonnage to carry coal, and the low level at which 
exporters are able to secure ships to transport cargoes. 
In spite of the fact that hundreds of vessels are still 
laid up because of the depressed conditions, freights 
representing the lowest levels since the war have been 
accepted of late. As low as 5s. 104d. has been done 
for West Italy, representing the lowest figure for twenty 
years, and comparing with an average of 9s. ld. for 
1913, and a range of 7s. to 12s, 3d. in the pre-war 
years. Alexandria, too at 7s. compares with a 1913 
average of 9s. 10}d., and a range of 7s. 6d. to 12s. 6d., 
and Bordeaux at 3s. 9d. to 3s. 10}d., with a pre-war 
average of 5s. 6}d., and a range of 3s. 9$d. to 7s. When 
it is remembered that expenses are from 60 per cent. 
to 70 per cent. abové pre-war it will be obvious that 
current rates mean substantial losses to shipowners. 


Iron and Steel.—Exports of iron and steel goods 
last week totalled 19,334 tons, or nearly 7,000 tons 
more than in the previous week, shipments of tinplates 
and terne-plates being increased from 8,715 tons to 
10,298 tons, of black-plates and sheets from 780 tons 
to 1,138 tons, of galvanised sheets from 2,530 tons to 
3,022 tons, and of other iron and steel goods from 
838 tons to 4,877 tons. 








“AVIATION”? AND “THE AvIATION NeEws.”—Com- 
mencing with the August issue, Aviation, the weekly 
aeronautical magazine, published in the United States, 
will be issued as a monthly publication. It will continue 
to be largely devoted to technical problems connected 
with the aircraft industry. In order to supplement this, 
a weekly newspaper, entitled The Aviation News, has 
been instituted, and the publication of this by the 
McGraw-Hill Company, commenced on July 12. 


University Cottece, UNIVERSITY oF Lonpon.—A 
number of awards have recently been made in the 
Faculty of Engineering, University of London, University 
College, Gower-street, London, W.C.1. These include 
the Goldsmid entrance scholarship to Mr. F. E. L. 
Fellowes ; the L. F. Vernon-Harcourt prize to Mr. J. W. 
Hooper ; the Chadwick Medal and prize to Mr. S. Y. 
Ali-Khan ; and the Archibald P. Head Medal and prize 
to Mr. T. W. Bland. 





British PropuctTion oF Pia-IRon AND _ STEEL.— 
The monthly memorandum of the National Federation 
of Iron and Steel Manufacturers, Caxton House, Tothill- 
street, London, S.W.1, shows that the number of blast 
furnaces in operation at the end of June was 133, a net 
decrease of 8 since the beginning of the month. The 
production of pig-iron during June totalled 563,200 tons, 
compared with 614,500 tons in May, and 657,800 tons in 
June, 1929. The June output of steel ingots and castings 
aggregated 600,100 tons, against 691,900 tons in May, 
and 830,900 tons in June, 1929. Part of the decline in 
steel manufacture was due to the Whitsun holiday. 





Prrsonat.—Messrs. Murex, Limited, Rainham, Essex, 
who hold all the capital of Messrs. Premier Electric 
Welding Company, Limited, and of Messrs, Thermit, 
Limited, have acquired practically the whole of the 
issued capital of Messrs. Alloy Welding Processes, 
Limited, Ferry-lane Works, Forest-road, Walthamstow, 
London, E.17._ The works of Messrs, Premier Electric 
Welding Company will shortly be removed to the works 
of Messrs. Alloy Welding Processes, where ample space is 
available—A new depot has been opened by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, at 
Mervyn House, Frederick-street, Cardiff, for the sale 
of their Cosmos lamps in the Cardiff district. Sales 
in the Swansea area will be conducted from the company’s 
existing offices at 62, Wind-street, Swansea. 
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PUBLIC CLEANSING IN LONDON. 


THE principal object of the great Conference, 
which recently concluded its deliberations in Berlin, 
was to discuss methods whereby more power could 
be placed at the disposal of mankind in the most 
economical way. Though some distance has yet 
to be travelled before it can be said that every 
possible ounce in the fuel consumed for the genera- 
tion of energy is being usefully employed, the 
efficiency of the conversion is gradually increasing, 
and the amount of residue, which cannot be utilised 
for some purpose, is small. The position is, however, 
very different in some other branches of activity. 
The operations of every shop, office and household 
result in the accumulation of a miscellany of articles, 
the convenient name for which is refuse, and for 
which the only treatment so far devised seems to 
be absolute rejection. Into this latter category fall 
scraps of food, animal and vegetable, empty con- 
tainers, rags, bottles, worn-out utensils, ashes, 
paper, and a dozen other things, of which an 
examination of any dustbin will reveal the variety. 

Before and since the days of Mr. Boffin it has 
been the practice to deal with this refuse by removing 
it to a convenient distance from the place where it 
has accumulated, and there to dump it. In more 
modern times attempts have been made to improve 
on this method of disposal by barging the refuse 
out to sea, by burning it in destructors or by 
subjecting it to some other treatment, which shall 
reduce its noxiousness, and haply provide some 
return in the shape of a useful residue. Neverthe- 
less, dumping retains its popularity ; in fact, 48 per 
cent. of the refuse of London is still dealt with in 
that way, and, as the practice almost universally 
favoured by the sanitary authorities is to unload the 
accumulation from their areas on to land under the 
control of some one else, it is not surprising that 
protests should have been made, or that the Ministry 
of Health should have concerned itself in the 
matter. The results have been a report by Mr. J. 
C. Dawes, the Inspector of Public Cleansing of the 
Ministry of Health, on Public Cleansing in London 


b 


and the appointment of a Departmental Committee 
to consider that document, and to report what 
measures should be taken on it. The delibera- 
tions of this committee have now been issued as a 
White Paper.* 

Taken by itself, the latter cannot be considered 
to be a very satisfactory document. Possibly its 
insufficiency arises from the very limited terms of 
reference with which the Committee was constituted, 
but as one of its members, who signs the Report, 
puts forward, in an appendix, a reservation of a 
purely political character, it does not appear that 
the important questions discussed were always 
treated solely from the technical and economic 
aspects which alone are important. The Report 
is condemnatory of present methods, practically 
throughout. Its general tenor is that the methods at 
present in vogue are a disgrace to the Metropolis. 
The majority of the transport units employed are 
of obsolete design, with the result that the nuisance 
during the loading operations is serious. Collection 
is not made at frequent enough intervals, and is 
often conducted in such a way as to add to the 
traffic congestion, while in many cases the recep- 
tacles, in which the refuse is stored pending removal, 
are insanitary or otherwise unsuitable, in spite of the 
fact that this is an offence against the by-laws. 
Notwithstanding this progres gsr state of affairs, 
the cost of collection, 12s. 5d. per ton, is excessive. 

This statement po cost is characteristic of 
the ex cathedra manner of the whole Report. If 
the cost is excessive, it would appear that the 
Committee might well have given some figures of 
the costs of similar services elsewhere. They would 
have strengthened their Report, not weakened it, 
had they diluted their condemnation with a little 
evidence. In the matter of collection, the Report 
states that matters would be improved by dispensing 
with vehicles with a high loading line, but makes 
no recommendation in favour of any particular 
type, although the employment of patterns which 
aim at dustless collection is strongly favoured. 
This question is closely bound up with that of the 
containers themselves, and on this point the Com- 
mittee suggest that the present heterogeneous 
assortment of receptacles should be superseded by 
standard bins maintained out of the rates, for 
reasons both of efficiency and economy. A natural 
corollary is that the use of ashpits should be dis- 
continued. The employment of standard dustbins 
is, of course, no novelty in this country, and low- 
loading line vehicles are in operation in several 
towns. Unless, however, the filled dustbin itself 
is taken to the central depot, as is, we believe, the 
practice in Birmingham, and this means the pro- 
vision of duplicates and reduces the amount of 
refuse carried by the vehicle, neither of these 
improvements overcomes the risk to health and 
civic amenities caused when the refuse is transferred 
from the container to the vehicle in the open street 
in windy weather. The authorities might well 
consider the employment of closed collecting lorries 
of the type which are in use in some German cities.+ 
These enable the refuse to be tipped without nuisance 
under the most extreme meteorological conditions, 
and, being equipped with a screw conveyor, make 
it possible for the contents to be more tightly packed 
than when an ordinary vehicle is used. 

As regards disposal, the position is stated to be 
hardly more satisfactory. The cost is about 7s. 6d. 
per ton, a figure which is again, without evidence, 
stigmatised as excessive. According to the Report, 
the dumps, except in three cases, are insanitary, 
and some of them are described by Mr. Dawes as 
being the worst in England. These dumps are out- 
side the London area and somewhat naturally, 
therefore, the county councils concerned are pressing 
for some control over their conduct, and even for an 
absolute veto on their use. The Committee them- 
selves are emphatically of the opinion that the 
dumping of crude refuse without adequate pre- 
cautions should not be allowed to continue, and 
place the blame for the present conditions on the 
authorities concerned, though the contractors are 
not allowed to escape without censure. On the 





* Report of the Departmental Committee on London 
Cleansing, Cmd. 3613. London: H.M. Stationery Office. 
[Price 6d. net.] 





{ See ENGINEERING, vol. cxxv, page 556 (1928). 
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other hand, they consider that there are practical 
difficulties in the way of giving county councils 
or local authorities power to veto sites, and that 
a sufficient measure of control can be secured 
by means of by-laws and by extending the 
provisions of the Public Health Act, 1875 (under 
which the Court is empowered to order the 
abatement or to prohibit the recurrence of a 
nuisance), so that they can be applied to the 
breach of such by-laws. One member of the 
Committee, however, holds the view that dumping 
should be discontinued as soon as possible. 

There is, unfortunately, little doubt but that 
extensive and inconsiderate dumping of crude house 
refuse has taken place outside the London area in a 
very undesirable way. A cursory consideration of 
the matter, however, will make it clear that, what- 
ever programme may be drawn up for the future, 
this method of disposing of a large part of the refuse 
from the Metropolis must continue for very many 
years. The process is, moreover, being carried out 
in many parts of the country in a comparatively 
innocuous way by depositing the refuse in thin layers 
and covering them with earth. The adoption of a 
similar method at all London dumps would appear 
to be the first step towards improving matters. 
Even so, dumping cannot be regarded as an 
ideal method of dealing with this problem. In 
connection with other methods, however, the Report 
states that most of the refuse disposal works in 
London are out of date, insanitary, inefficient, or so 
situated as to cause nuisance or grave annoyance. 
The Committee, therefore, recommend that many of 
them should be closed, and that their place should 
be taken by a few large-scale works on the lines, 
we suppose, of that now in operation in Glasgow. To 
this course there will be little objection, but they 
go a step further and suggest the establishment of a 
central cleansing service for London, and that 
this service should be controlled by one authority, 
which would deal only with the disposal of the refuse, 
not its collection. They are, however, unable to 
agree whether the central body they favour should 
be an existing authority or a special body created for 
the purpose, on the lines, we presume, of the Port 
of London Authority or the Metropolitan Water 
Board. In any event, they think sufficient powers 
should be conferred on the central body to enable it 
to discharge its functions and, though the existing 
authorities might continue to do the work of collec- 
tion, it should have jurisdiction over such matters 
as the types of vehicles and receptacles used and 
the frequency of collection. 

The idea of still another governing and rate 
spending authority in London is not likely to be 
received with general enthusiasm, and it is difficult 
to see that there is any need for its creation. The 
Committee itself does not imagine that the refuse of 
London can be dealt in a single central disposal 
works and there would appear to be no serious 
administrative difficulty in several boroughs joining 
in a common destructor plant and operating it 
without outside interference. 

We have said that this Report is not a very satis- 
factory document. Its defects, however, have 
their advantages. It is so remarkably non-con- 
structive that even the most enthusiastic believer in 
the creation of new public bodies will hardly be able 
to act on it. It may certainly be taken from the 
Report that the whole question of refuse collection 
and disposal in London wants looking into, but it 
wants looking into in a very different way from that 
which the Committee have employed. If possible, 
it is desirable that the dumping of London refuse 
should be discontinued entirely. Technically, such 
a procedure is quite possible, but economically it 
may not be. The matter needs examining pro- 
perly. Any adequate report on this subject must 
indicate on broad lines the cost of construction and 
operation of the few large destructor works which are 
recommended. The question of salving should 
also be considered. As an introduction to the 
subject, we would recommend a report to the 
Electricity Committee of the Borough of Shoreditch, 
made by Mr. C. Newton Russell in the year 1925, 
and of which some account will be found in our issue 
of July 16, 1926. Mr. Russell suggested four central 
destructors working in connection with waste 
heat power stations. He estimated that each 





destructor would be able to generate 30 million 
units of electricity per year and that, after crediting 
the plant with the electricity sold, the cost of des- 
troying a ton of refuse would be 4s, 11d. against 
a cost of burning, at the time of his report, of 9s. 
One of the few pieces of positive information 
in the Report of the Committee, with which we have 
been dealing, is that the calorific value of London 
house refuse is gradually falling. With the increas- 
ing use of modern heating and cooking methods 
this is not surprising, but clearly it would have 
to be taken into account in any scheme based on the 
generation of electricity. 

There is seldom much advantage in working 
backwards. If the collection and disposal of the 
refuse of London is such a complicated problem 
that a new body must be created to deal with it— 
which we do not for a moment admit—then the 
initial procedure should be a complete and proper 
examination of the whole question, so that the field 
the body is to cover may be properly determined. 
To create such a body on the strength of a purely 
negative report and examine the question after- 
wards appears a Lewis Carroll-like proceeding. 
There must be abundance of useful evidence avail- 
able from the large provincial cities, on which a 
comparative inquiry could be based. The Report 
before us says that the collection and disposal 
of refuse in London is in a very unsatisfactory state. 
In that case, apparently the best step would be 
for the Minister of Health to appoint a competent 
committee to look into the matter and report. 








THE INTERNATIONAL ACETYLENE 


CONGRESS. 


As industries grow in importance and are 
developed in their application at different rates 
in various countries, it is of the greatest benefit to 
all that experiences should be pooled by the holding 
of international congresses. This is particularly 
the case with such a process as welding, which has 
received much more extensive use in certain coun- 
tries than in others, in which a conservative outlook 
with respect to this process may quite possibly result 
in the loss of important contracts if international 
competition has to be faced. To cite an example, 
the first application of electric arc welding to steel 
building construction was made in Great Britain, 
but the development of its use in this way in this 
country has been very slow indeed, compared with 
what has been done in the United States of America. 
Again, the use of welded steel construction in the 
manufacture of generators and motors, in replace- 
ment of castings, has been resorted to in America 
and Germany to a much more considerable extent 
than in Great Britain. Oxy-acetylene welding, an 
older process than the electric one, has also 
been irregularly developed in different parts of 
the world, and thus the holding of the Tenth 
International Congress of Acetylene and Auto- 
genous Welding, held at Zurich on Wednesday to 
Saturday, July 9 to 12, must be regarded as a 
matter of importance, not merely to the welding 
industry, but to all concerned with metallurgy and 
engineering in their many phases. 

In the organisation of the Congress, the members 
of the Swiss Government, the leading technological 
schools and scientific societies, as well as the great 
engineering firms of Switzerland, gave their support, 
and an executive committee, under the honorary 
presidency of Professor A. Rohn, of the Zurich 
Federal Polytechnic and the chairmanship of M. A. 
Gandillon, President of the Swiss Acetylene Society, 
arranged a programme of meetings in seven sections 
to enable the vast amount of work to be dealt with 
in four days. Fifteen countries had representatives 
on the executive committee, the British delegate 
being Mr. P. B. Liversidge. The sections dealt 
with carbide of calcium; acetylene, oxygen and 
combustible gases; autogenous welding, oxy- 
acetylene, electric and other processes ; applications 
of welding; railways, marine ‘and aeronautical 
applications; metal cutting with gases; and 


regulations to ensure safety in working. 

In connection with the Congress, the committee 
asked each country for information regarding the 
development of the oxy-acetylene industry within 





its territory during the last 10 years, and the 





British Acetylene Association, in response to this 
request prepared an exhaustive report, which must 
be regarded as the most authoritative statement on 
the entire field of gas welding in this country that 
has ever been published. The information contained 
in it was obtained from the individual members and 
firms connected with the Association, and the work of 
collating and arranging the information so made 
available was entrusted to Mr. A. B. Harrower, 
whose services were loaned for the purpose by 
Messrs. Allen-Liversidge, Limited. At the present 
time, almost every industry is concerned with the 
means of obtaining adequate training for its 
operatives and, the welding industry being in this 
position, the first part of the report deals with the 
training of welders. The first training school was 
established in 1912, and since then, great progress 
has been made, for there are now over one hundred 
welding courses in the important industrial centres 
of the country. In addition to the work done in 
technical schools, the Royal Navy has a training 
centre at Chatham, and the Army has one at Alder- 
shot, while the Ministry of Labour maintains schools 
in several centres for the instruction of unemployed 
men. Regular instruction has been arranged for 
in a dozen centres in Australia, where a standard 
syllabus of instruction has been established. Similar 
activities are reported from New Zealand, India, 
and South Africa. 

The growth of the use of gas welding and cutting 
may be gauged by the increased importation 
of carbide. In the year 1922, 20,912 tons were 
imported, but the needs had increased to 47,298 tons 
by 1929. The report points out that in spite of 
the fact that the use of welding in shipbuilding 
and repairing is hedged about with many restrictions 
by the Board of Trade and the classification 
societies, the industry is probably the larges. 
consumer of oxygen and acetylene in Great Britaint 
Because of the many regulations the use of these 
gases is perhaps limited to cutting or to the classes 
of work common on shore. Restrictions imposed 
by the British classification societies are much 
more stringent than those of other countries, and 
the recognition by such societies of the efficiency 
of sound welding would in all probability give a 
great impetus to the use of electric-arc and 
oxy-acetylene welding. Repairs are permitted, 
under a provisional certificate expiring after six 
months, but renewable for similar periods after 
inspections. Constructional work is not allowed 
unless the work cannot be done in any other way. 
For reinforcement as a protection against ice floes 
on a large whaler, it was proposed to weld a steel 
plate 1 ft. wide below the water line the whole 
length of the ship on each side. Riveting would 
have involved rivets passing through three plates 
together—which was not allowed by the societies— 
but it was only with the greatest reluctance that 
the consent of the society concerned was obtained 
for welding to be used. Cutting is free from these 
restrictions, but occasionally shipowners specify 
through their naval architects that all oxy-acetylene 
cutting on constructional plate must be done at 
least 1 in. from the ultimate effective edge of 
the plate, and the excess metal removed by some 
other process—a requirement that many ship- 
builders regarded as pedantic. In the shipyard 
itself practically no oxy-acetylene welding is done, 
such small amount of welding as is permitted 
being done by the electric arc using approved 
electrodes. Oxy-acetylene is, however, sometimes 
used for the heating of damaged stem posts, 
stern posts and rudder posts, prior to bending 
them into correct shape. The report suggests 
that this process will soon completely replace 
heating up with coke fires and other cumbrous 
methods of producing a bending heat in heavy 
ship’s plate. Great savings are possible in this 
way, as was shown in work on the Mauretania. 

The British railways are probably the second 
largest users of the oxy-acetylene process in the 
country; but, again, greater use is made of 
cutting than of welding. In constructional work 
it is largely the electric are that is employed. 
One of the great railways has adopted the “ belt ” 
system of repairs to, locomotives. Under this 
system a locomotive in for repairs is stripped 
and built up again ready for service in stages, 
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so arranged that the minimum time is taken over 
each phase of the work and the least possible 
movement required between the various stages. 
In this reorganised system of repair, welding plays 
a part, notably in the repair of smoke tubes and 
superheater elements. Throughout the boiler shops 
a great variety of repair work is done by gas welding. 
In the British railway workshops all steel parts 
which are cut to shape, and which cannot con- 
veniently be dealt with by shears, are gas cut. 
Automatic gas-cutting machines have done much 
to foster the use of the process in railway work- 
shops. In general engineering works great progress 
had been made in perfecting the welding of stainless 
steels, and other resistant alloys, as well as the 
non-ferrous metals, including lead. Such work 
no longer presents difficulties to an experienced 
operator. The report deals with all the leading 
industries of the country in different sections, and 
gives a clear indication of the types of work now 
undertaken by the more progressive manufacturers. 
For this reason its study is to be recommended 
to those concerned with all processes of fabrication 
with metals, ferrous and non-ferrous, as well as 
repairs. It is published by the British Acetylene 
Association of 12, Russell-square, London, W.C.1, 
at a price of 7s. 6d., and contains a wealth of 
information. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


As we remarked in a leading article a week 
or two ago, many of the professional societies 
show an increasing tendency to concern themselves 
more with social than technical affairs at their 
summer meetings. The Institution of Naval Archi- 
tects, however, appears to be somewhat of an excep- 
tion to the general rule, as it still contrives to get 
through a large amount of work without any 
sacrifice of the very desirable social amenities that 
the summer meeting provides. This meeting is 
being held this year in Liverpool, and covers the 
reading and discussion of six papers as well as 
numerous visits and social functions. It com- 
menced with an informal reception and entertain- 
ment on Monday evening, July 14, at which the 
members and their ladies enjoyed the hospitality 
of Sir Frederick C. Bowring, J.P., Chairman of 
the Liverpool Reception Committee. 

The official reception took place in the morning 
of Tuesday, July 15, in the Council Chamber of 
the Town Hall, when the Lord Mayor of Liverpool, 
Councillor Lawrence D. Holt, J.P., extended the 
welcome of the City to the Institution. In expres- 
sing pleasure at receiving an Institution so closely 
connected with the shipping industry to the port 
of Liverpool and Merseyside, the Lord Mayor said 
he would specially welcome the Hon. Sir Charles A. 
Parsons, whose invention of the turbine had done 
so much for that industry. Continuing, he remarked 
that though the present time was one of remarkable 
technical achievement, it was also one of economic 
gloom. The greatness of the country had been built 
up on maritime power, influence, trade and shipping 
service, but after the war we found we were enjoying 
a substantially less share of the ocean tonnage of 
the world than before. Anything less than the 
largest share of world ocean tonnage which we could 
maintain would be not merely a dereliction of duty, 
but a national disaster. Not even the wildest 
dreams of the wildest politicians could provide a 
substitute for the ships of this country if she 
were to maintain her place in civilisation. What- 
ever sacrifices, attention, technical skill and degree 
of common loyalty were necessary must, then, be 
contributed by each according to his calling ; indeed, 
by everybody in the land if the greatness of the 
country were not to disappear, either by slow or 
speedy steps. 

Sir Charles Parsons, in returning thanks for the 
cordial welcome given to the Institution, said that 
the country was proud of the successors of the old 
merchant princes, of which the Lord Mayor, as 
concerned with the great shipping firm of Messrs. 
Alfred Holt and Company, was a worthy example. 
The Institution, he said, recognised the important 
part that the port of Liverpool had played in the 
development of high-speed ocean liners, and believed 





that it would continue to do so. Though the times 
were gloomy, he thought the maritime spirit and 
technical proficiency of the nation was still as 
strong as they had ever been. The Mauretania had 
held the record for speed for over twenty-three 
years, and it had only been wrested from her by 
vessels double her tonnage, and with more modern 
machinery. There was every prospect that the 
Cunarder now building would bring back the blue 
ribbon of the Atlantic to this country. It was 
possible, as regarded the engineering aspect, to 
construct a liner capable of crossing the Atlantic 
at a speed of 35 knots, but whether it would pay to 
do so was entirely an economic question. Sir 
Charles concluded by expressing his belief that con- 
ditions were not quite so forbidding as had been sug- 
gested, and quoted Edison’s saying that invention was 
not inspiration, but hard work, the latter being a con- 
dition quite compatible with the British spirit. 

Mr. Francis Henderson joined in the expression 
of thanks and, in recalling his early associations 
with Liverpool, expressed his pleasure that he 
should be welcomed by a member of the family of 
Holt, with which he had been closely associated in 
public work in the city. 

The Secretary of the Institution, Mr. R. W. 
Dana, then announced that the President, Admiral 
of the Fleet the Right Hon. Lord Wester Wemyss, 
had been prevented by urgent business affairs in 
London from being present at the opening meeting, 
but hoped to join the party later in the day. Mr. 
Dana then said he thought it would interest the 
meeting to know that several distinguished foreign 
members were present, amongst whom he would 
mention Admiral J. G. Tawresey, United States 
Navy; Monsieur G. Bourgés, France, who had invited 
the Institution to that country next year; Baron 
Van Haersolte, Holland ; Professor Masawo Kamo, 
Japan; and Mr. M. Tsutsumi, Japan. 

At this point, the Lord Mayor retired, and Sir 
Charles Parsons took the chair, calling upon the 
Hon. L. H. Cripps to read the first paper. 


Economics or Carao LINERS. 


This paper, entitled ‘‘ Some Considerations on the 
Economics of Cargo Liners,” will be found repro- 
duced in abridged form on page 89 of our present issue. 

The discussion was opened by Sir John H. Biles, 
who said he thought the Institution was to be 
congratulated on hearing from a representative of 
an important shipowning company a paper dealing 
with the economics of ship design. The members 
of the Institution were, for the most part, concerned 
with technical matters, but the paper illustrated 
the enormous importance of shipping economics to 
the technical branch. If more shipowners were to 
come forward with similar data, he was sure that 
the Institution would give more study to this side. 
Information in the past had been sadly lacking, and 
even now, valuable though this paper would be to 
naval architects, the utility of such data would be 
greatly enchanced by further splitting up into 
detailed costs, as early experience in dealing with 
ship estimates had taught him. Referring to the 
paper more particularly, he agreed with the six 
main points for consideration set out in the earlier 
part of it, but thought the absence of any reference 
to the initial cost of machinery was a serious omis- 
sion. The decrease of engine-room space with 
increasing shaft horse-power was also a point he 
would have liked to see more fully explained. He 
could assure Mr. Cripps that shipbuilders did not 
lose interest in their productions after they were 
finished, but were glad to get information as to 
running costs if shipowners would only come 
forward with them. He could not agree with Mr. 
Cripps that there had been little attention paid to 
material ; the Admiralty, for example, had consist- 
ently adopted improvements in this. He thought 
the question of relative costs needed a little further 
explanation as to the precise basis adopted. 

Mr. Andrew Hamilton followed. Shipowners, 
he remarked, were primarily concerned with the 
movement of cargo at minimum cost, and it must 
not be overlooked that there was such a thing 
as fashion in speed. Additional factors in design 
which might have been dealt with were hull weight 
and cargo ratio, and weight and passenger ratio. 
Reliability was a factor depending to some extent 





on the junior engineer who was in charge part 
of each day, and this affected complexity also. 
Engine builders were certainly interested in the 
performance of their engines, but competition 
regulated prices and prices affected refinements. 
He thought the basis figure of 100 per cent. for 
the Atreus would have been more useful if the 
absolute as well as relative cost had been given. 
As to tank tests these could only be relative as 
so much depended on trim, draught and sea. All 
these would be accentuated if, as suggested, the 
engines were placed at the after end of the vessel, 
and the form of the vessel moreover needed 
consideration in relation to specific trade routes. 
He agreed with the statement that Board of Trade 
and other Government regulations were shutting us 
out from world trade. Before such regulations were 
made law, international consent should be obtained 
as in the case of the Load Line Commission. 

The bad workmanship referred to, he thought, 
did not exist in the sense of defects in a process, 
but the difficulties ascribed to it arose from the 
process itself being not as perfect as it might be 
owing to consideration of cost, e.g., it would be 
prohibitive to take off the rags from ship rivet 
holes. It must be remembered also as regards 
machinery defects that modern temperatures and 
pressures had much to do with them. A 15-ft. 
boiler at a pressure of 225 lb. per square inch, 
would increase } in. in diameter, and there were 
the increases of temperature in the use of super- 
heated steam in turbines, Diesel engine cylinder 
temperatures, and so forth to be considered. As 
to the cost of building, he was of opinion that this 
had really been reduced relative to the existing 
prices for material and labour. Thus a ship A, 
470 ft. long with triple-expansion engines, a light 
weight of 4,700 tons, a deadweight of 11,800 tons, 
and a ratio of 40 per cent., cost 106,000/. in 1914. 
A ship B of the same length, 5,000 tons light weight, 
11,600 tons deadweight, ratio 43 per cent., would 
cost in 1929, 170,000/. with turbines, or 160,000I. 
with triple-expansion engines. The difference was 
only about 50 per cent. to 55 per cent. above 
pre-war prices. 

Mr. J. Hamilton Gibson thought the motorship 
press would hail with delight the figures given 
in Table I as showing the fuel cost of Diesel engines 
to be about half that of any of the steam jobs. 
This advantage was only apparent and not real. 
None of the steam vessels were representative of 
modern practice, which would show up as well as, 
if not better than, the Diesels quoted. It would be 
interesting to compare the displacement with the 
deadweight of each class of vessel separately to 
see how the carrying of a given weight of cargo 
for unit distance was affected. It seemed somewhat 
misleading to lump together vessels from 11,400 tons 
to 26,800 tons displacement, 11 knots to 15 knots 
speed, 2,200 h.p. to 7,500 h.p., and 3 years to 
28 years old. On the question of speed it was 
interesting to note that four vessels at 15} knots 
could replace, as regards handling capacity, five 
vessels at 13 knots. He was rather puzzled by 
the theoretical fuel coefficient, particularly as 
several vessels were above 100 per cent. 

The relative costs of engine upkeep were curious. 
There was a case of a modern passenger steamer 
showing roughly double that of the 19-year-old 
Atreus, while in the Phemius and Polydorus, 
the costs were less than two-thirds of this and 
lower than the Diesel engines at the foot of the 
column. All the relative values, he thought, 
could not be harmonised without some indication 
of the absolute values. As regards engine space, 
he had been associated with a design of high-pressure 
geared turbines of equal power to the greater of the 
cases quoted. The overall length for boilers and 
engines was no more, and the machinery was less 
than half the weight of Diesel engines and cost 
35 per cent. less. In terms of weight and cash 
this meant a saving of 800 tons and 32,000/. Even 
allowing for extra fuel consumption in the steam 
job there was still a balance in favour of steam 
amounting to 500 tons, taking into account relative 
weights of machinery plus fuel for a long voyage 
of 14,000 miles. This 500 tons counted as displace- 
ment and it was for the shipowner to decide whether 
he would utilise it as an asset or treat it as a liability. 
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The general layout of the paper was admirable, 
but the figures given were only representative of 
one special fleet and of certain particular trades 
commanding cheap oil fuel. The full value of the 
method of representation would only appear when 
later vessels with more modern propelling machinery 
were included. 

Mr. Harold E. Yarrow, while admitting that 
Messrs. Holt’s fleet was efficiently administered, 
thought the information was misleading, as the aver- 
age age of the steamships was 14 years as against 
five years for the Diesel-engined vessels. Again, it 
might be assumed from Table III that the engine 
upkeep in twin-screw ships was nearly three times 
as expensive as single-screw ships. The informa- 
tion lost value because the basic figures were not 
stated in pounds, shillings and pence either for 
repairs or such items as Board of Trade or Lloyd’s 
survey fees. It was frequently stated that repair 
bills for Diesel-engined ships were very high, and 
more information on this subject would be welcome. 
There was a field for both steam and Diesel-engined 
ships, but he might mention that a design had been 
worked out for a vessel of 7,000 s.h.p., 144 knots 
speed, high-pressure oil-fired water-tube boilers and 
for 10,000-mile voyages in which the total weight 
of machinery and boilers was appreciably less than 
with Diesel engines. The machinery occupied no 
more space, and the first cost was less. Assuming 
the usual difference in cost between boiler and Diesel 
engine oil, the fuel cost for the steamship worked 
out at less than that for the motorship. 

In large passenger vessels in service the oil 
consumption, with modern steam machinery and 
water-tube boilers, was 0-6 Ib. per shaft horse- 
power for all purposes, including heating and 
cooking. A consumption of 0-5 lb. was _ well 
within sight, and this was ordinary fuel oil, not the 
more expensive Diesel-engine oil. As regarded the 
figures given in the paper for machinery spaces, 
these referred only to oil engines. It might be 
well to note that the latest design for steam 
machinery of 8,000 normal shaft horse-power and 
9,000 shaft horse-power overload, with two water- 
tube boilers only required 54 ft. overall. A limita- 
tion of the Diesel engine was that it could not be 
worked above the designed power without trouble. 
Indeed, there were well-founded rumours that many 
large-powered Diesel engines could not even run at 
the designed power for fear of breakdowns. On 
the other hand, steam engines could be worked on 
an overload, even, as in the Mauretania, when they 
were 20 years old. The reciprocating engine was 
unquestionably more troublesome as _ regarded 
vibration than the turbine, and while this was 
perhaps not very important on a cargo ship, it was 
worth enquiring whether the reciprocating Diesel 
engine had led to depreciation of the ship structure 
and engine seating. 

Mr. R. J. Walker briefly commented on the rela- 
tion of condenser troubles to engine upkeep. 

Mr. G. 8S. Baker said that in connection with the 
testing tank at Teddington, they had found the 
fuel coefficient of British-built ships 10 per cent. 
below that of foreign ships. We were, therefore, 
at least 10 per cent. better in ship design than our 
foreign competitors. He could not agree with the 
statement in the paper that there should be any 
trial and error methods, nor that there should be 
unexpected results in ship propulsion. No doubt 
or trouble would arise if designs were tank-tested. 
The number of designs so treated was last year only 
one-fifth of Lloyd’s approved designs. Other 
nations were making very vigorous efforts to im- 
prove ship designs, and hed much greater staffs 
at their tanks. He felt that the national tank 
received inadequate support ‘rom both shipbuilders 
and engineers, and progress was hindered. This 
was true also of progress in materials, which the 
paper had stigmatised as being almost at a stand- 
still. He wondered how much money shipbuilders 
had spent on investigating materials in the past 
five years. As to the future, the new tank in pro- 


gress would enable them to carry on their work at 
a quicker rate. 

Mr. S. B. Freeman made a reply to the technical 
part of the discussion. Objection had been made to 
the creation of an arbitrary basis on one ship, but 
when a shipowner wanted to deal with the per- 
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formance of his ships he must necessarily have some 
measure. The theoretical fuel co-efficient was simply 
a designed coefficient when the ship was working 
at her designed speed. It was worked out before 
the ship was built, and for their different types of 
ship there were different theoretical fuel coefficients. 
Thus, for a saturated steam job of the old-fashioned 
type the figure was 16,000. If such a vessel was 
superheated, they would expect the fuel coefficient 
to become 19,000. A turbine instead of a recipro- 
cating engine altered the figure to 21,000, and burn- 
ing oil instead of coal would put it to 33,000. If 
they put into the vessel a Diesel engine with an oil 
consumption of, say, 0-4 lb. per shaft horse-power, 
they would assess the figure at 60,000. He thought 
this would make clear the method of obtaining the 
fuel efficiency given in Table I. The paper was not 
intended to advocate oil engines in preference to 
turbines as many of the speakers had apparently, 
assumed. It was merely a statement of what was 
done in a particular fleet to give the shipowner an 
idea of the way in which it was managed. Messrs. 
Alfred Holt and Company, besides running a big 
laboratory to maintain proper present working 
conditions, were also experimenting with powdered 
fuel in the hope that they might find some way of 
adopting it in their fleet. It was not, however, 
such a simple problem as many people appeared to 
think. 

After Mr. Cripps had also replied on the more 
general aspects of the paper, the chairman called 
for a vote of thanks to him, which was carried with 
cordial acclamation. 

(To be continued.) 








THE ROYAL AGRICULTURAL SHOW 
AT MANCHESTER. 
(Concluded from page 41.) 

BEFORE continuing our description of the ex- 
hibits, it may be said that, generally speaking, 
the Show has been most successful when held 
in proximity to some large industrial centre. 
On this occasion, however, the attendances have 
proved decidedly disappointing. The Show has 
now been held four times in Manchester, and the 
low attendances last week are the more surprising 
in that on two of the previous occasions records 
were established, while on the third, which occurred 
during the war, the attendance was decidedly good. 
The actual figures for the four Manchester shows 
were, 189,102 in 1869, 217,980 in 1897, 149,197 in 
1916 and 102,918 in 1930. The attendance at 
Harrogate last year was 124,017, but it was 
anticipated that this would have been greatly 
exceeded on returning to Manchester. The small 
total is the more surprising in that the ground was 
easy to reach, and, with the exception of the first day, 
the weather, although overcast, was generally fine. 
Various suggestions have been put forward to 
account for the falling off in visitors, such as that 
farmers were busy with the harvest, but the real 
explanation probably lies in the present depressed 
state, not only of agriculture, but also of the other 
staple industries in the north. Casual visitors, as 
distinct from those engaged in the industries 
represented, have undoubtedly had a considerable 
influence in swelling the total attendances in past 
years, and it is not surprising that there should be 
a marked falling off in such visitors when the 
unemployed figure approaches the 2,000,000 mark. 

In our last issue we referred to the progress that 
was being made by British firms in the development 
of the high-speed airless-injection engine, more 
particularly with regard to those of the stationary 
type. Itisin engines of this type suitable for road 
vehicles, however, that there is likely to be a large 
demand in the near future, and it is satisfactory to 
note that several British firms are now concentrat- 
ing on the development of such models. An entirely 
new engine designed for road work was exhibited at 
the Show by Messrs. Aveling and Porter, Limited, of 
Rochester, and is illustrated in Fig. 13, on the 
opposite page. This engine, which is made under 
Acro licence, is a four-cylinder unit with an R.A.C. 
rating of 30-6 h.p. The engine can be supplied with 
either cast-iron or aluminium-alloy pistons, and, in 
the former case, the normal horse-power, for con- 
tinuous duty, is 35 at 1,000 r.p.m., 42 at 1,200 r.p.m., 





and 45 at 1,300r.p.m. When fitted with aluminium- 
alloy pistons, the engine can be run at higher speeds, 
and develops 52 brake horse-power at 1,500 r.p.m., 
and 62-5 brake horse-power at 1,800 r.p.m. The 
cylinder bore is 43 in. and the piston stroke is 63 in., 
giving a displacement of 6-28 litres. The com- 
pression ratio is 14-52 to 1. 

The cylinder block can be supplied in either 
nickel iron or aluminium alloy, and is cast in one 
piece with the crankcase. It is fitted with separate 
liners of chrome-nickel iron, cast by the centrifugal 
process. The crank case is provided with large 
inspection doors on the off-side, as shown in 
the figure, through which the connecting rods and 
pistons can be withdrawn without disturbing the 
crankshaft or sump. The cylinder head is a 
separate unit of nickel iron, and carries the overhead 
rocker shaft and valve mechanism. Particular 
attention has been paid to the cooling of the valves 
and fuel-injection nozzle holder. The valve gear 
is protected by a detachable aluminium cover. The 
cast-iron pistons are of nickel-chromium alloy, and 
are fitted with four rings. The gudgeon pin is held 
in position by Circlips, and runs in a phosphor- 
bronze bush. The connecting rods are heat treated 
nickel-chrome steel drop forgings, with white- 
metal big-end bearings spun into the rods. The 
crankshaft is a similar forging and is extremely stiff, 
the crank pins being 3 in. in diameter. It is 
supported in three heavy-type roller bearings. As 
already stated, the valves are of the overhead 
type, and operate in removable nickel-iron guides. 
As illustrating the attention given to durability, 
it may be mentioned that these guides are cast by 
the centrifugal process. The camshaft is driven by 
single-helical gearing at the front end of the engine, 
the same gears also driving the fan and dynamo. 
The crankshaft pinion is ground and is made from 
Nitralloy steel. The intermediate gear wheels are 
carried on ball bearings. The camshaft is machined 
from a one-piece forging, the front end being carried 
in a heavy-type ball bearing. The centre and rear- 
end bearings are white-metal lined steel sleeves, 
and the entire camshaft runs in an oil bath. 

A standard Bosch fuel pump is employed. As is 
well known, this is an independent unit of the 
constant-stroke type, with a separate plunger for 
each cylinder. The atomisers are also of Bosch 
type, with a single-hole pintle-type cone spray. 
A centrifugal governor is fitted, with a control to 
permit of suitable variations in the engine speed 
when the engine is fitted to a road vehicle. 

The bearings are pressure lubricated throughout, 
a gear-type oil pump being employed, driven directly 
from the crankshaft. A supply of oil is taken at 
the front end of the engine to the valve gear and 
timing gears, while the crank pins and gudgeon pins, 
together with the main bearings, are supplied in 
the usual way through the hollow crankshaft 
and drilled connecting rods. There are no internal 
pipes in the oiling system, and the oil is passed 
through a cloth filter to ensure continuous puri- 
fication. Both the inlet and exhaust manifolds 
are simple box castings, the bends being formed 
in the cylinder head. The exhaust manifold is of 
grey iron, and is suitably ribbed as shown in the 
figure. The inlet manifold is of aluminium alloy, 
and is fitted with an air filter at each end. Starting 
is effected by a 6 h.p. motor coupled to two 12-volt 
batteries of 60 ampere-hour capacity. The batteries 
are charged by a 130-watt dynamo, driven at 1-3 
times the engine speed through helical gearing. The 
fuel consumption is stated to be 0-44 lb. per brake- 
horse-power hour at normal load and speed. The 
weight of the engine, without starting equipment, 
is 1,000 lb. with aluminium-alloy cylinder block, 
and 1,450 lb. with cast-iron cylinder block. 

Last week we described a new horizontal 
engine shown by Messrs. Ruston and Hornsby, 
Limited, of Lincoln. The same firm also exhibited 
a new vertical engine, which is illustrated in 
Fig. 14, on the opposite page. This engine is a 
single-cylinder model, developing 16 brake horse- 
power at 500 r.p.m., and operates on the four- 
stroke cycle. As will be clear from the illustration, 
it is totally enclosed, but provision has been made 
for easy access to all the working parts. The engine 
will operate satisfactorily on a wide range of fuels, 
including kerosene, gas oil, or Diesel oil, and can 
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be started up from cold without the use of either a 
blow lamp or electric heater. The fuel is injected 
into the cylinder, on the Ruston airless-injection 
system, which has been previously described in our 
columns. The fuel pump, which can be seen in the 
illustration, is machined from a forged-steel block, 
and the plunger and valves are of hardened steel, 
accurately ground to make tight joints without the 
use of packing. All the working parts operate in 
removable bushes or seats. The pump is driven by 
a quick-acting cam. The working parts follow the 
firm’s general practice, and therefore hardly call 
for detailed comment. It may be mentioned, 
however, that the gudgeon pin is of the floating type, 
while both big-end and small-end bearings are pro- 
vided with cast-steel shells lined with white metal. 
The main bearings are also anti-friction metal bushes, 
and are easily renewable. Forced lubrication is 
provided for all the important bearing surfaces, the 
oil pump being located in the engine bed plate, 
together with an efficient oil filter. Normally, the 
engine is provided with a single flywheel, as shown 
in the figure, but if required for driving a dynamo, 
a second flywheel can be fitted. 

Messrs. James and Frederick Howard, Limited, 
of Bedford, showed a 20 brake horse-power petrol 
locomotive, similar to that described in ENGINEER- 
ING, vol. cxxiv, page 78 (1927), together with a repre- 
sentative selection of agriculturalimplements. The 


latter included a wide range of ploughs, harrows, | with broad tyres to prevent sinking in soft ground. ' 
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beet lifters and cultivators. The majority of these 
implements are too well-known to require descrip- 
tion, but it may be mentioned that they included 
the disc harrow and ploughs described in ENGINEER- 
ING, vol. exxvi, page 40 (1928). An entirely new 
exhibit, manufactured by this firm, but actually 
shown on the export stand of Messrs. Agricultural 
and General Engineers, Limited, Aldwych House, 
Aldwych, W.C.2, is illustrated in Fig. 15, on this page. 
This is a four-furrow self-lift tractor plough, designed 
for the heaviest classes of work in the Colonies. It is 
made from high-quality steel throughout, the only 
parts made from other material being the cast-iron 
bushes in the furrow and hind wheels. The beams 
are made from special high-carbon steel of relatively 
heavy section, and are securely braced with cross 
stays, and all the beams; together with the axles, 
are heat treated. The breasts are made with soft 
centres, with a high-carbon hardened surface, and 
the bodies are fitted with wrought-steel hardened 
shares, of either the slip or gunnell type as required. 
The plough is fitted with steel skeiths of large 
diameter, running in cast-steel forks fitted with 
chilled conical bearings. 

As will be clear from the figure, the axles are 
carried above the beams, and there is ample 
clearance below the latter, so that blocking cannot 
occur when ploughing in trash. The wheels, of 
wrought-steel, are of large diameter, and are made 























Fie. 14. 16-H.P. Vertrcan Heavy-On. ENGINE; 
Messrs. Ruston AND Hornssy, LIMITED. 


| The self-lifting device, which is fitted to the wheel 
|remote from the camera in the illustration, is cord 
| operated from the driver’s seat. The cord is con- 
|nected to the top of a lever, which can be seen in 
|an approximately vertical position in the figure 
| near to the centre of the plough. This lever operates 
|a cam locking gear, which locks the wheel to its 
axle. The latter is cranked in a similar manner to 
‘the furrow wheel shown, so that when the wheel 
| is locked to the axle the plough is lifted by the pull 
'on the drawbar. The depth-adjusting mechanism 
jis rather too complicated to describe without 
drawings, but it may be stated that the two fore 
axles are coupled together through the system of 
leversshown. The rear wheel is mounted on a frame 
pivoting about a horizontal axis in front of the wheel. 
When the depth lever is raised or lowered, the fore 
axles are rotated together, and as they are both 
cranked, this has the effect of raising or lowering 
the front of plough frame. One of the front 
axles carries an arm coupled by a link to a second 
arm, which is, in turn, connected to the rear axle 
frame, so that, when the front axles are rotated, the 
motion is conveyed to the rear axle, which is thus 
raised or lowered at the same time. The second 
hand lever shown enables one of the front axles to 
be rotated independently of the other, thus tilting 
the plough to obtain uniform depth when one wheel 
is travelling in a furrow, or for the preliminary cut. 

It may be recalled that a series of trials on grain 
dryers was carried out in 1928 by the Oxford 
University Institute for Research in Agricultural 
Engineering, and the grain dryer illustrated in 
Fig. 16, page 82, has been developed from the 
test machine employed on that occasion. It was 
exhibited at the Royal Show by Messrs. E. R. and 
F. Turner, Limited, of Ipswich, and _ consists 
essentially of two vertical trunks about 16 ft. 
high. The broader sides of each trunk are made 
up with louvres, as shown in the figure, while the 
narrower sides are covered with light sheeting. 
The two sides of the space between the two trunks 
}are also sheeted over for the entire height, and 
| there is a horizontal division plate in this space 
at about one-third of the height. There are two 
openings, one above and one below the division 
plate in one of the side plates, through which 
air is supplied through pipe lines by two fans. 
The air delivered by the fan to the upper space is 
heated, either by passing it through a small furnace, 
through a steam coil, or through a muff on the 
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Fig. 16 Gratn Dryer; Messrs. E. R. and F. 
TURNER, LIMITED. 


exhaust pipe of an engine, while cold air is supplied to 
the lower space. The cover plates through which 
the air is supplied are not shown in the illustration. 
The grain is delivered by a suitable conveyor into 
the tops of the two trunks, and falls to the bottom 
by gravity, passing through the heated and cold 
air, which escapes from the centre space through 
the inner sets of louvres, then through the trunks 
to the outer louvres, and finally to the atmosphere. 

The dryer has a capacity of about 2 tons per 
hour, the actual capacity depending on the amount 
of moisture that it is desired to take out, and the 
machine can be adjusted to give a quick or slow 
travel to the grain passing through, according to 
its condition and the length of treatment required. 
The grain is withdrawn through gates at the bottom 
of the trunks, by means of scrapers mounted on 
four spindles, the latter being coupled together in 
pairs by means of spur gearing, and driven by 
belts running over the two belt pulleys visible in 
the figure. 
regulated by varying the gate openings, the hand- 
wheels for this purpose, on the top of vertical 
shafts, being also visible in the figure. It should 
be explained that the grain is dried by the hot 
air, but is then left in too hot a condition to be 
suitable for storage; this unsuitable condition is 
afterwards corrected by passing the grain through 
the cold air. 

The roller illustrated in Fig. 17 on this page, which 
was another exhibit of Messrs. Aveling and Porter, 
Limited, of Rochester, has been designed with a view 
to producing a machine requiring a minimum of up- 
keep cost and attention. It is made in three sizes, 


The rate of travel of the grain is | 





weighing, respectively, 3} tons, 4 tons and 6 tons. 
The rolling width, in the three cases, is 5 ft., 5 ft. 4in. 
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Fie. 18. ComMBINED REAPER AND THRESHER; MeEssrs. CLAYTON AND SHUTTLEWORTH, LIMITED. 


and 5 ft. 8 in., and the wheel bases 6 ft. 7 in., 7 ft. 
and 7 ft. 4 in., respectively. The smallest machine 
is fitted with a 9-h.p. engine, running at 550 r.p.m., 
and the remaining two with a 14-h.p. engine, run- 
ning at 420 r.p.m. All three machines are fitted 
with a two-speed gear box, giving road speeds of 3 
and 1} m.p.h. in either direction. 

The main frame consists of two rolled-steel 
channels, bridged at the front by the swan neck, 
and at the rear by the driver’s platform and rear 
axle. The engine, which is mounted above the side 
members near the middle, as shown in the figure, 
is a single-cylinder Blackstone model, the fuel being 
injected on the firm’s well-known spring-injection 
principle, which has been repeatedly described in 
our columns. Hopper cooling is employed, and the 
engine will run on any of the usual heavy oils. 
The tank holds sufficient fuel for five or six days’ 
working. The gear box is totally enclosed, and is 
mounted on the main frame below the engine, the 
drive from the latter being by a chain provided with 
a jockey pulley. The gears are machined from heat- 





treated forged steel and run in oil. All the gear-box 


shafts run on ball or roller bearings, and the gear 
box can be detached as a single unit without disturb- 
ing any other part. The primary shaft in the gear 
box, which is driven from the engine, carries right 
and left-hand cone clutches, one serving to engage 
the forward and the other the reverse drive. The 
clutches are operated by a hand lever by the 
driver’s side, the actual movement being transmitted 
through springs to ensure that the drive in either 
direction is taken up without shock or dwell. The 
drive from the gear box to the rear wheels is by 
machine-cut spur wheels. The steering, which is 
of the worm and quadrant type, is stated to be 
particularly light, the steering head being provided 
with ball bearings. Two brakes are fitted, an internal 
expanding foot brake on the final countershaft in 
the gear box, and a hand-operated emergency brake 
on the back axle. The wheels are of steel, and are 
of large diameter with ample overlap. They are 
detachable from the wheel centres. A driving 
pulley, for driving a stone breaker or similar 
machinery, can be fitted in a few minutes. Careful 
attention has been paid to weight distribution, there 
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being ample adhesion for hill climbing, combined 
with even rolling. The fuel used a day for the 
three models is 1?, 2, and 2} gallons, approximately. 

In ENGINEERING, vol. cxxviii, page 482 (1929), 
we discussed the rapid progress that was being 
made in Canada in the use of combined reapers and 
threshers, and the interest taken in this develop- 
ment was shown by several subsequent letters from 
correspondents. Owing to the greater facilities 
available for their employment abroad, it is only 
natural that foreign makers were able to secure 
the majority of the orders for this type of machine 
on its first introduction, but since suitable British 
combine machines have been placed on _ the 
market, a considerable number of orders have been 
secured by home firms. A machine of this type 
was exhibited at the Royal Show by Messrs. 
Clayton and Shuttleworth, Limited, of Lincoln, 
and is illustrated in Fig. 18, on the opposite page. 
It is unnecessary to describe the conditions under 
which the machine can be employed, as _ these 
were discussed in the article already referred to, 
and we may confine ourselves to the more impor- 
tant constructional features. Broadly speaking, 
the machine embodies all the characteristics of the 
well-known Clayton thresher in the threshing part 
of the implement, coupled with their equally well- 
known reaper. The machine is equally suitable for 
harvesting wheat, barley, oats or different classes 
of seed, and is constructed in two sizes suitable 
for cutting a width of either 12 ft. or 15 ft. The 
machine has been made as light as possible without 
the sacrifice of strength, and can be drawn by either 
horses or a tractor, as preferred, the forecarriage 
fitted enabling the change-over to be effected without 
the use of special irons. A spring draw bar is 
fitted, relieving the machine of all hauling strains 
and eliminating excessive starting shocks. 

The threshing drum, although generally of the 
standard Clayton ribbed-beater type, is of special 
design to suit the conditions arising in a combine 
machine. The drum rubs the grain out of the ear 
against an adjustable reversible concave, where the 
major part of the separation between the straw 
and grain takes place. A large proportion of the 
grain falls through the wired back of the concave, 
and is elevated directly to the first dressing appara- 
tus without mixing with the straw. The remaining 
grain, mixed with the threshed straw, is delivered 
to four double-crank shaker boxes of exceptional 
length. To ensure thorough separation, particularly 
in damp or weedy crops, the straw, in travelling 
over the boxes, falls over two large drops, where it is 
violently pulled apart. Wires run the whole length 
of the lattice covering to prevent short straws falling 
through. The grain separated by the shaker 
boxes falls through the lattice floor on to a recipro- 
cating pan extending the total width of the machine, 
conveying it to the first dresser. The reciprocating 
motion for this dresser is obtained from two eccen- 
trics operated by a chain-driven countershaft. 
Large-size riddles in this dresser, in conjunction 
with a blower, remove all short straws and chaff. 
The blower can be driven at two speeds, for heavy 
and light crops, and two adjustable diverting boards 
allow for variation in the direction of the blast 
under the riddles. The strength of the blast can be 
regulated from the bagging platform by operating 
sliding doors fitted to the sides of the blower air 
intake. Any broken ears are separated at this 
stage, and fall into a trough, from which an auger 
effects delivery into an elevator feeding on to the top 
of the threshing drum for re-threshing. 

The separated grain in the first dresser is delivered 
into an elevator, which feeds either into a barley 
awner or a distributing trough, as preferred. If 
the former is fitted, the grain is polished, the control 
being effected from the platform. From the awner 
or distributing trough, the grain passes directly 
on to a recleaner consisting of two superimposed 
riddles. The top riddle is adjustable, while the 
bottom is of standard round-hole type. A strong 
blast of air is directed between the riddles to remove 
any dust or chaff rubbed off the grains while passing | 
through the awner. The recleaner has a recipro- 
cating motion imparted to it by two ball-bearing 
eccentrics mounted on the blower spindle, and the 
inclination of the riddles can be altered while the 
machine is working. A certain amount of grain | 








|to Bawdwin in the Northern Shan States. 


passes over the end of the dresser, and this falls into a 
trough and is conveyed into the tailings elevator, 
where it mixes with the tailings from the first dresser. 
Contrary to the usual practice, this grain is not 
returned to the threshing drum, but is separated 
and returned to the first dresser. The dressed 
grain from the recleaner is elevated into an adjust- 
able rotary screen, where a further separation of 
small seeds and small and broken grain takes place. 
The classified grain falls into various compartments 
leading to bagging spouts, at the bottom of the screen 
casing. The bagging platform is fitted well above 
the ground, as shown in the figure, and can be 
readily folded up, enabling the total width of the 
machine to be decreased by approximately 3 ft. 
To save any loss of grain spilt while bagging, the 
floor of the platform is latticed, and any falling 
grain is collected in a pan below. A sack chute 
is attached to the platform, into which the filled 
sacks can be placed after sewing, and by means 
of a foot trip lever, these can be dumped in heaps 
ready for transporting to the warehouse. If 
preferred, the machine can be supplied with a tank 
in place of the bagging platform. 

The power for the harvester is obtained from a 
four-cylinder petrol engine. The latter is entirely 
enclosed, and lubrication to the main bearings is 
by force pump. The cooling water is pump-cir- 
culated through a suitable radiator. The power 
from the engine is transmitted through a disc clutch 
and nickel-chrome steel spiral bevels. The main 
transmission drives-on the machine are by large 
roller chains. To protect the various parts of the 
implement from excessive shock, slipping clutches 
are fitted wherever necessary. 

In conclusion, we may say that limitations on 
our space have precluded a reference to other than 
a small proportion of the exhibits. Of those of 
which no mention has been made, however, a large 
proportion have already been described in our 
columns, and we hope to deal with others in the 
form of separate articles at some future date. The 
Show closed on Saturday last, the 12th instant. 
Warwick has been selected as the venue for 1931. 








THE LATE MR. J. E. WALLER. 


WE regret to note the death, on July 5 last, of Mr. John 
Edward Waller, late senior partner of Messrs. Kincaid, 
Waller, Manville and Dawson, consulting engineers, of 
St. Stephens House, Victoria-embankment, West- 
minster, London, 8.W.1. A son of the late Dr. J. F. 
Waller, Barrister-at-Law, Dublin, Mr. J. E. Waller 
was born on December 31, 1856. He was educated 
mainly by private tuition and, in July, 1876, entered 
the office of the late Mr. William Baker, Engineer-in- 
Chief of the London and North Western Railway. 
From July, 1878, to November, 1882, he acted as 
resident engineer, under Mr. Louis Trench, on the 
construction of the Roade to Northampton line, and 
on the reconstruction works of Rugby station. Towards 
the end of 1882, he proceeded to India to take up the 
appointment of personal assistant to Mr. A. W. Lawder, 
and was given charge of the setting out and construction 
of the Rohilkund and Kumaon Railway, North-West 
Province. Mr. Waller returned home, however, in 
September, 1883, and became engaged, under Mr. 
Joseph Kincaid and Messrs. Galbraith and Church, on 
Parliamentary plans for various railways and tramways. 
In April, 1885, he became chief assistant to Mr. Kincaid, 
and while occupying this position, had charge of the 
design, and subsequently supervised the construction 
of the Barranquilla Railway and pier, Colombia; 
the Bristol branches of the Midland Railway; the 
South Yorkshire Railway, connecting Denaby Main 
Colliery and the Hull and Barnsley Railway; the 
Birmingham Central Tramways ; and the Northfleet 
Electric Tramways. He also reported on various other 
engineering works, including a proposed pier at 
Kingston, Jamaica. 

Mr. Waller entered into partnership with Mr. (now 
Sir) Edward Manville in 1892, and, in the following year, 
together with Mr. Manville, entered into partnership 
with Mr. Kincaid, the firm being joined in 1902 by 
|Mr. (now Sir) Philip Dawson. Among other engi- 
neering works, Mr. Waller was actively connected with 
| the construction of the railway from the Nile Valley, 
| across the Libyan desert, to the Great Oases, and with 
the building of the railway from the Burma main line 
He also 
carried out much work in connection with the con- 
struction of piers and harbour improvements at 
Puerto Colombia, first in 1891, and again in 1914. He 
was also extensively employed in Parliamentary and 
Board of Trade work, and in such matters as arbitration 








valuations for the purchase of tramway under- 
takings by local authorities, under the Tramways 
Act. Mr. Waller retired from the firm in December, 
1924, and was living at Westgate-on-Sea at the time 
of his death. A former student member of the Insti- 
tution of Civil Engineers, he became an associate 
member of the Institution on March 7, 1882, and rose 
to full membership rank on November 3, 1891. 








LETTER TO THE EDITOR. 


STRENGTH AND CREEP OF THICK- 
WALLED METAL TUBES AND 
CYLINDERS UNDER HIGH PRES- 
SURE AND TEMPERATUORE. 


To THE Eprror oF ENGINEERING. 


Str,—Referring to the article upon “ Strength and 
Creep of Thick-Walled Metal Tubes and Cylinders 
under High Pressure and Temperature,” published in 
ENGINEERING of June 13, 20, and 27, I regret that 
the following small typographical errors occurred. 
Page 786, second column, line 13 from bottom, a7 
Pp 2 
should be e”/:" Page 818, Fig. 8, the abscissa scale 
should be radians per hour. Page 818, third column, 
line 10 from bottom, point I should be point J+. In 
all cases, [ think, the errors and their corrections are 
apparent from the context. 

Yours faithfully, 

Trafford Park, Manchester, R. W. Batey. 

July 11, 1930. 








LAUNCHES AND TRIAL TRIPS. 


** ALCIDES.””—Single-screw oil-tank motorship ; four- 
cylinder, two-cycle, opposed-piston, airless-injection, 
Barclay Curle-Doxford oil engine. Launch, June 26 
Main dimensions, 460 ft. by 59 ft. 6 in. by 34 ft. 1 in 
Built by Messrs. Barclay, Curle and Company, Limited, 
Scotstoun, for Messrs. D/S A/S Eikland, Risor, Norway, 


‘“* FILEFJELL,’’ — Single - screw oil - tank motorship ; 
Wallsend-Sulzer six-cylinder, two-cycle Diesel engine 
supplied by Messrs. Wallsend Slipway and Engineering 
Company, Limited. Trial trip, July 9. Main dimen- 
sions, 475 ft. by 59 ft. 6 in. by 44 ft. Built to the order 
of Messrs, Olsen and Ugelstad, Oslo, Norway, for Messrs. 
A/S Filefjell, by Messrs, Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne. 

‘* HAVBOER.”’—Single-screw oil-tank motorship ; Walls- 
end-Sulzer Diesel engine. Trial trip, July 10. Main 
dimensions, 460 ft. by 59 ft. 6 in. by 34 ft. 1 in. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Newcastle-upon-Tyne, for Messrs, A/S Havboer, 
Oslo, Norway. 

** LANGANBANK.”’— Twin-screw .cargo motorship ; 
eight - cylinder, airless -injection, Harland-B. & W. 
oil engines. Launch, July 10. Main dimensions, 425 ft. 
by 57 ft. by 38 ft. 7 in. Built by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Andrew Weir and 
Company, London. 


** Musa.”’ — Passenger and fruit-carrying steamer ; 
turbo-electric propelling machinery supplied by Messrs, 
The British Thomson-Houston Company, Limited, 
Rugby. Trial trip, recently. Gross tonnage, 5,853. 
Built by Messrs. Workman Clark (1928), Limited, Belfast, 
for Messrs. Elders and Fyffes, Limited, London. 








MaRKET FoR Motor Cycies In IcELAnD.—A confi- 
dential report on the market for motor cycles in Iceland 
has been prepared by the Department of Overseas Trade. 
United Kingdom firms desirous of receiving a copy of 
this report should communicate with the Department, 
at 35, Old Queen-street, London, 8.W.1, quoting Reference 
No. A.X. 9831. 





THE Om Frietps or ALBERTA, CANADA.—H.M. Trade 
Commissioner in Western Canada has furnished a report 
dealing with the oilfields of Alberta and their require- 
ments in plant and materials. Interested United 
Kingdom firms can obtain a copy of the report on 
application to the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1, quoting Reference 
No. A.X. 9653. 





Port Kemsta [Ron AND STEEL WorkKS, AUSTRALIA.— 
An iron and steel works has been established at Port 
Kembla in the South Coast district, New South Wales, 
by Messrs. Australian Iron and Steel, Limited. A blast- 
furnace, claimed to be the largest in the British Empire, 
is in operation, and the erection of four others is con- 
templated. A modern open-hearth steel plant is in 
course of construction, and rolling mills will be added 
to the installation in due course. The ore used, at 
present, is drawn from the Iron Knob quarries, South 
Australia, owned by Messrs. The Broken Hill Proprietary 
Company, but the company has acquired, and intends to 
exploit at a future date, the iron-ore deposits at Yampi 
Sound, Western Australia, and those near Burnie, 
Tasmania. The Port Kembla works also comprise 








54 for the manufacture of cast-iron pipes by the 
e Lavaud process. 
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ENGINEERING MARKETS OF THE 
WORLD— II. 
By A. J. LivERSEDGE. 
Tue Home Marker. 

Tur United Kingdom market for engineering 
products—iron and steel and manufactures thereof, 
machinery, electrical apparatus and vehicles— 
is not so extensive or so important as the corres- 
ponding market of the United States of America ; 
but it makes a very good second, and is absolutely 
the largest free market for such products in the 
world. It is true that some few of these products— 
motor cars, some electrical apparatus, and hardware, 
for instance—are at this moment protected in this 
country, but the great bulk of the market is free 
from any such restrictions. The market is, of 
course, open to all the world, and all the world, 
naturally, takes full advantage of the freedom which 
it offers, as we shall see. 

There is this difference between the American 
and the British markets: the American require- 
ments are supplied, not entirely, but as concerns by 
far the larger part, from American sources ; while 
the British requirements are supplied largely from 
foreign sources. Except in regard to machinery, 
America imports little under these four heads ; 
her imports of all, except machinery, being trifling 
as compared with the national consumption, and 
also as compared with the British imports. The 
United Kingdom imports more of these products 
than any other country. Last year, 1929, for 
instance, America imported 516,548 tons (2,240 lb.) 
of products corresponding to our classification, 
iron and steel and manufactures thereof; we im- 
ported 2,816,657 tons, and we have done a great 
deal better than that, as will be seen from the tables 
appended. Some people might say ‘“‘ worse” and 
not “better’’; it depends upon the the point of 
view. We are not, of course, concerned here 
with political considerations; the aim is to 
get the facts exhibited as conspicuously as may be. 
America’s imports of machinery last year amounted 
to 12,350,000/., a very large amount for America ; 
our imports amounted to 19,138,340/. America 
took from abroad electrical apparatus to the value 
of 548,1001. ; Great Britain took 6,505,9991. worth. 
The American imports of ‘ vehicles” represented 
1,060,0001.; the British imports amounted to 
10,769,584/. Thus, in these four classes of engineer- 
ing products, while America imported a total of 
17,903,7001. (more than two-thirds machinery), 
the United Kingdom imported a total of 61,083,8521. 

We leave out of consideration, for the moment, the 
non-ferrous metals, which we imported last year 
to the value of 37,087,325l., because they consist so 
largely of raw materials which we could not produce 
in this country at present—chiefly crude aluminium, 
copper, tin, lead and zine. 

It is obvious that the grand total of 61,083,8521., 
which has just been set out, represents a very large 
market ; a market not in some remote part of the 
world and surrounded by a “tariff wall,” but free 
and at the doors of the British manufacturer. We 
have shown how this market compares with the 
corresponding market of the United States of 
America, deliberately, in order to emphasise its 
importance. Let us see what this remarkable trade 
really is, because it is remarkable from whatever 
point of view it may be regarded ; no other country 
can show anything comparable with it. 

What this market is to-day, what it was in 1913, 
and how it has moved since industry in this country 
began to get clear of the more immediate effects 
of the Great War, are shown in Tables III and 
IV, on the opposite page. It is of the utmost 
importance that we should realise what these 
figures mean; they are, therefore, translated into 
graphic expressions in Figs. 3 and 4. For iron and 
steel and for machinery, both weights and values 
are given in the tables and are shown in the 
diagrams. Exact comparisons, therefore, between 
any of the years covered by the tables may be made 
in regard to either of these two great classes of 
products. Such precise comparisons cannot be 
made in connection with either electrical apparatus 
or vehicles, because of the changes in prices which 
have taken place during the periods covered by the 
tables. In studying the diagrams and tables, we have 
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to remember that, since 1924, the general price level 
has fallen in this country from, say, 166 (1913 = 100) 
to 140 at the end of 1929. Engineering prices 
have not followed the general price level; they 
have fallen less in some classes and more in others. 
The prices of motor vehicles, for instance, have fallen 
considerably. Therefore, 1,000,000/. in 1925 meant 
more electrical apparatus or more vehicles than a 
similar sum meant in 1924, and in 1926 more than 
in 1925, and so on through the series. It does not 
follow that 1,000,000/. of electrical apparatus in 
1929 meant more apparatus than an equal sum 
represented in 1913; prices in this class have not 
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fallen sufficiently, but prices of motor vehicles 
have. Hence, 1,000,000/. of vehicles in 1929 meant 
more vehicles than an equal amount represented 
in 1913. It may be pointed out that ‘ vehicles ” 
here means everything that is mechanically propelled 
on the land, in the water, or through the air, from 
airships to perambulators and wheelbarrows. As 
we shall see, however, very much the larger portion 
of our imports under this heading consists of motor 
vehicles. 

In order that no question or ambiguity may arise 
in connection with these remarkable figures, the 
re-exports in each class and the resulting net imports 
are set out in the tables. A curious and interesting 
feature presents itself at once in connection with 
the re-exports of iron and steel and machinery. 
In 1913, we imported 2,220,366 tons of iron and steel, 








but we re-exported 32,387 tons or 1-46 per cent. 
oftheimports. In 1929, weimported 2,816,657 tons, 
and re-exported only 8,923 tons, equivalent to 0-03 
per cent. of the imports. Of machinery, in 1913 
we re-exported 20,831 tons, or 20 per cent. of the 
imports, which amounted to 103,723 tons ; in 1929, 
out of total imports amounting to 113,486 tons, 
we re-exported no more than 5,826 tons, or 5-1 
per cent. We thus appear to have lost, as compared 
with 1913, foreign markets representing 23,464 
tons of iron and steel, and 15,015 tons of machinery, 
together, of course, with the shipping business which 
those not insignificant figures would represent. 
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Unfortunately, we do not find any compensation 
for this loss of foreign business in imported products 
in any increase in the exports of our home products. 
Our exports of iron and steel and manufactures in 
1929 amounted to 4,379,405 tons, but they were 
554,309 tons short of the corresponding exports of 
1913, while our exports of machinery last year 
amounted only to 562,472 tons, or 183,793 tons short 
of the 1913 figures. This decrease in our re-exports 
of iron and steel and machinery is another of the 
many instances of loss of trade incurred during the 
war which we have not been able to recover, and 
for which we have had no kind of compensation. 
Perhaps, however, the drop in the quantities of 
these re-exports since 1913 is not so remarkable 
as the change in the character of the re-exported 
goods, as indicated by the rates per ton set out in 
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the tables. In 1913, the re-exports in both iron 
and steel and machinery were of a cheaper class 
than the goods retained, but since the war the 
re-exports have been of a higher class, much higher 
indeed, than the imports retained, while it is in- 
teresting to observe that in both classes the rates 
per ton of the re-exports are appreciating. We 
retain for our own use the cheaper sorts of these 
imports, but the goods that we re-export appear to 
be of the highest qualities in both classes. In 
passing, one reflects that it is precisely such high- 
class goods that we would like to produce in this 
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mainly from imported raw materials, by electrolytic 
processes. We may also have to obtain certain 
special irons or special steels from abroad ; but in 
regard to practically all the rest, there are no 
physical disabilities in the way of their being 
produced in this country. So far as iron and steel 
and machinery are concerned, we are supposed to 
be experts and specialists; we have certainly 
taught the world much in connection with both 
those classes of productions. We may easily find 
logical reasons for the importation of so much 





iron and steel, but it is odd to find the country of 


Vatues £000’s. 


and 4,406,089 tons in 1927. In the former year, for 
_the first time in our history, at least for the first 
time in our industrial history, we imported more iron 
and steel than we exported. The figures, which are 
given in Table V, deserve to be placed on record. 
TaBLe V.—Iron and Steel: Imports and Exports. 





1926. | 1927. 





Imports of iron and steel and manu- Tons. 


Tons. 
4,406,089 











factures thereof. . aa es .. | 3,737,692 
Exports of British iron and steel and 
manufactures thereof ae .. | 2,987,930 | 4,196,735 
749,762 209,354 


Excess of imports 
























































































































































1913. 1924. 1925. 1926. 1927, 1928. | 1929. 
ae | j | 
| §£ £ £ £ £ £ 
Tron and Steel and Manufactures thereof : | | } } 
Imports. . a ois oF as 5,282 | 22,387 23,992 | 29,512 |} 34,082 | 24,148 | 24,670 
Re-exports 199 | 272 242 | 281 | 279 | 187 | 221 
Net Imports ee pe 15,033 | 21,115 23,750 29,231 | 33,753 | 23,961 24,449 
Exports, British Products 54,292 | 74,534 68,178 55,061 | 69,383 | 66,789 68,020 
Machineru : | aes | 
Imports. . 7,317 10,546 | 11,900 12,733 | 15,919 | 16,732 | 19,138 
Re-exports 1,043 1,255 | 1,553 | 1,352 | 1,486 | 1,636 | 1,631 
Net Imports Sanita 6,274 | 9,201 | 10,347 11,381 | 14,433 | 15,096 | 17,507 
Exports, British Products 37,013 44,783 | 49,053 45,526 49,921 | 53,722 | 54,359 
Electrival Apparatus : | Puts al | | 
Imports. . saat “ | 1,587 3,372 | 4,274 3,787 | 4,257 | 4,711 | 6,506 
Re-exports | 96 «| 161 | 221 181 | | 167 217 
Net Imports aa oe 7 : 1,491 3,211. | 4,053 | 3,606 | 4,009 4,544 6,289 
Exports, British Products | 5,386 10,681 | 11,607 | 13,366 11,878 11,629 13,177 
Vehicles : | | | 
Imports. . | 8,358 11,259 15,263 11,477 | ~=11,686 9,555 10,770 
Re-exports | 468 1,128 | 786 492 | 1,021 842 685 
Net Imports ee xa 7,890 10,131 14,477 | 10,985 | 10,665 8,723 10,085 
Exports, British Products 11,366 26,925 36,911 35,107 35,414 47,257 50,249 
1 | 
T otals of Above: 
Imports. . pe es a .-| 82,492 47,764 55,429 57,509 | 65,894 55,145 61,084 
Re-exports 1,805 2,816 2,801 2,386 2,934 2,832 2,756 
Net Imports ‘“s we 30,687 44,958 | 52,628 55,123 62,960 52,313 58,328 
Exports, British Products 108,057 156,923 165,749 149,060 166,596 179,397 185,805 
ts ay Metals and Manufactures : | eeu — — oan 
mports.. os a py a 32,103 32,717 38,121 A 32,59 32,9. A 
Re-exports 8,069 3,760 | 4,208 3,651 2,527 252 4,418 
Net Imports ‘a ae 24,033 28,957 33,913 | 33,446 30,066 29,692 32,669 
Exports, British Products 13,279 15,658 16,837 | 19,469 19,862 16,368 18,281 
TABLE IV. THe Home MAarRKkeET—ENGINEERING Imports. WEIGHTS, 000’s Tons (2,240 Ls.) 
| 
-- | 1913. | 1924. 1925. | 1926. | 1927. | 1928. 1929. 
| } 
| 
Tons. Tons. | Tons Tons. Tons Tons Tons. 
Ironand Steel and Manufactures thereof : | 
Imports. . oe rh a ms 2,220-4 2,429-4 2,719-8 3,737-7 4,406-1 2,897 -2 2,816-7 
Re-exports 32-4 9-1 | 8-7 | = 18-9 13-1 8-3 8-9 
Net Imports. . es pe 2,188 -0 2,420-3 | 2,711-1 3,723 °8 4,393 -0 2,888 -9 2,807-8 
Exports, British Products 4,934-0 3,851-4 | 3,731-4 2,987 -9 4,196 -2 4,260-4 4,379-4 
Rate per Ton Iron and Steel Re- 
tained ie os ne £ 6-87 9-14 8-76 7-85 7-69 8-29 8-70 
Rate per Ton Iron and Steel Re- 
exported we ae £) 6-14 29-80 27-80 20°15 21-20 22-60 24-74 
Machinery : 
Imports. . | 103-7 60-9 73-1 79°8 101-9 99-1 113-5 
Re-exports ++] 20-8 4:5 | 6-9 5-9 6-2 56 5-8 
Net Imports aa we ‘ .| 82-9 56-4 66:2 76:9 95-4 93-5 107-7 
Exports, British Products +s] 746-3 463-5 515-9" 474-7 612-2 565-9 562-5 
Rate per Ton on Machinery Re- | | 
tained $i es re £ 75-6 164-8 156-4 154-0 150-8 161-8 162-7 
Rate per Ton on Machinery Re- | | 
exported . ae a £| 50-1 279-4 224-0 230-7 238-0 279-2 280-2 
Non-Ferrous Metals—Crude : | sales) || A if . 
Imports. . wa aa oe! 499-3 479-5 | 582-8 571-9 597-6 574-8 635-0 
Re-exports H 40-2 31:1 | 24-2 20-4 19-3 37-6 52-3 
| 459-1 | 448-4 | 558-6 | 551-5 | 578-3 537-2 582 7 





country, because of the high labour factor which, 
obviously, they must contain. 

The diagrams, Figs. 3 and 4, present a remarkable 
picture ; it is a picture unique in economic history. 
No other country could show anything to equal it. 
It reveals an immense business now being carried 
on in the home market of the United Kingdom 
by other countries, not in rare or special commodities 
which could not be produced in this country, but 
in commodities which, to a very large extent, 
may be said to be indigenous to this country, and 
even to have originated here, where they can be 
produced to-day at least as well as they are pro- 
duced elsewhere. It is true that we could not 
produce here to-day the quantities of non-ferrous 
metals that we need, although, indeed, we have 
two enterprising companies producing aluminium, 


Bramah, James Watt, the Stephensons, Arkwright, 


Armstrong, Fowler, Platt, and a host of other| 


in one year for her own use, as we did in 1929. 

As we examine these two diagrams certain features | 
at once engage the attention. One notices, for 
instance, the extraordinary upward movement of 
certain of the curves from 1925 to 1927, and the 
peaks they attained in the latter year. These 
are shown conspicuously in the first and second 
graphs of Fig. 4. The movements here indicated 
are altogether abnormal ; they are explained, how- 
ever, by one word—strikes. The labour troubles | 
of 1925-26 raised our imports of iron and steel | 





to the record figures of 3,737,692 tons in 1926, | 


Lee, Nasmyth, Fairbairn, Tweddell, Whitworth, | 


only less distinguished names, importing 107,642 | 


Thus in those two years we imported close upon 
1,000,000 tons of iron and steel, which would have 
been produced in this country but for labour 
difficulties. 

A second noticeable feature which the diagrams 
reveal is that every curve, without exception, ends 
ona higher level than that at which it begins in 1913. 
The net increases, comparing 1929 with 1913, are: Iron 
and steel, 619,755 tons, or 28°3 per cent. ; machinery, 
24,750 tons, or 29-8 per cent.; non-ferrous metals, 
crude, 123,627 tons, or 27 per cent.; non-ferrous 

/ metals, manufactured, 32,400 tons, or 52-5 per cent. ; 
vehicles, 2,195,0001., or 27-8 per cent. ; and electrical 
apparatus, 4,798,000/., or 322 per cent. 

There are those who say that we should now drop 
1913; let it go. We cannot drop 1913 until we 
have at least drawn level with that year in the 
matter of our exports of British products, for 
instance; but it will be seen that all the curves 
in these two diagrams, except those for vehicles in 
Fig. 4, end on higher levels than they reached in 
1924. The increases in the five year period since 
1924 are as follows: Iron and steel, 387,450 tons, 
or 16 per cent. ; machinery, 51,265 tons, or 91 per 

/cent.; non-ferrous metals, crude, 134,513 tons, or 
|30 per cent.; non-ferrous metals manufactured 
| (approximate) 29,000 tons, or 42-6 per cent. ; and 
| electrical apparatus, 3,078,0001., or 48-9 per cent. 

Now, if we find that these large increases in our 
imports of foreign goods are accompanied by 
corresponding increases in the exports of our own 
| products, we may bear the imports with some 
| measure of equanimity. We can console ourselves 
with the reflection that the imports were used as raw 
|materials in the manufacture of goods which we 
‘sent abroad as British products, and that the 
more the imports increased the more would our 
| corresponding exports expand. There is no doubt 
that this is what has actually happened to a very 
large extent. Much of our imports in all our five 
classes, except machinery, must be regarded as 
_raw materials, more or less. Obviously, all the 
crude non-ferrous metals will be such raw material, 
while iron and steel will be raw materials mostly. 
| At the other extreme we shall find machinery, 
while electric apparatus and vehicles will occupy 
intermediate positions. There will, thus, clearly, 
|be a relationship between these imports, and 
/our exports of corresponding products. Tables 
| III and IV, therefore, contain the particulars of 
| these exports, and enable us to examine one aspect 
of this relationship. From this point of view, the 
| most satisfactory of all our five classes of imports 
is that of vehicles. Our imports under this head 
last year amounted to 10,770,000/., an increase of 
| 2,195,000/., or 27-8 per cent. on 1913, but our 
|exports amounted to 50,249,0001., an increase on 
| 1913 of 38,933,0001., or 343 per cent. Obviously, 
‘we have not much to complain about here; if 
our imports have gone up, our exports have increased 
|in a much greater ratio. With our exports nearly 
five times the value of our imports, it is clear 


tons of machinery, representing 17,500,000/. in value, | that we must have the home market well in hand. 


|We are not concerned here as to whether this 


favourable position is due to the McKenna Duties ; 
we want to get the facts clearly set out. 
Electrical apparatus is not so satisfactory. Our 
exports, it is true, have more than doubled as com- 
pared with 1913, but our imports have more than 


| quadrupled. With exports only a little more than 


double our imports, it may be concluded that we 
do not command the home market in these com- 
modities ; and, indeed, we recently had the Chairman 
of Messrs. The General Electric Company, Limited, 
Sir Hugo Hirst, writing to The Times deploring the 
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growing use of foreign electrical apparatus in this 
country. Here, perhaps, it should be said that 
“* Electrical Apparatus ”’ does not include generators 
or motors or other generation or distribution plant, 
all of which comes under the head of machinery. 

It is to be feared that machinery is a rather bad 
case. It is true that our exports are still more than 
five times our imports ; but while the imports are 
up by 24,750 tons, our exports are down by no 
less than 183,793 tons, as compared with 1913. 
The figures relating to iron and steel exhibit a simi- 
lar feature ; imports in 1929 were up by 619,755 
tons, while exports were down by 554,299 tons. 
It is thus clear that neither in machinery nor in 
iron and steel have we that command of the home 
market which we held in 1913. 

The extraordinary curve of iron and steel in 
Fig. 3 suggests a little study of the figures as 


the motor-cars or chassis, or the rubber tyres of 
wheels, imported. The returns now include those 
rubber elements ; hence the Board of Trade figures 
for vehicles imported for 1928 and 1929 are not 
comparable with the corresponding figures of the 
immediately preceding years. The figures of 
Table VI all include the rubber equipment in every 
year, and the years are, therefore, all comparable 
one with the other. 

Table VI comes down only to the end of 1927, 
unfortunately. It is not very creditable to us as a 
great commercial nation that the corresponding 
returns for 1928 are not yet available. However, 
as far as it goes, this table is well worth careful 
study ; it shows how diverse and widely separated 
are the sources from which we obtain these supplies. 
| Thus, on the one hand, we bring pig iron from 
|India—in one year nearly 30,000 tons—and, on 








given in Table IV for the past few years. It will| the other hand, from the United States and Canada. 
be seen that our imports dropped tremendously | It will be seen that we get small supplies of iron 
from 1927 to 1928, and fell a little further in 1929. | and steel with some regularity from Latvia, Poland, 
In this period we have had the offer of the British | Austria, Denmark and the Irish Free State, though, 
iron and steel manufacturers to make a substantial perhaps the most surprising circumstance in this 
rebate to users of iron and steel in this country | connection is the amount of iron and steel manu- 
who use only British iron and steel. Possibly this | factures now being sent over from the Netherlands. 
offer has had something to do with the decline in| We do not commonly associate the Netherlands 
the imports of the past two years, and also with the | with the production of iron and steel, and yet 
fact that our exports, as shown in the table in each | that country sent us 127,000 tons in 1927. 
of the last three years, have exceeded the 4,000,000 | The great changes brought about by the world 
tons, and thus got into “ the same street ” with the | war are seen in this table. In 1913, Germany 
corresponding exports of 1913. We have, however, | was easily first as a purveyor of these supplies 
to note that, in 1926 and 1927, we imported not among all the contributory nations. She sup- 
only more iron and steel than in any previous equal | plied more than half of all our imports of iron 
period of our history, but also practically 1,000,000 and steel and of electrical apparatus, a third of 
tons more than we exported. Moreover, it will | all the machinery we imported, and a fifth of the 
be seen that the average rates per ton of those great | vehicles, thus making her share of our total 
imports were lower than in any year of the table | imports in these four classes, 38-8 per cent. In 
except 1913. What has become of that 8,143,781 | 1927, Belgium took the first place in the totals, 
tons of, relatively, cheap iron and steel which! with the United States immediately behind. In 
we imported in 1926 and 1927. We undoubtedly | all the four post-war years of the table, Belgium 
find a large part of it in the 12,836,000 tons which | supplies half, or more, of our imports of iron and 
we exported in the past three years. Now, the steel by weight, while the quantity which she sent 
post hoc, propter hoc, the Tenterden Steeple, line to us in 1927 was five times her contribution in 
of argument is nearly always dangerous, but | 1913. 
nowhere more so than in economics. We cannot} Considerable as that expansion was, it is sur- 
say that the great imports of 1926 and 1927 were| passed by that of the Netherlands, which rose 
the cause of the favourable exports of 1927-29, but | from 11,200 tons in 1913 to 127,300 tons in 1927, 
it is probable that they were the chief factor in pro- and even more by that of France which increased 
ducing those results. from 42,300 tons in 1913 to 847,200 tons in 1927. 
“ There is a soul of goodness This latter remarkable expansion, alike in quantity 
In things evil ; good men, observant, distil it out.” and in percentage, is, of course, largely due to the 


P | territorial changes arising from the war. If we 

Beg sd — Posie rating ly sn on r _analyse these imports of iron and steel we find that 

1913) ‘ 2 ‘in ary the “ goodness” which 'they range over practically the whole gamut of 

i yard to extract from the labour “ evil ” | iron and steel productions, from pig to wire nails. 

a usahae It will probably surprise many people to learn that 

While, however, these great imports of iron and | eo this country more than 1,200 tons of 

as - .|foreign wire nails every week—200 tons every 

steel, and, in a lesser measure, those of electrical | eae a 
apparatus and of vehicles, are raw materials which S oy- a ee 

we use profitably, that is certainly no reason why The place of America in this table is interesting. 


in thi try, + Her contribution in iron and steel in 1927 was only 
i gens ge de ‘a little more than half what it was in weight in 


| 1913, but, was considerably higher in value. In 
1913, almost precisely half of all the machinery we 
imported came from the States ; in 1927 the propor- 
tion had increased to 58 per cent., and the value 
from 3,677,400/. to 9,247,3001. Electrical apparatus 


least, a large proportion of them. We shall not, 


of course, ever do all the business in the world ; | 
we must buy if we are to sell; when we cease to | 
import we shall cease to export ; but it is, neverthe- | 
less, tantalising to see so much coming from abroad | 


Dutch contribution, however, in 1927, included 
110,0007. of boats, which seem rather odd things 
for the greatest shipbuilding nation of the world, 
and we are still that, to import from abroad. 
Generally, our imports under the head of vehicles 
consist, as to more than 90 per cent., of motor 
vehicles and parts of motor vehicles. 

There is one important deduction which can be 
made at once from Table VI. It will be seen that 
the United States and Canada together supplied 
28-8 per cent. of all our imports in the four classes 
of commodities included in the table in the year 
1927. We know, therefore, that, whatever may 
be the case with other portions of those imports, 
the proportion from across the Atlantic did not 
come here because the wages of labour are lower 
on the other side than they are here, or the standard 
of living lower. If we want an explanation of why 
those commodities came here, we must look for it 
in other directions. 

Such, then, is the great market for engineering 
products which this country offers to the world. 
It is obvious that its advantages are appreciated 
abroad. We have, however, to remember that 
while all these countries are competitors they are 
also customers. They compete with us in our 
home market, and many of them in most other 
markets, but they also buy our productions, more 
or less. In the next article we shall begin a survey 
of the markets of the British Empire. 











FIFTY YEARS OF KEYHAM 
COLLEGE. 


Firty years have now passed since the first students 
entered the well-known naval engineering college at 
Keyham, on July 1, 1880, and in the last issue of the 
Royal Naval Engineering College Magazine isa short but 
interesting account of the history of the college. The 
training of ‘“‘engineer boys” for service in the Fleet 
began at Woolwich so long ago as 1837. From Wool- 
wich, the system spread to other dockyards, and, in the 
early ’sixties, the ‘‘ boys” became “ students,” and 
as such were eligible for scholarships at the Royal 
School of Naval Architecture and Marine Engineering 
at South Kensington, and afterwards at Greenwich 
College. The arrangements, however, left much to 
be desired, and, largely through the recommendations 
of the Cooper Key Committee of 1875, H.M.S. Marl- 
borough was allocated for the students at Portsmouth, 
and two years later Keyham College came into existence. 
These establishments were run on parallel lines up 
till 1888, but then the Marlborough was closed down, 
and ever since Keyham has been the recognised school 
for naval engineers. In both establishments, the 
instruction was based on sound lines, and the success 
obtained was demonstrated by the reputation which 
the Engineering Branch gained during the Great War. 
With few exceptions, all the senior officers who served 
during 1914-1918 passed through either Keyham 
or the Marlborough. Under the re-organisation of 
naval education by the Selborne-Fisher Scheme, 
however, it was decided to recruit the engineering 
branch of the Navy from Osborne and Dartmouth, 
and, in 1910, the last of the old-time cadets passed 
out of Keyham, entries having been stopped in 1905. 
Whether Dartmouth would have supplied cadets in 
sufficient numbers is doubtful, but the outbreak of 
war prevented the development along the lines laid 
down and though Keyham was opened again for a 
short time for engineering work, it was for some years 











which we could produce here. It is not merely 

| the percentage from 9-5 to 18-2, while vehicles 
ently specialities of this country. However, there | 
electrical apparatus, we are, for the moment, | cent. 
the real explanation. Let us see, for a moment, | second, but a considerable distance behind, while 
successfully invaded our home market. ‘contributors in this class are France, Belgium, 
the figures of this table, so far as imports of | butors of vehicles, with a percentage of 36-7 and 
been prepared. The latter summaries, for the years | percentage of 19-2. Thus, the States and Canada 
years prior to April, 1927, the returns in the|the value of 1,100,000, while Belgium, the Irish 


used for the receptjon of special entry naval cadets 
from the public ale. After the war, in 1919, 
however, it reverted to its original purpose, and, 
from 1922, all midshipmen (E) have been trained at 
Keyham. At the present time, there are some 180 
midshipmen and sub-lieutenants undergoing instruction, 
the course lasting four years. Engineering instruction 
is given by naval engineer officers, while mathematics, 
physics, electricity and other subjects are taught by a 
staff of naval and civilian instructors. Since its re- 
opening, it has been under the successive commands of 
Engineer-Captains Morrison, Benn and Picton, the 
last of whom has just been succeeded by Engineer- 
Captain E. L. Dyke Acland. 








O1m-IMPREGNATED Non-METALLIC BusHinGs.—Measrs. 
Crofts (Engineers), Limited, Thornbury, Bradford, are 
placing on the market a new type of oil-impregnated 
non-metallic bushing, designated the ‘‘ No-Lub.” bush- 
ing. It is stated that these bearings never requiro 
oiling, and that they will give useful service for 
many years. We understand that they are particularly 
suitable for loose-pulley applications of all types, and 





that it could be produced here, but so much also | had risen in value from 151,400/. to 778,0001., and 
consists of commodities which for years were emin- | had risen from 1,683,9001, to 4,201,1001. in value, 
it is: im iron and steel, in machinery and in | 22d the proportion from 20-1 per cent. to 36-7 per 
beaten in our own home market. If we are wise} In electrical apparatus, Germany is still the chief 
we shall recognise the fact, and cast about to find | contributor, as she was in 1913. America comes 
whence we obtain most of these imports ; in other | Holland comes third, with a value of 532,300/. and 
words, what are the countries which have so |@ percentage of 12-4. The next most important 
The sources of these engineering imports are | Switzerland, Austria and Denmark. 
shown in Table VI. It should be said here that| The United States is easily first among the contri- 
“Vehicles” are concerned, are those from which|a value of 4,291,100/. France comes second, 
the summaries opposite Vehicles in Table III have | with a percentage of 21-7, and Canada third, with a 
1924-27, are not the figures of the general summaries | supplied 56 per cent. of all our imports of vehicles 
of the British Board of Trade. For a number of|in 1927. In that year, Italy sent us vehicles to 
general summaries of the Board of Trade for|Free State, Switzerland, the Netherlands, and 
Vehicles, did not include the rubber equipment of | Sweden all made important contributions. The 








that they will carry loads up to 100 Ib. per square inch., 
at temperatures up to 100 deg. F. 
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70-TON BREAKDOWN CRANES FOR THE NEW SOUTH WALES RAILWAYS. 























Fig. 1. Cranes Lirrinc 130-Ton Locomotive. 


70-TON BREAKDOWN CRANES FOR 
THE NEW SOUTH WALES GOVERN- | 
MENT RAILWAYS. | 


"Two interesting breakdown cranes, recently supplied | 
to the New South Wales Government Railways by | 
Messrs. Craven Bros. (Manchester), Limited, of Red- | 
dish, are illustrated in Figs. 1 to 5, on Plate V., on this 
page and opposite. The main hoist of each crane is | 
arranged to lift 70 tons at 21-ft. radius, 50 tons at 25-ft. | 
radius, and 35 tons at 30-ft. radius, with the carriage | 
blocked up, and 12 tons at 21-ft. radius, and 6 tons | 
at 25-ft. radius, with the crane free on the rails, | 
An auxiliary hoist can lift 5 tons at 34-ft. radius. 
The main block with a 70-ton load has a lifting | 
speed of 10 ft. a minute. Six falls of rope are used 
for the maximum lift, but, by a patented arrange- 
ment of the makers, the falls can be reduced to four 
or two for lighter lifts, with corresponding increases 
in the speed and range. The auxiliary lift operates at | 
40 ft. a minute. When slewing, the crane can make a | 
complete revolution in 14 minutes, while it can derrick 
from 30-ft. radius to 17 ft. radius in the same time. 
It can travel under its own power at 4 miles an hour. 
The crane has a total weight of 106 tons and a total 
wheel-base of 22 ft. 8 in. Its weight complete in | 
working order, with coal and water, is 116 tons. | 
It operates on a 4-ft. 8-in. gauge, and can travel 
easily round a curve of 8 chains radius. The whole 
of the running gear follows locomotive practice, and | 
the crane may be hauled at express speed when 
desired. It is carried on five axles with single- | 
flanged wheels with Siemens-Martin steel tyres and | 
cast-steel centres. Automatic coupler gear of the New | 
South Wales Government standard type is fitted, while 
rail clamps are arranged at each corner and jacking 
screws provided for each axle, so that the springs may 
be relieved when handling heavy loads. Three sets 
of hinged outrigger supports are provided on each | 
side to extend the effective base when the crane is | 
blocked-up. The super-structure is built-up of double | 
plates bolted together with packing blocks between, | 
this super-structure being carried by a steel casting | 
bored to suit the nickel steel centre pin. The top 
of the casting is fitted with a conical roller bearing to | 
take the upper horizontal pressure under heavy load. 
As will be seen from the figures, the jib is of the | 
swan-neck plated type. It is bored at its lower end | 
to hinge on a fixed steel pin in the front of the super- | 
structure. The upper end is fitted with steel pins on | 
which the cast-steel pulleys for the hoisting and 
derricking ropes revolve. The pulleys are bushed with | 
gun-metal, and are grooved and machined. The 
hoisting motion is worked by a cast-iron barrel driven 
by cast-steel spur gearing, the main load being carried 
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Fie. 2. CRANE UNDER 873-Ton Test Loap. 


on six falls of rope, as already mentioned. The| barrel and a single rope. All gearing is of steel with 
auxilliary 5-ton lift is operated by a separate small| machine-cut teeth, and motion shafts are of forged 
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70-TON BREAKDOWN CRANES FOR NEW SOUTH WALES. 








Fia. 


5. 
steel; they are provided with gunmetal bearings 
wherever possible. 

All motions of the crane are worked by a two- 
cylinder reversing engine with cylinders 103 in. dia- 
meter and 14-in. stroke, running at a speed not 
exceeding 250 r.p.m. at full load. The position of 
the cylinders and motions outside the superstructure 
makes them particularly accessible. The connecting 
rods are of forged steel, and the cranks of the 
balanced disc type. The piston-rods have metallic 
packed glands. Walschaert valve gear is fitted. The 
boiler is carried on an extension of the revolving frame 
and is of a special squat pattern of the Spencer-Hop- 
wood type. Itis 7 ft. high by 5 ft. in diameter, and has a 
heating surface of 178 sq. ft., a grate area of 12-5 sq. ft., 
and an evaporative capacity of 1,400 lb. of water per 
hour with natural draught. The working pressure is 
120 lb. per square inch. The necessary ballast is 
carried at the rear-end of the superstructure, as shown 
in Fig. 5, and the weight both of the boiler and ballast 
is taken off the centre pin when the crane is travelling. 
This is done by means of lifting gear which also 
locks the superstructure in position. The main carriage 
of the crane is built up of plates and structural sections. 
The brake equipment consists of combined steam and 
hand gear with shoes acting on the three pairs of 
wheels of the rigid wheel base, a steam brake con- 
trolled from the driver’s platform and a Westinghouse 
brake. 

An illustration of the two cranes lifting a standard 
New South Wales 4-8-2 Mountain-type locomotive is 
given in Fig. 1, on page 88. The locomotives, which 
weigh 130 tons 6 cwt., are of the 3-cylinder type, in- 
tended for service on heavy sections of the line. The 
wheel base is 37 ft. 7} in., and the overall length, in- 
cluding the tender, 87 ft. 33 in. The cranes. were 
tested with a load of 873 tons, or 25 per cent. above the 
working load of 70 tons, at the builder’s Reddish works ; 
they were also assembled in running order in a train 
and the axle loadings checked. A view of one of the 
cranes carrying the 874-ton load, is given in Fig, 2 
on page 88. 








PRODUCTION OF ABRASIVES IN THE UNITED STATES.— 
According to a statement issued by the United States 
Bureau of Mines, 138,970 short tons of natural abrasives 
were produced in that country during 1929. This total 
included 21,070 tons of grindstones, 60,870 tons of pumice, 
and 38,000 tons of Tripoli. In addition, 126,710 tons 
of artificial abrasives were manufactured including 
pe tons of carbides and 72,600 tons of aluminium 
oxides. 








Rear VIEW SHOWING COUNTERWEIGHT. 


THE ECONOMICS OF CARGO 
LINERS.* 
By the Hon. L. H. Cripps, C.B.E. 


THE purpose of this paper is to review briefly some 
of the difficulties of transport by sea, and point to 
some of the improvements a shipowner would like 
to see in vessels designed for the carriage of cargo. 
It is important to realise throughout any consideration 
of the construction of a transporting agent that you 
have to provide the transport that suits your clients, 
and not perhaps the arrangement which you believe 
to be the nearest to mechanical perfection. To do 
this needs a pretty thorough examination of the full 
requirements of the particular service, and a complete 
knowledge of design, upkeep and depreciation. 

The primary object of a cargo-boat is to convey 
cargo from one port to another at which it is required 
in the condition in which it is required. The success 
of a cargo boat will depend on how efficiently she can 
perform that service. It is wasteful to provide a 
service either above or below actual requirements ; 
but so long as we maintain a competitive system 
we shall find, by trial and error, whether our methods 
as a nation generally, or as shipowners individually, 
are adequate to maintain our national and individual 
position in the sea-carrying trade of the world. The 
most successful nation will probably remain the main 
manufacturing centre for shipbuilding, as has been 
the case in the past. Probably the most important 
point in designing a cargo liner is that of speed. 
A shipowner running ships in a regular trade to a more 
or less fixed schedule requires the maximum efficient 
speed for the type of cargo he expects to carry. The 
problem is governed by the kind of cargo he carries, 
and the speed of his ships must depend on the price 
the user is prepared to pay to obtain the goods in 
the shorter time resulting from extra speed. The 
| user saves money by the earlier delivery of his goods, 
| while the shipowner charges on the average a higher 
|rate owing to the extra cost of the increased speed, 
|\less the saving due to a reduced number of ships. 
| The task of the designer is to provide for an increase 
|in the speed at the lowest possible capital cost, and 
}ensure that upkeep expenses resulting from a new 
| design shall be no more and, if possible, less than 
| normal, whilst taking advantage of anything he can to 
| increase the carrying power of the ship, e.g., the super- 
|charging of a Diesel engine, where you get about 








* Paper read before the Institution of Naval Architects, 
at Liverpool, on Tuesday, July 15, 1930. Abridged. 





30 per cent. additional shaft horse-power for 8 per cent. 
increase on the initial cost of the machinery. 

The question of speed still appears to be a very 
ill-defined problem, complicated by its interdependence 
on the engineer and the naval architect. The different 
types of engines, the lines of the ship, the propeller 
and the rudder give curious and sometimes incompre- 
hensible results when actually tried out. The type 
of engine to be provided is probably at the moment 
the most difficult question for the shipowner to decide. 
There has been such great progress in the last twenty 
years, both in steam-driven and internal-combustion 
engines, that the selection is difficult. The main points 
for consideration in cargo liners are: Speed required ; 
trade in which the vessel is to run; average number 
of steaming days per annum; cost of various fuels in 
the various ports visited; machinery, weight and 
horse-power ratio; space required for machinery. 
With regard to the last point the decrease in length 
of machinery space is shown by the following com- 
parison of three ships built during the last eight years. 
These ships have a similar beam and _ twin-screw 
eight-cylinder oil engines of the same _ cylinder 
diameter. 





Length of 
Engine-Room. 


Shaft Horse-Power 
of Machinery. 


Date of Construction. 








ft. 


1922 4,800 63 
1926 6,600 60 
1929 8,600 54 





In considering the various types of engine, the most 
attractive are those combining absolute reliability 
with simplicity of design, with the reduction as far 
as possible of labour for running the ship at sea and 
during overhaul and surveys in port. The shipowner’s 
desire is to maintain a reliable service and not to 
indulge in experiments, except perhaps in a small way 
to improve an existing design; nor does he wish to 
have a whole lot of patent accessories, most of which 
in the long run show an increased cost in spite of 
a theoretical promise of large savings. I do not know 
whether naval architects and marine engineers realise 
the enormous cost of upkeep. I have been told by 
a shipbuilder that such and such an engine is running 
well, and on one such occasion had an opportunity 
of seeing the actual upkeep cost for that particular 
engine. Instead of working out at, say, x for 200 
days’ steaming per annum, it worked out at just 
about twice as much. Is a shipbuilder sufficiently 
interested in any engine after he has delivered it 
to the owner? On working results, in fact, he must 
base future design, and the most successful design 
will presumably be developed out of the maximum 
of accurate information. 

I give a few figures of engine costs taken out for 
our fleet for the last ten years, except in the case of 
Diesels, which range from one year to eight years. 
I have included ships good, bad and indifferent, taking 
the saturated steam triple-expansion engine at the 
basic figure of 100. The figures are shown in Table III 
(page 90). These figures are not meant to be more than 
a rough guide on certain types of engines, and apply only 
to long-distance trades. They show the comparative 
amounts spent on engine upkeep and engine stores. 
Table I shows the fuel efficiency actually obtained 
against the theoretical fuel efficiency, and relative 
fuel costs for carrying 7,000 tons of cargo 100 miles, 
and Table II the relative costs of ship upkeep and ship 
stores. 

The design of the hull so far as speed is concerned 
is prepared by the naval architect, and no trouble 
should arise here if the model is tank-tested; but 
the strength of the ship must be such that, subject 
to safety, the cargo, whatever its nature, can be 
carried without damage, having regard to the seas 
in which the ship trades. The ultimate success of 
the design will be tested by the upkeep costs and 
cargo claims. I recollect that a small error in our 
post-war design in the deep tank cost us large sums 
in claims for damage to cargo. The ships concerned 
had to be altered at a heavy cost. Here again we 
come up against some problems of magnitude, such 
as the position of the engine room, and the strength 
and lasting power of the materials employed in 
construction. Careful consideration results, I think, 
in a slight bias towards engines aft in spite of the 
difficulty in loading and discharging, which is more 
than compensated for by the additional space and 
carrying power. As to the quality of materials, there 
has been little or no recent progress. 

A third point is the design of the loading and dis- 
charging facilities provided to deal with the cargo 
expeditiously. In designing a ship, consideration must 
be given to the facilities at the ports between which 
it is intended that the ship shall trade. With the 
present rather illogical rules agreed upon commonly 
between the employers’ associations and the workers’ 
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unions, the shipowner has to provide sufficient dis- 
charging gear to keep the men in the hold and on the 
quay reasonably busy. It is true that the various 
ports throughout the world are gradually equipping 
themselves to cope with any special conditions existing 
at the particular port, but the shipowner must provide 
hatches of reasonable dimensions, and the necessary 
winches and derricks to take advantage of overside 
and quay loading and discharging, and in some trades 
he must further provide facilities for dealing with heavy 
lifts. In addition, there are problems of the relative 
efficiency of electric and steam winches, the speed at 
which they are to work, the type of derricks, wood or 
steel, and the best type of rigging. It is not possible 
here to go into any sort of comparison between electric 
and steam winches, or between various arrangements 
and numbers of derricks. The requirements of every 
ship must be worked out in detail and designed accord- 
ingly, although as a general rule experience goes to 


practice often bear no relation to promises. In our 
case we have already re-engined no less than two of our 
turbine vessels and renewed the gearing in another. 
In one case it was, perhaps, in part, faulty design, 
which I recognise must sometimes occur wherever 
there is progress, as, after all, while design is a matter 
of opinion, experience alone shows whether the opinion 
is right or wrong. 

There are no doubt a great many other factors in 
design, but I return to the question of upkeep, which 
cannot, as you will see, be divorced from design. My 
object in dealing with it is to show how important a 
bearing it has on design. Upkeep falls under three main 
headings, namely, the engines, the hull, and the effects 
of the engines on the hull. The general rules of upkeep 
are: (1) that the simpler the machinery or structure, 
the less the cost of upkeep, and any complications 
introduced must individually pay for inclusion and 
for upkeep ; (2) standby and emergency machinery or 





show that, with labour costs increasing and likely to 


increase, an efficient design will need to avoid the | 


structure is generally nearly as expensive in upkeep 
as the regular plant ; (3) good original workmanship 


necessity for overtime, except under special conditions. | and design is of extreme value in reducing the cost of 


Affourth point is the housing of the crew. The ship- | 


owner has to depend largely on the men who work the | 
ship, generally hundreds of miles away from the 


upkeep. 
Engine upkeep can be reduced appreciably by close 
collaboration with the metallurgist, etc., getting the 


TABLES I, IJ AND III. 


operating. Probably it is more often the result of 
bad operating, such as the purchase of inferior fuel or 
excessive economy in renewals and replacements. 
The statistics given relate to ships of various ages and 
are consequently only a rough guide, as the upkeep 
in the newer ships is naturally less than in the older 
ships, and we have yet to ascertain what is in fact 
the probable length of life of the newer types. 

In figures on the upkeep of the hull, which include all 
money expended on the hulls except emergency fitting 
for carriage of special cargo, cattle, &c., the oil-burning 
ships show at the moment similar results to the coal- 
burners, except in the case of the Phemius class of 
vessel; but this result is due to their being originally 
fitted for coal-burning with the consequent re-riveting 
necessary on the change over; this is a very different 
matter from upkeep cost, where the oil-burners come 
out a great deal cheaper. Incidentally, where fuel oil 
and water are carried in the tanks the deterioration of 
the steel is exceptionally severe. Coal, on the other 
hand, has produced continual deterioration in the 
stokehold bunkers, ’tween decks, also deck machinery, 
and affects the amount of painting to be done. In 
considering the relative cost of oil or coal fuel, I 
think that this side of the question has not been suffi- 

























































































TABLE I. TABLE II. TABLE III. 
Relative Cost of Relative Cost of 
General Particulars. Efficiencies and Relative Cost to Carry 7,000 tons Ship Upkeep and Engine Upkeep and 
Cargo 100 Miles. Ship Stores in Engine Stores in 
Percentages. Percentages. 
ane 
uel Cost to 
Average. Carry 7,000 Tons Relative Cost. 2 Relative Cost. 
Cargo 100 Miles. : 
De- Dis- be 
r : signed place- Number | Average n 
Ship. Class of Machinery.t Fuel. Speed. | ment in -d — — Reduced s 
Knots. | Tons. | ; : . Fuel Efficiency. At to § 

Py Actual Coefficient Speed. Average Common) Ship Ship @ Engine | Engine 
| | Theoretical Coefficient | Knots. Speed. Bast of | Upkeep.| Stores. A Upkeep. | Stores. 
| : Knots. 
| 

ies a | ‘came | 
: Per cent. Per cent.| Per cent.| Per cent. Per cent.} Per cent. 

Atreus .. 8.8. reciprocating, Sat. Coal 13 13,500 | 5 | 19 3,343 92-57 12-62 86-0 100-0 100 100 4,000 100 100 
Keemun T.S. reciprocating, Sat. Coal 12 18,300 3 | 28 3,269 85-03 11-68 77-5 105-3 143 112 5,500 105 110 
Lycaon.. S.S. reciprocating, Sup. | Coal 13} | 15,000 8 | 15 4,091 96-18 13-08 | 77-4 82-3 80 100-1 | 4,400 | 105 112 
Antilochus T.S. reciprocating, Sat. Coal 124 18,900 5 24 3,429 93-28 11-98 66-6 86-6 147 130 4,500 122 116 
Aineas (P.) T.S. reciprocating, Sup. Coal 13} 19,400 3 | 20 4,669 86-8 13-40 98-0 98-8 178 88 5,000 197 165 
Nestor (P.) T.S. reciprocating, Sup.| Coal | 13 | 26,800 2 17 ‘| 5,928 93-25 13-46 | 94-1 94-8 198 88 6,000 | 234 171 
Adrastus | $.8. turbines, Sup. | Coal | 14 | 15,200 | 8 8 | 4,895 94-07 13-97 86-3 80-7 75 97 6,000 96 112 
Phemius $.8.turbines, Sup. ..| Oil | 144 | 15,200 1 8 4,683 | 88-25 13-93 | 109-0 | 102-2 | 79 99 6,000 64 107 
Polydorus ..| S.S. turbines, Sup. ..| Oil | is | 12,600 | 2 | 5 3,813 | 97-8 13-38 94-3 | 95:8 | 53 90 3,700 61 95 
Calchas (I.P.) ..| T.S. turbines, Sup., old | Coal ') | | | 5,776 | 81-9 13:66 | 97-2 96-6 

engines | | « | ” | | g 
Calchas (I.P.) ..) T.8.turbines, Sup.,new | Coal f wi cocosedl Mls ; { 5,556 | 100-8 13-83 | 77-6 | 76-1 0 | 125 | 6,500) 193 | 147 

engines | | | | | 
Menelaus (I.P.) | T.S.turbines, Sup. ..| Coal | — | — | — oe 5,547 | 98-3 13-41 77:8 79-2 ee om al — Gee 
Sarpedon (P.) | 'T.S. turbines, Sup. Coal | 15 | 19,400 | 2 7 | 7,369 | 93-52 15-08 | 118-8 95-2 | 162 | 132 7,500 | 183 202 
Antenor(P.) ..| T.S. turbines, Sup. Oil | 15 | 19,400 | 2 5 | 7,424 | 93-9 14-97 | 131-0 106-8 161 | 123 7,500 134 167 
Peisander ..| T.S. Diesel o« Oil 13 |} 12,600 | 5 + | 3,787 | 98-42 13-03 42:2 45-3 | 56 | 84 3,700 65 161 
Orestes ..| T.S. Diesel Oil | 14) | 15,300 | 4 =| 38 = | 5,160] 97-6 13-77 | 48-9 | 47-1 | 68 | 92 | 6,600} 87 197 
Agamemnon . | T.S. — .-|_ Oil j;o— | — eS fa ae 102-6 13-83 49-8 | 47-3 | — oo “= — — 
olius .. ..| T.S. Diese ~ | } at | ae 
ond gy “jou ou | ue00 | 2 | 6 | 2,071 | 89-29 | 10-70 | 27-35 | 43-5 | 49 | 92 |2,200| 88 162 

} | 1 | | 
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management, for the efficiency of the work they are 
constantly carrying out. To get the best results 
the men must be happy and contented, and they 
must have a ship which is reasonably comfortable, 
and which can be loaded and discharged under ordinary 
conditions without recourse to long hours of overtime. 
A time may come when crews are largely dispensed with, 
and when engineers are reduced to a minimum ;_ but 
at present the problem has to be met on the most 
economical lines possible, bearing in mind the general 
efficiency of the ship. 

Another point with regard to design, is the effect of 
the rules and regulations enforced by the Board of 
Trade. Such rules are necessary and wise in so far 
as they are really reasonable, but the reasonableness 
of some of them is a matter of opinion. Any country, 
if it wishes to retain its trade in the shipping industry 
must realise, and continually realise, that shipping is 
international, and that the nation which is to succeed 
must render the necessary service at a competitive 
cost; consequently the Govern.nent should encourage, 
and not retard, its development by legislation. I feel 
that we are very near the time when further rules and 
regulations may simply end in shutting us out of the 
carrying trade of the world. If national shipbuilding 
depends on national shipowning, there is here a 
condition which demands careful expert consideration. 

No one who has been through the experiences of 
the last ten years can fail to realise the heavy cost of 
bad workmanship. While recognising the intrinsic 
excellence of British workmanship, there are, never- 
theless, cases where bad riveting has cost shipowners 
thousands of pounds. Another expensive defect, 
the cause of which I suppose to be bad workmanship, 





is not uncommon in turbine engines, where results in 
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Single screw. 


= Intermediate Passenger. 


right quality of lubricating oil for bearings. liners, &c., 
putting into the machinery material of the very best 
quality to stand the requisite loads, temperatures, and 
stresses, using fuel oil most suitable for the boiler, or 
Diesel installation, &c. A large proportion of the total 
cost of upkeep of oil-engine machinery has been due 
to defects of detail. The material of liners, cylinder- 
heads, pistons and piston-rings is of the utmost import- 
ance, and the introduction in recent years of a special 
iron which provides not only a material of very suitable 
quality for these parts, but one which may be con- 
sistently produced has, in conjunction with improved 
detail design, much reduced upkeep costs. Unfor- 
tunately, in order to increase the running reliability of 
oil engines, changes in design have been made which 
have tended to reduce accessibility of parts and increase 
the amount of work necessary to open up for survey. 
Engine builders might well give this matter more 
attention, especially as it will become increasingly 
important in specifications issued by shipowners. 

With the increasing use of electricity comes the cost 
of repairs and renewals to wiring and standby plant, 
as against the cost of maintaining the steam plant, 
steam and exhaust pipes, &c., of the all-steam system, 
with the consequent damage to the structure of the 
ship due to corrosion, &c. In my figures on engine 
upkeep I have excluded such large costs as renewing 
turbines. You will see from the upkeep records that 
we have generally found the 4-stroke cycle single- 
acting Diesel engine to be the most economical type 
among those we have tried for our particular trades. 
The trades concerned entail a high percentage of steam- 
ing time and command a supply of cheap oil. 

In Table I is shown a fuel efficiency figure. The 


discount on this figure may show bad design or bad 


T.S. = Twin screw. Sat. = Saturated. Sup. = Superheated. 


ciently investigated. It is certainly a very difficult 
matter on which to obtain accurate information. 

Another most interesting point is whether a heavier 
ship is more costly in upkeep than a lighter ship. 
Here again information is difficult to obtain. A 
particular item of repair work is more costly where a 
heavier structure has to be repaired, but on the other 
hand a lighter structure may have to be repaired more 
often. Here again the aid of the metallurgist is 
necessary. Can we lighten the structure and increase 
the strength and incidentally increase the carrying 
power ? Any advance in this direction would no doubt 
cause great changes in present methods of construction 
and design. The most serious problem of upkeep in 
itself is rust. The enormous cost to shipowners on 
chipping and painting would, if it could be done away 
with, create a new epoch in shipping costs and, as it 
stands, offers probably the greatest opportunity 
for increased efficiency in the industry. With it goes 
the need for a metal that will withstand bottom growth, 
&c, to enable the shipowner to do away with regular 
dry-docking and bottom composition. The last 
important point in upkeep is the accommodation. As 
machinery becomes more efficient, when painting is 
done away with and when steering becomes automatic, 
the crew will be very materially reduced in number, 
and with them can be reduced the numerous life-saving 
devices and accommodation, making room for extra 
cargo and saving wages and food. 

Depreciation is one of the most difficult problems the 
shipowner has to meet. When is it sound policy to 
scrap a ship? It depends largely on progress in 
design of engines and hull. The more rapid and suc- 
cessful the progress the sooner the ship becomes obsolete. 
Progress in engine design can be met by re-engining 
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a ship if advantage is not going to be taken of additional 
speed; but any composite design of more efficient 
propulsion means a new ship, and at the present time 
it looks as if ships should be built as simply and as 
cheaply as possible, in order that the owner may be 
prepared to meet a big scrapping programme at an 
early date to take advantage of progress as it becomes 
proven. 

As to the future of the cargo shipping industry, 
at the moment the service which the industry performs 
is’only required to a very limited extent. In so far 
as that is the result of natural causes, such as the 
splendid European crops of 1929, it is only temporary, 
and should in course of time actually benefit the 
industry. But in so far as it is the result of artificial 
restriction, time alone will show whether the damage 
is temporary or permanent. Foremost amongst these 
causes are the political situations in Russia, China, 
India, Mexico, &c. Whereas these causes react inter- 
nationally on the world-wide industry, other causes 
exist which are self-inflicted by this nation and react 
nationally and affect that part of the industry under 
the national flag. I suppose that the most important 
of these causes was safeguarding, or, as it is more 
commonly known, the stabilisation of the pound 
sterling, which dealt a great blow not only to the 
shipping industry but to industry generally through- 
out this country, unaccompanied as it was by a 
corresponding reduction in wages. Next come the 
rates and taxes which are being raised to carry out 
work which would not otherwise have been under- 
taken, to relieve unemployment. In our industry 
if we have to pay for wages and material on a basis of 
high rates and taxes, and have also to pay high rates 
and taxes directly, it is obvious that at the end of the 
year we have little or no balance of money with which 
to build ships. I am given to understand that the cost of 
building a 10,000-ton cargo liner is increased by those 
same charges by an amount of approximately 15,0001. 

It is interesting to compare running costs and building 
costs. Our running costs on the latest type of ship 
work out at no more than 10 per cent. above the pre- 
war rate, and other costs such as port, canal and light 
dues, stevedoring, towage, pilotage, &c., work out 
at about 75 per cent. in our trades, while building costs 
are about 80 per cent. above pre-war level. The chief 
reason for this is that the building cost is generally 
incurred wholly in this country, whilst in running 
costs, apart from the reductions due to more efficient 
design, we are considerably helped by the fact that 
a great deal of the expense of running is incurred 
outside this country, and is not therefore penalised 
by indirect rates and taxes. We can, and should, 
demand in our local government reasonable economy 
and elimination of the obvious and elementary forms 
of waste. ¥ 


THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 59.) 

Ix continuing the abstracts of selected papers 
taken at the second World Power Conference held in 
Berlin, we now deal with further groups, viz., Sections 
XXVIII, XII and IX, relating, respectively, to liquid 
and solid fuels and power economics. 








NATURAL AND SYNTHETIC OIL. 

In Section XXVIII, concerned with the production 
of natural and synthetic oil and shales organisation, 
the subject of progress in the treatment of estonian 
oil shale was reported upon by Professor P. N. Koger- 
man, of the University of Tartu, and Mr. J. Roberts. 
The oil shales cover about 2,400 sq. km., largely 
exploitable in open cuts, with only a few feet of over- 
burden. The organic matter in them, known as 
kukersite, is obtained, in the Kohtla State plant, by 
distillation at temperatures between 400 and 900 deg. C., 
in Pintsch retorts, which are 2 m. in diameter 5 m. 
high, and in retorts of other types. One of these, the 
Kulschinsky retort, is a horizontal tunnel kiln of rect- 
angular section, subdivided by sliding partitions 
into three sections, a drying, a distilling, and a 
cooling chamber. The heating flue runs parallel 
with the tunnel, and the passage between the dis- 
tilling and cooling chambers is of spiral form. The 
Gréndal-Carlson-Zeidler retorts are somewhat similar. 
T. M. Davidson horizontal rotary kilns are being intro- 
duced. The products are a motor spirit of high quality, 
not inclined to knocking, a good lubricating oil, phenols 
for timber impregnation, &c. Raw shales are also 
used as fuels for loeomotives and in boiler houses, 
though they burn smokily. 

According to the report by the Japanese National 
Committee on the oil-shale distilling system at 
Fushun, the Fushun shale deposits, which overlie 
the coal measures in a thickness of 450 ft., are very 
extensive. They are estimated at 5,000 million tons, 
half of which may be obtained from a depth of 1,000 ft., 
but they are poor, containing only 5-5 per cent. of 
shale oil, so that the usual systems of distillation are 











not applicable. Several years of experiments with a 
system of internal heating have proved, however, 
successful, and a plant for a daily throughput of 
4,000 tons of shale was completed in 1929. It 
is an elaborate cyclic process. Producer gas, steam 
and ammonia (from the shale) are mixed in the 
distiller retorts, which are charged with the shale 
from above. The mixed vapours escaping from the 
retorts are drawn by exhausters through coolers, 
oil disintegrators, ammonia absorbers and secondary 
coolers. Part of the gas is burned for the regenerators, 
gas heaters and the steam boilers; another part 
is blown into the bottom of the retort at 500 deg. C. 
The extensive plant comprises crushers, retort houses 
with 80 sets of distilling retorts and gas producers, 
16 regenerators, 8 boiler stills, 28 sets of coking stills, 
crude-oil preheaters, &c. The 1,360,000 tons of shale 
which can be treated in a year are expected to yield 
60,000 tons of crude oil, 18,000 tons of ammonium 
sulphate, 54,000 tons of fuel oil, 4,000 tons of pitch 
coke, and 7,000 tons of refined white paraffin with a 
melting point of 56 deg. C. 

A similar report from Italy, by Mr. Andrea la 
Porta, commented on the distillation of the calcareous 
bituminous rock for the production of mineral oil in 
the Ragusa Districts, of about 30 km. radius, in 
Southern Sicily. This report laid stress on the fact 
that the oil of bituminous calcareous rocks is asphaltic, 
though the Ragusa oil contained only anegligibleamount 
of hard asphalt, and could be obtained by distillation 
proper, whilst shale required a hydrogenation process. 
The report was, on the whole, more commentative than 
descriptive. The rock is plentiful and easily accessible, 
but contains only 4 per cent., or less, by weight of oil. 
It had been treated since 1919 in kilns of the suction 
type; larger exploitation was now projected by the 
Government. 

The experiments dealt with in a paper entitled 
“* Investigation of the Cracking of Pure Hydrocarbons,” 
by Mr. G. Hugel, were conducted by two methods. 
Either the hydrocarbon was introduced, drop by drop, 
into a heated tube, when the vapours were only ex- 
posed for short periods to contact with the hot walls, 
or into autoclaves, where the contact lasted as long 
as the experiment. Whether the reaction took place 
in the liquid phase, the vapour phase, or in both, would 
depend upon the conditions of temperature, pressure 
and space. In the wholly liquid phase, no cracking 
seemed to occur. Unsaturated acyclical hydro-carbons, 
however, were more and more polymerised as the tem- 
perature (up to 400 deg. C.) and pressure were raised ; 
in the presence of a vapour phase (sometimes of CO,), 
there was also cracking. Higher temperatures (up 
to 650 deg. F. in other experiments) accelerated the 
reactions, but above 500 deg., also favoured conden- 
sation. Higher pressure seemed to promote the splitting 
up of the molecules, possibly owing to an improved 
heat transfer, and might altogether change the character 
of the resulting products. The first effect of heat 
seemed to be a loosening of the molecular bonds, 
leading to the formation of many isomers ; later, the 
chain was broken up and the unsaturated compounds 
formed took up hydrogen and were polymerised to 
products differing from the condensation products. 

Dr. A. E. Dunstan’s paper, representing Great 
Britain, was entitled ‘“‘ Methods of Utilising for Power 
Purposes the Petroleum Residuals and Waste Products 
of Refineries Concerned,” and referred chiefly to acid 
sludge, petroleum coke, asphalt residues and waste 
gases. The acid sludge problem, the disposal of the 
sludge resulting from the treatment of lubricating oils 
and kerosenes with sulphuric acid, had become very 
serious. When dumping into pits and rivers and 
the sea became illegal, separation and reconcentra- 
tion of the weak acid or some utilisation of the 
sludge was tried by many methods. The concentra- 
tion of the weak acid had been facilitated by the 
chemical process, in which hot air and gases were passed 
through the acid, and by its development, the geyser 
process, in which the acid was kept boiling by air while 
flue gases were blown over the surface, and also by the 
Simonson-Mantius vacuum process. The previous sepa- 
ration of the sludge from the acid in cooking kettles, 
however, was very difficult with sludge from cylinder-oil 
stock. It was carried out on a large scale in various 
stages by the aid of oil absorbents for the organic consti- 
tuents of the sludge on the method of Seidenschur and 
its modifications. The kerosene sludge could generally 
be separated into layers by the addition of water. The 
only effective use of acid sludge so far known was as 
fuel. For this purpose, the sludge had first to be 
mixed with fuel oil and then fed, in this fluxed state, 
through rotary burners made of special cast iron, which 
amounted to fuel incinerators, or injectors. In both 
cases corrosion was the great difficulty, especially 
corrosion caused by the condensation of acid moisture 
on boiler tubes. Asphalt ranged with the by-products 
when it was not suitable for road-making, water- 
proofing, or insulation. It then had to be burned, 
and the maintenance of theliquid form and prevention 





of coke formation on the furnace floors might cause 
trouble. Petroleum coke was useful as a fuel, for 
electrodes, gas generation, briquetting, &c.; 1,324,000 
tons of petroleum coke were produced in America in 
1928, and 40 per cent. of that quantity was con- 
sumed in the refineries themselves. The waste gases 
were absorbed by middle oils and recovered as motor 
spirit or burned. Much of the waste gas was cracked, 
and a good deal was simply the original natural gas 
which was distributed in pipe lines. 

Mr. J. Kewley, also of Great Britain, opened his 
paper on the “‘ Economic Aspects of the Future Supply 
of Diesel Fuel Oil’? by comments, supported by statistics, 
on the noteworthy adaptation of the petroleum industry 
to the changing demands that had helped to stabilise 
the industry. At first sight it might appear that 
the production of fuels for ignition by both sparks 
and compression should not offer difficulties, considering 
that the boiling points differed so much, but the 
increasing demand for petrol could not be met by one 
single product of crude oil. An increase in boiling 
point meant a decrease in anti-knock value; the crack- 
ing of heavier fuels would, however, yield petrols of 
suitable boiling point range and anti-knock value. 
Yet cracking was more easily applied to distillate fuels 
than to residuals. Engine manufacturers should pay 
further attention to heavy-fuel motors. While infor- 
mation about hydrogenated oils was not yet generally 
available, it should not be forgotten that Diesel 
himself regarded powdered coal as the ideal fuel for 
internal-combustion engines. Mr. H. C. Dickinson, of 
the United States Bureau of Standards, dealt with 
volatile liquid fuels from a similar standpoint, con- 
fining himself, however, to products which could start 
and operate engines of the usual carburettor type. He 
dwelt upon the results of recent fuel research, with 
special regard also to knocking and petrol specifica- 
tions. At present there was, in America, no prospect 
of any actual need for other sources of motor fuels 
than those derived from crude oil, natural gas and coal 
distillates. 

The chief fuels for the internal-combustion engines 
of Czechoslovakia were, according to Dr.-Ing. R. Siegel, 
benzene, mostly imported from Rumania, and dynal- 
kol, a native spirit to which 25 to 30 per cent. of 
benzene was added, mainly in order to prevent de- 
mixing of the water and alcohol. The research of the 
Japan Naval Fuel Department on the chemical com- 
position of the light distillates of Japanese petroleum, 
reported on by Mr. M. Akita, did not disclose any 
relation between the qualitative and quantitative 
composition of an oil and the site of the well and its 
depth. The percentages of naphthalenes were high, 
and increased generally as the percentages in aromatics, 
also relatively high, decreased. 


Sotip FvEts. 


The reports presented to Section XII, devoted to 
solid fuels, covered a wide range from coal mining 
to classification, carbonisation, clinker, fuel effici- 
ency and coal purchase and sale. According to a 
report by Mr. Scott Turner and the United States 
Bureau of Mines on mining of soft bituminous and 
lignitic coal by stripping methods, this experienced 
an extraordinarily rapid development during the war, 
when coal mining was highly profitable in America. 
It was firmly established by 1920, when the general 
conditions changed. Stripping implied coal mining by 
open cuts; the method was applied to sites which the 
previous generation would not have considered worth 
working, or would have attacked only by underground 
methods, The scarcity of unskilled labour, the short 
time in which production became possible, the shortage 
of transport equipment, the rising costs of timber, and 
the simplicity of the ventilation problems were among 
the reasons for the popularity of stripping, the technics 
of which were greatly improved, so that, by 1928, 
stripping produced 17 times as much coal in the 
Mississippi Valley and the Great Plains as in 1914, 
though the tonnage of coal thus recovered in the country 
was only 4 per cent. of the total. Some anthracite is 
also stripped in Pennsylvania, but only for domestic 
purposes. 

In his report upon the hydro-pneumatic classifica- 
tion of coal, Professor T. Takakuwa, of Japan, described 
experiments on three methods of separating coal. 
In ordinary hydro-pneumatic separators, air was 
introduced at the bottom of the washer, water was 
removed at the top, and the continued pulsations 
caused the heaviest particles to settle on the bottom. 
In the reversed classification, the coal container had 
perforated walls, through which the water could pass ; 
the tank was immersed in water and agitated vertically 
and horizontally, at right angles to the wire gauze 
walls, and the coarse particles then moved to the top. 
The combined process recommended required a table or 
trough washer with a perforated bottom, an air chamber 
under it, and a rotating valve or cock in the air main to 
render the air supply intermittent. The whole appara- 
tus resembled a jig of small dimensions and large 
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capacity. The problem of the further separation and 
grading of the layers deposited had not yet been 
solved. 

Among the more valuable of the reports on low- 
temperature carbonisation, one entitled “‘ Economics 
and Commercial Development of Low-Temperature 
Carbonisation in Great Britain’? was by Dr. C. H. 
Lander. In this he discussed the general considera- 
tions, and characterised the chief processes in use, their 
plants and products. Although the chief products (60 
to 80 per cent. by weight) of low-temperature carbonisa- 
tion of bituminous coal was coke, as in high-temperature 
working, the predominance was not sufficiently marked 
to govern the mode of operation, and the values of the 
coke and tar and other products suffered too much from 
competition. There were two types of plant: The 
externally-heated, intermittently-operated, and usually 
vertical retort produced lump coke and a rich gas, while 
the larger internally-heated retort gave a low-grade 
gas, but might also produce lump coke. The conditions 
of commercial success were different for the two types. 
The report tabulates the yields of plants tested by the 
Director of Fuel Research, and is based upon the Jatest 
information available in December, 1929. 

Mr. S. Yamaguchi’s paper on ‘“‘ Low-Temperature 
Carbonisation of Japanese Coal,” concerned experi- 
ments conducted at the Japanese Navy Fuel Depot. 
The retorts used were of the Thyssen (rotary kiln) 
and vertical Davidson types. Experimental research 
on coal distillation under pressure in the presence 
or absence of hydrogen, carried out by Dr. Leroux 
(France) employed charges of about 1 kg. in electrically- 
heated retorts. The pressures not being high, up to 
about 9 atmospheres, high temperatures were required 
and a suitable retort material that stood a hundred 
experiments had been found in the A.T.G. steel of 
the Aciéries d’Imphy for temperatures of 650, 750 
and 950 deg. C. Dr. Leroux considered the in- 
fluences of various temperatures, pressures and 
hydrogen concentration on the chemical character 
of the products and on their volume relations. 
With higher temperatures of the gas, yields increased, 
and the calorific values increased also, owing to the 
greater predominance of CO, H, and CH,, but the 
total calorific values were not much improved. The 
quality of the tar was less affected by changed conditions 
than that of the gas, and there seemed to be, for a given 
temperature, an optimum pressure for high calorific 
value, this being 7 atmospheres at 950 deg. C. 

Professor W. Swietoslawski, of Poland, suggested, in 
his contribution entitled ‘‘ Agglutinisation of the Coal 
and the Activation of its Surface during Coke Forma- 
tion’? that these were inverse phenomena, and de- 
scribed, in a second paper, a method for the improvement 
of semi-coke on this basis. By semi-coke he understood 
a coke dust obtained from non-coking coal distilled ata 
fairly quick rate in the dry at 500 to 600 deg. C. 
Caking coals passed at 350 to 450 deg. through a plastic 
state, and gave at higher temperature lumps of coke 
showing a little developed surface of small adsorptive 
power. Non-caking coals did not become plastic, and 
gave powdery coke or brittle lumps of greater surface 
development and adsorptive power. Vitrain and durain 
belonged to the former and fusain to the latter 
class. The more active the surface of a coal, the more 
difficult was its impregnation with pitch at 80 to 90 
deg. for briquetting. In blending coals attention 
should chiefly be paid to caking properties. Briquettes 
could be made from semi-coke and coal-dust as binder, 
heated to 380 to 440 deg. and compressed. These 
briquettes, even when made from non-caking coal and 
pitch, gave a metallurgical coke; it was acknowledged, 
however, that longer experience was required to settle 
the question whether coke with a high percentage of 
semi-coke would really satisfy metallurgists. 

A paper on the melting point of coal and coke ash 
was presented by Mr. 8. Qvarfort, of Sweden. Clinker, 
it was stated, gave considerable trouble in domestic 
central-heating furnaces, partly because the attendants 
were inexperienced. But the problem was more complex 
than was generally thought, and the formulac for calcu- 
lating the melting point of an ash from its chemical 
composition were misleading. It was true that silica 
and alumina raised the melting point, whilst iron oxide, 
lime and magnesia lowered it. Suitable additions 
might, therefore, be helpful, but the possible reactions 
were not simple. The softening point, which the 
American and British specifications tried to determine, 
was more characteristic than the melting point of the 
German practice. In Swedish gas works, a Seger cone 
was formed out of the powdered material, mixed with 
gum solution, dried slowly, and then heated by a 
Méker burner (up to about 1,500 deg. C., if necessary), 
until it collapsed. Discordant results had, however, 
been obtained with coke. They were first ascribed to 
the fact that the iron might be present as FeO, and not 
as Fe,0,. But it was observed that the gritty coke 


attacked the steel balls of the mills, and introduced 
sufficient iron into the ashes to lower the melting point 
by as much as 200 deg. C. 





This was accepted, although | 


the addition of 2 or 3 per cent. of Fe,0, to coke and | and peat are the only fuels. Water power will 


coke ashes did not lower the melting point so markedly. 
The size of the coke was also important for the 
fusibility, and this might be connected with the unequal 
distribution of the pyrite in the coal. 

According to the paper entitled “‘ Statistical Studies 
of Progress in Fuel Efficiency,” by Messrs. F. G. Tryon 
and H. O. Rogers, of the United States, standards of fuel 
efficiency remained, for many decades, low in America, 
owing to the abundance of coal and natural gas, and 
fuel technology was not organised till 1908. In coal 
mining, it was concluded, the accentuation of fuel 
economy had favoured over-production, and had been 
partly responsible for the declining prices and unem- 
ployment. The gradual mechanisation of mining and 
surface preparation had greatly increased the output 
per worker and the generation of a million kilowatt- 
hours now required only 22 per cent. of the labour 
needed twenty years ago. 

Two contributions entitled the ‘‘ Purchase and 
Sale of Coke to Specification,’ were presented from 
Great Britain, one by Mr. E. C. Evans, on behalf 
of the National Federation of Iron and Steel Manu- 
facturers, the other by Messrs. R. A. Burrows and 
N. Simpkin, on behalf of the British National Com- 
mittee. In the Midlands, coke purchase and sale to 
specification was in operation for some time in 1924, 
but the conditions were not favourable to the iron 
industry, because the districts did not produce enough 
coke, and that not of sufficient uniformity, so that 
imports from Durham and South Wales were not 
discontinued. The three Coke Research Committees 
of Sheffield, Newcastle and Glasgow had since agreed 
upon shatter and screening tests. With regard to 
chemical properties, moisture, ash, sulphur, as well as 
sampling, however, a fair basis of valuation had not 
yet been established. The second report pointed 
out that both buyers and sellers were reluctant to 
trade to specifications, in view of the diversity of 
the products and treatments and the many com- 
mercial grades. The calorific valuation basis was not 
much in favour, partly because it was inadequate. 
Contracts based upon specifications would promote 
understanding between buyer and salesman, and 
would maintain a higher standard of purity in the 
coal, but would require more general technical know- 
ledge. 


Power Economics In INDIVIDUAL COUNTRIES. 


In the most general of the contributions to Section 
IX, on heat, fuel and power economics in indivi- 
dual countries, Mr. E. Haidegger, of the Hungarian 
National Committee, correlated the energy balances 
of the States of Central Europe, dealing with the 
chief countries, excepting Great Britain and Ireland, 
Scandinavia, Russia and Spain. He estimated that 
each individual of the 1,867 million people on the 
whole globe required 9-45 million kg.-calories a year, 
representing a value of 64 marks. The average energy 
demand was greatest in Belgium, which country 
also depended least upon fuel and energy imports ; 
but these figures comprised coal for navigation. The 
consumption of electricity per head was greatest in 
Switzerland, which also exported the largest amount 
of hydro-electric energy. Mr. Haidegger considered 
that the best method of improving the power- 
supply problem consisted in increased power-supply 
co-operation and a mutual interchange of electrical 
energy. That interchange had, in 1926, amounted 
to about 1,000 million kilowatt-hours, and had 
been steadily increasing since. The effect of this 
inter-state energy balance and of the rationalisation 
of internal power supply could best be observed 
by establishing yearly energy balances. 

The other papers dealt with the power sources of 
separate countries. Dr. Aufhaiuser reviewed the 
coal and lignites of Germany, the production of 
which amounted to 150-9 million tons for the former, 
with 166-2 million tons of lignite, in 1928. The greatest 
attention was being paid to the utilisation of the 
fuel as a chemical raw material, but progress in 
that direction was naturally slow. Lignite carbon- 
isation and gas supply were being combined. The 
report by Professors M. G. Levi and C. Padovani on 
Italian fuels concerned mainly their own research 
work. The coal and lignite resources of Italy were 
estimated at 440 million tons, but this figure probably 
underestimated the lignite in Julian Venetia and the 
anthracite of Piemont. Oil drilling, so far, had not 
been successful. Natural gas was exhaled at many 
spots (the authors has examined over 100 occurrences), 
but nowhere in paying volume, and the imports of 
coal and oil into Italy were greater than before the war, 
in spite of the development of hydro-electric power. 

Lithuania, according to Professor St. Kolupaila, is a 
country of 55,700 sq. km. (about 21,500 square miles) 
area with 2,300,000 inhabitants, mainly depending 
upon agriculture. There are 1,500 mills, driven by 
wind, water or steam, 270 saw mills, some cardboard 
and cellulose works, leather manufactories, &c. Wood 





become important, although, at present, only 5 per 
cent. is developed. 

In Poland, oil, according to the paper by Mr. W. 
Rosenthal on the Boryslaw Naphtha District, and natu- 
ral gas, according to Dr. Witkiewicz, occurred on the 
Carpathian slopes in the extreme south of the country, 
in what was Austrian Galicia before the war. The 
oil resources were estimated at 160,000,000 tons, of 
which about 28,000,000 tons had, so far, been produced. 
The Boryslaw field had its main wells near Boryslaw 
(south of Lwow, Lemberg), Tustanowice and Mraznica. 
The 27 refineries had an aggregate yearly capacity 
of 120,000 tanks, of 10 tons each. The largest Govern- 
ment refinery, at Drohobycz, could deal with 25,000 
tanks. The crude oil was said now to contain only 
5-4 per cent. of valueless impurities, against 15 per 
cent. in 1920. The chief products were petroleum 
(52-5 per cent.), gas oil (19 per cent.), lubricants 
(16-4 per cent.), benzene (14-5 per cent.), paraffin 
(6-1 per cent.), asphalt, coke and grease about 5 per 
cent., leaving 6-5 per cent. of other products and waste. 
Up till 1920, most of the natural gas was directly 
burnt. Its use in internal-combustion engines had 
not been very satisfactory ; electric motors were more 
popular, especially as electric power was now replacing 
steam. The electric power was generated at low costs 
in oil refineries ; 120,000 million kw.-h. were now used 
in a year. 

The natural gas of Poland was dry in the Krosno 
and Daszawa districts and wet in the Boryslaw and 
Bitkow fields. Some 460,000,000 cub. m. of a gas 
containing 85 per cent. to 95 per cent. of methane were 
at present produced in a year. The natural gas pressure 
of 60 atmospheres was sufficient for the distribution by 
the Daszawa pipe lines 100 km. in length; there were 
two other shorter pipe lines. The pipe diameters were 
158-168 mm., and the pipes were laid in sections of 
5m. or 6m. in length. The petrol separation from 
the gas was started at Boryslaw in 1914; it now 
amounted to 30,000 tons a year, and was mostly pro- 
duced by absorption with the aid of activated carbon. 
Recently, gazol, a mixture of propane and butane, 
had been prepared from the natural gas for the carbu- 
ration of water-gas. 

Yugoslavia, according to Mr. F. Bratina and 
Dr. F. Podbreznik, did not produce any natural oil 
in spite of indications. The natural gas (methane), 
near Lipik and Susak, was not yet utilised, though 
a pipe line to Zagreb (Agram) was planned. The 
coal was geologically young, brittle, high in sulphur, 
hygroscopic and inclined to spontaneous combustion, 
so that coal for the iron and steel industry had to be 
imported. The coal production of the country had 
increased from 2,240,000 tons in 1919 to 5,000,000 
tons in 1928; one-third of this was used as fuel by 
the railways. Wood and peat were the other solid 
fuels. 

The Argentine Republic, reported on by Mr. H. 
Platz, had to import three-quarters of its coal and oil. 
Coal was not found in commercial quantities ; wood 
was plentiful, and peat was obtained from the coast 
of Tierra del Fuego. The oil occurrences were mostly 
potential. In remote districts 1,300,000 tons of oil 
were produced in 1928, and this bulk should be raised 
to the 6,500,000 tons needed in four years. There were 
refineries for the chief products of the country. 

Of the two contributions from Russia, one, by 
Dr. E. H. Jakovlev, entitled ‘‘ Heat and Power 
Equipment of the Elektrotok Leningrad State Gener- 
ating Plant,” dealt briefly with too many features, 
plant, working and research, to be very instructive. 
The fuel used was either peat, obtained by the Klasson 
process, described in ENGINEERING, vol, cxx. page 177 
(1925), or by the pneumatic process of Marakiev, or 
Donetz coal, mostly burnt on chain grates, or fuel oil, 
used only for peak loads. The other report, by Mr. 8. 
Balakschin, on the energy resources of Siberia, men- 
tioned that the coal deposits of Siberia: represented 
5-4 per cent. of the coal resources of the world. 
There were rich coalfields, for instance, in the Kusnezki 
district of Central Siberia, where iron ores, water- 
power, and forests promised great industrial develop- 
ments; sugar and cement works and various mills 
were already under construction. 


\ 
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(To be continued.) Wp I 








COMPETITION OF INDUSTRIAL Desians, 1930.—The 
public exhibition of works sent in for the 1930 open 
Competition of Industriai Designs, organised by the 
Royal Society of Arts, John-street, Adelphi, London, 
W.C.2, will be held in the Exhibition Pavilion of the 
Imperial Institute, South Kensington, 8.W.7, from 
August 2 to 31 next (Sundays included). The arrange- 
ments for the 1931 Competition will be considered in 
September. A number of scholarships and prizes are 
offered annually, in connection with these competitions, 
for designs for architectural decoration, textiles, furni- 
ture, book production, pottery and glass, showcards, 
posters, &c. 
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TRIAL. TRIP PERFORMANCES OF 
THREE SIMILAR SHIPS,* 

By W. H. Wootnovas and A. M. Ross, D.Sc. 

THE trial trip results for three similar ships are 
given in Fig. 1. The ships are all 370 ft. long by 
51 ft. beam, the block coefficient being 0-7623, and 
the prismatic coefficient of the after-body 0-7311 at 
22 ft. 6 in. draught, while the mid-section coefficient 
was 0-9869. The trials were carried out over the 
Skelmorlie mile with the ships in loaded condition. 

Blairmore was launched on July 12, 1928, and was 
not docked prior to the trial on August 24. Blairspey 
was launched on September 5, 1929, and was not 
docked prior to the trial on October 24. Blairnevis 
came out of dry dock on February 21, 1930, seven 


Blairspey shows a decided improvement as the result 
of the modifications, even although the weather 
conditions were not so favourable to Blairspey as to 
Blairmore, nor was the later ship in such good trim. 
In the case of Blairnevis it was not possible to run a 
complete progressive trial, since the available time was 
restricted by the occurrence of a fog in the early 
part of the day; sea conditions and visibility were 
good during the trial, and the ship was in satisfactory 
trim. The two double runs carried out over the 
mile were made at speeds chosen to give some confirma- 
tion, or otherwise, of the Blairspey results. Before 
attempting any analysis of the performances an 
investigation was made into the powers recorded on 





the trials. All the indicator cards were examined, 
| the mean pressures measured, and the powers given 


days before the trial. The first of the three ships,| by the engine-builders verified. Investigation of 


Fig.1. 
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(1) Blairmore. (2) Blairspey. 
August 24, 1928. October 24, 1929. 


Draught: F = 22ft.9in.; Draught: F = 22 ft. 0in.; 
A = 23 ft. lin.; Am 23 ft. 10in.; 
re Mean= 22 ft. 11 in. Mean = 22 ft. ll in. 
Displacement= 9,440 tons. Displacement= 9,490 tons. 
Propeller: 80 sq. ft. ; Propeller: 84 sq. ft. ; 


D=16 ft. 6 in. ; D=16 ft. 9 in. ; 
P =16 ft. 6 in. P =17 ft. 0 in. 
Light southerly wind, sea Moderate wind and sea. 
smooth. 


(3) Blairnevis. 
February 28, 1930. 
Draught : F = 22 ft. llin.; Propeller: 84 sq. ft. ; 
A = 22 ft. llin.; D = 16 ft. 9 in. ; 
Mean = 22 ft. 11 in. P = 17 ft. 0 in. 
Displacement = 9,490 tons. Foggy, calm. 


Blairmore, has an ordinary stern frame and rudder. 
The two later ships, Blairspey and Blairnevis, have 
rudders of the type developed by Messrs. Wm. Denny 
and Brothers, Limited, as a result of experiments in 
the Dumbarton tank. In these two ships the propellers 
were increased in diameter, pitch and surface in order 
to modify the steam conditions in the main engines ; 
the blade sections were also made slightly more bull- 
nosed. In Blairmore the upper after water-lines 
finish on a flat plate over the propeller aperture ; 
in the later boats the water-lines are slightly filled out 
over the aperture. These differences are indicated 
in Fig. 2. all other respects the lines of the ships 
are identical, so far as is possible with three ships 
built in two shipyards ; the difference in load ——. 
ments noted under Fig. 1 is an indication of the almost 
inevitable variation. 

Comparison of the power curves for Blairmore and 

* Paper read before the Institution of Naval Architects, 
at Liverpool on Tuesday, July 15, 1930. Abridged. 





BLAIRSPEY 
BLAIRMORE. ANDO BLAIRNEVIS. 
DENNY RUDDER. 
Fig.2 
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the card factors and steam contents of cards showed, 
however, some irregularities, and the values of indicated 
horse-power were therefore adjusted. The indicated 
horse-power curves so adjusted are shown in Fig. 3; 
the spots recorded on trial are also shown. It will be 
seen that in the first and last pairs of runs for Blairmore 
the powers have been reduced, while in the full-power 
run of Blairnevis the power is increased. The curves 
for the three ships are now approximately parallel. 


While the analysis of the performances was being Thrust, Ib 


carried out, the trial records as given in Fig. 1 were 
shown to Messrs. Wm. Denny and Brothers, Limited. 
Since these results embody the only available full-size 
comparison of the effect of the Denny rudder as 
compared with an ordinary rudder, Messrs. Denny 
kindly offered to carry out some experiments in the 
Dumbarton tank. The first piece of information 
obtained from the tank is shown in Fig. 4, where shaft 
horse-power is taken to be 0-9 x indicated horse-power. 
The diagram was accompanied by the following 
remarks :—‘ In the first place, we think you will agree 
that the engine horse-power curve is likely to be the 
most correct piece of data on the graph. In the 
second place, we think you will agree that an efficiency 
curve should be a smooth curve. We do not demand 
that it shall be a straight line, or even not be subjected 
to slight reverse curvature; but it should certainly 
not be a broken line, nor is there usually any reason to 
expect violent changes in outline. If this view be 
conceded, it is then possible to check up a curve of 





indicated horse-power produced on trial, and to modify 
those individual spots which manifestly stand in need of 
adjustment. On this basis it is seen that the Blairmore 
indicated horse-power (or shaft horse-power) curve 
needs attention at the bottom end. So far as the 
absolute value of the efficiency for this ship is concerned, 
it is, to our view, somewhat low, even taking into 
account the fact that the vessel has a square stern-post. 
On the basis of indicated horse-power the efficiency 
is only of the order of 52 per cent., whereas a common 
figure is some 10 per cent. higher than this. Now, 
considering the efficiency curves of the Blairspey and 
the Blairnevis, it is obvious there is something wrong. 
Neither curve, we think, should have as much departure 
from the horizontal as is shown on the graph, but a more 
disconcerting feature is that the one is a rising curve 
while the other is a falling one. It looks as if the 


TRIAL RESULTS AS AMENDED. 
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| top spot for shaft horse-power in terms of speed for 
| the Blairnevis should either be lifted or moved to the 
left, and it looks as if the bottom spot for the Blairspey 
should be raised or moved to the left.” 

Messrs. Denny subsequently supplied the following 
tank results for Blairnevis :—Speed, 11-56 knots ; 
revolutions, 71-72 ; screw horse-power (draught 
horse-power), 1,449. These results are for the 
naked model with the propeller on an independent 
dynamometer. Messrs. Denny have found that in a 
single-screw ship the effect of their type of rudder is to 
increase the tank screw horse-power by about 4 per 
cent. Making this correction the results become :— 
Speed, 11-56 knots ; revolutions, 72-65 screw horse- 
power (draught horse-power), 1,505. From the trial 
results as amended, see Fig. 3, the figures are :—Speed, 
11-56 knots ; revolutions, 72-4 ; indicated horse-power, 
1,780. The tank horse-power and the trial horse- 
power are in perfect agreement if the transmission 
efficiency of engines and shafting is 84-5 per cent. 

Since the indicated horse-power curves as amended 
seem to be justifiable the differences in performance 

















| Taste I. 
— Shaver 4, | Blairmore. | Blairnevis. 
Ship speed, knots 10-45 10-05 10-05 
4: 4 ee Pe ae 1,984 1,375 1,109 
2 ae ae ae 1,675 1,161 7 
Real slip aa a4 0-278 0-304 0-217 
Speed of advance of pro- 
peller, knots .. ae 8-22 7°43 8-25 
Wake factor v, 44 1-272 1-353 1-219 
Propeller efficiency 0-650 0-642 0-694 
TEe.. -«. ia aa 1,089 746 650 
Er... .- a BS: 1,011 723 723 
Hull efficiency .. as 0-930 0-969 1-112 
Thrust deduction factor 0-732 0-717 0-914 
Propulsive coefficient .. 0-51 0-526 0-652 
, Ib. < ‘ 43,150 32,700 25,670 








shown by them can be summed up thus :—For 10-05 
knots Blairmore required 1,375 indicated horse-power, 
whereas Blairnevis required only 1,109 indicated horse- 
power. Alternatively for 1,109 indicated horse-power 
the speed of Blairmore was 9-4 knots, whereas the 
speed of Blairnevis was 10-05 knots. For 1,780 indi- 
cated horse-power the speed of Blairmore was 10-93 
knots, whereas the speed of Blairnevis was 11-56 knots. 
Blairspey is excluded from the comparison because of 
the adverse circumstances under which the trial was run. 

The first attempt at an analysis of the performances 
was based on the use of Froude’s propeller curves. 
The method of analysis was to work from the horse- 

wer delivered to the propeller to find the thrust 
horee-power delivered by the propeller and the slip 
at which the propeller works. Only Blairmore and 
Blairnevis were taken into account, and the investiga- 





tion was based on a ship speed of 10-05 knots, the 
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lower speed recorded for Blairnevis. The mechanical | 
efficiency of the engines and shafting was taken to be | 
84-5 per cent. for the determination of the horse-power 
delivered to the propeller; this figure was chosen | 
prior to receipt of the tank particulars given above. 

In order to provide a comparison with the Blairmore 
results an analysis was also made of the performance 
of the War Shamrock at 10-45 knots, the trial results, 
and also the engine horse-power curve, of this ship | 
being available. The various figures obtained from 
the analyses are given in Table I. 

Comparison of Blairmore with War Shamrock does 


closely related to the shearing strengths of the single 
brick than to any other strength property of the brick. 
Cement mortar gives higher wall strengths than 
cement-lime mortar, and much higher than lime 


/mortar. Large differences due to variations in work- 
'manship were found. Damp curing gave no advantage 


over walls cured under ordinary conditions. The 
inquiry is of outstanding interest. 





Dr. William Kunerth’s Textbook of Illumination 
[New York and London: Chapman and Hall; price 
15s. net.] is based upon a course of lectures which he 


not show up any abnormal figure. Both ships have has been delivering, as assistant professor of physics 
bronze propellers and normal rudders. Comparison | at the Iowa State College, to senior students of 
of Blairmore with Blairnevis shows the latter ship | electrical engineering. If the subject is covered in 
to have a smaller wake, smaller real slip, an increased one semester by two lectures and one laboratory prac- 
thrust deduction factor, or to revert to an old-fashioned | tice a week, as the reader is informed, the students would 


term, much reduced augmentation of resistance. 
An alternative investigation was carried out by 
means of a series of propeller curves derived from | 
Taylor’s earlier curves, the modifications being made 
as the result of extensive analyses of trial trip records. 
The results of this investigation are given in Table IT. 


seem tohave to work very hard. Professor Kunerth 


‘successfully tries, however, to present his matter in 


clear language, though the first of two chapters on 
luminaires does not define this term, and does not even 
use the word in the first twelve pages of this chapter, 
which deals with electromagnetic energy and reflection 


|and absorption of light in general andin its depen- 


TaB_e II. 


| Blairmore. | Blairnevis. | 


Ship speed, knots 7 10-05 10-05 

LEE. o« we ; 1,380 1,109 
Da, as oe oat 1,170 938 
Real slip.. oo... i ..| 0-297 0-245 
Speed of advance of propeller knots | 7°54 7-96 

Wake factor v | 1-883 1-261 

e \ ' 

Propeller efficiency aw “* aan 0-647 | 0-669 
? *§ - ae - ae 757 | 627 
BP. .. x vs a “ 723 723 
Hull efficiency .. 7 ss ae 0-956 1-153 
Thrust deduction factor Fe val 0-717 | 0-914 
Thrust, Ib. ae a es 32,700 25,640 





While these figures are not in perfect agreement with 
those from the earlier analysis, they show the same 
tendencies, smaller wake, smaller real slip, and reduced 
augmentation of resistance, as the effect of the modi- 
fication to the rudder. It would seem that the 
rudder-post of Blairmore prevents the water flowing 
freely away from the propeller, and that the increased | 
slip involved results in increased suction on the after | 
end of the ship. The very important consideration is, | 
however, that the thrust necessary to propel the | 
Blairmore is 27} per cent. greater than that necessary 
to propel Blairnevis. This difference may to some | 
pe 2 explained by difference in frictional resistance | 
due to Blairmore not having been docked before the | 
trial, whereas Blairnevis had been docked a week before | 
the trial, But even if a discount be made for this | 
factor, there remains a considerable difference which 
can be attributed only to the difference in stern frame 
and rudder. Acknowledgment is due to Messrs. Wm. 
Denny and Brothers, Limited, for the supply of tank | 
information and for a lively interest in investigating a 


| 


| dence upon the material, shape and position of the 
‘lamp globe or shade. 


The alphabetical index is too 
poor to be of much help in this respect. It is evident 
that the course of lectures was expanded into a text- 
book after study of technical literature, and also of 
bulletins, such as those of the Edison Lamp Company. 
The first eight and the last seven of the eighteen 
chapters of the volume, explaining respectively 
general theory and practical illumination problems, 
street, house and industrial lighting, &c., are more 


| consistently arranged than the intermediate chapters, 


in which the Eye is interposed between Light Projec- 


'tion and Standard Lamps. The problems at the end 


of each chapter, neither worked out nor answered, 
seem still to be considered indispensable in certain 
classes of American text books. The so-called ex- 
periments, which neither the table of contents nor the 
index mention, are, however, a welcome addition 
to the usefulness of the book; the experiments give 
further information upon the application of experi- 


| mental methods. 





Messrs. Sir Isaac Pitman and Sons, Limited, have 
ublished a useful addition to their sixpenny hand. 
ks on Definitions and Formule for Students, the 
subject dealt with being building, and the author 
Mr. T. Corkhill, M.I.Struct.E. Students, particularly 
those who have to rely on private study, have often a 
difficulty in ascertaining the precise signification of 
the technical terms employed, and the first section of 
this book is, therefore, devoted to defining these ; 
the text being elucidated where necessary by engravin e. 
This is followed by a section on Mensuration, the 
formulce being given without proofs, which, in fact, 
would be out of place in a work intended wholly for 
reference purposes. The same plan has been followed 
in the sections on Trigonometry and on Structural 


oblem. Acknowledgment is due also to Messrs.| Formulw. In the latter case methods of or 
rge Nisbet and Company, Glasgow, for granting | the section modulus and moments of inertia for 
permission to publish any of the trial information | usual sections are given. but we would suggest to the 


that might be of interest to the Institution. 








NOTES ON NEW BOOKS. 


Tue results of an experimental inquiry into the | 
compressive strength of clay brick walls has been | 
issued by the Bureau of Standards of the United | 
States Department of Commerce as Research Paper | 
No. 106, price 30 cents. The opening paragraph 


| 


| author that the inclusion of the modulus section for 
| an L section is apt to mislead the student into thinki 


that a T and an L of similar proportions and weight 
are equally effective as beams. A Memorandum on 
excavation, brickwork, slating, carpentry and painter’s 
work, constitute the concluding section of this handy 
little book of reference. 





Newspapers and periodicals constitute so great a 


of this report, giving a good idea of work done, says: | part of our ordinary everyday life that it is difficult 
“Comparative tests of 165 walls of common brick, to picture the world as it was, not so very long ago, 
each 6 ft. long and about 9 ft. high, and of 129) when journals were only accessible to the comparative 
wallettes about 18 in. long and 24 in. high, were |few. Nowadays, in spite of amalgamations and incor- 
made. Four kinds of brick, three mortar mixtures, | porations, the number of periodicals seems to be ever 
two grades of workmanship, different curing conditions, | growing. A cursory glance through Willing’s Press 
and 10 different types (three solid and seven hollow) | Guide, 1930, shows what an enormous number of 
were the variables.” The method of testing is described | newspapers and periodicals are published in Great 


in detail, with tabulated results, supplemented by 
diagrams. Individual bricks were tested under com- | 
pression, transversely, in tension, for shear, and for | 
absorption. The walls and “ wallottes ’’ in two series, 
representing different grades of workmanship, are 
described, with partioulars relating to rate of building, 
materials, thickness of joints, damp curing and age. 
The basis of computation, deformations, behaviour 
ander load, comparison of solid and hollow walls, the 
effect of mortar strength, and the influence of damp 
curing, quality of workmanship and other matters 
are discussed. Difficulty in defining in an understand- 
able manner the two grades of workmanship is over- 
come in large measure by lucid description and by 
good reproductions of photographs, together with rates 
of progress, this being noticeably affected by the con- 


ditions under which the men worked, whether for an 
overall price, or at a day rate. A summary of the 
principal iresults shows that wall strengths are more 





Britain and Ireland alone. The alphabetical list of 


these, which constitutes the main feature of the volume, | 
| occupies 240 closely printed pages. Taking an average 


of 30 per page, we arrive at 7,200 publications ; truly 
a very formidable total. In this list, following the name 
of the journal, are given the year of establishment, the 
date of publication, the price, and the publisher’s 
name and address. This main alphabetical list 
is supplemented by others, in the first of which the 
publications are classified according to the trade, 
profession or subject dealt with. Further classified 
entries comprise the publication date of London 
periodicals, a list of London suburban papers under the 
name of the place in which they circulate or are 
published, alist of Provincial daily papers, the London 
addresses of Provincial publications, and a geographical 
index of Provincial journals, arranged under their 
respective counties. Other sections of note are the 
chronological table of the oldest British publications, 


some interesting information regarding which is 
included ; and a list of titular changes and amalgama- 
tions which have taken place during the past ten 
years. Compared with the British section, the foreign 
section is smaller and not so detailed, nevertheless 
it is a comprehensive directory of Dominion, Colonial 
and foreign publication. It is divided into two main 
sections, namely, a list of London addresses of Colonial 
and foreign journals and a geographical index covering 
the whole world. It is evident that the book, which is 
now in its 57th year of publication, has been patiently 
and efficiently revised. It is well printed and bound, 
and is obtainable at the low price of 2s. 6d. net from the 
publishers, Willing Service, Willing House, 356-364, 
Gray’s Inn-road, King’s Cross, London, W.C.1. 











CATALOGUES. 


Aeroplanes.—We have received from Messrs. Junkers, 
Berlin, a copy of their house magazine describing aero- 
planes and other products of the firm. The text is in 
German. 

Gyro Instruments.—Several installations of gyro- 
compasses and gyro-pilots, beacon lights and search 
lights, are described in a new issue of the house journal 
published by Messrs. The Sperry Gyroscope Company, 
Limited, 15, Victoria-street, London, S.W.1. 


Valves.—We have received a copy of the house journal 
issued by Messrs. Crane and Company, 836, South 
Michigan-avenue, Chicago, U.S.A. It deals mainly 
with matters of interest to the company’s staff at their 
works and their numerous branches and agencies. 


Steel—A new edition of their catalogue of castings 
and forgings for parts of dredger plant has been issued 
by Messrs. Samuel Osborn and Company, Limited, 
Sheffield. The parts are chiefly of manganese steel and 
toughened cast steel, and include buckets, bucket lips, 
bushes, pins, wheels, tumblers, &c. 


Steam Plant.—Messrs. Sulzer Brothers, Winterthur, 
Switzerland, have sent us a copy of their house magazine 
containing descriptions of tests of central-heating boilers, 
of clear-ice making plant installed by them in Argen- 
tina, and giving particulars of a number of reciprocating 
steam engines for which they have recently obtained 
orders. 

Special Cements.—Messrs. The Cement Marketing 
Company, Limited, Portland House, Tothill-street, 
London, 8.W.1, have sent us a copy of their bulletin 
showing the application of Ferrocrete and Snowcrete 
Portland cement preparations; the former to the 
construction of cooling towers, warehouses, bridges, 
&c., and the latter to rendering where a white surface is 
required. 

Oil Engines.—Messrs. The Hamworthy Engineering 
Company, Limited, Poole, Dorset, have issued a new 
catalogue of paraffin engines made in two sizes, 2} h.p. 
and 4 h.p., in hopper-cooled and tank-cooled types, 
each being supplied for stationary work or mounted on 
wood skids or on a four-wheel truck. A detailed speci- 
fication is given, with prices, weights and full commercial 
and shipping particulars. 

Woodworking Machines.—Messrs. Wadkin and Com- 

pany, of Leicester, have issued a folder illustrating many 
of their woodworking machines, including planers cross- 
cut and trenching saws, canting-spindle saws, tenoning, 
mortising, boring, moulding and other machines. They 
are all made with rigid frames, and are fitted with many 
improvements for easy, quick and safe operation, and 
all can now be supplied with built-in electric motors. 
} Messrs. Beyer, Peacock and Company, 
| Limited, Manchester, have sent us a copy of their 
|house journal containing excellent illustrations of 
;some of the locomotives constructed by them for 
railways in Rhodesia, Uruguay, Argentine, Holland and 
| Venezuela. There are also very striking views of the 
| mountain and coast country in Venezuela traversed by 
| two railways for which Messrs. Beyer, Peacock con- 
structed special engines. 

Rotary Converter—A detailed description, with test 
results, is given in the Brown-Boveri review of a rotary 
converter constructed by the firm for service in New York. 
The machine, which is said to be the largest yet built in 
Europe, has a continuous rating of 4,200 k.w. when 
supplying 14,800 amperes, and a two-hour rating of 
6,300 kw. when supplying 22,000 amperes. The machine 
can withstand a temporary overload of 45,000 amperes. 
|The London office of the firm is at Trafalgar House, 
| Waterloo-place, S.W.1. 


| Driving Ropes.—Messrs. Thomas Hart, Limited, 

Blackburn, makers of the ‘‘ Lambeth ’”’ cotton driving 
| ropes, have sent us a copy of a new edition of their 
| handbook on rope driving. The contents are divided 
| into chapters on the system of rope driving, designing a 
| drive, angular drives, points about working, materials 
}and method of making the rope, and instructions in 
splicing. The text is simple and practical, with illus- 
trations where necessary, and the book will be welcomed 
by engineers and millwrights. 

Water Taps.—A very complete range of water taps 
and similar fittings for domestic use, hotel, &c, is shown in 
a catalogue received from Messrs. The London Valve 
Company, Limited, Whitehall-road, Great Bridge, 
Staffs. The fittings are generally made in several 
qualities such as polished brass, ae. nickel plate, 
white metal, chrome plate, &c. Unions, couplings, &c., 
specially for radiators and fittings for hose pipes, are also 
dealt with. Dimensions and prices are stated and an 
illustration of each fitting is given. 
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RUBBER MAKING MACHINERY. 


THE use of rubber as an engineering material is 
from time to time illustrated by examples at 
various exhibitions, but, interesting as these may 
be, they are of little service in throwing light on the 
progress of the technique or machinery required to 
produce them, both of which are being constantly 
elaborated. It is probable, that an account of 
some of the newer processes and appliances will 
appeal to most engineers, in the same way that 
current knowledge of the methods of production of, 
say, iron, steel and the non-ferrous metals, is accepted 
as being a necessary part of their technical equip- 
ment. This account, in some measure, supplements 


the information given in a paper by Mr. H. C. 
Young on “Some Mechanical Problems in the 
Rubber Industry.”* So wide is the subject, however, 
that its treatment in exhaustive form is impossible, 
The examples 


and a selection has had to be made. 





transmission and conveyor belting, all types of hose, 
rubber tiling and flooring, railway buffers and 
general mechanical parts. Clearly such a variety 
necessitates differences in the preparation and 
treatment of the raw material, and it is impossible 
to deal with these in any detail. The paper referred 
to above should be consulted for an account of the 
primary processes ; the present articles will be limited 
to a description of some of the apparatus recently 
installed. We commence with the plant illustrated 
by Figs. 1 to 19 below and on pages 96 to 98 and 110. 
It may be mentioned here, that since Mr. Young’s 
paper was written, processes involving the use of 
the fluid latex, shipped direct in this form from the 
plantations, have reached the production stage, 
and fabrics, gloves and other articles coated with 
or composed of it, are now regularly being made. 
Such processes involve, of course, a much less 
complicated routine than that of utilising the masti- 
cated rubber employed in the larger products. 





» 
¥ 








Fie. 1. 


chosen are derived from the Manchester works of 
Messrs. Dunlop Rubber Company, Limited. These 
works, known as the Charles Macintosh and Com- 
pany, Limited, Branch, are, as may be inferred 
from the name, the premises originally occupied 


by the firm famous for the introduction of water- | 


proof garments, and for the development of Thomas 
Hancock’s invention of the important process of 
vuleanisation. While the old buildings are still 
occupied, the factory has been greatly extended, 
and now, occupying a site in the heart of Manchester, 
provides employment for some 5,000 workpeople. 
The Dunlop Rubber Company assumed control 
in the year 1925, and thus utilise in their great 
organisation the long and probably unique experi- 
ence of the older company in the manufacture of 
an immense variety of industrial rubber goods 


which go by the name of “ Macinlop Products,” | 
as well as of parts which have a more direct engineer- | 


ing application. The latter may be summarised 
as all types and sizes of pneumatic tyres, solid 
tyres for commercial vehicles, rubber parts for 
transport work, all types and sizes of rubber-covered 
rollers, ebonite and rubber-covered metals for 
chemical and allied industries, balata belting, 





*See ENGINEERING, vol. exv, page 247 et seg. (1923). 





3,200-Ton HypravuLic VULCANISING PREss. 


One of the most impressive machines recently 
set to work is the large double daylight hydraulic 
press, of which photographs are reproduced in 
Fig. 1 on this page and Fig. 18 on page 110. This 
is used for vulcanising rubber either in continuous 
rolls or in sheets up to 14 ft. long by 5 ft. 6 in. wide, 
and is designed to provide a total load of 3,200 tons. 
It will be realised that in subjecting large sheets of 
rubber to pressure the load must be uniformly 
distributed and deflection reduced to a minimum. 
The press is constructed, therefore, with a large 
number of cylinders, and the castings which take 
the thrust are exceptionally massive. The arrange- 
ment is best understood from Figs. 2, 3 and 4, 
page 96. Itis made up of three identical sections, 
each consisting of a top and bottom casting connec- 
ted by four columns, and carrying four hydraulic 
cylinders. The bottom table and the three platens 
are continuous. The top and bottom castings, 
which are of iron, are practically similar, and the 
hydraulic cylinders, of cast steel, are carried on the 
latter, merely being centred by a small spigot. 


| These are, therefore, to a large extent self-aligning. 


The bottom castings rest on two machined cast- 
iron foundation beams, to which the central one only 
is bolted. The two end sections are free to slide 
longitudinally on the base to accommodate any 





expansion of the table and platens, the tie bolts 
between the three sections permitting such move- 
ment. A continuous key along the top surface of 
the three sections of the bottom casting ensures 
this longitudinal movement being in a truly linear 
direction. 

The arrangement of the twelve hydraulic cylinders 
in two rows of six is shown in Fig. 4. They have 
rams 18} in. in diameter, and have glands with triple 
cup leathers, as shown in Fig. 5. The table, of 
which a part cross section is seen in Fig. 3, is well 
stiffened by numerous deep ribs, and, like the top 
and bottom castings, is very accurately machined. 
The maximum deflection of any of the flat surfaces 
involved does not exceed four thousandths of an 
inch. The columns, which are of mild steel and 
machined all over, are 9 in. in diameter. They are 
screwed at the top and bottom with a special form 
of buttress thread. The nuts are split, and are 
locked by a gripping bolt. The platens are also of 
mild steel, and are steam heated, the holes for the 
steam passages being drilled in the solid, and so 
disposed as to give uniform heating over the whole 
surface. The steam pipes for the middle and bottom 
platens are jointed to allow for their motion. They 
are shown in Fig. 3, but the arrangement finally 
adopted is best seen in Fig. 18. 

The press is worked from one end, and the draw- 
plates carrying the middle and bottom platens are 
carried on rollers mounted on roller bearings. The 
end rollers of each set are live and, as will be seen in 
Figs. 2 and 4, are operated by separate motors of 
3 h.p. through worm reduction gear and a chain drive. 
The method of carrying the idler rollers in way of 
the columns will be clear from Fig. 1. The motor 
controls are so arranged that whilst one plate is 
being moved into position under the press the other 
may be withdrawn. These controls are seen to- 
wards the centre of Fig. 18, while towards the right 
of them the gear for the hydraulic control may be 
made out. The latter is shown in more detail in 
Figs. 6, 7 and 8, page 97. The rams are operated 
by a dual-pressure hydraulic system. They are 
raised by water at a pressure of 100 Ib. per square 
inch, but while the vulcanising operation is going on 
a pressure of 1,120 1b. per square inch is used. The 
control gear consists of a forged block containing 
two valves which are operated by long levers. This 
box is provided with five openings, #.e., four at the 
sides and ends, and one at the top. The low- 
pressure supply and the outlet to the press are at 
the right-hand of Figs. 6 and 7, while the return 
pipe from the press and the waste pipe are on the 
left. In the centre is seen a handwheel controlling 
the high-pressure supply; this handwheel operates 
a valve situated in a separate box above the main 
box. This valve box communicates through a pipe 
between it and the main box with the outlet pipe 
to the press, a non-return valve on the low-pressure 
supply preventing high-pressure water getting into 
it. The press was made by Messrs. John Shaw 
and Sons (Salford), Limited, Salford. 

Though this press, which is used chiefly in the 
manufacture of floor coverings, is the most modern 
in the factory, and has special constructional 
features about it, it is excelled in size by several 
others in the same shop. Of these presses, em- 
ployed on the curing of power transmission belting, 
and conveyor belting, mention may be made of 
one with 28 hydraulic rams. This has a capacity 
of 33 ft. by 6 ft. 6 in. Conveyor belting of any 
length and up to 6 ft. 6 in. in width or a number 
of narrow widths of transmission belting can be 
treated in this press. At the other end of the 
scale in point of size are presses such as are illus- 
trated in Fig. 9, page 97. The particular battery 
shown is engaged on the manufacture of saddles, 
for both pedal and motor bicycles. Some are of 
the single, others of the double daylight type. The 
platens are as a rule 14 in. wide by 24 in., and the 
hydraulic cylinders have rams 10 in. or 14 in. 
in diameter, according to the precise work done. 
Similar presses are used in making cycle saddle bags 
and other small moulded parts. 

An interesting installation of recent date includes 
autoclave presses, for curing moulded rubber articles, 
and having both automatic time and temperature 
control. This apparatus is illustrated in Figs. 10 
to 17, page 98. From Fig. 10, it will be seen that 
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Fig. 9. SappLE-MAKING PRESSES. 


kept open by a spring, and closure is effected by 
overcoming the spring resistance by air pressure on 
the dome-shaped diaphragm. When air is admitted 
behind the diaphragm the ball valve is forced by 
the air pressure on to a seating in the bush through 
which the push rod passes, and, closing this aperture, 
the full pressure of the air acts on the diaphragm. 
When the ball is pushed towards the other seat at 
the orifice of the air supply pipe, the air escapes 
through an annular space between the push rod and 
its bush, to an amount depending on the displace- 
ment of the ball, and the pressure on the main 
valve diaphragm is thus relieved, the valve remain- 
ing partly open. The degree of opening depends 
upon the balance between the valve spring and the 
reduced pressure consequent on the escape of some 
of the air. When the push rod is holding the ball 
down on the air supply orifice, there is no air 
pressure on the back of the diapbragm, and the 
steam inlet and blow-off valves are, in consequence, 
fully open. 

A description of the working of the gear falls 
naturally into two divisions, i.e., the control of the 
temperature rise period, and the control of the 
maintenance period. Both these operations are 
effected by the movement of the ball valves, though 
this movement is itself determined in quite different 
ways in each case. At this point the arrangement 
of the levers must be made clear. The lever carry- 
ing the point which makes contact with the cam is 
made with a right angle bend and has a fixed 


‘fulcrum at Y. To it is hinged, at the point X, 


a shorter straight lever with an adjustable point 
of support about half way along its length. The 
action of this system is as follows: When a vertical 
movement is given to the contact point by the rota- 
tion of the cam, the short lever is rocked about 
the point of support as a fulcrum. Thus, upward 
movement of the contact point: causes downward 
movement of the free end of the straight lever. 
When, however, there is no vertical movement of the 
contact point, the point X is stationary and becomes 
the fulcrum for the straight lever, movement being 
given to the point of support of this lever in a 
manner to be described later. 

Following a time cycle through. The cam, 
which is recessed in the two sections marked A, 
opens the blow-off valve fully at the point K, 
by the depression of the contact point. 
causes the free end of the straight lever to rise 
and cut off the supply of air behind the diaphragm 


of the blow-off valve so that the spring opens it. | 


The lower ball valve, being free, admits air to the 
diaphragm of the steam valve and keeps it closed. 
The rotation of the cam in an anti-clockwise 
direction slowly raises the contact point and 
depresses the free end of the straight lever. The 
section of the cam from J to H represents the tem- 
perature rise period, and, during its traverse 
past the contact point the lower ball valve is 
gradually pushed down on the air-supply seating, 
restricting the amount of air passing and at the 


This | 


same time permitting an escape of air past the 
push rod. The air pressure is thus slowly decreased 
behind the inlet steam valve-diaphragm and the 
valve opens to admit an increasing amount of 
steam to the autoclave as it does so. The sector 
on the upper part of the cam is hinged at the 
point B, and provides by its adjustment a means 
of altering the rate of temperature rise. 

Section C of the cam, viz., that part of its periphery 
between the points H and D, is of uniform radius 
and there is therefore no movement of the contact 
point or of the point X on the same lever. By the 
time that point H has been reached, the autoclave 
has been heated to its working temperature and 
the thermostat comes into operation to keep this 
temperature steady. The bulb of the thermostat 
is exposed to the steam near the top of the autoclave, 
as shown at the left of Fig. 13. It communicates by 
a flexible pipe with a chamber consisting of two 
corrugated diaphragms somewhat similar to those 
of an aneroid barometer, and situated below the 
point of support of the straight lever. The system 
is hermetically sealed and is partly filled with 
ether. The pressure of ether, due to the tempera- 
| ture of the steam in contact with the bulb, causes 
|an expansion or contraction of the diaphragms. 
|This movement is transmitted to the straight 
| lever through the point of support, which forms no 

longer a fulcrum, this function being transferred to 
| the point X, the former point of support becoming 
| the point of application of the force causing move- 
ment. The fixed fulerum Y has no connection 
|with the straight lever, though it appears to 
pass through the lever. The control of the ball 
valves by the diaphragms through the straight 
| lever will be understood without further explana- 
ltion than that a rise of temperature will cut off 
| the air supply from the blow-off valve diaphragm. 
| This valve then opens, allows steam to escape 
| and the temperature falls tonormal. The regulation 
‘of the inlet steam is effected in a similar manner. ' 
| At the conclusion of the curing operation the arm F 
on the cam makes contact with the lever point and 
| trips it off. The point which, as will be seen from 
/ Fig. 13, is capable of movement in a horizontal 
plane, falls behind the cam and the weight of the 
| lever immediately causes the opening of the blow- 
off valve and the closing of the steam valve inde- 
pendent of any movement of the corrugated dia- 
phragms. The point subsequently regains the 
periphery of the cam by means of the depressed 
| section denoted by A at the left hand. 

The general arrangement of the pipes and valves 
is shown in Fig. 16, in which it will be noticed 
| that a by-pass is arranged so that, in case of a special 

cycle being required, hand operation can be resorted 
to. An ifistrument panel for four autoclaves is 
shown in Fig. 19, page 110. The top dials are 
those of thermometers, below them one gauge 
| gives the hydraulic pressure and two others the 
| steam pressure. Below these again is a temperature 
| recorder, and in line with this is seen the casing 
containing the control mechanism. The cam 
| with its tripping finger can be distinguished and the 
| functions of three air pressure gauges can be identi- 
| fied from Fig. 13. The electric bell is sounded 
when the contact point is tripped off the cam, 
| 2.e., When the curing operation is completed. The 
| system provides for any pre-determined time and 
| temperature cycle independent of the human element 
| and by a range of suitable cams the cycle can be 
changed to suit any particular process called for. 
|The controllers and instruments were supplied by 
| Messrs. Tagliabue Manufacturing Company, New 
York. 

Further reference to Fig. 16 will show that on 
| the right-hand side is another gear system. This is 
‘the hydraulic operating gear and is rather more 
| complicated than usual, due to the fact that in 
these presses, as in the double daylight press des- 
cribed above, two hydraulic pressures are employed 
with a view to economising the high pressure water 
in operations which amount to merely moving the 
ram and itsload. Such operations are effected with 
water at 300 lb. per square inch pressure, while for 
the sustained pressure during the curing process water 
at } ton per square inch is employed. The total 
load with the high-pressure water is 800 tons. 
The control box, seen just below the loading floor 
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in Fig. 16, is shown in more detail in Fig. 17. The 


various operations are all controlled by a single | 
lever, thus reducing the number of valves and | 
The box is a solid | 
steel machined forging, and the valves are opened | 


simplifying the movements. 


and closed by the shaft Z, which carries arms 
actuating the three spindles U, V, W. When the 
operating lever Y is in the neutral position shown 
in the figure all the valves are closed and the 
autoclave ram is at rest. To elevate the ram the 
lever is moved to the L.P. pos'tion, which movement 


opens the low pressure valve D. Water at 300 Ib. | 


per square inch then passes valve D, having opened 
the non-return valve J on its way, and finds its 
way through the annular space round the exhaust 
valve K to the cylinder. When the point is reached 
at which no further movement of the ram can take 
place under low pressure, the lever is moved to 
the H.P. position. This opens valve B, and water 


at } ton per square inch pressure passes to the | 
cylinder through the same passages as before, the | 
non-return valve on the low-pressure supply, of 
course, automatically closing. 

At the end of the cure, when the pressure is to 
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| be taken off, the lever is moved to the exhaust | 
position, a movement which closes both the low- | 


|main pipe line. The action of this tripping gear 
will be clear without further comment, but it may 
be observed that the gear is tested at frequent 


pressure and high-pressure valves, and opens the 
exhaust valve so allowing the ram to descend. 
As the exhaust valve is necessarily of larger area 
than the pressure valves and the opening effort | intervals. The admission of water to the auto- 
therefore considerably greater, it is provided with | clave chamber for cooling the moulds when the 
a small pilot valve C on the same spindle. The | curing process is completed is effected by hand. 
first } in. of movement of the spindle opens this | The position of the water inlets is shown in Fig. 10. 
valve, and the water, entering the port P, passes | It should be noted that the cover and top casting 
to the underside of the main valve, making it | have had to be designed with special strengthening 
easier to manipulate. The movement of the|ribs to resist the stresses set up by changes of 
lever is constrained in a gate so that it cannot be | temperature arising from such cooling. The auto- 
inadvertently pushed from the low-pressure to the | clave presses were made by Messrs. Francis Shaw 
high-pressure position with a resultant waste of | and Company, Limited, Manchester, the valves 
‘high pressure water. The mechanism above the|and trip gear being designed by Messrs. Dunlop’s 
'cover in Fig. 16 is a safety trip gear to prevent engineers. 

possible damage to the roof above the autoclave 
due to creepage of the ram when the cover is not 
locked. A channel iron frame A carries a shaft B 
on which is keyed a trip lever H and a lever J. 
|The latter lever is connected by a wire rope C 
| to a catch D, which holds open a shut-off valve with 
|a weighted lever F, situated in a box E on the 


(To be continued.) 








AERIAL Map or Sypney, N.S.W.—New maps of 
| Sydney, Australia, for the Metropolitan Water Board, 
have recently been prepared by means of aerial photo- 
graphy by the Royal Australian Air Force. The new 
maps cover an area of 600 square miles; the scale is 300 
yards to the inch. 
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DETONATION AND LUBRICATING 
O 


By R. O. Kine, M.A.Sc., and H. Moss, D.Sc. 
(Concluded from page 33.) 


Part IJ.—REVIEW OF THE EXPERIMENTAL 
RESULTS. 


(1) The Iron and Nickel Carbonyls.—Nickel 
carbonyl is not used in practice because it is more 
unstable, poisonous and expensive than other metal- 
lic dopes. Iron carbonyl is reputed to be used to a 
limited extent in Germany. It is less expensive 
than ethyl fluid, but suffers from th> disadvantage 
that when it is used in an engine the spark plugs 
become short circuited eventually by a deposited 
film of iron oxide. Attempts to overcome this 
difficulty have not been successful. Even if it were 
otherwise, it appears from the experiments described 
in Part I, Section (2), that iron carbonyl would be a 
suitable dope only for fuel used in engines working 
with very little oil distributed throughout the fuel-air 
mixture. The iron and nickel dopes thus being of 
little interest in practice at present, further discus- 
sion can be restricted to the effect of lubricating 
oils on the detonation-delaying action of benzole 
and ethy] fluid. 

(2) The Effects of Various Oils on Benzole and 
Ethyl Fluid.—With reference to the deleterious 
action of oils on the anti-knock value of fuels 
containing benzole or ethyl fluid, the experiments 
show that oleic acid and oleine are most active, 
mineral oil is less so and both vegetable oils, rape 
and castor, are relatively inactive. Experiments 
have not been made with mineral oils of greatly 
varying composition. Two varieties were used 
and appeared to be somewhat different in effect 
(see Figs. 1, 2 and 3). The B.B. mineral oil is a 
blend of unknown composition, but the No. 7, 
which was less deleterious in effect on detonation 
when used with fuel containing ethy] fluid is reputed 
to contain a greater proportion of Pennsylvania 
cylinder stock, 7.e., a residual oil obtained from the 
distillation of a paraffin base crude, than the B.B. 
oil. The effect of oleine and oleic acid is not 
of interest in practice, because these oils, being used 
only to increase the “oiliness’’ of mineral oils 
seldom form more than 2 per cent. of the blends 
containing them. Of the vegetable oils, “‘ blown ” 
rape is sometimes used for “ compounding” with 
mineral oils to increase their viscosity but seldom 
in greater proportion than 10 per cent. of the com- 
pounded oil. The action of castor, the other vege- 
table oil used in the experiments, is, however, of 
considerable interest because it is widely used, 
without admixture with other oils, as a lubricant 
or aero and other high-power engines. 

In view of the foregoing, the effect on detonation 
of the mineral and castor oils only is of interest in 
practice. In so far as mineral oils are concerned, 
further discussion is based on the action of B.B. oil, 
although other mineral oils may not be of equal 
effect. 

(3) The Effect of Dissolved B.B. Mineral Oil on 
Benzole and Ethyl Fluid.—Oil B.B. is used in large 
quantity in all countries, and was selected as a 
typical mineral oil. The relative effect of this oil 
on detonation, when dissolved in petrol-benzole 
and petrol-ethyl fluid mixtures is therefore of con- 
siderable interest, and is shown by the figures in 
Table VII, collected from the experimental results 
exhibited by Fig. 3, and given in Sections (3) and 
TaBLe VII.—B.B, Mineral Oil Dissolved in Petrol A- 
Benzole and in Petrol-Ethyl Fluid Miztures. 











Percentage Highest Useful Compression Ratio (H.U.C.R.) 
of Oil Dis- 





| At 10 Deg. Induction. | At 90 Deg. Induction. 











solved in 
Fuel-Oil 
Mixture. | Petrol- Petrol- Petrol- Petrol- 
| Benzole. | Ethyl Fluid.| Benzole. | Ethyl Fluid. 
| (1) (2) (3) (4) 
0 | 6-0 6-0 5-0 5°25 
2 | 59 5°85 4:9 5-15 
4 | 5-85 5°75 4-85 5-05 
8 5°75 5-55 4-7 4-9 
12 | 5-65 5+35 4-55 4°8 











(4) ef Part I. The effect of the oil is deleterious in 
all cases, and the figures in the table are set out on 
the basis of the doped petrol and the petrol-benzole 


~ 6-0) at normal induction temperature (10 deg.), 


when without oil in solution. 

Referring to the table, it will be seen that at 
10 deg. induction temperature, the deleterious effect 
| of the mineral oil on the fuel containing benzole is 


the H.U.C.R. for the benzole mixture falls by 0-35, 
and that for the doped mixture by 0-65 compression 
ratio, a difference of 0-30 in favour of the former. 
At 90 deg. induction temperature, and with the 
same proportion of oil in the fuel-oil mixture, the 
decrease of H.U.C.R. is nearly the same for both 
fuels, i.e., 0:45 compression ratio. It appears, 
therefore, that on raising the induction temperature 
to 90 deg. the deleterious action of the oil on the 
benzole mixture has increased in magnitude from 
0-35 to 0-45 compression ratio, while the similar 
effect on the ethyl fluid mixture has diminished 
from 0-65 to 0-45 compression ratio. 

Independently of the oil effect, the addition of 
| heat to the air fuel charge induces detonation to a 
| greater extent when the fuel contains benzole than 
when the equivalent amount of ethyl fluid is used 
as the anti-knock agent. For example, on raising 
the induction temperature to 90 deg., the H.U.C.R. 
for the petrol-benzole mixture falls by 1-0, and 
that for the doped petrol by 0-75 compression ratio 
(Table VII, line 1, no oil content). But at 90-deg. 
induction temperature, the deleterious effect of 
the oil is nearly the same on both varieties of fuel, 
and whatever the proportion of the B.B. mineral oil 
in the fuel, the doped petrol is less deleteriously 
affected than the benzole mixture on raising the 
induction temperature, as shown by the figures in 
columns (3) and (4), Table VII. 

(4) Relative Effects of Castor and B.B. Mineral 
Oils, dissolved in Petrol-Ethyl Fluid and Petrol- 
Benzole Mizxtures.—The relative effect of castor 
and B.B. mineral oil on petrol-benzole and petrol 
ethyl fluid mixtures at both normal and high 
induction temperatures is shown by the figures 
given in Tables VIII and IX, collected from the 
experimental results given in Sections (3) to (5). 
The fuel mixtures were made up with benzole or 
ethyl fluid to an anti-knock value represented by 





TasiE VIII.—Ethyl Fluid in Petrol A. H.U.C.R. at 10 
Deg. and 90 Deg. Induction Tempcratures, with Various 
Proportions of Castor of B.B. Mineral Oil in Solution. 











Sian | Castor Oil. |B. B. Mineral Oil. 

, =? — 

oo | H.U.C.R. UCR. 
Mixture. | at 10 Deg. | At 90 Deg. | At 10 Deg. | At 90 Deg. 





| 
| 
| 
| 


| 
0 60 | 52 6-00 | 5-25 
4 6:05 | 5:05 5-75 =| =~ 6-05 
8 61 | 5:0 | 5:55 | 4-90 
12 62 | 4:95 | 5:35 | 4-80 
| | | 





Taste IX.—Benzole in Petrol. H.U.C.R. at 10 Deg. 
and 90 Deg. Induction Temperatures, with Various Pro- 
portions of Castor of B.B. Mineral Oil in Solution. 

















Percentage | Castor Oil. B.B. Mineral Oil. 
of Oil in 
Fuel H.U.C.R. H.U.C.R. 
Mixtures. | 4t 10 Deg. | At 90 Deg. | At 10 Deg. | At 90 Deg. 
0 6-0 5-0 6-0 5-0 
4 5-95 4-9 5-85 4-85 
8 5-9 4-8 5-75 4-7 
12 | 5-85 | 4°75 5-65 4-55 





day-to-day variations of H.U.C.R. of the order of 
0-10 compression ratio, and for the experiments 
with castor oil in doped fuel, the H.U.C.R. for the 
original fuel was 6-25, due to the 4 per cent. of 
benzole added for the special purpose of ensuring 
the solubility of a large proportion of castor oil. 
Therefore, in order to make the experimental 
results easily comparable, the scale of H.U.C.R. has 
been shifted where necessary to make the original 
H.U.C.R. value of the fuel always 6-0. 

Referring to the tables, it will be seen that at 
normal induction temperature (10 deg.), the 
mineral oil is always more deleterious in effect on 





oil, and a beneficial effect is obtained with castor 


less than on that containing ethyl fluid. When, 
the fuel-oil mixtures contain 12 per cent. of oil, | 


| 
| 


99 





oil dissolved in the ethy] fluid mixture (Table VIII). 
‘This effect, being unexpected, was established by 
| repeated trials, and is confirmed by the similar but 
/smaller effect obtained when another vegetable oil 
(rape) was used in lead-doped fuel (see Table II, 
Part I, Section 3.) 

At high-induction temperatures, a deleterious 
effect on anti-knock value is obtained in all cases. 
| The effect is always less with castor oil than with 
'the mineral oil, although when the proportion of 
| oil in the fuel does not exceed 4 per cent., is is not 
| great, and the difference in effect, as between the 
| two oils, is too small to be measured accurately. 


'Part III.—Tur Errect or LusricatTina OIL ON 
DETONATION IN PRACTICE. 


(1) Aero-engine Oil Consumption.—The experi- 
‘ments described in Part I were made with lubri- 
cating oil in solution in engine fuels in proportions 
extending to 12 per cent. of the oil-fuel mixture, 
in order to cover the range of oil consumption 
|obtaining in multi-cylinder aero-engine practice. 
| All the oil supplied to an engine, except the small 
'proportion lost by leakage, is in the end more or 
less completely burnt with the fuel. The rate of 
| oil consumption of water-cooled engines of 400 brake 
| horse-power to 500 brake horse-power varies from 
4 per cent. to 5 per cent. of the rate of fuel con- 
‘sumption. It is greater for older types of engines ; 
for instance, according to the particulars given 
for the Green engine on exhibition in the Science 
Museum, South Kensington, the rate of oil 
consumption was 30 per cent. of the rate of fuel 
|consumption. Air-cooled engines generally use 
more lubricating oil than the water-cooled type of 
equal power, and for some of the air-cooled engines 
in use at present the rate of oil consumption is 
from 8 per cent, to 10 per cent. of the rate of fuel 
consumption. Examples of both types can be 
\found for which the rate of oil consumption is 
| half of that quoted, but these are generally engines 
| of relatively low power. On the other hand, the 
rate of oil consumption for a particular cylinder 
of a group is frequently much greater than the 
overall rate for the engine. 

(2) Influence of the Degree of Dispersion of Lubri- 
cating Oil throughout the Fuel-Air Charge.—Solutions 
or homogeneous mixtures of oil and fuel obtain in 
i practice when piston lubrication is accomplished 
by oil carried into the cylinder with the fuel. This 
|method of lubrication is generally adopted for 
small two-stroke engines, but in exceptional cases 
only for the four-stroke type. The pistons of the 
latter are generally lubricated by oil thrown on 
‘to the cylinder surface, and this oil passes into 
the combustion space at a rate depending mainly 
on the design and condition of the piston and 
‘rings. The oil passing the piston is dispersed 
throughout the fuel-air mixture to an extent 
depending on the viscosity of the oil, the surplus 
over the quantity required for a surface film, the 
turbulence of the air-fuel charge during induction 
and compression, and the engine speed. Of the 
\factors mentioned, engine speed determines the 
period of contact of the oil and fuel prior to com- 
bustion, and also affects turbulence. It would 
scarcely be possible to arrange experimental 
conditions to produce a definite degree of oil 
dispersion in the combustion space and to relate 
the quantity of oil so used to the total quantity 


| consumed, which is the only relevant factor easily 
a H.U.C.R. of 6-0, determined on the E 35 engine | measurable. However, by a series of experiments, 
at normal induction temperature, and before the|an attempt has been made to indicate approxi- 
addition of lubricating oil. There were, of course,! mately to what extent the data given in Parts 
I and II can be applied, to determine the effect on 
| detonation, corresponding to a given rate of oil 
/consumption by a four-stroke engine, lubricated 


in the usual manner. The experiments are described 
in paragraphs (a), (5), and (c) below. 

(a) In order to obtain large effects, experiments 
were made with castor oil and petrol A containing 
10 c.c. of iron carbonyl per gallon. If castor oil 
is dissolved in the fuel forming 14 per cent. of 
the oil-fuel mixture, the H.U.C.R. of the fuel is 
decreased by 1-0 (Fig. 2). However, when the 
doped fuel only was supplied to the carburettor 





the anti-knock property of the fuel than the castor | 
| possible to the engine, and thus not in complete 


and the same proportion of castor oil was fed 
separately into the induction pipe as closely as 
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solution in the fuel, the decrease in H.U.C.R. at 
900 r.p.m. was 0-7 only. 

(6) If B.B. mineral oil is dissolved in the fuel 
instead of the castor oil, the drop in H.U.C.R. is 0-4, 
the differential effect between the two oils thus 
being 0-6. The H.U.C.R. of the doped fuel alone, 
however, was found to be 5:7, whether B.B. 
mineral oil or castor oil was used for the ordinary 
lubrication of the engine. It would appear, therefore, 
that in the E.35 engine the supply of lubricating 
oil to the cylinder walls is sufficient only to form 
a lubricating film, and that no appreciable quantity 
is dispersed throughout the fuel-air mixture. This 
is confirmed by the fact that after periods of full 
power operation, the surfaces of the piston crown 
and cylinder head are always found to be dry. 
The low normal oil consumption of the £.35 
engine, which is 1} per cent. of the fuel consumption, 
accounts for this result and a greater rate of oil 
consumption is necessary before any reduction in 
the H.U.C.R. of the fuel due to its content of 
lubricating oil, can be expected. 

(c) The effect on detonation of surplus oil passing 
the piston was obtained by trials on a Delco-Light 
knock-testing engine, lubricated by oil picked up 
from the sump by a dipper on the big end, in order 
to avoid experimenting with the pressure-lubrication 
system of the E.35 engine. Starting with the 
sump half full of mineral oil and running on a 
petrol-benzole mixture, the ignition was advanced 
until detonation of normal intensity was obtained. 
Oil was then added to the sump gradually. On 
the marked standard level being passed, the intensity 
of detonation began to increase. When the engine 
exhaust had become smoky, the deleterious effect 
of over-lubrication, estimated by the ignition 
retard required to restore the normal intensity 
ot detonation, accounted for a drop of 0-15 com- 
pression ratio from the original H.U.C.R. value 
of 6-0 as determined on the E.35 engine. The 
same amount of over-lubrication caused a decrease 
of 0-25 in the H.U.C.R. of petrol containing 
ethyl fluid and having the same initial anti-knock 
value. These decreases are such as would be 
obtained by a proportion of 4 per cent. of mineral 
oil dissolved in the fuel. On the other hand, 
a smoky exhaust condition was reached on the 
E.35 engine when 8 per cent. of mineral oil was 
contained in solution. 

The difficulty of relating the rate at which oil 
is dispersed throughout the air-fuel charge to the 
rate of oil consumption of a single cylinder engine 
is shown by the experiments described in paragraphs 
(a), (6) and (c), above. Nevertheless, the experiments 
indicate an approximate value of the relationship, 
sufficient for a working basis. Thus, expressing the 
rate of oil consumption as a percentage of the rate 
of fuel consumption, it appears that the first 14 per 
cent. may be taken as required for lubrication and 
to be without effect on detonation, and approxi- 
mately one-half of the remainder may be taken to 
affect detonation in accordance with the data given 
in Parts I and II, for oil dissolved in the fuel. 

(3) The Effect of Lubricating Oil and Air Tem- 
perature on the Matching of Fuels of Dissimilar 
Composition. (a) Oit Effect—The measurement of 
detonation is mainly concerned in practice with the 
determination of the ethyl fluid addition or the 
benzole content required to make a commercial 
petrol equal to some “ standard ” fuel with respect 
to anti-knock value. The accepted method of 
“matching *’ fuels requires their use in detonating 
conditions in an engine. The experiments with the 
Delco-Light and the E.35 engines, described in the 
last section, show that 
composition are matched with respect to detonation 
the results obtained will vary with the conditions 
of engine lubrication. Uncertainty of these con- 
ditions will militate against the accuracy with which 


fuel comparisons can be made by the use of engines | 


such as the Delco-Light and Armstrong- Vickers, 
lubricated on the dipper and splash system. 
uncertainty is due to the fact that the rate at which 
oil passes into the combustion space depends on 
the continually changing mechanical condition 


when fuels of dissimilar | 


example, by trials using the Delco-Light engine 
with bouncing pin apparatus for measuring detona- 
tion, it was found that 6-75 cc. of ethyl fluid per 
gallon were required to make a particular petrol 
equal in anti-knock value to a particular petrol- 
benzole mixture, when the engine was run at 
normal induction and lubrication conditions. On 
increasing the lubricating oil supply to obtain a 
somewhat smoky exhaust, the fuels were no longer 
of equal anti-knock value and the doped fuel 
required 8 c.c. of ethyl fluid per gallon to be again 
made equal to the petrol-benzole mixture. 

(b) Air Temperature Effect—Current practice 
with regard to the intake air temperature used when 
matching fuels for equality of detonation, varies 
considerably. There is no standard procedure with 
regard to this factor and trials are made, (7) with 
the intake air at whatever may be the atmospheric 
temperature, (ii) with heat supplied to the air at 
some constant rate, (ii) with the air heated always 
to the same temperature. The differences in com- 
position of ordinary commercial fuels are not 
sufficiently great to affect appreciably the equality 
of matches made under the three conditions men- 
tioned, but in special cases, discrepancies of con- 
siderable extent may arise. The differences in the 
results obtained with the varying methods of 
temperature control are probably greatest when 
fuels containing benzole are matched against others 
containing a metallic dope. For example, the 
petrol-benzole mixture mentioned in the last para- 
graph, which matched an aviation petrol containing 
6-75 c.c. of ethyl fluid per gallon at normal intake 
air temperature, was found to be equal to the 
aviation petrol containing 5-8 c.c. only of ethyl fluid 
per gallon when the air temperature was raised to 
100 deg. 

Measurable differences have however, been found 
when matching a good straight run spirit, that is one 
with no added benzole, against a strong benzole 
mixture. Two such fuels when tested in the E.35 
engine at standard conditions of engine operation 
and atmospheric intake air temperature, were 
found to have H.U.C.R. values of 5-94 and 6, respec- 
tively. When tested according to the second 
method mentioned, heat being supplied to the 
intake air at the rate of 1,350 watts, the values of 
the H.U.C.R. fell to 5-53 and 5-43, the straight 
run spirit now having the higher value. Further 
trials of the same two tuels were made on the 
Delco engine using the bouncing pin to measure 
detonation, and again at normal induction tem- 
perature the benzole mixture was found to be of 
higher anti-knock value than the straight run spirit. 
When the air temperature was raised the difference 
between the fuels diminished, and equality of 
detonation was reached at an air intake temperature 
of 35 deg., while at still higher temperatures the 
benzole mixture became inferior to the straight 
run spirit. 

(4) Application of the Experimental Results to 
Engine Lubrication.—The experimental] results given 
in Part I were obtained at the relatively low engine 
speed of 900 r.p.m., but experiments made at the 
higher speeds of 1,500 r.p.m. and 1,800 r.p.m., show 
that the deleterious effect of oil or the beneficial effect 
of benzole, or ethyl fluid, measured in terms of change 
of H.U.C.R. is nearly constant over the speed range 
from 900 r.p.m. to 1,800 r.p.m. Therefore the values 
| found at 900 r.p.m. for the increase in the H.U.C.R. 
| for fuel on the addition of benzole or ethyl fluid and 
the decrease following the subsequent addition of 
lubricating oil, may be used at the higher engine 
speeds customary in practice. The values given for 
the temperature effect may be used also at engine 
| speeds in excess of 900 r.p.m., since even at 1,800 
|r.p.m. the drop in H.U.C.R. due to an increase in 
/induction temperature is very little greater than 
'that observed at 900 r.p.m. in similar circumstances. 
| Furthermore, the experimental results mentioned 
'were obtained (a) with fuels containing benzole or 





The | ethyl fluid in unusually large proportion, and (6) 


|with lubricating oil in solution in the fuel and 


| therefore well dispersed throughout the combustible 
| mixture. 


The extent to which experimental data 


of the piston, rings and cylinder bore and not | obtained in conditions (a) and (6) can be applied 


primarily on the possibly constant rate at which oil 


| to engines lubricated from the cylinder walls and 


is thrown on to the cylinder wall when the oil in | using fuels containing less benzole or ethyl fluid, 
the sump is maintained at a fixed level. 


For 


requires some consideration. 





(a) Oil Effect and the Benzole or Dope Content of 
the Fuel.—The petrol A-benzole mixture used for 
the experiments, Part I, contained 50 per cent. of 
benzole, and the petrol A-ethyl fluid mixture, 
12 c.c. of ethyl fluid per gallon. The H.U.C.R. 
for both fuels was approximately 6-0 at 900 r.p.m. 
The H.U.C.R. for the usual service fuel is about 
5-15 at the same engine speed, and is approxi- 
mately 6-0 at the higher engine speed of 1,500 r.p.m. 
The quantity of benzole in such a service fuel will 
vary from 35 per cent. downwards, according to the 
nature of the petrol, while the equivalent quantity 
of ethyl fluid may vary from 4 c.c. per gallon 
downwards. In order to find the relationship 
between the oil effect on the experimental fuel, and 
that on a service fuel, two sets of experiments were 
made in which the oil effect was obtained on one 
series of fuels containing increasing proportions of 
benzole, and another with increasing additions of 
ethyl fluid. Provided that the proportion of 
benzole required in the petrol-benzole service fuel 
was at least 20 per cent., it was found that the oil 
effect at a compression ratio of 5-15 was one-half 
that at 6-0, the engine speed being 900 r.p.m. in 
both cases. On the other hand, the oil effect on 
petrol-ethy! fluid mixtures was nearly constant for 
additions of ethyl fluid of between 2} c.c. and 
12 c.c. per gallon, corresponding to H.U.C.R. values 
ranging from 4-8 to 6-0 at 900 r.p.m. prior to the 
addition of oil to the fuel. 

(b) Dispersion and Distribution of Oil.—The 
application of the experimental results to the case 
of engines with pistons lubricated by oil thrown 
on to the cylinder walls, present some difficulty. 
because of the oil used, the unknown proportion 
dispersed throughout the air-fuel charge is the 
essential factor affecting detonation. The difficulty 
of determining this factor is illustrated by the single 
cylinder experiments described in Section (2), of this 
Part. Even if the rate at which oil is dispersed 
into the fuel air charge can be related approximately 
to the known total rate at which oil is used, for 
the case of a single-cylinder engine, the data could 
not be applied with confidence to the case of a 
multi-cylinder engine. With these engines, the 
distribution of oil to the cylinders is far from 
uniform, and the rate of oil consumption for an 
individual cylinder may be easily twice as great 
as the measurable overall rate for the engine. 
Detonation in a multi-cylinder engine is indicated 
by the occurrence of the effect in an individual 
cylinder, and in so far as it is dependent on the 
action of lubricating oil, it is determined by the 
most heavily lubricated cylinder. In view of the 
possibly great irregularity of distribution, an 
estimate of the oil effect on detonation, based on 
the data given in Parts I and II, and the measured 
overall rate of oil consumption, would not be un- 
reasonable. In any event it would be unsafe to 
depend on a smaller effect. 

(5) Supercharged Engines, Effect on Detonation of 
the Oil Content and Temperature of the Air-fuel 
Supply.—The air-fuel mixture supplied to a super- 
charged engine is preheated by compression, and 
contains the oil supplied to lubricate the air com- 
pressor. Both factors tend to lower the compres- 
sion ratio at which the fuel can be used. The 
effect of these two factors only will be con- 
sidered at present, and without reference to the 
effect on detonation of increased charge density or 
of the oil used for the normal lubrication of the 
engine. 

The air compressor is usually fitted between the 
engine and the carburettor, and the temperature ot 
the fuel air mixture delivered from the latter is 
raised by compression and friction. The mixture 
temperature attained is lowered to some extent by 
the heat lost by radiation, but generally in aero- 
or motor-car engines there is insufficient space for 
an effective inter-cooler. Although the amount of 
supercharge used at present seldom exceeds 5 |b. 
per square inch, the minimum induction tempera- 
ture of supercharged aero-engines may be taken 
as 50 deg. Any excess of temperature over 50 deg. 
is not of importance for present purposes, since it has 
been found (Part I, Section 4), that further increases 
have a relatively small deleterious effect on the 
detonation-delaying action of benzole or ethy! fluid. 
The temperature effect may be taken therefore as 
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nearly constant over the range of supercharge | would be liable to rise to 2-5 tons per square metre 
pressures in general use. | (0°225 tons per square foot), while this would only 
The rate of oil consumption of air compressors for | be partly counteracted by a downward pressure }, 
supercharged engines varies with the design and | of small value. In the case of the Anderten design, 
the precautions taken to prevent the oil used for illustrated in Fig. 19, the corresponding pressures 
lubricating the bearings being drawn into the liable to develop are represented by a, and b,. 
machine by the depression on the carburettor side. | These amount to about 0-43 ton per square metre, 
In practice, it is not unusual for the quantity of and practically balance one another. The basin 
oil used by the compressor to be 4 per cent. of the floors can easily withstand the maximum possible 
quantity of fuel used by the engine. The oil | pressure of 2-9 tons per square metre. Like the 
supplied through the compressor is well mixed with | framing of the structures, they are of reinforced 
the fuel, and on the combustion space being reached, | concrete. Air vents are provided. 
the two liquids are probably in solution, especially | Details of the system of reinforcement adopted are 
when mineral oil is used. In these circumstances, | given in Fig. 21, Plate VI, which represents a section 
the lubricating oil may be taken to exert its full| at the cross bracing, and not at the valve shafts. 
deleterious effect on detonation, according to the | The horizontal members shown are beams; the 
proportion it forms of the fuel mixture and the floor slabs will be noticed marked in dotted 
magnitude of the effect can be obtained from the | lines. After the completion of the mass concrete 
data given in Tables VII to IX, Part II, when the | foundation, the reinforcement was erected for the 
fuels used contain at least 20 per cent. of benzole | columns. In addition to the outside walls, there 
or the equivalent amount of ethy! fluid. |are four rows of columns inside the structure for 
Taking as an example petrol-benzole and petrol-|each set of basins. The reinforcement for these 
ethyl fluid mixtures of an equal anti-knock ‘value, | is shown in Figs. 13 and 14, Plate IV, ante. This 
represented by an H.U.C.R. value of 6-0 on the | reinforcement consists of four angies, of 70 mm. 
E 35 engine, at normal induction temperatures and | by 70 mm. by 11 mm. section, the columns tapering 
standard condition of engine operation, the highest | 
useful compression ratios at which the same fuels | 
could be used if the engine were supercharged are | 
given in Table X. The figures given are based on 
the assumptions that on supercharging, the fuels | 
contain a proportion of 4 per cent. of lubricating oil | 
supplied by the compressor, that none of the oil | 
used for lubricating the piston is dispersed into the | 
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It appears from the data given in Table X that | 


even with no allowance made for the deleterious | from the bottom upwards. At the bottom the. 
effect of the oil used by the engine, the decrease of | reinforcement is spread, the columns being provided | 
permissible compression required on supercharging | with a base of larger section, as shown. The) 


would be represented by approximately 1 ratio. various sections inset in Fig. 21 show the arrange- 
This large effect is obtained when the charge is | ment at typical points. The vertical bars are held 
heated at constant pressure, and in spite of the|in place by hoops, to which they were clamped. 
consequent decrease in its density. It is peculiar | The column reinforcement was braced in the vertical 
to fuels given a high anti-knock value by benzole| and also in the horizontal planes by temporary 
or ethyl fluid, and shows that the economic advant- | cross-bracing, and when secured in this way the 
age of such fuels used at normal induction tempera- | heavy diagonal bracing reinforcement was placed in 
tures is considerably lessened when they are used | position. Round bars used in the columns and 
in supercharged engines without means for abstract- | diagonals ranged from 16 mm. to 40 mm. in 
ing the heat generated by the compression of the | diameter, and in number up to 26, as indicated in 


and entrances, altogether 257 m. long, were divided 
for construction purposes into seven sections by 
transverse joints. Of these sections one at each 
end was at the entrance, the remaining five repre- 
senting the lock chamber floor proper. The latter 
were 42-3 m. in length each, and these were con- 
creted in strips right across the chamber laid in a 
day. The strips laid, alternated in form, as shown 
in Fig. 20, the strips 1, 1, being first laid, and then 
the intervening spaces 2, 2, being filled in. 
Referring back to Fig. 10, on Plate IV, ante, it will 
be seen that the basins are filled and emptied by 
means of cylindrical or sleeve valves, one being 
provided for each of the superposed basins of the 
five groups on either side of each lock chamber. 
These valves encircle a shaft which passes down 
vertically through the whole group. The operating 
machinery for each group of five is placed in a house 
built at coping level of the decking. To simplify 
the gear further, each valve is raised and lowered by 
only one rod or lever, the five rods for the super- 
posed basins being arranged round the shaft at 
intervals of 72 deg. The valves are illustrated by 
Figs. 22 to 28, Plate VI, and the operating gear by 





Fig. 19. 





Figs. 29 to 31. In these illustrations the numerals 
I, Bf, Hib. .&., 
refer to the five 
superposed valves 
and their operating 
gear. 

Figs. 22 to 24 
show a_ typical 
valve in section, 
elevation and plan, 
respectively. The 
shaft is 2 m. (64 ft.) 
in diameter, and 
is made up of a 
series of cast-iron 
rings, connected by 
guides for the 
five sleeve valves. 
Other guides are 
fitted to the out- 
side of the shaft, 
the former being 
shown in section 
in Fig. 26, and the 
latter in Fig. 25. 
The valves are 830 
mm. (32-7 in.) high 
and have a lift of 
300 mm. (11-8 in.) 
Each valve is fitted 
with trunnions, carried in bearings in a yoke, 
'as will be clear from the plan, Fig. 24. This 
yoke is suspended at the ends of the two arms, 
‘from swinging links fixed above as shown in 
Fig. 23. At the middle the yoke is connected to 
the valve rod which passes up through a tube to 
'the machinery house overhead. Fig. 24, shows the 
for valve No. II, the position of the 
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charge. | Fig. 21. In this way the whole was made so rigid yoke, etc., 
that it was possible to place all concrete without risk | other valve rods being indicated as already explained. 


Figs. 22 and 23 show the valve in mid-position, 

















TH L AND THE of movement of the reinforcement. The reinforce- | 
B MIETELLAND CANAL A /ment did not interfere with the operation of the | with the yoke horizontal. The extreme positions 


ANDERTEN LOCKS. 
(Continued from page 39.) 

The Lockage Water Basins.—As described in our 
issue of July 11 (page 35 ante), the characteristic 
feature of the Anderten Locks is the system of 
superimposed basins adopted for the purpose of 


cranes, since spaces 14 m. by 4 m. were available, | of the latter when the valve is full open or closed, 
\through which these could work. As the work | are indicated in Fig. 23. Figs. 27 and 28, show the 
| proceeded, the temporary ties and bracing were | top and bottom seals. At the bottom the seal is 
‘removed. This method of working proved very | effected by means of a rubber ring on a metal 
| satisfactory, and it was possible to place the whole | seat. At the top there is a flat rubber ring on the 
of the 400 cub. m. of concrete required for one| valve, making a joint with an outside flange on 


economising lockage water. The general scheme of | storey of the storage basins in one shift of ten hours.| the shaft, while inside there is also a flat ring, 
” | 


these basins will be followed by referring to Fig. 10, 
Plate IV ante. We now propose to deal with this 
part of the work in more detail. 

The overflow outlets from the lockage water basins, 
of which there are 100 altogether, namely, five sets, 
five tiers high, in each chamber side wall, connect 
with large culverts (3 m. in diameter), for the 


purpose of rapidly carrying off the water, and | 


preventing the development of dangerous upward 
pressures in the event of a failure, even of two of 
the low-level valves. The advantage presented by 


the design adopted at Anderten over that of the | 


earlier scheme at Minden, will be clear from refer- 
ence to Figs. 18 and 19. Of these, the former 
represents the arrangement at Minden, where no 


No cracks developed, except in the foundations 
and near the valve shafts. Such cracks were cut 
out, to a depth sometimes of 10 cm., and width of 
40 em., and filled in with Torkret, in which ex 
| panded metal was embedded. Altogether about 

10,000 tons of reinforcement were used in the work, 
/but part of this was employed in the forebays, 
| &e. Where the reinforcement ran into cross- 
|/members the bars were spread out and bent in 
several directions. Cutting up and bending was 
| done at the site. 

The roof of the structure is relatively light, 
| although covered with earth to a considerable thick- 
iness. The total load on the foundations is, of 
/course, considerable, and varies greatly, especially 


special overflow culvert was provided. In this | at the sides of the lock chambers, with the filling 
case the upward pressure a, in the lowest basin | and emptying of the locks. The chamber floors 


fixed to the shaft and making contact with a face 
| on the inside of the valve. Each valve rod extends 
up to the machinery house, where it is coupled by 
a spring stirrup to a crosshead as shown in Fig. 31. 
The crosshead works in a guide frame built of 
channel sections, being fitted with four small 
rollers, and is coupled by a connecting rod to a 
crank carried by joist framing above. The crank 
is driven by electric motor through reduction gear. 
Handcrank gear is also provided. The valves are 
counterbalanced as shown in Fig. 30, two weights 
each of a maximum of | ton being suspended by 
ropes carried over pulleys to the crosshead. The 
plan in Fig. 29 shows part of the upper floor, and 
part of the structural work for the crosshead 
guides, &c., below. A diaphragm is provided which 
| can be lowered down the shaft to close it below, for 
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repair work. The shaft and group of basins is then 
cut out. The five motors, each of 6 kw. output, are 
all of the same construction, except that the 
machines for valves Nos. I, II and III drive to the 
right, and IV and V to the left. The reduction 
gear embodies a worm and friction drive. The 
valve crank is 650 mm. (25-6 in.) long. The motors 
start when a mechanical brake is released by elec- 
trical means. A valve can be fully opened in 10 
seconds. The design of the valve gear and opera- 
ting mechanism prevents all risk of tilting the 
valves. The valves, machines, &c., were designed 
and constructed by Messrs. Freund-Starkehoffmann 
Maschinen A.G., now of Hirschberg, Silesia. 


(To be continued.) 





BITUMINOUS COAL CLEANING 
PLANT. 


THERE is a growing tendency on the part of large 
purchasers of bituminous coal in the United States 
to insist upon the preparation of the product by 
mechanical means to ensure its uniformity, and to 
meet this demand the Pittsburgh Coal Company, 
Pennsylvania, have just completed the installation, 
at their Champion group of mines, of four large 
cleaning plants, one air cleaning and three with 
Rheolaveur launders, to deal with the well-known 
Youghiogheny coal. Of one of the latter plants, the 
Warden, we subjoin a short account illustrated by 
Figs. 1 and 2 on this and the accompanying page, as 
an example of modern American colliery practice. 
The size of the plant can be judged from Fig. 1, but 
it may be mentioned that it is capable of handling 
anything between 6,000 tons to 13,000 tons of coal 
per ten-hour shift. It may be also observed that 
special care has been given to the lighting of the plant, 
both artificial and natural, and that the precautions 
taken to prevent the deposition of dust and loss by 
spillage have already been justified by the increased 
efficiency of the operatives, and by the reduction of 
maintenance costs compared with previous practice. 
The large circular erections at the left of the figure are 
the raw coal storage bins with an aerial conveyor 
bringing coal from the Ocean nine approximately 
6,100 ft. distant, and serving also to transport the 
refuse to the spoil banks. The washery occupies the 
large L-shaped building to the right. In the centre 
is the loading station, and behind it galleries housing 
the several conveyors. Electric motors are used 
throughout for the drives, the current supply being 
obtained from a substation near the plant. 

Before considering the actual processes employed 
in cleaning it is necessary to refer to the nature of the 
general problem, the fundamental purposes of the 
design being to produce a very high grade of coal for 
metallurgical use and the production of gas, and to 
enable the cleaned coal to be supplied either sized or 
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Fig. 1. 


unsized as demand may warrant. The first of these 
requirements postulated not only the reduction of 
ash and sulphur cortents to a minimum, but also the 
removal of non-coking material as far as possible and 
those impurities which lower the ash fusing point. 
An interesting fact emerging in this latter connection 
is that with plus ?-in. coal the fusion point is 2,750 
deg. F., while the same coal of a grade minus }-in. 
has, before cleaning, a fusion point of 2,360 deg. F. 
Special care is, then, taken with the fine coal. The 
plant is a combination of low-gravity and high-gravity 
separation. The low-gravity coal, i.e., that below 
1-4 to 1-45 specific gravity, forms the greater part 
of the output, and this product is separately conducted 
through the process following the main launder separa- 
tion. It is identified in the flow sheet, referred to later, 
as metallurgical coal. Material heavier than the above 
is also independently treated and separation made at 
the normal gravity of 1-6 for segregation of final refuse. 
This product is indicated as steam coal on the flow sheet. 
The preliminary operation is the removal of the plus 4- 
in. lump coal, which is hand-picked and loaded directly 
at the Ocean and Warden mines. The minus 4-in. 
lump coal from both mines is mixed in the storage 
bins previously referred to. These are of concrete, 
each 45 ft. in diameter by 52 ft. 6 in. high, with a 
storage capacity of 100 tons. The coal is fed from the 
bottom of the bins by reciprocationg feeders, and, after 
magnetic separation of tramp iron, is then conveyed 
to the cleaning plant. 

The flow sheet, which is reproduced in Fig. 2, cannot 
be discussed in full detail here, but even the brief 
explanation we have space for will serve to illustrate 
to those engineers who have only seen an old-fashioned 
colliery what a large amount of apparatus is con- 
sidered necessary, in some foreign coal fields, for the 
preparation of coal for the market. The coal from the 
storage bins, which, as already noted, is under 4 in. 
cube, is taken to the washery by a 36-in. belt conveyor 
travelling at 310 ft. per minute, and having a capacity 
of 350 tons per hour. This is Conveyor No. 5, at the 
left hand of Fig. 2. At its discharge point the coal is 
taken up by a 36-in. feed conveyor (No. 6), of the 
flight type, running at 80 ft. per minute, and is delivered 
to two primary Rheolaveur launders, with sloping 
sides, operating in parallel and identified in the figure 
as the ‘* main washing plant.” It may be mentioned 
that a fully illustrated account of the Rheolaveur 
system of coal washing was given in ENGINEERING, 
vol. cxviii, page 411 (1924), but a few comments on it 
may be of interest at this point. The launders consist 
of troughs with weirs placed across them on the down- 
stream side of slots in the bottom surface and opening 
into collecting boxes. A mixture of coal and water is 
caused to flow along the trough, the solid part of which 
mixture separates out, due to the presence of the weirs, 
into a practically permanent bed of heavy materials on 
the bottom of the trough, witha slowly moving layer of 
similar material above and a more rapid stream of light 
coal on the surface. 

The result of this stratification is that the heavier 
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pieces, such as shale, fall into the collecting boxes 
without any general disturbance of the stream, which 
result is obtained by the shape of the Rheolaveur boxes 
and the peculiar circulation of water through them. 
The boxes are, further, arranged so that a large pro- 
portion of the intermediate products is always travel- 
ling in the trough, part being returned to the head 
of the box for rewashing. This effects a thickening of 
the plane of separation between the clean coal and the 
shale, and the degree of purity of both products is 
increased. The function of the bucket elevators 3 and 
4 on the main washing plant in Fig. 2 will thus be 
understood. The clean coal is discharged from the open 
end of the troughs, and the consideration of its further 
course may be postponed for the moment. Elevator 
No. 4, it will be noticed, discharges into a single 
preliminary section of the two troughs which, as it is 
behind the raw coal delivery chute, handles only refuse. 
The refuse trapped in this preliminary section is then 
transferred to the rewashing launders by Elevator No. 5. 
This refuse consists not only of pure shale, which is 
finally discarded, but of what is known in the United 
States as ‘‘ bone” coal, namely, a coal very heavily 
loaded with finely disseminated ash but still capable 
of burning. It is all passed through a ring crusher, 
No. 1, and reduced to 2 in. cube, and is then delivered 
into the second rewashing launder. 

This is a rather shorter one than the main launders 
and has two elevators, No. 1 returning part of the 
refuse to the head of the trough and part to the main 
launders, while No. 2 discharges the heavier portion 
to the final refuse-washing plant. Consideration of 
the path of the coal from the two last plants will 
also be deferred. The final re-washer is still smaller 
than the preceding one, and has a single elevator 
only, No. 6. The speed of all the elevators but 
Nos. 3 and 4 is 40 ft. per minute, that of those two 
being 50 ft. per minute. Elevator No. 6 discharges 
the refuse on to a shaking screen where it is separated 
into two grades, t.e., from 0 to § in., and from § in. 
to 2 in. The former is returned to the rewash trough 
of the main launder, and the latter, consisting of 
practically pure slate is sent to the fine-coal washing 
plant to free it from any adherent coal dust. This plant 
is shown at the top of the figure, the refuse being 
discharged intoitsendtank. From this, after washing, 
it is lifted by elevator No. 10, and delivered on to a 
belt conveyor No. 15, either direct or by way of a 
bin and elevator No. 11, which transfers it to an 
aerial ropeway, whence it is deposited on the spoil 
heap. The quantity of waste handled by this ropeway 
is estimated at 18 tons per hour. 

Before considering the fine-coal washing plant, 
that is, the plant for the recovery of the coal below 
j-in. cube and the coal dust entrained in the wash- 
water of the main plants, it will be necessary to trace 
the path of the washed coal discharged from them. 
The metallurgical coal is dewatered and sized over 
a double shaking screen with 2-in. perforations on 
the top deck and in. on the lower deck. The 
2 in. to 4 in. coal is. either loaded direct on to a 
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conveyor, No. 12, carrying it to the loading tracks, 
or diverted to a mixing conveyor when loading 
mixed products. The % in. to 2 in. coal can 
either be delivered to the mixing conveyor or on 
to conveyor No. 13 for elevating to the re-screen 
at the top of the loading hoppers. The steam coal is 
discharged on to a single-deck screen with #-in. 
perforations, whence it is transferred either to the 
mixing conveyor or elevated to a re-screen on the 
top of the loading hoppers. All the material below 
% in. of both sorts of coal is taken to the fine-coal 
washing plant. The guiding principle in the layout 
of the mixing and loading system was to make it 
possible to load separately any of the four sizes of 
the two kinds of coal at any of the four loading sidings, 
while any specified combination of the sizes or sorts 
can be mixed. The 2 in. to 4 in. metallurgical coal, 
as already mentioned, can be loaded direct into the 
railway wagons either separately or mixed, but the 
coal of both sorts below 2 in. is usually stored in the 
hoppers shown diagrammatically in the centre of the 
lower part of Fig. 2. There are six of these hoppers 
holding the sizes and quality of coal indicated on 
them in the figure, and actually arranged as shown 
in the three part elevations at the right-hand side. 
In these views the direct-loading and mixing 
conveyors are seen in cross section, with two transverse 
conveyors having loading booms below them in the 
case of tracks Nos. 2 and 3. Both the longitudinal 
and transverse conveyors are of the flight type, and 
it should be noted that use is made of both their 
upper and lower surfaces in loading operations, the 
chutes from the various hoppers, which are each of 
75 tons capacity, being arranged to suit. The lower 
surface of the 2 in. to 4 in. coal conveyor is used to 
return any small coal, which may have found its 
way into the | in. to 2 in. hoppers, to the driers, this 
coal being separated by a degradation screen with 
f-in. holes. The mixing conveyor has a handling 
capacity of 275 tons per hour, and ‘the large coal 
conveyor a capacity of 90 tons per hour. All the 
conveyors in this part of the plant have a speed of 
80 ft. per minute. The coal is delivered to the hoppers 
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from the washers by belt elevators, with a speed of 
200 ft. per minute. The coal below # in. is delivered 
direct, but above that size it is discharged on to two 
sizing shakers, Nos. 8 and 9, which separate it into 
% in. to 1 in., and 1 in. to 2 in. respectively, in which 
condition it passes into the appropriate hoppers. 
Spiral chutes are used for the filling of the hoppers 
to prevent breakage of the coal. 

The treatment of the fine coal and the dust en- 
trained in the wash water from the large coal washing 
plants now remains to be considered. The fine coal, 
that is, all the coal below 3 in., from the dewatering 
shakers, and the bone shaker, is conveyed to the 
free-discharge fine coal plant shown at the top left- 
hand corner of the figure. This is a Rheolaveur plant 
five-launders high, the pockets of one launder discharg- 
ing into the next below it, and not being provided 
with upward water circulation. It is provided with a 
number of tanks into two of which the coal is delivered, 
to be circulated by the regulating elevators, and into 
one of which the refuse is finally collected for discharge. 
The minus # in. cleaned coal is delivered to de-watering 
shakers with } mm. spacing in the decks. The oversize 
from these shakers is conveyed in two streams, of 
steam and metallurgical coal respectively, to four 
Carpenter driers, which reduce the moisture content 
to 6 per cent. or under, and thence by separate con- 
veyors to the appropriate storage bins. This arrange- 
ment can readily be made out in the figure. The 
wash water from both the large and fine coal plants 
is led to the Dorr thickener at the right. This is a 
circular tank, 75 ft. in diameter, into which the water 
to be cleared is fed through a small circular curtain on 
the axis. A shaft at the axis carries at the bottom of 
the tank, four radial rakes which are slowly rotated, 
and which direct the settled material towards the 
central discharge pipe from. which it is drawn off 
by a 3 in. centrifugal pump and delivered to two 
Laughlin filters, the dried product then being added 
to the conveyor for the 0-3? in. steam coal. The 
clarified water is returned to the fine coal washing 
tanks. Four 12-in. centrifugal pumps, two with a 
capacity of 3,000 gallons per minute and two with a 
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capacity of 4,000 gallons per minute are used for 
circulating the wash water. 

A few notes may be added on the general working 
of the Rheolaveur washing plants. As already stated 
electric driving is used throughout, the power con- 
sumption being about 1-13 kw.-h. per ton of coal 
fed to the plant. Great care has been taken to abolish 
the dust nuisance and avoid spillage. The main- 
shaking screens at the delivery end have been com- 
pletely housed with steel and exhauster fans installed. 
The buildings are warmed by unit steam heaters. 
Control of the product is obtained by automatic 
sampling gates on the clean coal conveyors. These 
samples are led to a 10-ton bin discharging into a 
Sturtevant gyratory crusher which reduces the coal 
to }-in. cube, and automatically removes 10 per 
cent. This is then quartered down till a workable 
quantity is reached, the rejected part being returned to 
the coal flow. A sink-and-float testing room is 
provided and daily routine analyses are carried out 
in a separate laboratory. A special office is arranged 
at the loading tracks from which the discharge end 
of the booms and the wagons being filled are visible. 
A clerk in this office watches the loading, and is in 
touch with the general office and mixing floor. Further 
checks are kept on quality by the loading foreman 
and an inspector from the sales department. The 
combined annual capacity of the four plants is 9-25 
million tons. 








THE THREE-ENGINED LASCONDER MONOPLANE.— 
Stated to be the first multi-engined aeroplane to have 
been built or designed in Australia, the three-engined, 
high-wing monoplane Lasconder recently underwent 
successful trials at the Coode Island air port. The 
machine was designed and constructed by Messrs. Larkin 
Aircraft Supply Company, Limited, Melbourne. The 
three-propelling units are five-cylinder, air-cooled 
Armstrong-Siddeley Mongoose radial engines and are 
each rated at 150 h.p. One of the engines is mounted 
in the nose of the fuselage, while the others are fitted 
under the wing. Servo-operated brakes are fitted to 
the landing wheels. The machine has a cruising speed 
of 100 miles per hour and a range of 450 miles. 
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LABOUR NOTES. country cannot afford¥to” leave those great national 

Writine in the July issue of the Monthly Report | interests to the jealousies of directors with ee. 
of the Boiler Makers and Iron and Steel Shipbuilders’ aie minds. The public talk about | Bees nation « 
Society, Mr. Hill, the general secretary, says :—‘* The industries as if they were ‘our’ national —— 
problem of unemployment is enlisting the active As a matter of fact, they are the industries o on 
sympathy and co-operation of men of goodwill outside | PTvate companies and subject to their whims and their 
of the trade union movement. One of these big- neglect. And even now on the long-range policy, this 
hearted people has sent me a scheme which is well has been encouraged. So far as I can see, under the 
worth consideration. Briefly, his proposal is that every long range spe of the = — win ora n 
industry should carry a 2 per cent. surplus of registered industries will be left in ate 9 y the pce “ whrwneg 
unemployed. This unemployed reserve would be paid | brought them to the verge of despair and bankruptcy. 
the full standard rates in the industry, the money for 
this to be provided by the employers paying a2 percent.| ‘‘ One cannot help feeling,’’ Mr. Bevin goes on to say, 
levy on their wages billinto thefund. State Unemploy- | “ that the dissatisfaction of the nation at the moment is 
ment Benefit would then be altogether unnecessary. | not with the Labour policy but with the failure to apply 
The employers would be relieved of their contribution of | Labour’s policy to these great industries; the recom- 
8d. per week per man to the State Unemployment | mendations of some of the Committees which have been 
Fund. This 8d. is about equal to the 2 per cent. The|set up are more or less pious and appealing. There 
worker would also be relieved of his State Unemploy- | appears to be no drive for re-organisation ; rather is 
ment contribution of 7d. per week. This, it is esti-| there an element of fear in the whole business. I 
mated, would increase wages in the aggregate by half a} feel sure, however, that the nation is awaiting an 
million pounds per week, and the purchasing power of | alert and courageous tackling of these basic industries 
the home market would be increased to that extent. | and that the country is ready to respond to any Govern- 
When each industry took its quota of 2 per cent.|! ment which will be prepared to take risks and make 
unemployed, the balance would be registered in a| experiments to secure methods which will, in a brief 
State Development Service, and would be paid a weekly | space of time, ensure the necessary re-adjustment to 
wage of 40s. with allowances for dependants. The | enable us to hold our own in the world of commerce and 
State Development Service would build garden cities, | to make our position more secure. There is inherent in 
undertake land reclamation and afforestation, clear | our people a great faith in the Movement. There is also 
the country of slag heaps and other waste material and | a great expectancy which nothing except a lack of 
convert some of it to useful purposes, and construct | courageous response can destroy.” 
new roads.” Se 

At the end of June, 12,644 members of the Boiler The M snssiry of Labour Gazette states that there was 
Makers and Iron and Steel Shipbuilders’ Society were | * — — oe — — June. oe 
‘signing the books’ as compared with 11,582 at the Brit _ tele vd ‘a tech heey oyment in Great 
end of May. The number of members in receipt of | Britain an Northern Ireland, the percentage unem- 
superannuation benefit was 4,702 as compared with ~~ in all industrues taken together was 15-8 
4,575, and the number in receipt of sick benefit 2,335 at d oo _ se —— — sn at Ls 
as compared with 2,362. In May—which had to bear | *” t “i Phy soe 23 was 15-9 aa — fo i . ri 
the outlays for five weeks—the expenses were 10,8011. it May” 26 1990 98% a a pesca 

+ j 7 4 a«¥, > 7 
1s. 6d. ; in June they were 9,0491. 17s. 5d. were 15-5 and 15-0. It is estimated that on June 23, 
1930, there were approximately 9,719,400 insured 
One of three resolutions sent in by the Boiler Makers | persons aged 16 to 64 in work in Great Britain. This 
and Iron and Steel Shipbuilders’ Society for submission | a8 4,200 less than a month before, and 569,500 less 
to the Trades Union Congress is in the following terms : than a year before. 
“That owing to the increased intensity of labour 
required by manual workers in the shipbuilding and| At June 23, 1930, there were 1,160,935 persons on 
engineering industry, the time is ripe for (a) an immedi- | the Registers of Employment Exchanges in Great 
ate effort to obtain a reduction of working hours to | Britain who were out of a situation. This was 3,533 
44 hours per week, (6) the restriction of overtime to work | less than a month before, but 396,997 more than a 
of agreed urgency and emergency when unemployment | yea before. The total included 855,973 men, 30,328 
in the industry exceeds 5 per cent. Further, that we | boys, 246,617 women, and 28,017 girls. It was made 
instruct the General Council to call together the | UP approximately of 759,000 insured persons who had 
paid at least 30 contributions during the preceding 

















workpeople. The workpeole affected by reductions 
include a large number in the wool textile industry 
in Yorkshire, who returned to work at reduced rates 
of wages during June, following the stoppage of work 
which began in April. Other workpeople whose wages 
were reduced during June included coal miners in 
Warwickshire, steel sheet millmen, bobbin makers, 
flint glass cutters, and men employed by electrical 
contractors. Workpeople whose wages were increased 
during June included iron puddlers and millmen in 
the North-East Coast area and in the Midlands, and 
a number of male pieceworkers in the hollow-ware 
trade for whom new minimum piecework basis time 
rates were fixed under the Trade Boards Acts. 





The number of trade disputes, involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in June was 33. In addition, 12 disputes which began 
before June were still in progress at the beginning of 
the month. The number of workpeople involved in 
| all disputes in June (including workpeople thrown out 
|of work at the establishments where! the disputes 

occurred, but not themselves parties to the disputes) 

was about 52,300, and the aggregate duration of all 
| disputes during June was about 429,000 working days. 
| The principal dispute in progress was that in the wool 
textile industry in the West Riding of Yorkshire 
and part of Lancashire, which began in April. 











On July 14, 1930, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 1,206,200 wholly unemployed, 641,400 temporarily 
stopped, and 92,300 normally in casual employment, 
|making a total of 1,939,900. This was 6,446 more 
han a week before, and 803,236 more than a year 
| before. The total on July 14, 1930, comprised 1,394,900 
men, 48,300 boys, 454,800 women, and 41,900 girls. 











At a meeting of the Unemployment Grants Com- 
mittee on Monday, with Lord St. Davids in the chair, a 
number of schemes of work submitted by local authori- 
ties and other statutory bodies for the relief of unem- 
ployment were approved for Government grant. The 
| estimated cost of the schemes so approved was 666,0001. 
| to provide employment for approximately 1,600 men. 
Schemes before the Committee for approval which are 
|now the subject of inquiry number 670, and are esti- 
mated to cost 12,100,0001. 





| According to Mr. A. Naesmith, secretary of the 
| Weavers’ Amalgamation, some reports that have 
| appeared in newspapers with reference to the Amalga- 
|mation’s attitude on the eight-loom question are 





affiliated unions concerned, and give them the support L 

of the Trade Union Movement in a sustained effort to | two years, and therefore satisfied the full-contributions | misleading and liable to affect negotiation possibilities. 
settle this claim by negotiations, and, failing this, to | condition for the receipt of unemployment benefit ;| “The attempt to make the eight-loom question of 
take such other steps as may be deemed advisable to | 339,500 insured persons who had paid less than | paramount importance is,” he says “an undesirable 


secure a working week of 44 hours and a restriction of | 30 contributions during the preceding two years;|one, as, by no means, if the weaving operatives of 
and 62,430 uninsured persons. The claimants for} Lancashire agreed to work this new system of cloth 








overtime within the above limits.” : : é 
benefit, numbering 1,058,566, included 186,582 men, | production would it bring about the economies that 
f SS , - 3,858 boys, 34,767 women, and 1,671 girls who had | are considered desirable and produce a revival in the 
The British Communist Party’s principal organ | been on the Register for less than one month. |trade. It is well for all operatives and employers to 


| place the eight-loom system in its proper relationship 





— neon to “‘ Fight for the Workless Charter 
and the Seven-Hour Day.” ‘‘ The Workless Charter ”’ - 
contains the following * a) As a step towards full |. eS ent a ed 
maintenance, the raising of Unemployment Benefits to | a gg qd or = =e . ys, 188,071 
30s. per week for all unemployed workers 18 years of age | WOM€?, an , 11,487 girls who were on short time or 
and over, to 10s. per week for wife or other adult | were otherwise suspended from work on the definite 
dependant, to 5s. per week for each dependant child, | understanding that they were shortly to return to 
to 15s. per week for young persons 16 to 18 years of age, yes former ey yoncen peer total = Seg,106 wos 
and to 10s. per week for young persons between 14 and | 13 more t ni oe a ate 285,546 more 
16 years of age. (2) Stoppage of the policy of benefit | . an a — before. There were Pa the Registers in 
disqualification at Labour Exchanges by the abolition | or mitain 80,080 men, 297 Sexe, S08) wenn, 
of Boards of Assessors and Courts of Reference and the | “24 27 girls who normally seek a livelihood by means 
removal of the victimisation clauses, ‘‘ Unable to obtain | of = ig chert dusdiien. ‘These ave mainly employed 
suitable employment,” ‘‘ Discharged for misconduct,” | of ock, harbour, river and canal service. The total 
“Left work voluntarily ” and the “Sham N.G.S.W.” © 92,273 was 3,689 less than a month before, but 
clause. (3) Abolition of the vicious system of task and | 14,092 more than ® year before. 

test work imposed by the Ministry of Health through the | cei 

local authorities and the closing down of ‘The slave! A further substantial increase in the numbers 
colonies of Belmont and Hollesley Bay, &c.” (4) Full unemployed occurred during the past month in the 
trade union rates and conditions on all relief work | coal-mining, shipbuilding and marine engineering, 
cad stoppage of tho peuctice of compelling applionta toa incerasel in tke folloeing, totam Toceer 
sign for relief on loan. (6) A national reduction of the | tinplate manufacture, aie: the metal dustien 
working day to seven hours without wage reductions. | the textile industries with the exception of hosiery, 
| tailoring, boot and shoe manufacture, and paper- 
|making. On the other hand, there was improvement 
|in the slate quarrying, food and drink, hosiery and 
distributive trades, and in the hotel, road transport, 
shipping, and dock and harbour services. 





Discussing the question of unemployment in the 
Record, the organ of the Transport and General Workers’ 
Union, Mr. Ernest Bevin, the general secretary, 
suggests that not only the Government, but the nation, 
as a whole, is conscious that tinkering with the problem 
will not achieve a permanent result. “It is quite} In the industries for which statistics are regularly 
clear,” he says, “that the public control of the great! compiled by the Ministry of Labour, the changes in 
basic industries is bound to be undertaken, but it is| rates of wages reported to have come into operation 
impossible for this country to hold its own while the | during June resulted in a decrease of about 13,9001. 
management of the great basic trades is left toa/in the weekly full-time wages of 104,000 workpeople, 
directorate of the character operating in the past. The | and in an increase of nearly 2,400/. in those of 42,000 








| to the other questions that are indicated by the Govern- 
|ment Committee of Inquiry in their report. It is 
| quite true that the Amalgamation, along with repre- 
sentatives of the Nelson Weavers’ Association, have 
| been in consultation with representatives of a firm in 
| the Nelson district. Proposals are reaching finality, 
| but it is premature to indicate at the moment what 
| those proposals are.” 

At the annual conference of the Miners’ Federation 
| of Great Britain at Weston-super-Mare next month, 
| the Enginemen’s and Mechanics’ Group will move the 
| following resolution :—“ In view of the re-establishment 
| of the seven hours’ day for underground workers in 
| July, 1931, the Federation urge the Government to 
provide by legislation for a working day of not more 
than 7} hours (including a break for a meal) for all 
surface workers.”” The South Wales Miners’ Federa- 
tion will submit :—‘‘ That this Conference again press 
upon the coalowners the desirability of a national 
agreement for the regulation of wages and conditions 
of employment in and about mines, strongly believing 
that the future prospects of the mining industry largely 
depend upon its being operated as one unit.” A 
resolution for which the Cokemen are responsible, 
proposes that the Government be pressed to institute 
an inquiry into the coke and by-product industry in 
relation to ownership of plant, transfer prices, costs of 
conversion, profits, and a national wages board. 














British STEEL IN SCANDINAVIA.—It is interesting to 
note, in a recent weekly report of the London Iron and 
Steel Exchange, that sheet bars, produced in Lincoln- 





shire, have been sold in Scandinavia in competition with 
Continental material. 
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AMERICAN SOCIETY FOR TESTING 
MATERIALS. 


Every year the reports presented at the meetings 
of the institution which concerns itself with the 
establishment of standards and methods of testing the 
properties of materials in the United States—the 
American Society for Testing Materials—furnish a 
considerable amount of information of interest to 
engineers. In this and a subsequent article we pro- 
pose to direct attention to some of the questions dealt 
with in the reports presented at the thirty-third annual 
meeting of the Society, which was held at Atlantic 
City, New Jersey, on June 23 to 27. Among the 
matters of great importance at the present time are 
those relating to the properties of cement and concrete 
and it is therefore natural that a number of reports 
and papers should have been presented on these matters. 





CEMENT. 


In a report presented on behalf of the committee 
concerned with cement, a number of revisions of the 
present standard specification were announced. These 
concerned the average tensile strength of standard 
mortar briquets, which was raised from 225 lb. to 
275 lb. per square inch at 7 days, and from 325 lb. to 
350 lb. per square inch at 28 days. Other provisions 
concerned the tolerances allowable in weights used in 
cement testing, and in the dimensions of briquettes. 
Data obtained with various cements tested in different 
institutions were given. As had previously been noted, 
briquette tests gave relatively high tensile strengths 
for cements which gave low compressive strengths, 
and relative low tensile results for those giving high 
compression characteristics. As concrete tests were 
not made with the use of the cements employed it was 
not possible to tell whether cube tests or those made 
with briquettes were the better indicators of concrete 
strength. In connection with the test work done in 
various laboratories, the need for closer control of 
temperature and humidity was emphasised as one 
cause of discrepancies in results. 

A tentative specification for high early strength 
Portland cement was incorporated in this report. 
In regard to the time of setting it was specified that 
these cements should not develop initial set in less than 
45 minutes, when the Vicat needle was used for test 
purposes, or 60 minutes when the Gillmore needle was 
employed. Final set was specified as being attained 
within 10 hours. The tensile strength minimum of 
briquettes stored for one day in moist air was given as 
275 lb. per square inch, and for one day in moist air 
followed by two days in water as 375 lb. per square 
inch. 

As cements differ so much in their concrete-making 
qualities, it is considered essential that complete data 
relating to any particular material should be available to 
the engineer, so that he may judge its suitability for 
any specific class of work in relation to economic factors. 
It is for this reason that many critical studies of cements 
and their concrete-making qualities have been made in 
the last few years. An interesting and informative 
example of this type of work was the subject of a report 
by Messrs. C. H. Scholer and L. H. Koenitzer, entitled 
‘“A Study of Fourteen Brands of Standard Portland 
Cements and Four Early-Strength Cements.” This 
contribution embodied the results obtained in investi- 
gations conducted by the Engineering Experiment 
Station of the Kansas State College, with the cements in 
use in the area controlled by the Kansas Highway 
Commission. The properties studied were the standard 
chemical and physical characteristics, the compressive 
and flexural strengths in mortar and concrete, the work- 
ability and the water-cement ratio-strength relation. 
The test work showed that the highest results in regard 
to water-cement-ratio strength relationship were main- 
tained over a wider range for some cements than for 
others; that is the ‘“‘ peak” was flattened out in 
certain cases. The quantity of water required for the 
production of maximum density varied but little for 
most of the brands studied, and the maximum varia- 
tion between the high and low values was 20 per cent. 
With these exceptions the results obtained with the 
various specimens were of rather unusual uniformity. 
Of the early-strength or rapid-setting cements three 
were Portland cements and one was a cement with 
a high alumina content. All of these seemed to 
be more plastic and workable than the normal Portland 
cements, and the high alumina cement required a 
much higher water-cement ratio than all others to give 
the maximum strength in the mortar mix. 


ConcrRETE. 

The report of the main committee dealing with 
concrete also incorporated a number of modifications 
of details in the standard specifications. As the 
result of a considerable amount of experimental work 
it was concluded that the weight per cubic foot deter- 
mination was an accurate test which enabled individual 





laboratories to check very closely the work done in 
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other institutions. The abrasion test on blast-furnace 
slag, however, was found to be very unreliable and, 
indeed, inaccurate. It enabled no possible check to 
be made, within reasonable limits, on work done in 
various test houses. 

In view of the fact that flexure testing of concrete 
was becoming common practice in highway construc- 
tional work, it was thought that a thorough investiga- 
tion of this method of testing was desirable. The 
subject was dealt with by Mr. A. T. Goldbeck, who gave 
a paper on “ Apparatus for Flexural Tests of Concrete 
Beams.” In this he examined various methods of load- 
ing beams, and recommended, in conclusion, the testing 
of simple beams supported at each end on bearing 
blocks mounted on an axle and a ball, so that one could 
move longitudinally and laterally and the other longitu- 
dinally only, while the load was applied in the centre 
through a block which could only move laterally. It was 
suggested that these provisions would provide auto- 
matic adjustment to take care of lack of parallelism 
of the transverse elements of the top and bottom 
surfaces of the beam. 

Mr. Raymond E. Davis presented a paper on “ A Sum- 
mary of Investigations of Volume Changes in Cements, 
Mortars and Concretes produced by Causes other than 
Stress.” In this he examined the evidence available 
relating to the effect of the richness of the mix, kind 
of cement, character of aggregate, water-cement ratio, 
age, moisture content, temperature, and alternations 
of high and low temperatures. Amongst others the con- 
clusion was reached that the thermal expansion of neat 
cement varied with the brand, and that the coefficient 
for both mortars and concretes was somewhat greater for 
a Tich mix than for alean one, the variation depending 
also upon the character of the aggregate. It appeared 
that the thermal expansion when wet was slightly 
greater than for the same concrete when air-dried. 
This variation was sometimes as high as 5 per cent. 
The effect of alternations of high and low temperatures 
within the atmospheric range seemed to be to decrease 
the thermal coefficient of expansion. One hundred 
alternations between 15 and 130 deg. F. had decreased 
the coefficient 14 per cent. from the values obtained 
upon identical concretes of the same age, stored con- 
tinuously at 70 deg. F. Other factors being the same, 
the richer the mix, the larger was the volume change, 
either given by the shrinkage when storage was in air, 
or by expansion when kept in water. Variations in 
type of aggregate had a marked effect upon concretes 
in regard to volume change. Sandstone and gravel 
concretes had undergone volume changes of from 50 
to 100 per cent. greater than limestone and quartz 
concretes subjected to similar moisture conditions. 

In a paper on “‘ Variations of Compressive Strength 
of Concrete within the Water-Cement Ratio Law,” 
Mr. Ira L. Collier presented experimental data which 
showed that if the water-cement ratio of concrete was 
held constant and the sand and gravel were in the 
proportion of one to two, the compressive strength 
decreased as slump increased, in general decreased 
as the percentage of sand decreased, and decreased as 
the fineness modulus of the sand increased. 


Haypire Concrete. 


The use of burnt-shale aggregate, of the type known 
as Haydite, has become of importance in building 
construction, and for that reason the paper by Messrs. 
F. E. Richart and V. P. Jensen, on “Tests of Plain and 
Reinforced Haydite Concrete,” may be regarded as 
important. In the tests the mixtures used included 
concrete made with fine and coarse Haydite aggregates, 
natural sand and coarse Haydite, and, for comparison, 
sand and gravel or broken limestone. Studies were 
made of the workability, yield, unit weight, compression 
strength and modulus of elasticity of the concrete 
and resistance to bond and diagonal tension in beams. 
The weight per cubic foot of the Haydite concretes 
used varied from 73 to 106 Ib. for all-Haydite concrete 
and from 112 to 126 lb. for concrete made with sand 
and coarse Haydite. The similar figures for the 
material made with natural sand and gravel aggregates 
were 144 to 147 lb. No difference was noted in the 
work required to place the concrete or in the appearance 
of the moulded surfaces of the beams made with gravel, 
limestone and coarse Haydite. The Haydite beams, 
however, had a harsh top surface, making finishing 
more difficult where no topping mortar was used. It 
was evident in every case that the Haydite aggregates 
required a greater water-cement ratio than gravel 
aggregates in similar mixes, and generally showed lower 
strengths. There was no indication that the strength 
of any of the mixtures was limited by the strength 
of the aggregate particles. In modulus of elasticity 
the Haydite concretes were markedly lower than those 
made with gravel and limestone aggregates in like 
proportions. The ratio of bond resistance to compres- 
sive strength at the end of 28 days was essentially the 
same with like mixes of gravel or Haydite, and for 
beams without web reinforcements, which failed by 
diagonal tension, the ratio of the shearing unit stress 





of the compressive strength of control cylinders was 
practically the same for comparable mixes. 


PETROL AND HEAVIER OILs. 


The activities of the American Society for Testing 
Materials cover every phase of engineering test work, 
and we propose to refer to two papers on oil subjects 
which were submitted at the annual meeting. In the 
first, Professor G. Granger Brown dealt with “‘ Motor 
Performance as Determined by Fuel Volatility.” In 
this contribution, he referred to the fact that a fuel 
for a motor-car engine must satisfy many conditions : 
first, it must have characteristics to suit easy starting, 
satisfactory performance during the warming-up 
period, and give efficient action when the temperature 
had been raised. Starting at low temperatures 
demanded a fuel so volatile as to be capable of per- 
mitting the starting of an engine within 10 to 20 revolu- 
tions. Test work had shown a definite relationship 
between the percentage of the fuel distilled off at various 
temperatures and the number of revolutions needed 
for starting. The temperature at which 10 per cent. 
of the petrol was distilled off was the index to the ease 
of starting, and similarly, the temperature at which 
35 per cent. was given off as vapour was the lowest at 
which satisfactory performance was possible in the 
warming-up period. Perfect performance was obtained 
with a distillation of not less than 65 per cent. By the 
examination of the characteristics of various fuels, the 
author of this paper was able to provide a means of 
determining the characteristics of a petrol to meet 
any specified conditions of running. 

The Committee on Petroleum Products and Lubri- 
cants presented a report dealing with the many phases 
of its work, which are entrusted to sectional sub- 
committees. Unfortunately, the results obtained in 
tests on oils vary very largely where the apparatus 
used is even slightly modified or another design is 
adopted. There are also possibilities of obtaining 
unexpected results if the methods of using the test 
appliances are varied. In consequence of these difficul- 
ties, it is necessary to specify the exact form and 
dimensions of the apparatus and the procedure to be 
adopted in making the tests. Experience has shown 
the need for changes in certain of the specifications 
previously used, and the report was largely concerned 
with the modifications it was thought desirable to 
incorporate. As an example, work was undertaken to 
find the temperatures of autogenous ignition of petro- 
leum products in different laboratories. The experi- 
menters used similar apparatus and methods of using 
it, but the results showed variations from the averages 
of no less than 21 per cent. This result certainly 
gives evidence of the need for the strict specification 
of the methods of testing for substances so much 
affected by external conditions or in the results derived 
in tests as mixed oils. : 








ELECTRIC OR COMPRESSED-AIR 
MACHINERY FOR COAL MINES. 


THE steam engine in its earliest days found its 
common application in pumping and winding at 
collieries. By the year 1800, extensive use had been 
made of it for these purposes, and half a century 
later also for ventilation, haulage and other duties. 
The pumps at first were located in the pit-shafts and 
rope haulages were generally operated from haulage 
engines on the surface, but in a number of cases steam 
was taken underground, or where possible, generated in 
boilers below-ground, to operate the engines. No 
efficient means was then known of conveying power any 
distance underground, and all the operations of mining 
coal had to be performed by the use of manual labour. 
Mining engineers, like all others, became aware of the 
progress made in the development of mechanical 
methods in other fields, and made efforts to obtain some 
of the economic advantages involved, in their own 
sphere of activities. Proposals to use compressed air 
underground were made in 1830, this medium having 
the great advantage of freedom from creating new 
dangers in atmospheres not always free from com- 
bustible gases. Progress was slow, however, for it was 
not until 1849 that regular use, for pumping and haulage 
below-ground, was made of compressed air in a colliery. 
Engineers tried to meet the exacting conditions involved 
in mechanical coal cutting and with some measure of 
auccess, for it is recorded that in 1866 a compressed- 
air-driven longwall coal cutter was in use in a 
Lancashire colliery. Thus this type of machine was in 
service for many years before the advent of electricity 
for use underground, the first application of which, for 
ae and lighting, appears to have been made at 

afalgar Colliery, Forest of Dean, in 1882. Later, 
progress with compressed air was made through the 
invention of the air turbine; the modern helical rotor 
was, however, not available until 1896, and was 
inefficient because of the difficulty, which has since 
been overcome, of making the rotors with the necessary 
accuracy. Conditions of financial stringency in the 
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British mining industry unfortunately have hampered 
developments, but at the present time steady progress 
must be recorded in the efficient generation and utili- 
sation of compressed air and electricity ; large electric 
winding engines are finding increasing application, and a 
majority of the collieries have modernised their plant 
throughout. The motors in use in British collieries in 
1928 had an aggregate horse-power of 1,722,332, of 
which 878,311 represented the power of those installed 
underground. In coal mines to-day it may be said that 
electricity is given preference for coal cutters, but 
compressed air is almost unopposed for use with 
percussive machines and drills of alltypes. In the year 
1928 there were in usein British mines, 3,586 electrically 
operated coal cutters and 1,341 utilising compressed 
air. Where the pits are deep and gassy, asin the South 
Wales and Lancashire mining areas, compressed air 
finds favour, but in Scotland, the district of greatest 
application of coal cutters, where the seams are thin 
and the gas dangers comparatively small, electricity is 
given a decided preference. Whatever data are avail- 
able indicate that the preponderance of the use of 
electricity is likely to increase in the future. 

The questions involved in the use of power in coal 
mining were treated exhaustively in a paper entitled 
‘*A Comparison from the Standpoint of Econo- 
mics and of Practical Working between Compressed 
Air and Electricity for Use in Collieries,” which 
Professor Douglas Hay and Mr. N. E. Webster presented 
at a recent meeting of the Institution of Mining Eng- 
ineers. They pointed out that power was very rarely 
obtained from outside electricity stations as the sole 
means of supply, because collieries could generate more 
cheaplythemselves ; but in many cases a stand-bysupply 
was laid on, and in others the small colliery plant was run 
in synchronism with the outside supply. This had the 
advantage of providing an alternative source for 
essential pumping and ventilation, should either system 
fail. In Great Britain the most usual mode of genera- 
tion was to use exhaust or mixed-pressure turbines, 
obtaining steam from the winding engines and venti- 
lation fans, and approximately one half of the energy of 
the steam was thus utilised for electricity generation. 
Where live-steam turbines were used it was not uncom- 
mon to find efficient generating plants of from 2,000 to 
3,000 kw. capacity. The authors proceeded to state 
that there was ample low-grade fuel available and, when 
charged against the plant from at 7s. to 9s. per ton, the 
cost of generation varied from 0-25d. to 0- 40d. per unit. 
Groups of collieries supplied from one electricity station, 
a practice common on the Continent, was still excep- 
tional in this country, but the Powell Duffryn Steam 
Coal Company had three interlinked power stations 
serving the whole of their pits through 33,000-volt 
transmission lines. 

The most usual type of compressed-air plant 
in use consisted of a high-speed reciprocating com- 
pressor driven by a synchronous motor, giving 
power factor correction, but where large volumes of air 
had to be dealt with, over, say, 6,000 cubic ft. of free 
air per minute, turbo-compressors had been installed. 
The reciprocating plants had the greater efticiency. 
Generation of electricity in a central station and trans- 
mission to motor-driven compressors at the mines was 
more expensive than central compression and transmis- 
sion of air by pipes. For an equalenergy loss atla distance 
of 3 miles the latter method was cheaper by 50 per cent., 
the advantage increasing with the reduction in the 
distance. This was due to the high capital charges for 
transformers, overhead lines, switchgear, generators, 
motors and starters as compared with cheap and simple 
compression plant and pipe lines. In underground 
workings, leakages of compressed air existed to an 
unsuspected degree, 10 to 15 per cent. loss being 
quite an average figure. Another source of loss in air 
transmission was the final pressure drop at the couplings 
of the rubber hose to the machines. Such pipes were 
generally not more than 2 in. in diameter, owing to the 
difficulty of handling larger sizes, and thus the pressure 
drop was considerable. Compressed air suffered the 
disadvantage that it was harmless, and waste could go 
on without danger or discomfort. In consequence, 
many plants were running at very low efficiencies, 
which could be raised by the checking of losses by 
systematic metering. It was urquestionably the case 
that electricity was from three to nine times more 
efficient than compressed air, owing to the low efficiency 
of air utilisation. In normal practice, compressed air 
cost from 2d. to 7d. per ton of coal more than electricity, 
and this severe handicap was encouraging the growth 
of the use of electricity. 

In pits having rock roofs and little road timber 
the cost of extensions was much less for compressed 
air and less time was needed for their completion, 
because of the special provisions that had to be made 
for hanging cables. Where systematic timber was 


required, because of the road conditions, the time taken 
and the costs of installation were practically the same. 
Few reliable figures were available relating to com- 
parable cases with electrically-operated plant and 
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( 2089.) 
compressed-air machinery, but data were given for two 
mines in the Midlands. In the first case, electricity was 
used, the annual output was 1,300,000 tons from seams, 
of which 80 per cent. were under 3 ft. thick, and 60 per 
cent. of the coal was machine cut and 17 per cent. was 
mechanically loaded. In this example, the total cost, 
including interest and depreciation, insurance and 
inspection, repairs, stores and new parts, and wages, 
was 4-83d. per ton. The pit where the machinery 
was operated by means of compressed air had an 
output of 320,000 tons from seams of 4 ft. average 
thickness, all the coal being machine cut and 90 per cent. 
of it loaded mechanically. Here the total cost per ton 
was 10-44d. 

In regard to convenience in working, it was stated 
that, except for percussive picks and rock drills, 
electricity could be used for every operation that might 
be performed by means of compressed air. Electricity 
suffered the disadvantage that when a machine or supply 
cable broke down a lengthy stop was unavoidable, 
whereas with compressed air a temporary patch-up was 
possible, enabling the completion of the work of the 
shift. Compressed air was applied to face machinery 
with greater convenience than electricity, owing to the 
absence of switchgear, but the air machinery did not 
possess the same capacity for overload or have a 
constant speed characteristic. After a complete review 
of all the factors involved, Professor Hay and Mr. 
Webster came to the conclusion that the inherent low 
efficiency of compressed air was compelling the adoption 
of electricity wherever conditions permitted, and the 
improved safety factor of flameproof apparatus was 
enabling it to be applied to an extended degree in 
gassy mines. In spite of the fact that compressed- 
air machines were cheaper to purchase and easier to 
install and maintain, their selection, rather than 
electrical equipment, was only justified where pneu- 
matic picks were favoured or the conditions of safety 
demanded it. 








BY MESSRS. HIGHFIELD ELECTRICAL COMPANY, LIMITED, COVENTRY. 

































































“ENGINEERING” 


HIGHFIELD AUTOMATIC TRAFFIC 
CONTROLLER. 


EXPERIENCE abroad, and to a lesser extent in this 
country, has definitely established the value of auto- 
matic traffic controllers when installed with due con- 
sideration for the prevailing conditions of traffic. 
There is still some diversity of opinion, however, on the 
arrangement of the lights and the location of the 
controller, and British authorities are probably wise in 
delaying large-scale installations until agreement is 
reached on these points. At present, the three-light 
system appears to be most widely favoured, warning 
that a change is about to occur being given by an 
amber light, and the traffic being stopped and started 
by red and green lights respectively. As an alternative 
to this arrangement, warning is sometimes given by a 
flicker light, and the controller illustrated in Figs. 1 
to 3 on this page operates on this principle. The 
controller may, however, be adapted to the three-light 
system if preferred. 

The apparatus is manufactured by Messrs. The 
Highfield Electrical Company, Limited, Stoney Stanton- 
road, Coventry, and, in addition to the lights, directions 
are given by the appearance of the words “go” and 
““stop’’ on the lenses. This provision, in conjunc- 
tion with a flicker light in place of an amber light, 
ensures that the signals can be followed by a driver 
who is colour-blind, a matter of some importance since 
it has never been suggested that a person with this 
defect should be prohibited from driving a motor 
vehicle. It may be mentioned that, so far as this point 
is concerned, the controller meets the recommendations 
put forward some six months ago in a memorandum 
issued by the Ministry of Transport. The controller 
differs from the majority of those at present in use in 
that the light is always at the same level, the same lens 
being altered in colour as required. As shown in Fig. 1, 
there is a single lamp at the top forming the flicker 
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light, and four lamps at the level of the lenses for the 
coloured signals. The main pillar is of cast iron, with 
a cover in the same material at the top. The flicker 
light is protected by a glass cover. The base of the 
pillar forms a housing for the controlling device, which 
consists of an induction motor driving timing switches 
through reduction gearing, as shown in Figs. | and 3. 
There are two switches of the ordinary make and break 
type, closed by cams, one being in circuit with the 
flicker light and a trembler coil, and the second with a 
contactor operating a mask carrying the lenses. The 
contactor armature is horizontal, and is fixed to a 
shaft supported on a single ball thrust bearing. The 
shaft carries the mask already referred to, which is of 
cylindrical form, and is fitted with two red and two 
green lenses, as shown in Fig. 2. In addition to the 
distinguishing colours, the lenses have the words 
“stop ” and “ go” burnt upon them. 

The switch controlling the contactor circuit is closed 
at thirty-second intervals, and on completion of the 
circuit, the mask is rotated so that the lens shows red 
and the word ‘“‘ stop” appears. At the end of thirty 
seconds the mask is again rotated, changing the lens 
colour to green and the word “‘stop” to “go.” The 
flicker light switch cam is arranged so that flickering 
commences five seconds before the change occurs in 
each case, and continues until the change is completed, 
when the current is cut off from the lamp. 

A switch, operated by a removable key, is provided for 
cutting off the current to the controller during light- 








traffic periods, the movement of the switch putting the 
flicker light permanently on circuit. It may be: 
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mentioned in conclusion that the lenses are designed so 
that it is impossible to get sunlight reflection, giving the 
impression that the light is on when the lamp is not on 
circuit, and that the controller may be arranged for 
suspension above the street instead of in a pedestal. 








BritisH STANDARD SPECIFICATIONS FOR CARBON™ 
FitraMent Lampes.—The British Engineering Standards 
Association has issued a revision, designated No. 33— 
1930, of Specification No. 33—1906 dealing with carbon- 
filament electric lamps. The new publication has been 
brought into line with Specification No. 161 for tungsten 
filament lamps. The clauses in the two specifications 
correspond, and the lamps are now rated,in lumens 
instead of candles. Copies of the new specification 
may be obtained from the B.E.S.A. Publications Depart- 
ment, 28, Victoria-street, London, 8.W.1, price 2s, 2d. 
post free. 
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CULTIVATOR WITH SELF-LIFTING 
GEAR. 


CuLtivaTors were first extensively utilised on 
British farmsteads about the middle of the nineteenth 
century. The early models were of very heavy draught, 
due to the employment of dull shares, and to the 
heavy frames required to force the tines into the 
ground. The Canadian spring-tine cultivator was 
introduced about 1890, and since that date, improve- 
ment has been mainly confined to detail design, such 
as the employment of self-lifting devices, improve- 
ments in the shares, and the adoption of materials 
giving lighter and stronger frames. A cultivator 
embodying a new principle of tine action was exhibited 
at the recent Royal show at Manchester, and was 
successful in gaining one of the Society’s silver medals. 
This implement, which was shown by Messrs. The 
Walter A. Wood Company, Limited, of Horsham, is 
illustrated in Figs. 1 to 5,above. Apart from minor 
improvements, it has two main features which distin- 
guish it from ordinary cultivators—fully compensated 
tines and a quick and smooth-acting power lift. It 
will be noticed from Figs. 1 to 4 that the main frame 
consists essentially of two tubular cross members, 
braced together, and connected to the draw bar, by 
light rolled sections. There are nine tines in all, four 
on the front tubular cross member and five on the 
rear. All the tines are mounted on brackets so that 
they are free to rotate about the tubular members, 
and each carries a single pulley block, through which 
a common chain is threaded, as shown in Figs. 3 and 5. 
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The chain is anchored to the side members of the main 
frame at eachend. It will be evident that the arrange- 
ment described will allow relative movement between 
the tines according to the resistance offered to each 
individual tine by the soil, and in actual practice, 
the tines are in constant motion, giving a digging 
action, which pulverises and aerates the soil. If one of 
the tines enters a particularly hard piece of ground, 
the compensating arrangement tends to concentrate the 
load until the unusual resistance is overcome and the 
ground is effectively broken up, but should a tine 
actually encounter rock or a large stone, it will ris> 
clear of the obstruction without damage. 

It will be clear that the depth at which the cultivator 
is operating does not affect its efficiency. The working 
depth is set by rotating the handwheel at the end of 
the inclined shaft shown in Figs. 1 to 4. It will be 
noticed from the latter figure that the cultivator wheels 
are mounted on the end of short crank arms on the 
ends of the main axle. The height of the main frame 
above the ground surface, and, therefore, the working 
depth, will be fixed by the angle which the crank arms 
make with the horizontal. These arms are pinned to 
the main axle, and there are two cod pieces, each 
provided with dogs on the inner face, also pinned to 
the axle near its centre. When the machine is drawn 
forward by the tractor, the crank arms swing over 
until these dogs come into contact with correspond- 
ing dogs on a bracket pivoted on the centre of 
the shaft between the two cod pieces. This bracket 
is provided with a sector engaging with a worm on 
the end of the inclined shaft already referred to, so 
that the rotation of the hand wheel on the latter 
rotates the bracket round the axle, and determines 
the point at which the dogs on the axle will be brought 
to rest. There is a dial plate below the hand wheel 
which clearly indicates to the operator the depth for 
which the machine is set. The depth can be varied 
from the driver’s seat on the tractor, and should the 
latter stall on a bad patch, owing to lack of wheel grip, 
the load can be instantly eased. 

The self-lifting gear is very ingenious, and is claimed 
to give an exceptionally smooth action. It will be 
noticed from Figs. 1 and 4 that each wheel shaft 
carries a spur pinion at its inner end, these pinions 
engaging with spur wheels mounted on the ends of 
the main axle. Normally, the latter run free on the 
axle, but they can be coupled to it by means of internal 
expanding brakes, operated by the hand lever shown 
in Fig. 1. To explain the action, it may be assumed 
that the machine has been in operation with the spur 
wheels rotating idly, and that the header is reached. 
The hand lever is then pulled over, putting on the 
brakes, when the frame will at once be raised by the 
epicyclic action of the spur wheels and_pinions. 
Actually, the hand lever applies the brakes through a 
toggle mechanism, and the lifting action will continue 
until the toggle is broken by an arm on the axle coming 
into contact with a plunger. The brakes are then 
released so that the frame is no longer lifted, but the 
latter does not fall again as it is held up by a catch 
embracing the arm on the axle. The cultivator, 
therefore, travels with the tines clear of the ground 
until the operator is ready to resume work, when a 
further movement of the hand lever releases the 
catch and allows the frame to resume the working 
position. 








IMPROVED PHOTO-ELECTRIC CELLS. 


THE commercial development of photo-electric 
cells being comparatively recent, it is probable that 
numerous applications of them have still to be explored. 
They can, however, be employed for counting, the 
automatic control of lights, colour matching, the 
detection of smoke and dust, talking pictures, tele- 
vision, signalling, burglar alarms, and automatic titra- 
tion, the detection of precipitation, and various other 
applications in the chemical industries. In general, 
a photo-electric cell consists essentially of a glass 
bulb, the inner surface of which is partly coated with 
a light-sensitive substance, such as caesium, potassium, 
or sodium. A grid is mounted inside the bulb close 
to the coating, and this grid is connected to the positive 
pole of a 130-volt dry battery while the coating is 
connected to the negative pole »f the same battery. 
lf, with this arrangement, light is allowed to fall on 
the coating, the electrons emitted by the latter will be 
attracted to the positively-charged grid and a current 
will flow from the battery. This current, suitably 
amplified, can then be made to operate relays or 
contactors controlling any desired apparatus. 

' Particulars have recently come to hand of a type of 
photo-electric cell produced by Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, which appears to possess characteristics 
which should render it distinctly superior to earlier types 
for many purposes. In these cells, known as Osram 
CM cells, the active material on the cathode consists 
of an extremely thin, probably monoatomic, layer of 
caesium deposited on a specially prepared silver 





conductor. Earlier caesium cells, in which the active 
material was a comparatively thick layer of caesium, 
were themselves distinctly superior to the ordinary 
potassium cell for most of the usual applications, 
but the new cell, when exposed to white light from, 
say, a gas-filled incandescent lamp, gives an emission 
about 12 times as great as that obtained with a potas- 
sium cell under the same conditions. In the case of 
vacuum cells, the sensitivity is measured by the 
emission only, and a vacuum cell of the new type is 
therefore 12 times as sensitive as a vacuum potassium 
cell. With gas-filled cells, however, the effective 
sensitivity is due partly to the gas, and the magnifica- 
tion arising from the latter is rather less in the new 
caesium cell than in the potassium cell. Even so, 
the sensitivity of the new cell of the gas-filled type is 
about five times that of the gas-filled potassium cell. 

It should, perhaps, be explained that the great 
sensitivity of the new cell to white light is not due to an 
increased sensitivity to light of all wavelengths, but 
arises from the fact that the region of maximum sen- 
sitivity is transferred from the blue to the red end of 
thespectrum. There is, of course, much more light of 
long wave-length than of short wave-length in ordinary 
white light ; hence, the increased response of the 
new caesium cell as compared with the potassium 
cell. The latter is very insensitive to any light except 
deep blue, but to that particular light it is much more 
sensitive than any other cell. 

The new caesium gas-filled cells are available in two 
forms, one of which has a tubular bulb fitted with a 
standard valve base at one end and a screw cap at 
the other, through which the connection to the cathode 
is made. The other cell is in the form of a flattened 
circular bulb, the connections being made through 
terminals mounted on the ends of two radial tubes at 
right angles to each other. Vacuum cells are also 
available for experimental and scientific work, together 
with the necessary amplifying equipment for all 


types. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Gas Exhauster.—The supply and erection of a steam- 
driven gas exhauster. The Copenhagen Lighting 
Department, Denmark. (Ref. No. A.X. 9911.) 

Rail Cars.—The supply of six metre-gauge rail cars, 
furnished with petrol, Diesel, or coal-burning power units. 
The Chilean State Railways. (Ref. No. A.X. 9914.) 


Cattle-Weighing Machines.—The supply of two cattle- 
weighing machines. The Stores Department, City of 
Johannesburg; August 21. (Ref. No. A.X. 9923.) 


Passenger Motor Vehicles.—The supply of one or more 


long-distance passenger motor vehicles, capable of 
accommodating from 25 to 30 passengers. The South 
African Railways and Harbours Board; July 31. (Ref. 


No. A.X. 9929.) 

Road-Surfacing Material.—The supply of 8,000 galls. 
of road-surfacing material. The Municipality of Oudt- 
shoorn, South Africa ; August 29. (Ref. No. B.X. 6661.) 

Gas-Works Plant.—The supply and delivery of a 
complete gas-making plant, including vertical retorts, 
steam boilers for the recovery of exhaust heat, and two 
coal and two coke transporters. The Copenhagen Light- 
ing Department, Denmark ; September 15 (Ref. No. A.X. 
9915.) 

Fire Extinguishers.—The supply of foam and acid 
fire extinguishers. The Egyptian Ministry of Education, 
Cairo; September 15. (Ref. No. A.X. 9931.) 

Pumps and Motors.—The supply of centrifugal 
pumps, electric motors, and accessories. The Inver- 
cargill City Council, New Zealand; September 30. 
(Ref. No. A.X. 9946.) 








CENTENARY OF DuNDEE Harsour Trvust.—The 
Dundee Harbour Trust came into being on June 17, 
1830, and, in order to commemorate the centenary of 
its formation, a handsomely printed and _ illustrated 
hand-book, dealing with the history and development 
of the Harbour has recently been issued. The book 
opens with an account of the history of Dundee and its 
harbour from the earliest times to the presentday. Then 
follow two chapters respectively entitled, Tay Ferries 
and Pilotage, and the book closes with statistics and 
diagrams, and lists of principal officials and staffs, 
1830-1930. Two large folding maps are included, the 
first is a reproduction of an old survey plan of the harbour 
and town of Dundee, dated 1793, and the second is a 
large-scale plan of the harbour in 1930. The latter shows 
the extension works now in progress at the King George V 
wharf; when complete, this wharf will be lengthened 
by 561 ft. A large shed and railway lines are also under 
construction. The book, which is issued by the Dundee 
Harbour Trust, Harbour Chambers, Dundee, has been 
compiled by Messrs. J. Hannay Thompson and G, G. 
Ritchie, respectively, general manager and engineer, 
and clerk to the Trust. 





THE InstTITUTE oF MeTAts.—As previously announced 
in our columns, the annual autumn meeting of the 
Institute of Metals is to be held at Southampton from 
September 9 to 12 next. The meeting will open on the 
evening of September 9, when the ninth autumn lecture, 
on ‘ The Use of Non-Ferrous Metals in the Aeronautical 
Industry,”’ will be delivered by Professor D. Hanson. 
On September 10, at 9.30 a.m., the members will be 
welcomed by the Mayor of Southampton, and the 
remainder of the morning will be devoted to the reading 
and discussion of papers. The business meeting will 
be resumed on the morning of September 11. The papers 
on the list comprise: ‘‘ Pendulum Hardness Tests of 
Commercially Pure Metals,” by Mr. D. A. N. Sandifer ; 
‘* Pressure Die-Cast Aluminium-Alloy Test Pieces,” by 
Mr. J. D. Grogan ; ‘‘ Gas Removal and Grain Refinement 
of Aluminium Alloys,’ by Dr. W. Rosenhain and Messrs. 
J. D. Grogan and T. H. Schofield; ‘‘ The Effect of 
Phosphorus on the Strength of Admiralty Gun Metal,” 
by Mr. H. C. Dews ; ‘‘ The Artificial Ageing of Duralumin 
and Super-Duralumin,”’ by Dr. K. L. Meissner ; ‘‘ Lattice 
Distortion as a Factor in the Hardening of Metals,”’ by 
Drs. W. L. Fink and K. R. Von Horn; “A Study of the 
Relation between Macro- and Microstructure in Some 
Non-Ferrous Alloys,” by Dr. M. L. V. Gayler ; “The 
Diffusion of Aluminium into Iron,” by Mr. N. W. Ageew 
and Miss O. I. Vher; ‘‘ A Note on the Constitution of the 
Cadmium-Zine Alloys,” by Dr. D. Stockdale ; ‘*‘ On the 
Determination of Crystallite Orientation,” by Professor 
G. Tammann; “ Rolled Gold: its Origin and Develop- 
ment,” by Mr. E. A. Smith; ‘‘ Heat Treatment, Ball 
Hardness, and Allotropy of Lead,” by Mr. F. Hargreaves ; 
‘*The Effect of Two Years’ Atmospheric Exposure on 
the Breaking Load of Hard-Drawn Non-Ferrous Wires,”’ 
by Dr. J. C. Hudson; ‘‘ The Open-Air Corrosion of 
Copper, Part II—The Mineralogical Relationships of 
Corrosion Products,” by Dr. W. H. J. Vernon and Mr. 
L. Whitby ; ‘‘ Silicon-Copper Alloys and Silicon-Manga- 
nese-Copper Alloys,” by Dr. E. Voce; and “A New 
Silicon-Zinc-Copper Alloy,” by Mr. E. Vaders. The 
afternoons of September 10 and 11 will be spent in visits 
to the docks, vessels in the harbour, and works in 
Southampton and vicinity. The whole of Friday, 
September 12, will be devoted to motor trips in the 
New Forest and round the Isle of Wight. A week-end 
trip to France has also been arranged. The offices of 
the Institute are at 36, Victoria-street, London, 8.W.1. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is no new feature of 
moment in the Cleveland pig-iron trade. Second hands 
are not in a position to dispose of much of that commodity, 
and are doing a little business in the products of other 
home districts and in foreign iron. Producers of Cleve- 
land pig are not hampered by heavy stocks, and are 
themselves absorbing at their consuming departments the 
bulk of the pig made. Output, however, is still excessive, 
and slow though gradual additions to the accumulations 
at the blast furnaces will soon increase stocks to embarras- 
sing dimensions unless production is further reduced or 
the demand expands, Business is practically confined to 
small sales for early delivery to local and other home 
customers. Export trade is stagnant. No. 1 Cleveland 
is 70s. ; No. 3, g.m.b., 67s. 6d. ; No, 4, foundry, 66s. 6d, ; 
and No. 4, forge, 66s. 


Hematite.—Recent drastic curtailment of East Coast 
hematite production has brought output much more into 
line with current needs, but the make is still rather exces- 
sive, and manufacturers are burdened with heavy stocks 
which continue to increase gradually. Much of the iron 
stored is, however, sold, and makers hope that before long 
customers will take up supplies against running contracts 
more freely. Meanwhile the statistical situation. is 
unsatisfactory and embarrassing. Second-hands still 
hold rather considerable quantities, and are underselling 
producers both for home and export business. In 
addition, comparatively cheap Continental iron is offered 
in overseas markets. Notwithstanding these circum- 
stances producers here are rather less inclined to accept 
the unremunerative figures that have been taken of late. 
Recognised values are ruled by ordinary qualities at 71s., 
which is declared to be a few shillings below cost. 


Foreign Ore.—Imported ore is still unsaleable. Con- 
sumers have large stocks and heavy forward contracts 
arranged, with the result that they are off the market, 
but substantial cargo continues to be unshipped in 
fulfilment of old contracts. Nominally best rubio is 
20s8., ¢.i.f., Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and sales are difficult to effect. Prompt 
parcels are obtainable on altogether unremunerative 
terms. Good average qualities are in the neighbourhood 
of 16s, 6d. for early delivery to local works, but sellers 
ask considerably more for forward supply. 


Manufactured Iron and Steel.—New business in manu- 
factured iron and steel develops very slowly. Producers 
of most commodities could do with more work, but a 
good deal of railway material is being taken up, and 
customers for constructional steel are accepting fair 
quantities. A few inquiries for sheets are circulating. 
Quotations remain steady. Common iron bars are 101. 
15s. ; best bars, 117. 5s. ; double best bars,,11/. 15s. ; treble 
best bars, 127. 5s. ; iron rivets, 11/. 10s. ; packing (paral- 
lel), 82.; packing (tapered), 10/.; steel billets (soft), 
61. 15s. ; steel billets (medium), 7/7. 12s. 6d. ; steel billets 
(hard), 87. 2s. 6d. ; steel rivets, 11/. 5s. ; steel ship plates, 
81. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 87. 10s. ; 
heavy sections of steel rails, 87. 10s, for parcels of 500 tons 
and over, and 9/. for smaller lots ; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 9/. 12s. 6d. ; and galvanised 
corrugated sheets (No. 24 gauge), 117. 17s. 6d. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Production continues at a low ebb, 
and manufacturers generally have great difficulty in 
maintaining operations at current capacity. It is 
estimated that two out of every three furnaces in this 
area are out of commission, with the result that output of 
steel is at a disappointing level, and the gross production 
for the month is expected to show a decline. The revival 
of keen competition from abroad has done much to 
hinder progress. Foreign competitors operating under 
more favourable conditions are offering surplus products 
at pounds per ton less than British quotations. There is 
a weak market for basic steel, acid steel, pig iron, and 
basic-steel scrap, while little business is being done in 
ferro-alloys. atchy conditions prevail in the heavy 
engineering trades. Contracts for railway rolling stock 
are few and far between. A slight improvement is 
reported in the call for shipbuilding requisites. Auto- 
mobile steel and fittings are more profitable lines, while 
the needs of the agricultural industry are more sub- 
stantial. There is also a steady flow of orders in connec- 
tion with the electrical, roadmaking, quarrying, and 
timber trades. Headway is being made in the extended 
application of stainless steel and rustlessiron. Turnstiles 
made of stainless materials are now on the market, while 
the chemical trades are using this material more and more 
for a variety of purposes. ere is a demand for hollow 
mining steel, while bright drawn and rolled steels in the 
forms of wire strips and bars command attention. In 
common with many other sections of the local industry 
the tool trades are more or less marking time. The 
season in farm and garden tools has not been up to the 
average, but taken on the whole, a fairly large measure of 
business has been done in harvesting, reaping, and hay- 
making machinery. The market for cutters, circular 
saws, and drills has improved, but purchases of files 
plantation tools, and hand saws are disappointing. 
Other progressive lines are spades, shovels, and carpenters’ 
and joiners’ implements. ‘The light foundries are only 
moderately employed. 


South Yorkshire Coal Trade.—The quieter tone which 
has recently developed in the coal trade generally is still 


manifest, and despite restriction of output, stocks 
continue to accumulate both at sidings and depots owing 
to the limited demand. Export requirements are on a 
disappointing level, while the home calls remain steady. 
Industrial fuel is weak, which is only to be expected 
considering the unsatisfactory state of the iron and steel 
trades. Consumption, however, is only slightly below the 
normal for this time of the year. The house coal market 
has undergone a change for the better owing to the fact 
that country users are showing a tendency to take in 
stocks for the coming winter. Foundry and furnace 
coke have maintained their recent position, while gas 
coke continues firm. Quotations: Best branch hand 
picked, 24s. to 25s, 6d. ; Derbyshire best brights, 19s. to 
21s.; Derbyshire best house, 18s. to 19s. 6d.; screened 
house coal, 16s. to 17s. ; screened house nuts, 14s. to 16s. ; 
Yorkshire hards, 148s. to 15s, 6d.; Derbyshire hards, 
14s, to 15s. 6d. Rough slacks, 8s. 6d, to 9s.; nutty 
slacks, 78. to 8s. ; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—Conditions in the Welsh steam-coal 
trade remain disco ing, and without any sign of 
improvement. In spite of intermittent working at the pits, 
on account of the general slackness in trade, the demand 
remains quiet, with production excessive to requirements. 
Stocks, in consequence, are considerable, and salesmen 
are unable to obtain sufficient orders to enable wagons to 
be cleared with sufficient rapidity to keep collieries 
supplied with an adequate number of empties. All 
classes of large and small are, in consequence, readily 
available at the minimum prices, based on 20s. for best 
Admiralty large, and 13s. 6d. for best bunkers smalls. 
Sized coals, owing to the reduced make due to curtailed 
outputs of large, are irregular and in some cases booked 
up, with the result that some of the dry varieties 
command 2s. to 3s. per ton above schedule, making dry 
nuts from 20s. to 21s., though some salesmen will take 
6d, to 1s. less for prompt shipment. Bituminous sized 
coals are irregular at about 6d. above schedule, Ship- 
ments of coal to Italy in the past week reached 106,000 
tons, which is the best total for any week of this year, the 
improvement being due to heavy clearances on account of 
the Hague Agreement under which the Italians undertook 
to buy 3,000,000 tons of British coal over three years. 


Iron and Steel_—Exports of iron and steel goods last 
week totalled 15,160 tons, or 4,200 tons less than in the 
previous six days. Shipments of black-plates and sheets 
were increased from 1,138 tons to 1,362 tons, but of tin- 
plates and terne-plates reduced from 10,298 tons to 
9,418 tons, of galvanised sheets from 3,022 tons to 
1,120 tons, and of other and iron and steel goods from 
4,877 tons to 3,260 tons. 


Six Months Docks’ Traffic.—The traffic of the South 
Wales docks of the Great Western Railway Company 
comprising Cardiff, Penarth, Barry, Newport, Swansea, 
and Port Taibot totalled 19,020,662 tons from January 1 
to July 6, compared with 19,506,408 tons in the corres- 
ponding period of last year. There was thus a reduced 
traffic of 486,000 tons, which was entirely attributable 
to a falling off in the export trade, particularly coal 
shipments. Exports fell from 16,977,798 tons to 
16,419,480 tons, coal and coke clearances being reduced 
from 15,172,244 tons to 14,908,166 tons, while shipment 
of oil also fell from 398,043 tons to 273,233 tons. n the 
other hand, imports were raised from 2,528,610 tons to 
2,601,182 tons, as a result of arrivals of iron and steel 
increasing from 312,779 tons to 454,042 tons. Meanwhile 
the blast furnaces at Ebbw Vale and Dowlais are lying idle 
with some thousands of men out of work, because of the 
impossibility of Welsh makers competing with foreign 
prices. On the other hand, exports of Welsh iron and 
steel were lowered from 319,629 tons to 302,399 tons and 
imports of iron ore reduced from 569,645 tons to 560,679 
tons. 








MarRKET FoR Roap VEHICLES IN PoRTUGUESE East 
Arrica.—A short confidential report on the market for 
cycles, motor-cycles, and motor vehicles in Quelimane, 
Portuguese East Africa, has been prepared by the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1. United Kingdom firms desirous of 
receiving a copy of the report should communicate 
with the Department, at the above address, quoting 
Reference No, A.X.9850. 


Contracts.—Messrs. The Clean Coal Company, 
Limited, Medway House, Horseferry-road, London, 
8.W.1, have received an order from Messrs. The Tinsley 
Park Colliery Company, Limited, Sheffield, for a plant 
to treat their coking coal by the Clean Coal Patent 
Dedusting process. The plant will be capable of dealing 
with the entire requirements of the company’s bye- 

roduct coke ovens.—Messrs. Cochrane and Company, 

imited, Ormesby Ironworks, Middlesbrough, have 
received a contract from the Underground Electric 
Railway Company of London, Limited, for the manu- 
facture of 35,000 tons of cast-iron segments. These 
segments will be delivered to the sites on the 74-mile 
extension of track from Finsbury Park to Cockfosters.— 
A third order for pulverised-fuel plant for the Brimsdown 
power station has just been placed with Messrs. Inter- 
national Combustion Limited, Africa House, Kingsway, 
London, W.C.2, by Messrs. North Metropolitan Power 
Station Company, Limited. The new plant will comprise 
four combustion steam generators having an evaporative 
capacity of from 175,000 Ib. to 200,000 Ib. per hour, at 
a pressure of 325 1b. per square inch, and a final tempera- 
ture of 780 deg. F., each boiler being unit-fired by 





Raymond-Lopulco mills. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The Scottish steel trade has 
recently been very dull, and before the works closed 
down for the holidays, last week, there was practically 
no pressure experienced for deliveries. All demands 
could easily be met, as makers have not been able to 
keep their plant fully employed for weeks past. The 
stoppage is likely to be of longer duration this year 
than usual, and it is quite probable that few works will 
be in operation before August 4. Opportunity is being 
taken to overhaul plant, and have everything in readi- 
ness for the demand, which optimists say will be coming 
along in the autumn. The export trade, like the home 
trade, has been extremely poor of late, and there are 
absolutely no signs of any betterment yet; indeed, the 
current inquiry is of little importance from a tonnage 
point of view. The makers of black-sheets have been 
doing quite a respectable business in the lighter gauges 
recently, but for the heavier sheets the demand has 
not been good. Galvanised sorts have only been moving 
slowly. Prices are maintained, and are as follow :— 
Boiler plates, 107. 10s. per ton; ship plates, 8. 15s. 

rton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
ge 91. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 127. 15s. per ton, all delivered at Glasgow 
stations, 

Malleable Iron Trade.—No change of any kind over- 
took the malleable iron trade of the West of Scotland 
before the works ceased operations last week. Very 
little material was requisitioned, and inquiries do not 
hold out much hope of any revival in demand in the 
near future. The makers of re-rolled steel bars were, 
like their colleagues, glad of the opportunity to close 
down. Recently it has been very difficult to secure 
new business, on account of the extremely low quotations 
for Continental steel bars, the current figure being 41, 15s. 

r ton f.o.b. Antwerp. The local price of re-rolled steel 

ars is 7/. 12s. 6d, per ton for home delivery or export. 
‘Crown ”’ bars are called 10/. 5s. per ton for home de- 
livery, and 9/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
for the first half of the current year has been very poor, 
and the twenty odd furnaces in blast were more than 
equal to the demand. Now, with the stoppage for the 
annual holidays, a few more furnaces have been blown 
out, and until there is a decided improvement in trade, 
or until the stock of certain brands is considerably 
reduced, there is little likelihood of many, or any of 
these, being re-lighted. Not only have local consumers 
been buyin magn ¢ but our overseas friends have 
not been taking anything like normal quantities. The 
shipments abroad have, for months back, been on a 
very small scale. Prices current are really not remunera- 
tive, but are being maintained and are as follow :— 
Hematite, 79s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 19, amounted to 705 tons. 
Of this total, 610 tons went overseas, and 95 tons 
coastwise. During the corresponding week of last year 
the total shipment was 731 tons overseas. 

Pig-Iron Trade Wages Reduced.—Messrs. James C. 
Bishop and Owen Coyle, joint secretaries of the Board 
of Conciliation for the Regulation of Wages in the Pig- 
Iron Trade of Scotland, have received from Messrs. Kerr, 
MacLeod and Macfarlan, Glasgow, the following intima- 
tion :—‘‘ In terms of the remit, we have examined the 
employers’ books for April, May and June, 1930, and 
certified that the average net selling price is 3/. 17s. 3d.” 
This means that there will be a reduction in the wages 
of the workmen of one per cent. on basis rates. 

Locomotive Orders.—The North British Locomotive 
Company, Limited, Springburn, Glasgow, have booked 
an order to build six locomotives and tenders for the 
Central Africa Railway. The engines are to be of the 
4-8-0 type. They have also received orders to supply 
14 pairs of locomotive duplicate cylinders for the Bengal- 
Nagpur Railways. Instead of the ordinary slide valves 
or piston valves the cylinders are to be adapted to suit 
Lentz valves. Another order is that for two locomotive 
boilers for the Buenos Aires Pacific Railway. 








THE ASSOCIATION OF CONSULTING ENGINEERS.—Mr, 
A. H. Dykes, who has for 21 years acted as honorary 
secretary of the Association of Consulting Engineers, 
was recently appointed Chairman of the Committee of the 
Association of the ensuing year. Mr. S. R. Raffety was 
appointed acting honorary secretary during Mr. Dykes’ 
chairmanship. The address of the office will remain 
11, Victoria-street, London, 8.W.1. 


PERSONAL.—Owing to the increasing demand for their 
Enox-S.T. hack saws, Messrs. Fry’s (London), Limited, 
24-26, Water-lane, Queen Victoria-street, London, E.C.4, 
are completely redesigning their hack-saw blade- 
hardening shop. They are installing new furnaces on a 
conveyor system, which will more than double their 

resent output.—Messrs. Burton, Griffiths and Company, 
Limited, have recently opened their spacious new 
headquarters at Montgomery-street, Sparkbrook, Birm- 
ingham. The premises comprise executive offices, 
machine-tool display and demonstration rooms, and 
stock and packing rooms.—In connection with the 
contract for hydraulic pumping plant for Leith Docks, 
mentioned on page 75 of our issue of last week, we 
stated that Messrs. Electric Control Limited, of Glasgow 
were supplying the control gear. We have been informed 
that the address of this firm is now Lewes-road, 





Brighton. 
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RUBBER-MAKING MACHINERY. 


(For Description, see Page 95.) 




















Fig. 18. 


Draw PLaAtEs OF 3,200-Ton HypDRAULIC VULCANISING PREss. 





Fig. 19. 


ENGINEERING TRAINING AND 
EDUCATION. 

The Institutg of Transport. — Examinations for 
graduateship and associate-membership of the Insti- 
tute of Transport will be held in London, and at other 
centres, on April 30 and May 1 and 2, 1931. For the 
craduateship examination the subjects are, general 
economics, a modern language, or mathematics, the 
elements of traffic working, principles of statistics, 
and the transport arrangements of Spain, or economic 
geography. In the more advanced associate-member- 
ship examination there are four sections, namely, 
traffic, engineering, audit, and legal, and the subjects 
to be taken vary according to the section. The latest 
dates for the deposit by candidates of forms of applica- 
tion are, for exemption, November 30 next, and for 





examination, February 1, 1931. Full particulars, 
forms of application, and copies of the syllabuses, 
and of the papers set at previous examinations (price 
ls. post free per set) may be obtained from the secre- 
tary of the Institute, 15, Savoy-street, London, W.C.2, 








LAUNCHES AND TRIAL TRIPS. 

** Jacques ScHraFFIno.”’—Single-screw cargo steamer 
for the wine and general trade between Algiers and 
Rouen; triple-expansion engine. Trial trip, July 14. 
Main dimensions, 274 ft. 9 in. by 38 ft. 6 in. by 21 ft. 
9 in. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for La Société 
Algérienne de Navigation pour 1’Afrique du Nord, Algiers. 

“* TAFELBERG.’’—Twin-screw whaling factory steamer ; 


triple-expansion engines. Trial trip, July 14. Main 
dimensions: length, 520 ft.; breadth, 72 ft.; dead- 





AvTOMATIC ConTROL INSTRUMENT BoaRD FOR AUTOCLAVE PRESSES. 


weight carrying capacity, 16,300 tons on a draught of 
30 ft. Built by Messrs. Sir W. G. Armstrong, Whitworth 
and Company (Shipbuilders), Limited, Walker-on-Tyne, 
for Messrs. The Kerguelen Sealing and Whaling Com- 
pany, Limited, Cape Town, South Africa. 

“Sea RAMBLER,”’—Single-screw coal-carrying and 
general-cargo steamer; triple-expansion engine supplied 
by Messrs. North Eastern Marine Engineering Company, 
Limited, Sunderland. Launch, July 15. Main dimen- 
sions, 305 ft. by 43 ft. by 20 ft. 10 in. Built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Sunderland, for Messrs. The Dover Navigation Company, 
Limited, London. 

‘** Limpopo.”’-—T'win-screw passenger and cargo steamer; 
triple-expansion engines. Launch, July 16. Main 
dimensions, 178 ft. by 30 ft. 3 in. by 11 ft. 6in. Built by 
Messrs. Earle’s Shipbuilding and Engineering Company, 
Limited, Hull, for Messrs. Empresa do Limpopo A. 
Couto, Ltda., Lourengo Marques. 
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** ENGINEERING” ‘may be ordered from any 
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stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
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ADVERTISEMENT RATES. 
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able regularity, but absolute regularity cannot be 
guaranteed. 
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Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
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MECHANISED CIVILISATION. 


D1aTRIBES against western civilisation are easily 
penned, and those who are mainly responsible for 
the increase in the amenities of existence have 
in general been too busy in the exercise of creative 
thought to find either the time or the inclination for 
areply. Unfortunately such silence not infrequently 
leads to a belief amongst the less informed sections 
of the public that no reply is possible, so that 
judgment goes against the accused by default. It 
is well, therefore, that a truer picture of modern 
conditions should be sketched by men who really 
understand them. This seems to have been the 
view taken by Mr. C. A. Beard, who, in compiling 
Toward Civilization (published recently by Messrs. 
Longmans, Green & Co.), has obtained contributions 
from a number of leading American engineers 
and men of science. The book is to some extent 
a reply to a previous volume entitled Whither 
Mankind ? due to the same editor, in which various 
lawyers and writers on economics and ethics have 
criticised adversely life as lived to-day. The 
defence, as we have it in this new volume, is not 
passive, but aggressive. The book is no mere 
apology. The writers, each in his own field, put 
forward with enthusiasm, an array of evidence 
which should convert many of the biased, though 
we do not pretend that we are prepared to follow 
to the lengths some of them go. It is eminently 
fitting that a rejoinder to the indictment of western 
civilisation should come from the United States, 
which is commonly selected by the detractors of 
our times as the most shocking example of the 
supposedly dire effects of mechanisation. Among 
the names of the present writers are those of R. A. 
Millikan, Elmer A. Sperry, Harvey N. Davis, C. F. 
Hirschfeld, Dexter S. Kimball, and others well 
known in engineering circles. The editor, Mr. 








Beard, in his introductory remarks, treats the critics 
with perhaps somewhat more deference than they 
deserve. He notes amongst them the names of 
Belloc, Chesterton, Santayana, Keyserling and 
Miiller-Freienfels. Not one in this list of writers 
can claim to have made any contribution to the 





thought of mankind of permanent value, and, 
there is more creative thought in, say, a single 
chapter of Jeans’s treatise on Astronomy and 
Cosmogony than in the collective works of the 
whole of the group named by Mr. Beard, whose 
writings serve at best to amuse or distract our leisure 
hours. We would, of course, be far from denying 
that mankind owes no small debt to those who 
do it this service, but a clever writer or attractive 
stylist is not necessarily a wise philosopher or a 
reliable critic: 

According to the Persian legend every benefit 
with which Ormadz aimed to dower humanity 
was marred by the malevolent interference of 
Ahriman. The myth may well have originated 
in the common experience that, at the outset, 
every improvement in social or economic conditions 
is never undiluted gain. The enormous benefits 
ensuing on mankind’s mastery of machinery have 
been no exception to this rule, but contemporary 
critics have been ever prone to mistake the 
accidental and temporary for the inherent and 
permanent. The rise of the modern industrial 
system was undoubtedly marked by many highly 
objectionable features amongst which may be 
cited ugly and insanitary factories, and the herding 
of “the hands” into back-to-back houses. This 


)| condition of affairs proved, however, but a passing 


phase, and as matters stand the annual reports 
of the Home Office on factories and workshops 
become at times almost enthusiastic on the excellence 
of new factory buildings and on the thought devoted 
to the well being of the operatives. 

Again, the modern industrial city is accused of 
dirt and grime, and the indictment is certainly 
not without foundation, but the important point 
is that matters in this regard are steadily improving, 
and justify the expectation that the reproach will 
cease to apply within no long term of years. The 
‘London particular ’’ of to-day is a mere shadow of 
what it was when Mr. Guppy met Esther Summerson 
at the White Horse Cellars in Piccadilly. 

In any appraisal of modern conditions what is of 
prime importance is less the actual state of affairs 
than the trend. Moreover, with what standard 
is modern civilisation to be compared ? According 
to Jeans, taking even a “ gloomy view,” mankind 
may anticipate another 2,000 million years of exist- 
ence. In comparison with this prospect, he estimates 
the present relative age of mankind as corresponding 
with that of an infant three days old. It is not 
surprising, therefore, that perfection is still far to 
seek, and what is important is the contrast between 
the present and past civilisations. The grime of 
even the worst of our industrial towns is infinitely 
less objectionable than the filth of the ancient and 
medieval cities. The slums of to-day in the 
more “‘ mechanised ’’ communities, anxious as we 
all are to abolish them, are infinitely preferable to 
the Ghettos of the past. Mark Twain visited 
Europe in the ’sixties of last century, when the much- 
criticised industrialisation had made little pro- 
gress there. He noted that the alleys of Civita 
Vecchia were only two yards wide; presumably, 
he suggested, because if wider they would hold more 
smell, and there was as much in them, already, as 
one person could stand and survive. We find here 
an effective reply to the ill-considered charge of 
Dean Inge, that the present is the ugliest of all 
civilizations, a conclusion which is obviously 
reached by comparing the best of the past with, 
at most, the average of to-day. 

A common indictment against modern conditions 
is that machine tending is “soul-destroying.” It 
is, of course, undoubtedly true that such work is 
highly repellent to many, but it is equally true that 
there are large sections of the population who 
welcome it, and rejoice in the greater leisure gained 
and the good pay earned. It may be argued that men 
should not be content with routine jobs, but it is 
necessary to bear in mind not only that nine-tenths 
of the work of the world has always been largely a 
matter of routine and will continue to be so, 
but that elaborate and extensive intelligence 
tests made in the United States, have led to the 
conclusion that 45 per cent. of the population never 
increased in intelligence after the age of ten. This 
condition may be regrettable, but our so-called 
machine-made civilisation is in no way responsible 
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for it, whilst it does enable this ill-endowed section 
of the community to enjoy a reasonable share of 
the amenities of life. 

The critics also assert that the machine treats 
labour as a quantity—“‘so many hands, so many 
hours, and so many hand-hours.” As a matter of 
fact, however, it was Dr. F. W. Taylor, the pioneer 
in modern methods of mass production, who 
insisted that labour was not all alike, and could not, 
therefore, be treated merely from the quantitative 
standpoint. He maintained that none but first- 
class men should be employed, but observed that he 
had yet to find a healthy man who was not first- 
class at something. The truth is that, in this so- 
called mechanised civilisation, man as man counts 
for more than in any other period of the world’s 
history. By the greater leisure rendered possible 
by the machine, and by the less strenuous work 
demanded from the attendant, more men are able 
to develop individuality than ever before. 

The Chinese sawyer, working from dawn to dark, 
succeeded in cutting up by hand, great balks of 
foreign timber, as much sometimes as 42 in. square. 
He worked without shelter from the broiling sun, 
and at the deepest cut could not move his saw by 
perhaps more than 6 in. or 7 in., so that days were 
required to complete a cut, whilst at pre-war rates 
his pay was equivalent to about a shilling a day. 
His compeer, the modern “ machine slave,’ works 
in a comfortable factory, and has merely to guide 
and control the timber, using his mind much more 
than his muscle. The engineer, in short, feels that 
it is degrading labour to set it to tasks which can 
be better done by a machine. 

American science has been indicted and asserted 
to be dominated by the mathematical and practical. 
It is, however, difficult to perceive any direct prac- 
tical utilitarian value in the Michelson-Morley 
experiment, which has led to revolutionary changes 
in our concepts of time and space, or in the re- 
searches made with the great 100-in. reflector, which 
is soon to be supplemented by one of twice the 
diameter. On the purely theoretical side, again, 
we owe to America the master idea that the planets 
were torn out of the sun by a passing star, although 
the accurate working out of the consequences of 
this hypothesis has been mainly due to British astro- 
nomers. Again, it is difficult to see what is mathe- 
matical or practical in the remarkable geological 
researches conducted by Americans not only on 
their own continent, but in Manchuria. 

It has, nevertheless, been admitted by competent 
authorities that as matters stand to-day it would 
be difficult in an American University to find a post 
suitable for an Einstein. All the principal posts are, 
it is said, administrative, and a great creative 
thinker should not be burdened with business which 
can be attended to at least equally well, and very 
probably better, by men of a less original type of 
mind. Here again, however, it is unfair to base 
judgments on what will probably prove a passing 
phase. American Universities are, mostly, relatively 
new, and have yet to assume their final constitution. 

Somewhat similar considerations apply also to 
the charge that the engineer is callous of beauty. 
His work is as yet in its infancy, and until recently 
his problem has been tc make his conceptions work, 
and the difficulties have been such as to preclude as 
much attention to msthetic considerations as might 
be wished, and which the growing popularity of the 
machine will make possible in the future. Even 
as matters stand there is even in esthetics a balance 
to the credit of the engineer and man of science. 
The beauty of life exceeds that of stone, and the 
better health of the civilise1 communities of to-day 
must undoubtedly have implied a very distinct gain 
in this respect as compared with those of the past, 
in which small-pox and often leprosy were endemic. 
Moreover, the easier conditions of life which the 
machine has made possible are being reflected in 
a more widespread interest in art. A hundred 
years ago such an exhibition as was provided by the 
recent display of Italian pictures in London would 
have appealed only to the cultured and _ privi- 
leged few, but it was actually visited by thousands 
who could not by any stretch of imagination be 
regarded as members of the leisured class, and 
according to the press reports, the interest displayed 
was both appreciative and intelligent. We may 





build fewer cathedrals, but, as proved in the case of | were, of course, extra well riveted, fitted with an 


Liverpool, the art is not lost, though the artistic 
powers of the “artifex ” of to-day is, perhaps, best 
displayed in our shipyards, the under-water lines 
of the hulls being unexcelled in beauty of form by 
the best work of the past. 

To sum up, whatever the defects of modern con- 
ditions, and no one is more fully alive to them than 
the engineer, it is on the engineer that will mainly 
fall the work of removing them. Such abuses as 
there have been of the powers he has shown how to 
control, have been mainly due to the politician and 
the economist, both of whom have in the past 
shown themselves very reluctant to seek his advice 
and assistance in matters of policy. The small in- 
fluence of engineers on both national and municipal 
politics has been responsible in the past for great 
waste of resources and for the passage of much 
foolish legislation. 

Dr. J. A. L. Waddell has mentioned a case where 
in a State of the Middle West, a lawyer was ap- 
pointed to the position of county engineer, on the 
ground that the post must be filled by a politician. 
It was repeated instances of such ineptitude which 
led, in 1917, to the formation in America of an 
Engineering Council, which was re-organised in 
1921, with Mr. Hoover as its president. The object 
of this organisation, dealt with in Mr. L. W. 
Wallace’s chapter in the book under notice, is to 
further public welfare, wherever technical knowledge 
and experience are involved, and to consider and 
act upon matters of common concern to the engi- 
neering and allied technical professions. State 
Councils, with similar objects have also been formed 
to help the public in local government matters. 

We are ourselves in general agreement with the 
writers who have contributed to the work referred to, 
and have no doubt that engineers will find interest 
in such chapters as the late Mr. Sperry’s on inven- 
tion; Mrs. Gilbreth’s on work and leisure; Dr. 
Davis’ contribution on culture ; Professor Hirshfeld 
on power, &c. The book shows how labour has 
been lightened and is better paid, and how hours 
have been reduced. What it does not seem to 
show is that the extra leisure is being well spent and 
tending to produce a better race. Exception may 
also be taken to the contention of one contributor 
that the herding of city populations into skyscrapers, 
and the establishment of ‘‘ community living ”’ are 
desirable ends. Even the much criticised ‘ ribbon 
development” is a preferable alternative. The wide 
adoption of the flat system in Berlin is said to have 
led to a concentration of three times as many indivi- 
duals per acre as in the most congested of the London 
Boroughs. Our square miles of mean streets 
whatever their defects from the architectural stand- 
point, at least afford the residents a scrap of a 
garden, or, as our friends on the other side would 
term it, a yard of their own. 








TANKER CONSTRUCTION AND 
CORROSION. 


THE increase in recent years in the consumption 
of oil has involved a consequent development in the 
number and tonnage of ships required for its overseas 
carriage and local distribution, great variety and indi- 
viduality of design and construction being required. 
No less than 27 per cent. of the ships now under 
construction are tankers, representing 122 vessels of 
887,000 tons gross, 90 per cent. of them being motor- 
ships. The production of oil increased from 95 
million tons in 1920 to 213 million tons in 1929, 
and the deadweight carrying capacity of tankers 
has been maintained at a steady 5 per cent. of 
the figure. 

The first steamer to carry oil with only the outside 
plating separating the cargo from the sea was the 
Gluckaufs, built on the Tyne in 1885 for Herr 
Riedemann, of Bremen, a notable pioneer in the oil- 
carrying trade, who had difficulty in overcoming the 
shipbuilders’ reluctance to associate themselves with 
such a revolutionary departure. He lived to see 


103} million deadweight tons of oil tanker tonnage 
afloat, but it is curious that German shipowners 
have not developed the oil-carrying industry. 
Up till 1906, tanker construction differed little, 
in general principle, from that of the contemporary 
ordinary single-bottomed cargo steamer. 


Tankers 


oil-tight middle line bulkhead, instead of a wood 
or steel divisional bulkhead, and expansion trunks 
instead of hatchways. Experience soon showed the 
necessity for reducing the length of the tanks to 
about 25 ft. to 30 ft., to break up the inertia of 
the liquid cargoes. 

These earlier transversely-framed vessels were 
not constructed on a scientific basis, shipbuilders 
being content to reinforce the usual structural 
arrangements by means of additional members. 
This led to many of the elements being redundant, 
and nobody knew, for instance, whether floors or 
keelsons, web frames or stringers were primary or 
secondary members, and few cared. The end 
bracket connections were badly designed, and 
too often incapable of efficiently “fixing in” the 
ends of the various parts, so that the riveting was 
always giving trouble at the oil-tight bulkheads, 
causing leakage and damage. 

In 1906, the now well-known longitudinal system 
of construction was invented by Sir Joseph Isher- 
wood, and this in a few years, replaced the old 
transverse system. With the longitudinal method, 
the boundaries of the tanks are supported by longi- 
tudinal and horizontal members spaced about 30 in. 
apart, efficiently fixed in at their ends with large stiff 
brackets, the calculated rivet stress being kept 
very moderate. This is necessary in tankers, 
to avoid leakage, as, owing to the penetrating 
nature of oil preventing the usual friction between 
the surfaces, the rivet stresses are greatly in- 
creased. These secondary members are supported 
at intervals by transverses or webs, forming primary 
members, spaced about 10 ft. apart. They are 
designed to be very rigid, so as to add, as little as 
possible, to the stress on the secondary members, on 
account of their elastic or “ sinking ” properties. 

With this system, the use of redundant members 
was completely eliminated. The loads and tests 
being definitely known, it was possible to provide, 
for any member, the required modulus and moment 
of inertia, under the ascertained conditions, a due 
allowance being made, as necessary, for parts of the 
structure having a dual function to perform. Ina 
typical tanker, carrying 9,000 tons deadweight, 
an increase of 20 per cent. in main longitudinal 
strength was obtained, with a reduction in the 
weight of steel of 400 tons, and a marked im- 
provement in oil tightness. As the failure of one 
rivet may cause serious damage to 100,000 gallons 
of oil, and its replacement might easily cost 1,000/., 
owing to the necessity of first steaming and clear- 
ing the tanks of gas, it will be seen how necessary 
it is that the riveting in tankers should be of the 
best quality. 

The most economical speed for a large tanker is, 
theoretically, very low, about seven knots, but as 
such a low-powered vessel would be unsafe and 
unmanageable in heavy weather, a very usual 
speed is 11 knots. The care of the cargo-pumping 
machinery and the pipe lines takes up so much 
attention on board, that the propelling machinery 
is quite a secondary consideration. 

The first tanker constructed on the “ bracketless ” 
system made its appearance in 1926, and this 
system has met with such success that 106 ships of 
nearly 1,000,000 tons deadweight have already been 
built in this way. A great improvement in oil- 
tightness had been effected when the longitudinal 
system was introduced in 1906, but a small, though 
not negligible, amount of bracket leakage still 
remained. Sir Joseph Isherwood, therefore, wisely 
rejecting half-measures, abandoned _ brackets 
altogether, the scantlings of the longitudinals and 
horizontals being determined by means of Clapeyrons 
Theorem of Three Moments, as practically free- 
ended members. The increased weight of stiffeners 
entailed is practically balanced by the saving 
effected on account of the omission of the 
brackets. 

The Anglo-Saxon Petroleum Company often 
favours a combination of the longitudinal system 
at the bottom and decks with the transverse system 
at the sides, and a modernised arrangement of 
transverse framing, devised by Dr. Montgomerie 
and Mr. J. Foster-King, quite independently of 
one another, is in vogue at Gothenburg. 





Tankers engaged in the light oil trades are 
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particularly liable to corrosion. The principal 
trouble in America is with steel rivets, cases being 
not infrequent where 100,000 rivets, or practically 
the whole of the bottom riveting, has had to be 
renewed. This is attributed to electrolytic action, 
due to the paint being scrubbed off the bottom 
in shoal water ports. A great improvement has 
been effected by the reintroduction of the old 
puddled iron rivets. With us the trouble (and 
nothing is causing more expense) has been more 
with the plating and stiffeners in the expansion 
trunks and upper parts, due largely to the effects 
of heat; and at the bottom, on account of the 
deposit of sulphuric acid. Cases are known of 
from 50 per cent. to 70 per cent. of the material 
wasting away in ten years. 

The conditions of service with tankers are very 
severe, probably more so than with any other 
steel structure ashore or afloat. The material and 
riveting are highly stressed on account of the surge 
of the liquid cargoes, and the fact that the weight 
and impact are also borne by the rivets and not 
by the strong framework, as in an ordinary cargo 
ship. It is now known that the higher the stress 
on the material, the more liable it is to corrosion. 
Further, as tankers are only in port for a few 
hours, the material has little opportunity of 
recovering from fatigue. The alternate filling of 
the tanks with oil and water ballast, and their 
continual steaming out for cleaning, are great 
rust-producing factors. Then again it is impossible 
to ventilate the tanks properly or oil would be lost 
by evaporation. Sometimes sufficient time cannot 
be allowed in dry dock for efficient cleaning and 
painting. 

In the course of nature the corrosion of steel 
ships cannot be prevented, but more could be 
done to retard it. Up to the present, metallurgists 
can offer no solution of the problem. The charges 
made that bad German and British ship steel have 
been used cannot be substantiated. It cannot be 
shown that the use of steel having a high copper 
content is beneficial, and rustless steel is entirely 
out of the question on the score of expense. 
Further, it has hitherto been found cheaper in 
practice to let the corrosion proceed than to apply 
special paint or preservatives to the inside of the 
tanks, with the exception in some cases of cement 
on the bottom. 

A considerable reduction could be effected in 
the area and number of parts exposed to corrosion. 
A large tanker might have 20,000 sq. ft. of bracket 
area alone that could be dispensed with. The 
natural disposition to effect a saving in weight by 
the use of deep and thin sectional material should 
be checked, and the use of more substantial 
channels and bulb angles insisted upon. Many 
owners of 9,000-ton to 10,000-ton tankers specify 
thicknesses above Lloyd’s Rules at the parts most 
affected, involving an additional weight of steel 
of from 100 tons to 200 tons. This should be 
applied with discrimination so as to reduce the 
stress, as well as add to the durability of the 
structure. For instance, the neutral axis of the 
midship section material in such ships is usually 
about 1 ft., or 3 per cent., too high. The bottom 
thicknesses could, with great advantage and 
economy, be increased so as to lower the position 
of the neutral axis. 

Some firms whose ships have been found to be 
suffering severely through carrying light oil have 
checked the ravages of corrosion by diverting the 
vessels for a time to the heavy-oil trade. 

An interesting paper on this subject was recently 
read by Mr. John McGovern at}the joint meeting 
in Holland of the North-East Coast Institute of 
Engineers and Shipbuilders and the Institution of 
Engineers and Shipbuilders in Scotland. In this, 
among other matter, some valuable data were 
given, from which the advantages of steam, 
oil-burning and Diesel-engined tankers of various 
sizes and types may be compared. The figures 
indicated how the heavy extra initial cost of a 
Diesel-engined tanker was accompanied by a saving 
in running expenses, compared with a steam-driven 
ship. 

British and German shipbuilders and marine 
engineers will not, however, forget the emphatic 
warning they received in London a few months 


ago from an American oil shipper to the effect 
that unless Diesel engine makers ceased to demand 
the “cream of the oil” his firm would surely 
revert to the steam turbine. Attention is properly 
directed in the paper to the fact that a vessel 
may be actually carrying about 200 tons more 
cargo than shown on her calculated deadweight 
scale, due to deflection or sag. 

Mr. McGovern writes with great authority on 
tanker construction, the Furness shipyard at 
Haverton Hill-on-Tees being one of the most 
modern and best-equipped in the country. 








NOTES. 
INTERNATIONAL ELECTROTECHNICAL COMMISSION. 


A goon deal of useful work was accomplished at 
the meeting of the International Electrotechnical 
Commission, which was recently held in the three 
Scandinavian countries, and time was also found for 
a number of visits of technical interest and for social 
functions. Twenty-five countries were represented 
and over 300 delegates were present. The opening 
session took place in Copenhagen, after which 
the nineteen technical committees deliberated for 
nearly a week in the Houses of Parliament, 
Stockholm and arrived at some important deci- 
sions. It was, for instance, recommended that 
the names of maxwell, gauss, oersted and gilbert 
should be applied to the C.G.S. units for mag- 
netic flux, flux density, magnetic field intensity 
and magneto-motive force respectively, and that 
the practical unit of flux should be termed the 
pro-maxwell. Considerable progress was made in 
the preparation of a list of symbols for weak 
current and traction installations, as well as for 
relays and automatic devices. The plenary meeting 
approved the publication of Part I of a specification 
for condensing steam turbines, and rules for accept- 
ance tests for this class of machine. Recommenda- 
tions covering most of the essential dimensions of 
the various types of lamp caps and sockets were 
adopted, and steps were taken to secure the early 
agreement of the International Commission on 
Illumination in this matter. Pressures of 600 and 
750 volts were recommended as standard for 
direct-current traction, through a proposal to add 
132 kv. to the list of standard voltages was not 
accepted. On the other hand, the list was com- 
pleted by the inclusion of 400 kv. The following 
proposals with regard to the rating of rivers were 
adopted: That the full power of the water should 
be given in kilowatts and the gross head in either 
feet or metres so as to indicate the full theoretical 
power at 100 per cent. efficiency ; that the rating be 
based on three rates of flow, low rating defined as 
the natural flow available 95 per cent. of the time, 
middle rating defined as the natural flow available 
50 per cent. of the time and average rating defined 
as the arithmetical mean flow; that the rating of 
storage be based on the water capacity and the gross 
head, and be expressed in theoretical kilowatt-hours 
of energy stored, and that the rating of a developed 
site should state the installed turbine capacity. 
Agreement was also reached on a number of defi- 
nitions relating to the operation of oil switches and 
circuit-breakers. These included one to the effect that 
the breaking current for determining the performance 
of a circuit-breaker should be the R.M.S. value of 
the alternating component of current through 
each pole during interruption at the moment of 
separation of the contacts. The direct-current 
component of the breaking current should not be 
higher than 30 per cent. of the R.M.S. value of the 
alternating-current component. It was also laid 
down that every oil switch should operate satisfac- 
torily at any power factor and be tested at a power 
factor not exceeding 0-15. The rating of circuit- 
breakers should not be given in kilovolt-amperes. 


Tur PREVENTION OF THAMES FLOODS. 


The disastrous floods, which occurred in London 
during the early part of 1928 owing to the over- 
flowing of the Thames, caused a number of sugges- 
tions, both practicable and impracticable, to be 
made for the prevention of their re-occurrence. 
Among these was an extensive scheme of canalisa- 
tion between Weybridge and Teddington. This also 





included the straightening and enlarging of the 





River Wey. Considerable objection was, however, 
raised to this proposal, both on the ground of 
expense and because it would result in damage to 
the existing amenities. Mr. A. Burton Buckley 
was therefore asked by Lord Mayo, the chairman 
of the Thames Valley Branch of the Council for 
the Preservation of Rural England, to examine the 
whole question and to suggest an alternative which, 
while preventing flood damage, would still maintain 
the beauties of the historic waterway. This report 
formed the basis of a lecture, which was delivered 
by Mr. Buckley at a meeting of the branch, held 
at the Royal Institute of British Architects on 
Thursday, July 17. In this it was pointed out 
that when the river was bank high and all the weirs 
were fully open the flow at Teddington was 4,500 
million gallons per day. The maximum recorded 
flow, excluding the exceptional year of 1894, had 
been 11,119 million gallons per day. Little in- 
convenience would, however, be caused by adopting 
a flow of 5,500 million gallons as a practical working 
maximum and the problem was to reduce the 
amount of water to this figure and to find if natural 
sites, which could be turned into reservoirs for the 
surplus, existed. As a result of an investigation, 
six suitable sites had been selected, four of which 
would have a combined capacity of 39,730 million 
gallons and could deal with flood water up to 
9,000 million gallons per day at Teddington. These 
reservoirs would be named the Windrush, Ot-Moor, 
Thame and Brimpton respectively. The first and 
third would control the rivers of those names. 
The Evenlode and the Cherwell could be diverted 
into the second by a canal, while the fourth would 
control the Emborne and the flow of the Kennet 
could be also diverted into it by a canal. Dams 
would be necessary to form these reservoirs, but 
only four villages and a few isolated farmsteads 
would be inundated and the roads affected could 
be dealt with by raising. The estimated cost 
of the scheme was 3,483,000/., as compared with 
the 9,000,000/. required for enlarging and straight- 
ening the river, so as to enable the channel to take 
all the flood water rapidly to the sea. When the 
flood fell below 5,500 million gallons water would be 
discharged from the reservoirs, so as to guard against 
any unexpected flood, while during the summer they 
could be used for storage and thus improve both 
the water supply and the navigation. In this 
way droughts could be compensated. In the course 
of the discussion, which followed, Lord Desborough 
said that 1 in. of rain in the Thames Valley was 
equivalent to a volume of water 670 miles long by 
250 ft. wide and 10 ft. deep. He doubted whether 
this enormous amount could be dealt with by 
reservoirs, and he also thought that Mr. Buckley 
had considerably underestimated the cost of the - 
scheme. In his view to prevent floods it would be 
necessary to provide for a storage of at least 120,000 
million gallons, and this would cost 24,000,000/. 
Nevertheless, he hoped that the proposals would 
receive full consideration. He was definitely opposed 
to the canalisation scheme. 


THE CONSTRUCTION OF SKYSCRAPERS. 


The correspondence, which has recently been 
taking place, on the desirability, and even the 
necessity, of amending and codifying the building 
by-laws of the country, so as to bring them more 
into line with modern practice, lent interest to a 
lecture on “Skyscrapers in America,” which was 
delivered before the British Steelwork Association, 
at the Institution of Mechanical Engineers, on 
Friday, July 18, by Mr. G. E. J. Pistor. Whether 
or not this revision would lead to the erection in 
London of buildings of the kind, which have long 
been usual in New York and other cities in the 
United States, and are becoming familiar elsewhere, 
may well be open to question, but there can be no 
doubt that from the engineering point of view, 
they are interesting structures and well repay 
study. The lecturer began by saying that the sky- 
scraper had been made possible by the invention 
of Bessemer and the construction of the high- 
speed lift. As long ago as 1854, Harper Brothers 
had used cast-iron stanchions in building construc- 
tion in New York, but the first real skyscraper was 
probably the 14-storey structure, known as the 
Homer building, which was erected in Chicago by 
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Jennings, in 1883. At first, considerable trouble 
had been experienced with the foundations, but the 
use of independent columns carried down to a 
bottom sufficiently solid to bear the load had over- 
come any difficulties from sinking. As regards 
lifts the earlier steam and hydraulically-operated 
types had soon been replaced by the electric drive, 
which enabled high speeds and easy control to be 
secured. At present the legal limit of speed in New 
York was 700 ft. per minute, but the lifts in the 
new Empire State Building were being designed to 
operate at 1,200 ft. per minute, and it was anti- 
cipated that this could be attained without difficulty, 
or discomfort during the accelerating and decelerat- 


ENGINEERING. 





[JULY 25, 1930. 





these vessels, making together 1,110,056 tons, and 
as many as 84, totalling 633,577 tons, are being 
built in the shipyards of Great Britain and Ireland, 
and 16, aggregating 142,845 tons, in the German 
shipyards. The continued progress made in the 
adoption of the internal-combustion engine for 
marine propelling machinery is indicated by the 
fact that, while 91 motorships, each of 8,000 tons 
and upwards, are now in hand in the world’s ship- 
yards, only 30 steamers of equivalent size are 
under construction. These figures include 10 motor- 
ships and 11 steamers, each of 15,000 tons and 
|upwards. The total horse-power of marine engines, 
| either under construction or being installed on board 





ing periods. The principal advantage of the sky- | vessels at the end of June, 1930, was 2,410,770. 
scraper was that it provided a large floor area on|This was made up of 426,093 i.h.p., the total 
any given site and for that reason alone its use was | of reciprocating steam engines, 554,260  s.h.p., 
likely to increase. Critics had stated that sky- | representing steam turbines and 1,430,417 ih.p., 
scrapers gave rise to grave risk from collapse | the aggregate of oil engines. rreat Britain and 
and fire, were injurious to health, because they shut | Ireland occupied first place with 891,319 h.p., 
out light, and increased the traffic congestion. The | Germany was second with 298,831 h.p., the United 
frame of the Homer Building was, however, found | States third with 217,575 h.p., and Denmark 
to be in perfect condition last year, and, in fact, | fourth with 168,470 h.p. Furthermore, France, 
no collapses had occurred in two generations. All| Italy, Japan and Sweden each produced upwards 
skyscrapers were built of fire-resisting material and | of 100,000 h.p. In conclusion, it should be pointed 
were often furnished in the same way. As regards, out that the tonnage figures quoted above are 
light, even a three-storey building interfered with | gross tons, and that no account has been taken, 
natural illumination to some extent, and there was | in the returns, of vessels of less than 100 tons 
better lighting and more air on the top floors of a | gross. 
skyscraper than of many lower structures. Traffic | 
congestion also existed in London where the height | THE INSTITUTION OF NAVAL 
of buildings was limited to 100 ft., and in New York | ARCHITECTS. 
was worse in the Fifth-avenue, Times-square and | (Concluded from page 80.) 

WE continue below our account of the summer 


theatre areas than in the skyscraper district. It | 
must be admitted that the design of some sky- | ; oul v . 
scrapers was atrocious, but recent regulations and |™eeting of the Institution of Naval Architects, 
the adoption of block planning had led to great | Commencing with the second paper of the first session 
improvements in this respect. The increasing use | held in the Council Chamber of the Town Hall, 
of steel was, in fact, ushering in a new era in archi- | Liverpool, on Tuesday morning, July 15. 
tecture of which full advantage should be taken by HANDLING or AIRSHIPS. 
those concerned. ‘The lectare; was concluded by | ne second paper, entitled ‘“‘ Mechanisation of 
cinematograph film, illustrating the construction of Airship Handling,” read by Major G. H. Scott, 
the pai Bank of Manhattan, which is a 17-storey C.B.E., A.F.C., consisted of a very detailed account 
building, 950 ft. high. This well brought out the | of the present practice regarding the mooring of air- 
various points that had been made by Mr. Pistor. | shins, Its length prohibits its reproduction, but the 
| following summary will, perhaps, give a better idea 
| of its scope than an abridgment. 

Lack of appreciation of the importance of efficient 

The shipbuilding returns of Lloyd’s Register| ground organisation and equipment in the past had 
for the quarter ending June 30, 1930, have just | led to a belief that the airship, contrary to the real 
been published. These reveal the disturbing | facts of the case, was not capable of meeting and 
fact that, at the end of June, there was a decline | successfully navigating bad weather. The older 
of no less than 222,930 tons in the total tonnage | methods adopted necessitated the use of four to five 
of the vessels under construction, as compared with | hundred men in getting the ship into or out of 
the figures for March 31, and, moreover, that the | its shed and the operation was only safe in com- 
present total, namely 1,392,063 tons, is 61,843 tons | paratively good weather. For commercial success 
below that of the tonnage building on June 30,)an airship must be able to leave its base at the 
1929. Furthermore, 230,406 tons of shipping were | scheduled time, even under reasonably bad weather 
commenced and 468,023 tons launched, during the | conditions, and the number of men required must 
quarter under review, as against 426,570 and 344,699 | be reduced to a minimum. Mechanical methods 
respectively, during the first three months of the | of mooring had accordingly been developed, which 
year. These figures show conclusively, as has | necessitated the use of a mooring mast or tower 
indeed been pointed out in our columns on numerous in the open. This had involved modifications in 
occasions during the past two or three months, | design so that the airship was strong enough to 
that orders for new ships are not coming forward | withstand gusts of wind when attached by the nose 
regularly to take the place of vessels launched | to the tower, and required ballasting arrangements 
and that many stocks have perforce to remain | sufficient to deal with any variation of lift due either 
vacant. Of the 311 vessels under construction | to differences in temperature in adjoining strata 
in this country on June 30 last, 177 were steamers, | of air or a general change in temperature due to gusts 
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125 were motorships, and nine were sailing ships 
and barges. It is of interest to note that 127 of 
these vessels, aggregating 582,047 tons, were for 
owners in the British Dominions and in foreign 
countries ; as many as 43, making together 291,597 
tons, having been ordered from Norway. The ton- 
nage of merchant shipping under construction 
abroad, on June 30 last, namely, 1,665,672 tons, 
was 14,736 tons greater than that in hand at the 
end of March, 1930, and constitutes the highest 
total recorded since 1921. The United States 
take first place with 238,163 tons, narrowly dis- 
placing, from that position, Germany, whose total 
was 237,468 tons ; Holland is third with 187,445 
tons, France fourth with 186,960 tons, and Russia 
fifth with 156,621 tons. A large increase, as 
compared with the previous quarter, is again 
shown in the aggregate tonnage of oil-tank ships 
under construction. There are now in course of 
completion in the shipyards of the world, 148 of 


cold or warm air. 

The first of these requirements had been success- 
fully met, as shown by the fact that the airship R.101 
had ridden out a gale at the Cardington mooring 
tower when the maximum gust reached a velocity 
of 83 m.p.h., and also when the direction of the 
wind was changing through an angle of 120 deg. in 
less than a minute. The second requirement was 
met by the introduction of ballast wheels or rollers 
on the ground attached by shock-absorbing devices 
to the free end of the airship. The actual operation 
of mooring at the British towers was fully described 
in an appendix to the paper. The construction 
of the towers was referred to, and improvements 
relating to the winches and the housing of the 
machinery generally were suggested. The practice 
in the United States consisted in mooring an airship 
close to the ground with the nose secured to the 
mast of just sufficient height to keep the cars clear 
of the ground when on a horizontal keel ; the after 
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car was then secured to a trolley or weighted bogey 
in such a way as to prevent any vertical motion 
of the tail of the airship. This method had 
apparently been adopted owing to the difficulty of 
keeping the tail of the airship, at Lakehurst, when 
moored to a high tower, from taking up extreme 
angles under varying temperature conditions. The 
British use of a high mooring mast had been attended 
with success. 

Although the two new airships R.100 and R.101 
had made good landings at high masts and had 
not required the services of more than fourteen 
men in the operation, and could stand the strains 
imposed by such moorings, it was not desirable to 
leave them thus exposed to severe gales. When such 
a storm was predicted it should be possible to house 
the airships in their sheds by mechanical means, 
and a scheme was being proceeded with to effect 
this. - This consisted of a low tower mounted on 
three chain-track bogeys. The nose of the airship 
would be transferred from the high tower to the 
movable tower, which would be towed across the 
aerodrome by a tractor and would then draw the 
airship into its shed. Four other bogeys carry- 
ing winches would be towed behind the tower on 
rails entering the shed. These bogeys would 
carry sheaves over which would pass guys, operated 
by a winch in the shed, two being connected to each 
side of the airship. The guys would be used to pull 
the airships across the wind until its axis coincided 
with that of the shed. During the passage across 
the aerodrome and until the guy ropes had been 
connected, the after car of thé airship would be 
fitted with a detachable trolley, with castor wheels 
and shock-absorbing device. The sheds at present 
in use had a door at one end only, but could be 
altered, if desirable, in the future to have doors 
at both ends, in which case the operation of housing 
or bringing out an airship by mechanical means 
would be still further simplified. 

This paper was listened to with interest and 
attention, but members present at the meeting did 
not comment on it. As there was no discussion 
when a vote of thanks had been accorded to Major 
Scott, the third paper was read. 


RuppER EFFECT. 


This paper was contributed by Mr. W. H. Wool- 
nough and Dr. A. M. Robb, and was entitled 
“Trial Trip Performances of Three Similar Ships 
with Special Reference to Rudder Effect.” It was 
reproduced in abridged form on page 93 of our 
last week’s issue. 

The discussion was opened by Mr. A. L. Ayre, 
who said that he had examined the results given in 
the paper by working back from the propeller data 
in order to determine the indicated horse-power. 
The result of this investigation had rather surprised 
him, as it threw a good deal of doubt on the accuracy 
of the records. He attributed the discrepancy to 
indicator defects, and hoped that sooner or later 
engineers would be able to obtain an instrument 
which would consistently tell the truth as to the 
indicated horse-power developed by engines. As 
regards the arrangement of rudder described in the 
paper there was no doubt but that improvement did 
result from a closer approximation of the propeller 
and rudder, and the reduction of the space usually 
existing between the stern post and the former. 

Mr. G. 8. Baker was of opinion that the paper as a 
whole afforded a complete example of the inherent 
wastefulness of the “trial and error’ method in 
ship design. It was apparent that one of the three 
vessels which had been tested needed considerable 
alteration. This would involve heavy expense 
which could quite easily have been avoided if tank 
tests had been made in the initial stages of the 
particular design. 

Dr. John Tutin was the next speaker. The 
summarised results, he observed, showed that the 
Blairnevis fitted with the Denny rudder, required 
about 20 per cent. less indicated horse-power than 
the Blairmore, which had the ordinary rudder, to 
attain the same speed of 10-05 knots. This remark- 
able improvement was the more striking as the 
Denny rudder had really a diamond-shaped cross- 
section, and not a stream-lined one. The authors 


appeared satisfied that this improvement was almost 
eritirely attributable to the difference in the rudder 


























JULY 25, 1930.] 





and stem frame, but nevertheless it was so large 
that a close scrutiny of the data was desirable. He 
felt that a comparison of the nature described in the 
paper could not properly be made between two sister 
ships, oreven three. Four, at least, were required to 
obtain reliable data. The Blairspey, for example, 
had been used as a check on the Blairnevis, but 
there was no check on the Blairmore. Again, the 
Blairnevis propeller was altered in diameter, in 
pitch, surface and blade section, while the waterlines 
above the aperture were improved. The Blairnevis 
was docked seven days before the trial and was in 
somewhat better trim. The Blairmore had not been 
docked at all. All these differences helped to 


improve the Blairnevis as compared with the | 
Blairmore, and some attempt to estimate their | 


effect might well have been made. 

Referring to the analysis results given in 
Table II, it there appeared that there was a 
material difference in wake for the Blairmore and 
Blairnevis, whereas two exactly similar sister ships 
would have exactly the same wake factor. The 
change in propeller diameter already mentioned 
would’ have only a negligible effect on the wake 
factor. The amount of fouling of the bottoms 
might have some little effect, but in any case it had 
been assumed by the authors that the effective 
horse-power was the same for both vessels. Surely it 
was impossible that a change in the form of a rudder 
abaft the screw could alter the wake factor to any 
appreciable degree. The wake factor of the Blair- 
nevis was confirmed by the performance of the 
Blairspey, and was further independently confirmed 
by Messrs. Denny’s tank experiments. In other 
words the power absorption of the model screw, as 
measured by a dynamometer was consistent with a 
factor of about 1-219. There was no check on the 
Blairmore wake, and it was impossible to avoid the 
conclusion that there must be something wrong 
with the data of the latter vessel. 

Continuing, Dr. Tutin said that the correct 
procedure seemed to be that of accepting the Blair- 
nevis wake for both vessels. The developed horse- 
power for the Blairmore at a speed of 10-05 knots 
would then become 1,040 instead of 1,161, and, with 
a mechanical efficiency of 0-845, the indicated 
horse-power would be about 1,230 as against 
1,375. Quoting Messrs. Denny’s report, he claimed 
that there was strong support for the conclusion 
that the indicated horse-power of the Blairmore 
was 10 per cent. too high, and if this corrected were 
applied it would appear that the Blairnevis was 
9-9 per cent. better than the Blairmore, which was a 
more probable figure than the 19-3 per cent. men- 
tioned in the paper. If the analysis was then 
continued on these lines, it would be found that the 
thrust required to propel the Blairmore was about 
10-1 per cent. greater than for the Blairnevis, 
again a more likely figure than the 27-5 per cent. of 
the analysis in the paper. He was of opinion that, 
making allowance for the degree of fouling and the 
differences of trim and propeller diameter, it was 
probable that the improvement due to the type of 
rudder adopted in the Blairnevis was about 6 per 
cent. This figure could, however, be no doubt 
materially improved upon by the adoption of a 
rudder of true streamline cross section. 


Mr. H. A. M. Napier said that the semi-balanced | expressed his regret that the present one was made 
rudder of approximately streamline form was | 
certainly more effective than the older pattern hinged | ever, that the question of ameliorating this depression 
on a stern post. He would have liked a little more | and improving trade was not so much a matter of 


information about the relative turning circles. 


Professor T. B. Abell said that he had felt that the | hand in hand in much the same way as a munici- 
trials had been taken perhaps too optimistically, | 
though he would not have expressed himself so | and not only that of a section. 
strongly as some of the previous speakers. He had, | of Liverpool replied to the toast in a forceful speech, 
however, received from Dr. Robb the whole of the | 
particulars relating to the trials, and as the result of | comments on shipowners’ general inadequate support 
examination and analysis he was now satisfied that | of the tank at Teddington. The tank, he said, was 
there were very good grounds for the claims made in | an invaluable school of research, and a very useful 
He had listened with interest to Mr. | practical aid and check, but it did not lessen the 
Baker, who, he was sure would be glad to have | need for thorough diagnostic method. Each ship, 
confirmation of results of model tests by the per- | or class of ships had its peculiar merits upon which 
|a decision must be made. 


the paper. 


formance of actual vessels. | 


Dr. Robb then replied for Mr. Woolnough and on | important than the human being who made the 
his own behalf. The results obtained were, he | final decision. It must be remembered that there 
said, so phenomenal that it was not surprising that | was no better tank in the world than the ocean , 
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able argument had been advanced that the powers 
were wrong. They were certainly startling, but he 
did not think there was any error with regard to 
them. 

There was a widespread belief that the ordi- 
nary tank experiment was not to be relied upon 
as giving accurate information as to the horse- 
power that would be required in an actual ship. 
Indeed, there was a recorded discrepancy of 20 
per cent. between tank prediction and actual result, 
Various suggestions had been made to get over that 
discrepancy. It was one of the purposes of the 
paper to draw attention to the fact that it was 
probable that in the past the effect of the appendages 
had been very seriously underestimated, and that 
really there existed a difference in power due to the 
form of the stern frame alone of something like 
10 to 15 per cent. 

A vote of thanks to the authors having been 
carried, the meeting terminated. 

The afternoon was set apart for visits to various 
ships and works. Some of the party boarded the 
steam yacht Galatea of the Mersey Docks and 
Harbour Board, or the tender Skirmisher of the 
Cunard Line, and were taken for a tour through a 
part of the dock system being afterwards entertained 
to tea on the 8.8. Duchess of Bedford, by Messrs. 
Canadian Pacific Steamships, Limited, or on 
M.S. Ulster Monarch, by Messrs. the Ulster Imperial 
Line. Other members paid a visit to the works of 
Messrs. Bryant and May, Limited, at Garston, or to 
the works of Messrs. British Insulated Company, 
Limited, at Prescot, tea in each case being kindly 
provided by the firm. All assembled in the evening 
at the Town Hall, Liverpool, where they were 
received by the Lord Mayor of Liverpool, Councillor 
Lawrence D. Holt, J.P., and the Lady Mayoress. 
The reception terminated with a dance. 

For Wednesday, July 16, a number of visits had 
been arranged, some in the morning, others in the 
afternoon. The first comprised a visit to the 
Cathedral, or to the works of Messrs. P. P. Press, 
Limited, Broadgreen, or to the Mersey Tunnel 
Works. The party, in this case, were shown the work 
in progress by officials of the contractors for the 
tunnel, Messrs. E. Nuttall, Sons, and Company, 
Limited. The afternoon programme consisted of a 
visit either to Port Sunlight and the Lady Lever 
Memorial Art Gallery, or to the works of Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park. Here, again, hospitality given in 
the way of tea, was extended by Lord Lever- 
hulme in the first case, and Messrs. Metropolitan- 
Vickers in the second. 


INSTITUTION DINNER. 


The Institution dinner was held on Wednesday 
evening, under the chairmanship of the President, 
Admiral of the Fleet, the Right Hon. Lord Wester 
Wemyss. At an early stage of the proceedings a 
telegram was sent from the gathering to the Duchess 
of Northumberland, expressing sympathy in the 
serious illness of the Duke of Northumberland, 
immediate Past-President of the Institution. The 
toast of “The City and Port of Liverpool” was 
proposed by the President, who, in alluding to the 
former visits of the Institution to Liverpool, 





in a time of great trade depression. He felt, how- 


detail, but one of spirit, and all would have to work 


pality looked to the good of its citizens in general, 
The Lord Mayor 


in the course of which he referred to Mr. Baker’s 


No factor was more 


observed were the best that life could bring. 
Thoroughness was certainly the key to the successful 
conduct of maritime enterprise. 

The Mayor of Birkenhead, Alderman Thomas 
McLellan, proposed “The Institution of Naval 
Architects,” and paid a tribute to its work in setting 
so high a standard in matters of the safety, health 
and accommodation of ship’s crews, that it gave a 
lead to the rest of the world. Sir John H. Biles, in 
response, mentioned the part played by the Institu- 
tion in the origination of subsidised merchant ships, 
which had resulted in building of the Lusitania and 
Mauretania for the mail service. He also pointed 
out that three of the officials concerned in the 
building of the new Cunarder were on its council, 
namely, Sir Thomas Bell, of Messrs. John Brown 
and Company, Limited, and Mr. G. McL. Paterson 
and Mr. J. Austin, of the Cunard Line. He hoped 
that the new vessel would once more bring the blue 
riband of the Atlantic to Liverpool. Mr. Francis 
Henderson proposed the health of “‘ The Ladies,” 
in a happy manner which drew from the Lady 
Mayoress of Liverpool a graceful and witty response. 
This brought to an end a very saccessful function. 

The second technical session was held on Thursday 
morning, July 17, in the Lecture Hall of the Central 
Technical School, Byrom-street, the President being 
in the chair. Three papers were read and discussed. 


Docks AND CarGo SHIPS. 


The first paper was presented by Mr. T. R. Wilton, 
and was entitled “The Effect of Growth in Size of 
Cargo Ships and their Equipment, with Especial 
Reference to Liverpool Docks.” An abridgement 
will be found on page 121 of this issue. The read- 
ing of the paper was accompanied by the display of 
numerous lantern slides illustrating the old and new 
docks and their equipment, while an interesting series 
of maps and plans of various dates, together with a 
collection of photographs of modern equipment, 
was on view in the lecture hall. 

Mr. W. J. Willet Bruce was called upon to openthe 
discussion, which he did by some interesting 
reminiscences of the changes that had occurred in 
the docks since he was first connected with them in 
the early ’eighties. This long experience, he said, 
had led him to the conclusion that the shipowners 
had always’ set the pace with regard to docking 
facilities, and the Mersey Docks and Harbour Board 
had been faced for some time with a demand for 
accommodation for ships 1,000 ft. in length. 
Untortunately, this provision had hardly been made 
early enough, and the ship-owning companies had 
built steamers which, for some time after they 
had been placed in commission were not able 
to go into dry dock in Liverpool, but had had 
to resort to Southampton and Belfast, until the 
fine Gladstone Dock had been built, now accessible 
from the internal system of docks, but which at 
first could only be entered from the river. The new 
dock equipment provided splendid facilities for 
handling cargo, the present cranes enabling cargo 
to be lifted direct from the holds to the sheds. The 
old method was to lift the cargo from the holds and 
deposit it on the deck, from which it had to be 
picked up and landed. This meant, in some of the 
large steamers, not only that some 50 to 60 men 
were employed, but also that two main boilers out 
of eight had to be kept under steam to handle the 
cargo. This was a serious expense, both in coal 
and labour, which had now been done away with, 
and sufficient steam was now only required for 
the ship’s own purposes and for breaking out the 
cargo from the back of the holds and bringing it 
under the hatches. In two classes of ships on the 
Canada and New York services this meant a saving 
of 120 tons of coal a week, to say nothing of a 
reduced wage bill. Again, with the fine lock 
at the Gladstone Dock, steamers could come up 
an hour or two after high water, discharge their 
passengers at the landing stage, and go right into 
the dock that night, so saving a day’s pay and 
maintenance for the crew, and often overtime in 
cargo discharging. Another improvement in the 
new equipment was in the shoring of vessels in 
graving dock. This was now done by hydraulic 





means, instead of by shipwrights. Mr. Bruce 


the figures relating to powers had been challenged. | through which their ships passed, and the lessons | concluded by saying that he had nothing but praise 


Nevertheless, it seemed to him that no reason-| which were there attentively and accumulatively | for the existing dock system. 
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Sir John H. Biles dealt with the possible further 
increase in ships and docks, and referred to the recent 
discussions by the Port of London Authority on the 
subject of the proposed tunnel in the lower reaches 
of the River Thames, which might interfere with 
the future development of the Port. He had, he 
said, when dealing with the evidence before the 
Dominions Royal Commission, ventured to suggest 
that a ship 1,000 ft. long and drawing 60 ft. of water 
might be possible in the future. This was somewhat 
tentative, but when it came to the question of 
putting a tunnel under the Thames the matter had 
to be more seriously considered. Dr. Robb and 
he had gone very carefully into the matter, and 
had come to the conclusion that such a vessel 
was not an economic possibility in the near future. 
The limitations were fresh’ markets for supplying 
the ships with cargo and the depth of water in the 
entrance to docks and harbours. 

At the same time, the successors of the present 
dock authorities might be faced with the problem 
of handling vessels of this size, though it was im- 
possible to say how soon the pressure of economic 
competition might bring such vessels into being. 
The Gladstone Dock had now 48 ft. of water over 
the sill, and the point he wished to make was that 
the draught of future ships would quite possibly 
be considerably greater than this. Handling 
equipment, too, would have to keep pace with dock 
accommodation, for the cargo capacity of a ship 
increased as the cube of the draught. Instead, 
therefore, of having about 15,000 tons of cargo 
to handle, as in some ships of the present day, in 
the future there might be some 70,000 or 80,000 tons 
per ship. 

Mr. A. T. Wall said that though the efficiency of 
a port depended upon its docks, the final factor was 
dock equipment as against ship equipment. To 
equip a cargo ship properly involved the shipowner 
in very heavy initial costs, which had to be carried 
through the lifetime of the ship. If docks were 
thoroughly equipped, the time might come when 
many ships would be able to run without any cargo- 
handling appliances at all, thus effecting a very 
obvious saving even if only in one direction. Allied 
to the question of dock equipment was the arrange- 
ment of holds in a ship. The No. 2 hold was 
generally the largest, and Nos. 3 and 4 were affected 
by the shaft tunnels. This inequality might affect 
the general discharging rate. With intermediate 
passenger-cargo vessels, the matter was complicated 
by the sub-division rules. He thought the matter 
was one worth the attention of naval architects 
and people in positions similar to that occupied by 
Mr. Wilton. 

Mr. Wilton briefly replied to the discussion, and 
acknowledged the practical value of the point raised 
by Mr. Wall. The ideal arrangement would be 
one large hold extending practically the full length 
of the vessel, as the larger the hold the more gear 
could be got in to handle the cargo. This was for 
many reasons impracticable, but something might 
be done by those responsible for the design of ships 
in the direction of more equal holds. He had been 
rather staggered by Sir John Biles’ visualisation of 
ships carrying 70,000 tons of cargo. This would 
mean a big increase in handling appliances. He 
wished to make clear that he was indebted to the 
officials of the dock authority for the information 
contained in the paper, and to remind members 
that he himself was not responsible for the develop- 
ments described. 

The President, in calling for a vote of thanks to 
Mr. Wilton, said that he also was surprised at the 
enormous figures which had been given for possible 
future cargoes, which might well involve geogra- 
phical as well as structural changes. The vote of 
thanks having been accorded, the second paper was 
proceeded with. | 

VirtuaL Mass or Sure Mopets. | 

The next paper, presented by Professor T. B. | 
Abell, was a comparatively short one. It was 
entitled ‘“‘A Note on the Direct Measurement of the | 
Virtual Mass of Ship Models.” It will be reproduced 
in our pages in a later issue. 

The discussion was opened by Mr. G. S. Baker, 
who said the definition of virtual mass as the mass 
which accompanied a body which was frictionless | 





was rather puzzling as there was no frictionless 
body. The results obtained in the paper could, 
therefore, only be compared with those arising 
from Professor Lamb’s work dependent on the 
ordinary equation of motion in a perfect fluid. 
The author had gone a little further, but it seemed 
to be only fortuitous that his percentage agreed 
very closely with the percentages of Professor 
Froude on the Greyhound. It was well known that 
friction extended the length of a body and added 
considerably to the virtual mass of the hull of a vessel 
The equation of motion then was not quite of the 
simple form shown in the paper. Continuing, 
Mr. Baker, said he would provide some figures on 
the point, which figures, if applied by Professor 
Abell would, no doubt, indicate that the virtual 
mass was different from that obtained in the expe- 
riments. It would be interesting to know whether 
the virtual mass of the body experimented upon was 
different when reversed, as eddy-making might 
affect the results. 

Mr. J. Denholm Young, in expressing admiration 
of the ingenious instrument used by Professor Abell, 
wondered if the fitting of such an apparatus would 
yield any useful information with regard to the 
engine vibration found on river paddle steamers 
and similar craft in which the hull was light and 
the pulsations continuous. 

Professor Abell, in reply, said that he was not at 
all clear as to the effect of friction in practice. A 
frictional belt was brought about by viscous 
action, and when a ship was steaming at sea a 
frictional belt, of course, existed. He was not 
sure how small changes in speed affected the 
velocities in a frictional belt, but since a time element 
was involved in the effect requiring any change in 
the belt, he thought there would be no appreciable 
changes in the mass during small changes of speed 
in the ship. He did not attach any importance 
to the similarity of the percentage values obtained 
in the model to those obtained in the Greyhound, in 
which a frictional belt existed and which was a diff- 
erent ship. He had not reversed the model, but 
did not think there would be eddies of the type 
Mr. Baker had in mind as there was no velocity 
at the time of reversal. 

On the motion of the President, a vote of thanks 
was then accorded to Professor Abell. 


Winp RESISTANCE OF SHIPS. 


The final paper entitled ‘‘ Model Experiments on 
the Wind Resistance of Ships ” was of a very detailed 
nature and was contributed by Mr. G. Hughes. 
We hope to reproduce this paper in abridged form 
in a later issue. 

The discussion was opened by Mr. J. L. Kent, who 
said there was a practical aspect in the paper which 
had not been stressed. This was with regard to 
the steering of ships. He had had to cross the 
Atlantic for the purpose of collecting data as to 
the propulsion of ships in various kinds of weather, 
and had been impressed by the amount of steering 
necessary to keep some of the vessels on their 
course when the wind and weather was about 
two or three points on either bow. Examination of 
the data seemed to show that those vessels which 
tended to come up into the wind were more easily 
steered than vessels which fell off before the wind. 
The paper showed how to estimate the wind resist- 
ance at an early stage of the design, and from that 
data it would be possible to determine the turning 
moment of a ship quite simply. Of course, the 
superstructure could not be altered in such a way 
as to make the vessel come up into the wind, on 
account of the internal arrangements, but the paper 
would at least enable a compromise to be arrived 
at so that easy steering, and therefore more effective 
propulsion, could be secured. 

Professor T. B. Abell observed that the paper 
had given some data on the proportion of air 
resistance to total resistance and was therefore 
very valuable. The figure, however, might require 
some slight correction because the velocity of the 
wind was not uniform. For movements against 


|the wind the question of air resistance was of real 
| importance. 


Taking the San Gerardo, which was a 
10-knot ship, it would be seen that when steaming 
into a wind of 20 knots, when the relative speed 





was 30 knots, the resistance increased from 2-7 per 
cent. to 25 per cent. There was scope for a large 
amount of work in connection with the important 
question of modifying superstructures from the 
point of view of air resistance. 

Mr. J. Hamilton Gibson said he thought it 
might not be without interest to remind members 
how a somewhat similar problem had been attacked 
some 40 years ago by the engineers of the Forth 
Bridge. The object was to estimate the relative 
flat surface of what might be called the super- 
structure when exposed to wind striking it at 
different angles. This superstructure was a com- 
plicated girder system, and the area exposed, of 
course, differed greatly according to the way the 
wind blew. A scale model of a portion of the struc- 
ture was mounted on one end of a long lath, to the 
other end of which was attached vertically a square 
plate, the size of which could be altered. The lath 
was suspended at the centre on a long wire and the 
whole was allowed to swing forward. If it arrived at 
the other end without having twisted, it was assumed 
that the area of the plate correctly represented that 
of the girder. system of the model. This seemed a 
simple method of estimating wind resistance, and 
possibly it might be employed, or at all events a 
modification of it, in similar investigations regarding 
ships. 

Mr. G. Hughes, in reply, thanked Mr. Kent for his 
comments regarding the steering of ships in relation 
to wind resistance. This was a problem which 
would probably be taken up later. It had already 
been found that the effect could be quite consider- 
able. As to wind velocity, the figures given in the 
paper for resistance to motion in still air, were 
very approximate. In fact the whole data was 
approximate in the sense that it was impossible to 
find the precise effect due to the enormous variations 
of wind and weather, not only with regard to height 
above the water, but variation in force and direction 
from moment to moment. The data was intended 
to be used with due regard to practical limitations 
when an actual ship was being dealt with. Mr. 
Hamilton Gibson’s comments on the Forth Bridge 
experiments were interesting. The structure was 
one lending itself to testing in air, but they had 
found that using water as the medium was an easy 
way of obtaining the information given in the paper 
for ship models. 

Mr. R. W. Dana, in proposing a vote of thanks to 
Mr. Hughes, said he had been particularly interested 
in the paper as‘a member of the Advisory Committee 
of the Experimental Tank. There were so many 
other subjects calling for attention that the question 
of wind resistance had not, up to the present, had 
much attention given to it, but the enormous growth 
in the superstructures of modern high-speed vessels 
made it of more pressing importance. He was glad 
to hear Professor Abell’s remarks on the higher 
percentages which occur with higher wind speeds, 
and there was no doubt but that the further 
researches which were to be made would provide 
additional data. No doubt, also, investigations 
would be made in the direction of modifying super- 
structures to lessen wind resistance, bearing in 
mind the necessity of not interfering to a serious 
extent with the accommodation effectiveness of the 
vessel. 

Mr. Dana, in conclusion, said how glad he was to 
find that the experimental tank had received so 
much attention at the summer meeting. There 
was no place where the work carried on at the tank 
bore more strongly on local industry than in 
a port like Liverpool. Though Mr. Baker’s criti- 
cism had, perhaps, been a little harsh on the ship- 
owners, he was sure it would bear fruit in the direc- 
tion of more support from the great ship-owning 
firms. These days of depression were really the 
best time for carrying on research work, and he 
knew that Mr. Baker and his excellent staff would 
be glad of any opportunity to be of service to the 
shipping industry. 

The President, in closing the session, expressed 
the opinion of the meeting in his motion of thanks 
from the Institution to the Lord Mayor and Cor- 
poration of Liverpool, the Mayors of Birkenhead, 
Bootle and Wallasey, Sir Frederick C. Bowring, 
the Cunard Line, the Elder Dempster Line, the 
Ellerman Lines, the Blue Funnel Lines and the 
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Ulster Imperial Line, to Messrs. Cammell Laird, | an invitation from the Lord Mayor of Liverpool 
Messrs. Metropolitan Vickers Electrical Company, | and the Mayors of Birkenhead, Bootle, and Wallasey 
Lord Leverhulme, Messrs. The Mersey Docks and | to the Institution to visit the district. The society 
Harbour Board, the Liverpool Engineering Society, | is represented on the council of the Institution by 
and others whose kindness and hospitality had | seven members. The arrangements for the meeting 
helped to the success of the gathering. were in the hands of an executive committee, of 
After the meeting the members divided, one which the Lord Mayor of Liverpool was president, 
party going to the S.S. Franconia, berthed in the Sir Frederick C. Bowring chairman, and Mr. F. W. 
Huskisson Dock, on which vessel luncheon was Gaskin and Dr. A. M. Robb honorary secretaries, 
provided by the Cunard Company. The other! with Professor T. B. Abell as chairman of the 
party inspected the shipyard and engine shops of | programme sub-committee. Complete success has 
Messrs. Cammell, Laird and Company, after luncheon | attended the efforts of the committee, and on the 
at the invitation of the firm. In the evening three | smooth working of the meeting, both as regards 
alternatives were provided, the attendance at each its technical side and the attendant abundant 
function being about equal. These alternatives hospitality, its members are to be congratulated, 
were a dinner and dance on board S.S. Patroclus as are also the secretary and staff of the Institution 
of the Blue Funnel Line, S.S. City of Hong Kong, | for their share in the organisation. 
of the Ellerman Lines, and M.V. Adda, belonging to | 
Messrs. Elder, Dempster and Company, Limited. 
The whole of the functions proved most en- 
joyable, and were notable for the excellent speeches : 
made at them. The meeting terminated on Fri- | (Continued from page 68.) 
day, July 18, by a whole-day excursion of an! Fatigue in Large Single Metallic Crystals—The 
exclusively social character, most of the party | continued researches of Dr. H. J. Gough and Mr. 
making an extensive char-a-banc tour of North; H. L. Cox on fatigue in large single metallic 
Wales. This, in spite of somewhat forbidding crystals lead to the following conclusions as regards 
weather, was greatly appreciated. In conclusion, the mechanism of the deformation of the space 
it may be stated that the locale of the summer | lattice systems of the majority of metals of engi- 
meeting was determined by a suggestion of the | neering interest. The three common types are the 
Liverpool Engineering Society, which resulted in! face-centred cube (aluminium), the body-centred 
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cube (iron), and the closely-packed hexagonal 
(zinc). In all these, the criterion of elastic failure 
is shear stress resolved in certain crystallographic 
directions. The direction of slip is in every case 
parallel to a line of greatest linear atomic den- 
sity, that is, one of the primitive directions of 
the lattice, and corresponding to the smallest 
primitive translation. In the cases of aluminium 
and zinc, shearing always takes place along planes 
parallel to crystallographic planes of highest 
atomic density ; iron has apparently at least three 
sets of operative slip planes, all of high density. 
Aluminium possesses six slip directions and four 
sets of operative planes, making 24 possible move- 
ments. In zinc, only three slip directions and one 
slip plane are initially available, but metal twins 
readily form and provide ample scope for slip 
direction. Iron has only four available slip diree- 
tions, and does not twin readily under static or 
fatigue stress. Whether bonding takes place 
mainly along the slip direction or between adjacent 
slip planes is to be cleared up by further studies 
of more complex face-centred rhombohedral lattice 
systems. Such experiments on antimony have given 
information as to twinning ; but antimony does not 
undergo plastic deformation; bismuth does, and 
is now being submitted to fatigue tests. 

Figs. 1 to 6, on this page, are reproduced from 
photographs and illustrate cases of twinning. The 





method, by which the photographs were obtained 
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was illustrated on page 85 of our issue of July 20, 
1928, and further explained on page 810 of June 28, 
1929. The specimen crystal, 1 in. or less in dia- 
meter, and as much as 12 inches long, is clamped 
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AN HISTORIC CHAIN AT PORTSMOUTH. 





horizontally, while turned about its longitudinal 
axis, through an angle A, and examined after being 
etched, X-rayed, and polished. Several million re- 
versals at a resolved shear stress of + 0-1 to 0-6 ton 
per square inch were altogether applied in several 
series of 50,000 reversals or more. Fine lines ap- 
peared first, then systems of twin bands at different 
slopes; further regular marks developed within 
the twinned structure. In antimony, to which the 
following remarks apply in particular, no markings 
could be definitely identified as slip bands. The 
fine lines observed in the primary structure were 
all parallel to the plane of trigonal symmetry ; the 
distribution of the fine lines in the twinned structure 
seemed to be connected with the secondary stress | 
system set up by the twinning. Twin bands were 
observed parallel to the traces of all the planes ; 
Fig. 5 shows both primary and secondary twin 
bands. Cracks developed after 3-5 x 10° reversals 
at a resolved shear stress of + 0-3 ton per square 
inch ; they followed either the direction of the fine 
lines or the twinning planes ; one crack in Fig. 5, 
followed four directions. Another 3-5 million 
reversals did not extend these cracks, and the final | 
fracture, at greater stress, did not take place along 
these cracks. This does not support the assump- 
tion of the weakening effect of small cracks in brittle | 
material. Final fracture occurred by complete | 
cleavage parallel (macroscopically) to one of the two 
twinning planes primarily operative in the experi- 
ment. Under the microscope, the edge of the | 
fracture showed the same features as the cracks in 
crossing a twin band, the cleavage sometimes | 
tended to be splintered parallel to the plane of 
trigonal symmetry as in Fig. 6. 

Figs. 1 and 2 refer to zinc. Fig. 1 was taken at 
a magnification of 97 and A = 48 deg., and Fig. 2 
at a magnification of 328 and A= 51 deg. The 
two heavy lines of Fig. 1 are ascribed to traces of 
pyramidal planes, the two systems of finer parallel 
lines to twins, and the very close shading indis- 
tinctly visible in the right-hand lower corner to 








time. The uncertain stress distribution between 
the concrete and the reinforcement renders the 
slip on the basal plane. In Fig. 2, two systems of | design of reinforced-concrete structures difficult, 
twins can be seen, crossed by the fine slip lines of | and experiments have therefore been started upon 
the basal plane and the closer fine-line shading | concrete columns, 8 in. sq., reinforced with four 
of slip on the basal plane. The other four figures | steel rods of 3-in. bound together by }-in. diameter 
represent antimony. Figs. 3 and 4, at magnifica- | stirrups every 5 in. The measurements are made 
tion 97, represent cleavage surfaces. The parallel | with the aid of extensometers, and at loads, up to 
diagonal lines of Fig. 3 are traces of cleavage | 50 tons, axial or eccentric, with free or flat ends. 
planes, the roughly horizontal and vertical lines | In response to requests, Mr. Jakeman has con- 
traces of twinning planes. The lines of Fig. 4 are | structed a simple apparatus for testing the impact 
all ascribed to twinning planes. The magnification | strength of safety glasses. A sheet of the glass 
of Fig. 5 was 179, A = 164 deg. ; traces of five|is so mounted that an area of 12 in. by 10 in. 
planes, already referred to, can be distinguished. |remains unsupported. On the centre of this area 
In Fig. 6 (magaification 79, 4 = 329 deg.) traces | falls, from a height of 10 ft., a steel ball, 2} in. 
of three planes are distinct in addition to the | in diameter, weighing 1-68 Ib. Most glasses sub- 
fracture along cleavage planes. | mitted stood this test or gave only a few splinters, 

The X-ray reflection from single crystals of | which are collected and weighed. A few glasses 
tungsten under tensile stress has been studied by |were shattered and detached from their inter- 
Dr. Gough on a crystal, 0-2 mm. in diameter, linings. ( To be continued.) 

7 cm. long, so mounted that Laue diagrams can | 
be taken while the tensile stress is increased, in | 
steps of from 2 tons to 9 tons per sq. in., up to 

104 tons. Up to a load of 88 tons per sq. in. no | LETTER TO THE EDITOR. 
change was observed in the positions of the Laue | 
spots; at 97 tons the diagrams altered entirely, | 
indicating plastic deformation, but there was) 
no further change as the load was raised to the 
maximum. In the determination of the elasticity 
of Pintsch single crystals of tungsten by Mr. S. J. 
Wright the difficulty was to mount the wire, 0-9 mm. 
in diameter and 5cm. long, in such a way that the 
free length of the wire could be accurately mea- 
sured for the determination of the torsional modulus 
of rigidity and the longitudinal Young’s modulus. The 
end effect was eliminated by fixing various lengths 
of the wire in the chucks. Tungsten crystals 
were found to be truly isotropic. The Young’s 
modulus was calculated to be 25,150 tons, the 
modulus of rigidity 9,800 tons per sq. in., and 
the Poisson ratio 0-284. 

Stress Distribution in Reinforced Concrete Columns. 
Safety Glass.—Concrete may shrink by as much 
as 0:0005 of its original length in thirty days, 
and yields moreover to loads in the course of 











AN HISTORIC CHAIN LINK. 
To THE Eprror oF ENGINEERING. 


Sir,—In your issue of July 11 you publish a de- 
scription of one of the very interesting iron links recently 
salved by the Admiralty from the shingle at a short 
distance to the east of the Round Tower, Portsmouth. 
In the article reference is made to my suggestion, 
whilst President of the Staffordshire Iron and Steel 
Institute, that the salving of any of these links would 
be of great interest from the metallurgical aspect, and 
also from the aspect of an iron and chain maker. This 
examination is proceeding. Six continuous links 
terminating in a shackle, and two separate links, have 
been salved, some of the links in a wonderful state 
of preservation, but after examining what historical 
evidence is available, I hesitate before stating from 
which chain these links have been taken. 

Your article refers to the first chain 
defence of Portsmouth and referred to in 1522. In 
1664 another chain was put in hand by Edward Syl- 
vester, of Gosport, who received two payments of 
1001. This chain was contemporary with the one 


used for the 














used for the defence of the Medway in 1667, and 
referred to by Pepys. Sylvester was a Burgess of 
Portsmouth, and it is reported locally, but without 
proof, that the iron for this chain came from the 
Fortley Mills (about 10 miles from Gosport), where 
Henry Cort afterwards worked. It is also reported 
that a later chain was laid down in 1801. 

Whatever is the actual date of these links, they are 
a wonderful example of early craftsmanship and of the 
corrosion resisting property of wrought iron, having 
been exposed to the action of sea water and air for 
very many years. The two links in my possession are 
made from square section iron welded at the end, 
and are very similar to the square link mooring chain 
of to-day. The links weigh 146 lb. and 188 Ib. 
respectively. 

Yours faithfully, 
P. Jump. 

Netherton Iron Works, Dudley, Worcs. 

July 15, 1930. 

[The accompanying interesting figure showing the 
excavation of the chain has been supplied to us by 
Mr. Jump. The photograph is the copyright of The 
Evening News and Hampshire Telegraph Company, 
Limited.—Ep. E.] 








PATENTS AND TRADE Marks.—The 18th edition of a 
brochure entitled Patents and Trade Marks, by Mr. B. T. 
King, has recently been published by Messrs. Kings 
Patent Agency, Limited, Wardrobe Chambers, 146a, 
Queen Victoria-street, London, E.C.4. The brochure 
contains much information, in condensed form and written 
in simple language, regarding such matters as patents for 
inventions, employees’ inventions, procedure of patenting, 
patents abroad, sale of patents, designs, and trade marks. 

Pustic Works, Roaps and TRANSPORT CONGRESS, 
1931.—The organising committee of the Public Works, 
Roads and Transport Congress has decided to offer a 
number of prizes for papers submitted at the 1931 
Congress. These comprise a first prize of a gold medal 
and 50 guineas, a second prize of a silver medal and 
30 guineas, a third prize of a bronze medal and 15 guineas, 
and a fourth prize of 10 guineas. A further prize of 
5 guineas will be awarded for each paper selected for 
discussion, those contributions for which a principal 
prize has been awarded being excluded. Papers must 
be submitted not later than December 31, 1930. The 
rules and particulars of the competition may be obtained 
on application to the honorary secretary, Public Works, 
Roads and Transport Congress, 84, Eccleston-square, 
London, S.W.1. Papers may be submitted for discussion 
without being entered for competition. These papers 
should be marked ** Not for Competition.” 
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THE BILLINGHAM POWER PLANT OF 
- IMPERIAL CHEMICAL INDUSTRIES. 


THE conditions governing the design of the steam and 
electric power plant, which has been erected by Messrs. 
Imperial Chemical Industries, Limited, at Billingham 
differ essentially from those present in a public gene- 
rating station. The quantity of steam required for 
process purposes is double that necessary to generate 
the requisite electrical energy, so that the output of the 
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economy and simplicity special feed-heating sets were 
also provided, so that it is unnecessary to bleed the 
primary turbines, while condensing units were installed 
in addition to meet the variations, which occur in the 
proportions of steam to electrical demand. A full 
description of this plant, together with reasons for the 
adoption of its various features, was given in a paper 
which was read by Messrs. H. A. Humphrey, D. A. Buist 
and J. W. Bansall before the Institution of Electrical 
Engineers on March 13. 
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The pulveriser house contains six 15-ton roller mills and 
four 15-ton ball mills with their auxiliary plant. The 
raw coal, which is brought in by rail, is unloaded to 
underground bunkers, whence it is raised by skip hoists 
and carried by belt conveyors through magnetic 
separators to overhead concrete-lined steel bunkers in 
the pulveriser house. From these bunkers it passes 
through chutes and weighers to the mill hoppers. 
The pulverised coal is drawn through cyclone separa- 
tors to screw conveyors, which distribute it to the 
| pulverised coal bunkers. There is one of the latter to 
| each boiler, and the coal is passed from them through 
| feeders to the burners. The combustion air is supplied 
by forced draught fans and is heated to 500 deg. F. in 
pre-heaters. The flue gases are withdrawn by induced 
draught fans through the economisers, pre-heaters and 
falling water film dust separators. The grit and ash are 
discharged into ash sluices along which they are washed 
| to a slurry pit. 

The distillation bay contains three complete sets of 
feed heating distillation plant, one of which is spare. 
Each set comprises four evaporators, a feed water 
heater (second stage feed-heater) a raw-water heater, 
a condensate de-aerator (first stage feed-heater), a raw- 
water de-aerator, an air ejector and four flash boxes. 
The steam-and-water flow through this plant is shown 
diagrammatically in Fig. 2. The bay also contains 
three condensate and two raw-water tanks, the reserve 
in the former being sufficient to maintain the normal 
feed water supply for nearly three hours should one 
of the distillation plants fail. The feed-heating bay 
contains the three 6,000-kw. feed-heating turbines, 
together with their pumps. These turbines exhaust 
into their respective distillation plants, each set of 
bleeder heaters (third, fourth, fifth and sixth stage feed 
heaters) being adjacent to its turbine to facilitate 
operation. The three final stage heaters are grouped 
in a line with the final boiler feed pumps, while the 
intermediate feed pumps are arranged in a line between 
the latter and the feed-heating turbines. The emer- 
gency heater and feed pumps are situated in one 
corner of the bay. All the heater extraction pumps 
are below their respective heaters. The sealing pumps 
for all the pumps in the distillation and feed-heating 
bays are on the turbine floor behind the centre main 
feed pump. The pipe bay contains the primary and 
secondary receivers, de-superheaters and the reducing 
valves together with the entire collecting and distribut- 
ing high pressure and low pressure pipes. The control 








| of the steam flow by valve tables on the turbine floor 
level is thus facilitated. All the valves, except three, 
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boiler plant is three times that of the turbines. As the 
load factor is nearly 100 per cent. and continuity of 
supply is essential, adequate stand-by plant had to be 
provided and the lay-out methods of control, size of 
unit, &c., had all to be considered from the point of view 
of reliability. Existing boilers provided steam at 290 lb. 
per sq. in. abs., and 653 deg. F. for process purposes, 
and since it was necessary that the old and new plant 
should be capable of working in parallel it was decided 
to adopt 815 lb. absolute and 856 deg. F. as the new 
steam conditions. This high pressure and high tem- 
perature steam, after utilisation in high pressure 
turbines, can be passed on to the process ranges at the 
original temperature and pressure. For reasons of 
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RAW WATER 
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The power station is situated at Billingham on the 
Tees, the necessary cooling water being drawn from 
that river by four 36-in. pumps which are driven by 
2,200-h.p. 6,600-volt motors. Excellent facilities for 
the supply of coal are also available. As will be seen 
from the site plan given in Fig. 1, the boiler house 
and power plant are separated by a chimney bay, the 
former being divided into two sections, between which 
the pulveriser house is situated. It will also be seen 
that the power plant is arranged in five bays, accom- 
modating the distillation equipment, feed heaters, 
pipes, turbines and switchgear respectively. 

Both boiler houses contain four multi-drum boilers, 
which normally generate 215,000 Ib. of steam per hour. 


In the turbine bay are accommodated three 12,500- 
kw. high pressure pass-out turbines and two 12,500-kw. 
intermediate pressure condensing turbines. These 
machines are coupled to 13,750-kv.-a. alternators, which 
generate pressure at a pressure of 6,600 volts and a 
frequency of 40. The condensing sets are provided with 
duplicate extraction pumps, one of which is driven 
by an alternating current motor. In the event of a 
failure of supply, the other pump which is driven by 
a direct current motor, is started up automatically. 
The switch house has three floors, the uppermost 
containing the control, battery and battery-booster 
rooms and offices. The first floor houses all the main 
and auxiliary switchgear, while on the ground floor 
are four 1,500-kv.-a. station transformers, three 2,000- 
| kw. motor-converters, as well as reactors and neutral 
, earthing equipment. A cable basement and vertical 
‘and horizontal galleries are provided to give clear 
cable runs. 

; On leaving the superheaters the steam passes into 
| the high-pressure steam receivers, as shown in Fig. 2, 
| where its pressure is about 650 lb. per squareinch. It 
|is distributed thence to the reducing valves and the 
| primary turbines, the conditions at the admission 
| valves of the latter being 645 1b. pressure and 833 deg. F. 
| Under normal conditions the reducing valves are closed, 
land each of the two high-pressure turbines takes 
some 244 tonnes* of steam per hour and generates 
| 11,900 kw. at an efficiency of 74 per cent. Steam is 
| exhausted from these sets into the de-superheaters at 
| 290 lb. per square inch, its superheat being main- 
tained constant at 653 deg. F. by a thermally regulated 
water spray. Under certain load conditions steam is 
| passed automatically direct from the high-pressure 
steam receivers to the de-superheaters through the 
reducing valves. From the de-superheaters the steam 
is distributed to the process plant, condensing and 
feed-heating turbines, seventh-stage feed heaters, 
and distillation plant air ejectors and soot blowers. 
Under normal conditions each condensing turbine 
consumes 1,130 tonnes of steam per day and has an 
output of 10,200 kw. with an overall efficiency of 
76 per cent. It exhausts at a pressure of 0-58 lb. per 
square inch, corresponding to a condensate tempera- 
ture of 84 deg. F., the temperatures of the cooling 
water at the inlet and outlet being 59 deg. and 79 deg. F. 


respectively. 
* One tonne = 1,000 kg. = 2,204 lb. 
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The regenerative feed-heating system comprises 
seven stages, the water being progressively heated 
from 84 deg. to 401 deg. F. Steam for the first two 
heaters is derived from raw water evaporated in a 
quadruple-effect distillation plant. The steam for the 
next four heaters is bled from the feed-heating turbines 
immediately after the sixth, twelfth, eighteenth, and 
twenty-fourth stages. The last heater is supplied with 
live steam from the de-superheaters, 30 that accurate 
adjustment of the final feed-water temperature may be 
obtained once the feed-heating turbine and its distilla- 
tion plant and heaters have settled down to steady 
operating conditions. 

Each feed-heating turbine, takesas stated 1,310tonnes 
of steam per day, and the final-stage heaters a further 
400 tonnes per day, from the de-superheaters. Under 
these conditions each feed-heating turbine generates 
4,750 kw. at an overall efficiency of 70 per cent., 
exhausting to the distillation plant at a pressure of 
12-73 lb. per square inch and a temperature of 205 
deg. F., while the net quantity of raw water distilled 
and passed into the feed line as make-up amounts to 
1,138 tonnes per day from each of the two plants. 
Since the amount of distillate gained from the two 
feed-heating distillation plants is insufficient to com- 
pensate for the steam consumed by the process plant, 
for the boiler blow-down losses and for the gland 
leakage on the high-pressure turbines, three further 
sets, deriving their steam from the factory’s low-pressure 
steam mains, were installed. Two of these sets make 
up the deficit of 860 tonnes per day. 

In brief, of the 11,900 tonnes of steam supplies, 
11,700 tonnes are consumed in the high-pressure 
turbines, the remainder being accounted for by blow- 
down losses. Of these 11,700 tonnes, 6,930 tonnes 
are consumed in the process plant, 1,130 tonnes in the 
condensing turbine, and 2,620 tonnes in the feed- 
heating turbines. In addition, 800 tonnes are absorbed 
in the seventh-stage feed heaters and 60 tonnes in the 
various air ejectors, the remainder (160 tonnes) being 
accounted for by gland leakage. Of the total amount 
3,994 tonnes are returned in the form of condensate 
from the process plant and 1,130 tonnes from the 
condensing turbine. In addition, 3,480 tonnes are 
returned in the same form from the various feed heaters 
and air ejectors, while 2,276 tonnes represent the 
distillate gained from the feed-heating distillation sets. 
The low-pressure steam from the process plants accounts 
for 160 tonnes, and the distillate gained from the extra 
distillation sets for 860 tonnes. Of the 43,500 kw. 
generated, 37,500 kw. are supplied to the feeders, while 
2,200 kw. are taken by the feed and extraction pumps 
and 3,800 kw. by the pulverising plant and boiler and 
other auxiliaries. The thermal efficiency of the boilers 
is 34-6 per cent., and of the power plant 70 per cent., 
giving an overall thermal efficiency of 24-2 per cent. 
The effect of seven-stage feed heating and increased 
pressure and temperature has been to increase the 
thermal efficiency by 24:9 per cent. over the figure 
obtainable with a pressure of 290 Ib. per square inch 
and a temperature of 653 deg. F. and no feed heating. 

As regards the boilers, the main upper drums are 
both suspended from the structure, while the boiler 
as a whole is largely dependent upon the tubes for its 
support, as shown in Fig. 3. About 30 per cent. of 
the heating surface is exposed to radiant heat. The 
total heating surface is 10,000 sq. ft., of which 3,000 
sq. ft. are in the combustion chamber and include 
the fin-tube water walls, the water screens, and the 
front rows of tubes. The evaporation averages 22 lb. 
to 28 lb. per square foot per hour, exclusive of the steam 
generated in the cast-iron gilled steel-tube economiser. 
It has been calculated that the latter generates about 
30 per cent. of the total output, so that about 17 lb. 
of steam per square foot of heating surface are raised 
in the boiler tubes. The drums are of ordinary mild 
steel, with an ultimate tensile strength of 26 tons per 
square inch and a yield stress of not less than 13 tons 
per square inch. The main drums are 43 ft. long with 
an internal diameter of 4 ft. 6 in. and a shell 43 in. 
thick. The finished drums weigh 56 tons and were 
machined from a 150-ton ingot. The working stress 
was limited to 5-2 tons per square inch. Mild steel, 
of exceptionally good quality and with a very low 
sulphur content, was also chosen for the superheaters. 
These are suspended between the tubes, as shown in 
Fig. 4, and are partly exposed to the radiant heat. 
Their weight is carried from the boiler structure, so 
that no stress is imposed on any parts under pressure. 
The superheaters are of the locomotive return-bend 
type, the inlet and outlet flanges being at opposite 
sides to ensure an even distribution of the steam flow. 
They contain four headers, which are turned from solid 
mild-steel forgings. These headers are left blank at 
one end and have heavy steel flanges at the other. The 
superheater elements are made from solid drawn 
tubing, the finished tensile strength of which is 21 tons 
to 23 tons per square inch with an elongation of 28 per 
cent. Each element is in two sections and provides a 


total length of path of 200 ft. between the headers. | 





The superheaters themselves are also in two parts and 
are designed for a pressure drop of 40 lb. per square 
inch at normal evaporation to ensure a reasonably high 
steam velocity. The economisers are of the so-called 
steaming type, the advantages of which are a saving of 
space and the elimination of baffles in the boiler, with 
a consequent reduction of draught loss. Each econo- 
miser has a heating surface of 23,000 sq. ft. and is 
connected to the boilers by a number of bent tubes, 
which carry a mixture of steam and water at a tem- 
perature of 524deg. F. The water temperature at the 
economiser inlet is 401 deg. F., and the inlet and outlet 
temperatures of the flue gases are 1,150 deg. and 
600 deg. F., respectively. There are four burners of 
the horizontal type per boiler. These are located in 
front of the combustion chamber, and are of the short- 
flame turbulent type with a capacity of 4 tons per 
hour. The air preheaters are of the rotary type and 
have a heating surface of 37,000 sq. ft., so that the 
temperature of some 3,500,000 cub. ft. of air per hour 
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is raised from 60 deg. to 500 deg. F. The boiler 
auxiliaries are driven by direct-current motors, which 
are arranged so that each pair of boilers forms an 
independent system. The system of supply adopted 
ensures that 75 per cent. of the output of a pair of 
boilers can be maintained under the worst conditions. 
The motors are remote-controlled from a board in 
front of each boiler, on which the necessary instruments 
and gauges are also placed. Any failure of the drives 
of the pulverised-fuel conveyors is notified by visible 
and audible signals. There are 75 alternating-current 
and 92 direct-current motors in the boiler and pulveriser 
house, 44 of which are equipped with water cooling. 
The pipe work comprises about 30,000 ft. of steam 
and water piping and 2,500 valves, the layout of 
which is shown diagrammatically in Fig. 5. This 
total includes high-pressure steam pipes and valves 
working at 815 lb. per square inch and 850 deg. F., 
intermediate-pressure steam pipes and valves working 
at 290 Ib. per square inch and 650 deg. F., and high- 
pressure feed pipes and valves working at 1,150 lb. per 
square inch and 400 deg. F. It was decided that the 
bore of the high-pressure and intermediate-pressure 
pipes should not exceed 10 in. and 12 in., respectively, 
that all the high-pressure pipes should be solid-drawn, 
and that the pipes should be manufactured in as long 
lengths as possible. It was also arranged that the 





high-pressure steam ranges should be pulled up by an 
amount equal to the full expansion between the 
anchorages at working temperature and that the 
high-pressure feed and intermediate-pressure pipes 
should be pulled up by half the amount of their expan- 
sion. The maximum thrust on the anchorages was 
not to exceed 7 cwt., while that on the steam chests of 
the primary turbines was not to exceed 6 cwt. per pipe 
line. Connections were, as far as possible, taken off 
between the anchorages to minimise the thrust and 
bending stresses. Spring-cushioned pipe hangers with 
ball sockets allow movement in any direction, and any 
boiler can supply any high-pressure turbine. The 
bore of the pipes on the high-pressure ranges varies 
from 7 in. to 10 in., and the thickness from 0-643 in. 
to 0-85 in. The corresponding figures on the inter- 
mediate-pressure range are 12} in. and 0-5in. Screwed 
flanges with spot welding on both sides and a com- 
pressed asbestos-fibre jointing 4 in. thick, of the type 
shown in Fig. 6 were adopted on the high-pressure 
pipes in preference to welded flanges, owing to the 
impracticability of welding such thick flanges as were 
required. On the 10-in. steam and feed pipes the 
flanges are 21 in. in diameter and 3 in. thick and have 
16 bolts. On the 9-in. and 7-in. pipes the corresponding 
dimensions are 19 in. by 5} in. and 15} in. by 5 in., 
and the number of bolts used is 14 and 12 respectively. 
The bolts are of special alloy steel with a maximum cold 
yield stress of 50 tons per square inch, and, to obtain 
a uniform stress round the joint, were tightened up to 
a definite elongation. The bolts are 1} in. in diameter, 
and the stress is 16 tons per square inch in the case 
of the 10-in. feed pipes and 20 tons per square 
inch on the 10-in., 9-in., and 7-in. steam pipes. The 
analysis of the high-pressure pipe steel was: Carbon 
0-15 to 0-2, silicon 0-3, manganese 0-8, sulphur 0-03, 
phosphorus 0-03; and of the bolt steel: carbon 0-3, 
silicon 0-15, manganese 0-6, phosphorus 0-03, sulphur 
0-04, nickel 2-5, chromium 0-6, and molybdenum 0-6. 
The ultimate tensile strength of the pipes was 26 tons 
to 30 tons per square inch with a yield stress of 13 tons 
per square inch. A sample pipe had to withstand 
flattening cold to one-third its outside diameter without 
cracks, and was also subjected to a temper-bend test 
and to a water test at a pressure of 3,500 lb. per square 
inch absolute. The ultimate tensile strength of the 
pipes was 60 tons to 70 tons per square inch with a 
yield stress of 50 tons percent. The elongation did not 
exceed 20 per cent. and the reduction in area 50 per 
cent., the Izod impact value being 60 ft.-Ib. 

Six high-pressure receivers are installed, each of 
which has one 10-in. inlet connection from the boilers 
and either two or three 9-in. outlets, as shown in Fig. 7. 
The receivers are hollow steel forgings and are 20} in. 
square outside, 18 in. in diameter inside and 9-5 ft. 
high. They are carried on a flexible vertical plate sup- 
port. The four connections are disposed one on each 
side and are staggered as shown in Fig. 7. The three 
cylindrical de-superheaters are of the vertical type and 
are 4 ft. 2 in. in diameter and 19-ft. high. They are also 
shown in Fig. 7. Each has four 12-in. inlet branches 
and eight 12-in. outlet branches. The de-superheater 
sprays are placed adjacent to the inlet branches, the 
water being supplied from the intermediate feed line 
at 330 lb. per square inch and 300 deg. F. 

Generally, all the valves are of the parallel slide type. 
Up to and including those of 5-in. bore, the bodies are 
of forged steel and above that size of cast-steel. The 
three electrically-operated reducing valves are of the 
balanced non-seated type with 9-in. inlets, 12-in. 
outlets, 5-in. throats, 34-in. lift, and 2-in. overlap, 
and are each capable of reducing 437,000 Ib. of steam 
per hour from 665 to 290 lb. per square inch. 


(To be continued.) 








EFFECT OF GROWTH IN SIZE OF 
CARGO SHIPS, WITH ESPECIAL 
REFERENCE TO LIVERPOOL.* 

By T. R. Witton, M.Inst.C.E. 


LIVERPOOL is pre-eminently a port which deals with 
cargoes of a mixed type. There is a great trade in 
specialised cargoes, such as grain in bulk, and cotton, 
and at certain times these have, in the past, played 
a considerable part in the trade of the port, and continue 
to do so, but they are not so typical of it as general 
cargo. In discussing the effect of the growth of size 
of cargo ships on developments at Liverpool, it is not 
proposed to go into yearly details, but to make com- 
parisons over decennial periods, starting at about 
1880, thus reviewing, briefly, fifty years of develop- 
ments. 

Inspection of a plan of Liverpool Docks one hundred 
years ago, i.e., in 1830, the year of the opening of the 
Liverpool and Manchester Railway, and shortly before 





* Paper read before the Institution of Naval Archi- 
tects at Liverpool, on Wednesday, July 17, 1930. 
Abridged. 





shows that changes between that date and the years 
1846 and 1859 were noteworthy, as trade develop- 
ments had caused an active policy of dock construction 
to be pursued. The plan of Liverpool Docks in 1859 
is of especial interest, as it has marked on it the approxi- 
mate line of mean high water in 1699, before the 
construction of any docks. As a matter of history, 
the Old Dock, as it was called, was constructed under 
the Act of Parliament of 1709, and opened in 1715, 
and the sill of that dock was the datum on which the 
observations of mean sea-level were taken, to arrive 
at the level of ordnance datum. This dock no longer 
exists, but the level of its sill is still preserved on the 
Canning Pier Head. From the plan of 1859, it is seen 
that the Liverpool Docks have been built out into 
the river, and that their extension inland has been 
hampered by the close proximity of built-up parts of 
the town, thus necessitating lateral extension of the 
system. 

Coming next to a consideration of the developments 
over decennial periods, the plans of 1880, 1890, 1900, 
1910, 1920, and 1930 show the changes in lay-out 
which have taken place. Comparing these with each 
other and with the earlier plans, it is evident that there 
is first a system of rather lengthy rectangular docks 
running parallel with the river wall, practically all 
approached from open basins. Next, where the area 
of ground permits, the tendency is for the docks to be 
built with their longer sides at right angles to the 
river wall, and to enter them by river entrances closed 
at the line of river wall by dock gates. The individual 
docks are still separated from each other by narrow 
passages. The final stage is that where both in the 
older portions of the dock estate which had been 
remodelled, and in the new docks, the various systems 
take the form of a waterway parallel with the river 
wall, with branch docks leading approximately at right 
angles from it. The entrances are either in the form 
of locks able to take one large vessel at a time, or a 
vestibule dock, which is actually a large lock taking 
many vessels at one time. 

For the year 1882 the Albert Dock has been taken 
as a typical dock, though it was constructed in 1845. 
The first reason for this is that it was essentially a 
dock for sailing vessels, provided with buildings of 
several storeys, which served the dual purpose of 
transit sheds and warehouses, the upper floors serving 
as warehouses. The second reason is that this period 
may be regarded as about the conclusion of the great 
sailing era. The third reason is that this dock was 
equipped with hydraulic discharging appliances, 





whereas docks which, in other respects, were more 


modern in design, had single-storey sheds, and no 
mechanical discharging appliances. The plan of this | 


dock is approximately a square. For the year 1890, | 
the Alexandra Dock and its branches have been 
taken. In that system, the plan was a main dock 
with approximately rectangular branches, and the | 
transit sheds were of the single-storey type, with no 
mechanical discharging appliances. For the year 1900, 
the Canada Dock and its branches have been taken. 
These, again, are of the same type of lay-out, but, 
with some of the transit sheds double-storey, provided 
with a small number of hydraulic cranes, carried on 
the roof for the purpose of discharging cargo. For | 
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originally designed to accommodate paddle steamers. 
The result was, that as the ocean-going paddle steamer 
was replaced by the screw vessel, some of these entrances 
were quite wide enough for the normal vessel of fifty 
years later, and only required deepening to bring them 
up to date. 

Considering next the plan of the docks where cargo 
is discharged and loaded, these will have a ratio of 
quay length to water area which depends both on 
the shape of the dock and also on the size of vessels 
which will use it. In the older type of dock, which 
was approximately square in plan, the ratio of length 
of quay to the water area of dock would be a minimum, 
as compared with any other normal form of dock. As 
the quay length is a measure of the capacity of the 
dock for working cargo, this was apparently an inefficient 
form of lay-out. It must be remembered, however, 
that for sailing vessels, the time for a voyage was very 
considerable, and that this form had then certain 
advantages. Vessels would lie in dock in safety, but 
not alongside the quay, sometimes so closely packed 
that it was said that a man could walk across the decks 
of the boats which were in the dock, from one side 
to the other. Even with this type of dock, which in 
normally busy times would make it necessary for 
a vessel to await its turn to go alongside a discharging 
berth, the proportion of time in dock was far less 
than with modern steam and motor vessels, which 


ALBERT SALTHOUSE 
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TableI. The figures for 1929 are not given, as though 
Gladstone Dock has been taken as typically the latest 
dock equipped for cargo working, so far as cargo dis- 
charged is concerned, the figures for that year would 
not be representative of its normal capacity, and so 
would not be comparable. 

Reference has already been made to the fact that the 
time in dock was not of the same importance in sailing- 
ship days as with the modern cargo carrier. The 
following comparative figures (column 3, Table IT) of 
average times for each voyage for typical ships in these 
docks show that, despite increase in size of vessel, there 
has deen an advance in the rapidity of turn-round. 











TaBLeE II. 

Year. Dock. Column 3. Column 4. 
aan entones . 

1s82 | Albert 14 days | 14 days. 
1890 Alexandra es, 66, 
1900 Canada : a 
1910 | Huskisson | 7 a, 
1920 Huskisson 10 80 
1929 Gladstone 5 | 55 

! 





When the length of time that the typical ship 
remained in one of the above docks during the year 
(column 4, Table II) is considered, the relative increased 
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Fig. 2. ALEXANDRA LANGTON 
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Fig.5. GLADSTONE RIVER ENTRANCE LOCK 
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make their voyages more rapidly, and the financial 
loss due to delays in dock would also be relatively less. 
The modern forms of docks give a greater ratio of 


the year 1910, Huskisson Dock and its branches have | Jength of quay to water area for the same size docks, 
been taken. Again, these are of the same general| but as vessels have increased in size, the waterways 
type of lay-out, but show an advance, both in the} and widths of branch docks have also increased, and 
number of floors of the transit sheds, some being | the net result is that the ratio has actually not increased, 
three-storey sheds, and also in the number of cargo| but decreased. Taking the decennial periods, the 


working cranes provided. For the year 1920 the same | 


system is taken, but it had received an increase in the 
number of hydraulic cargo cranes, and had also some 
electric cargo cranes. Electric cargo cranes had, 
however, been used elsewhere at the Liverpool Docks 
much earlier than this. The new Gladstone Dock 
system has been taken as the most recent type, both 
as regards lay-out and equipment. Here, again, there 
is very extensive crane equipment, and electric working 
has taken the place of hydraulic power. 

Dealing with the effect of size of cargo vessel on the 
entrances to the docks, it must be realised that in a 
port such as Liverpool, where there has always been a 
large passenger traffic, this is less than would be 
expected, and that, broadly speaking, the passengers 
liners have been the predominant ‘actor in settling the 
dimensions of the entrances. Cross-sections of the 
most restricted entrance, which had to be passed to gain 
access to the typical docks, are shown in Figs. 1 to 5, 
annexed, together with a midship section of typical 
cargo-carrying vessels which might make use of those 
docks. For the Albert Dock, a midship section of a large 
sailing vessel, such as was being built about 1870, has 
been given, and for the other docks, typical steamers. 
it is of interest to note the shape of the Albert Salthouse 
Passage, with haunches to the sill, and to compare 
this with the box-shaped cross-section of the more 
modern entrances. A further rather curious point is 
that the great width of certain old entrances, such as 
the Canada Lock, was due to the fact that they were 





figures for quay ratio, i.e., lineal yards of quay per 
100 square yards of water area of system, are given in 
column 3 of the Table I below. 








TABLE I. 
Year. | Dock. Column 3. | Column 4. Column 5. 
= 
1882 | Albert 2-37 | 240 yards 1,211 tons. 
1890 | Alexandra 1-84 | 318 ,, |} 2,343 ,, 
1900 | Canada 1-92 505 ,, i 
1910 | Huskisson 1-99 490 ,, 2,959 
1920 | Huskisson 1-99 760 ~,, 6,011 
1929 | Gladstone 1-40 690, — 





If the Gladstone system had been constructed of 
the same form as the old type Albert Dock, the quay 
ratio would have been as low as about 0-8. 

Another aspect of the dock as a structure for dealing 
with the discharge of ships concerns the number of yards 
of quay required to deal with each vessel. A large 
number of small vessels, discharging with the same 
efficiency, will obviously require fewer yards of quay 
than the same number of larger vessels. The number 
of yards of quay, divided by the average number of 
vessels discharging in the dock during a week, will, 
then, be a measure of this. The approximate figures 
are given in column 4 of Table I. 

The average cargo per ship carried inwards for dis- 





importance of speedy discharge for the modern cargo 
carrier is seen. 

The effect of the greater cargo capacity and higher 
speed of modern cargo carriers in tending to make the 
percentage of time in port greater, and so creating a 
demand for better cargo-handling arrangements, will 
be again referred to in connection with transit sheds 
and equipment. The figures given in Table III of a 
famousline of cargo-carrying vessels may be of interest 
in this connection. 


TaBLE III. 














i Average 
i Sees Capacity. Speed Percentage 
es | sa Tons. Knots. of Time 
in Port. 
! 
| | 
1910 9,000 12 | 42 
Typical — ved 12 37 
Steamer | re 7,500 13 | 47 
| 1929 7,600 13 40 
| 1929 7,600 14 46 





Similarly, cargo capacity per foot length of vessel 
will be seen to have a very definite effect on both the 
transit sheds and the necessary loading and discharging 
equipment. The figures given in Table IV, on the 
next page, relate to certain typical vessels belonging 
to the same line as those given in Table III. 

A great number of sets of figures are available for 
ships which can be reduced to tons of cargo per foot 
of length, the item which is of the greatest importance 
in fixing suitable transit-shed dimensions, but Table 
IV is of interest, as it is for vessels of the same line 
working under somewhat similar conditions, and so the 
figures may be considered comparable. 

In dealing with this effect of growth in size of 


charge in these years was as given in column 5 of | cargo-carrying ships on the transit sheds and their 
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equipment, it may be noted that the Albert Dock was | of mechanical appliance necessary for raising cargo to 
surrounded by multiple-storey buildings, the upper|the upper floor when discharging, and hydraulic 


floors of which were warehouses. From the later | 
single-storey shed, requiring no mechanical appliances | 
other than ship’s gear to discharge cargo, a change | 
was made to two and three-storey transit sheds with 


travelling roof cranes, sometimes called “ sparrow 
cranes,’ placed on the roofs of transit sheds, were 
installed. The front wheels of these cranes ran on 


| rails on the eves of the shed, and the back wheels on 





cargo to be dealt with conveniently, t.c., greater floor 
area of transit sheds, and also to require a more rapid 
discharge per hatch per hour, #.e., a greater equipment 
of more rapid working cranes, if shore equipment is 
relied on to any great extent for cargo handling. If 
this greater speed of cargo handling per hatch per hour 


mechanical appliances, until finally there is the Glad-| a rail on the ridge of the shed. The last stage was/is not attained, then the period of discharge of the 


TABLE VI.—CRANE PARTICULARS. 











Travel. uff. sl Lift. 
— a - Outreach 
Type of ~~ — = 
Year. Dock. Capacity. 3 ius. s rom 
Crane. DAeAYy How wena How Fete How Woot nce How For ur or from | Coping. 
Operated. Minute. Operated. ‘ais: Operated. Minute. Operated. Minute. Rail. 
u \ 
ft. in. ft. in. ft. in. 
1900 Canada Roof 30 ewt. Hand _ No luffing — Hydraulic _ Hydraulic 250 40 0 40 0 29 11 
1910 Huskisson.. | Roof 30 cwt. Hand _ Hydraulic — Hydraulic — Hydraulic 250 47 0 47 0 38 0 
1923 Huskisson.. | Roof 30 ewt. Electric 60 Electric 30 Electric 400 Electric 7 ad 47 0 47 0 38 0 
3U © . 
300 ft. for 
20 ewt. 
1930 Gladstone Roof 3 tons and | Electric 50 Electric fevel 250 Electric 500 Electric 165 ft. for “= 78 0 60 0 
30 cwt. luffing 3 tons 
330 ft. for 
30 ewt 
1980 Gladstone Portal 3 tons and | Electric 50 Electric level 250 Electric 500 Electric 165 ft. for = 100 0 60 0 
30 ewt. uffing 3 tons 
330 ft. for 
30 cwt. 


















































stone type of three-storey shed, with a flat roof, over 
which another roof may be placed to give four covered 
floors, and enable some of the upper floors to be used 








{ TaBLe IV. 
| 
Length of Ship. | - Capacity. 
Feet. | Year. Tons per Foot Length. 

| 

354 | 1893 15-4 

441 | 1908 26-1 

452 1920 28°8 

503 1920 37-7 
| 








as warehouses, as were the upper floors of the earlier 
buildings at the Albert Dock. 

The following Table V gives some particulars of area 
and tonnage for the typical dock systems :-— 


TABLE V. 











| 

Sq. Yds. Floor | Tons of cargo, 

Year. System. Area per Yard inwards, per 
of Quay. sq. yd. of shed. 

1882 Albert .. 131 2-1 | 
1890 Alexandra 31-6 12-1 
1900 Canada 36-4 7°9 
1910 Huskisson 45-0 7:0 | 
1920 Huskisson 46-2 8-9 
1930 Gladstone 65-3 = 
1930 Gladstone* 86-1 _ 














* Including roof storey area, 


The figures for 1882 for the Albert Dock would 
require modification to be strictly comparable with 
the others, as there are seven floors to those sheds, 
which were really combined transit sheds and ware- 
houses. It must also be remembered that the figures 
in all tables involving cargo figures and numbers of 
ships accommodated are those of the ships which 
were berthed in the respective docks and the actual 
figures of cargo discharged. These necessarily depend 
on the state of trade, and are not figures of what could 
be done at the various quays if working at full pressure | 
the whole of the time during the year. | 

Referring again to the question of the type of the 
various sheds, it is of interest to note that the width 
in each instance for the years 1882-1920 has remained 
at about 94 ft. In the latest system, the Gladstone, 
the sheds on the tongue between No. 1 and No. 2 
branches are 100 ft. in width, and on the south side 
of No. 1 branch the shed is 150 ft. in width. Dealing | 
with cargo-discharging equipment, the earlier hydraulic 
appliances which were used at the Albert Dock were 
portable jiggers, called also ‘‘elephants.’’ In these 
“elephants,” chains driven by an hydraulic ram 
drove a barrel, and so turned a large wheel carrying 
the rope fall. This fall was, at first, it is believed, 
simply led up over a fixed cat-head at the top of the 
building, thus enabling goods to be hoisted only to 
doors under the cat-head. Afterwards, a sheave 
which could be traversed on a wire span running along 
the top of the building permitted of greater elasticity 
of working. The erection of single-storey sheds at a 
later period rendered it possible to dispense with 
elevating quay appliances, as the ship’s own gear could 
discharge on to the quay, and there was no upper 
floor to which cargo had to be lifted. The advent of 
the double-storey shed, however, rendered some form 








reached with the types of cranes installed at Gladstone 
Dock, either roof cranes of great outreach, or portal 
quay cranes. Taking the type of cranes available in 
the years under consideration, Table VI enables a 
comparison to be made. 

In these latest types of crane installed at the Glad- 
stone system, the high command obtained, the luffing 
speeds, and the great outreach are especially notable. 
In actual working, the high luffing speed and level 
luffing are of great advantage, as discharge of cargo 
can be rapidly carried on by working the crane mainly 
on luffing, instead of slewing. Working by luffing 
enables a greater concentration of cranes to be attained 
on a given area and should permit of higher rates of 
discharge per hold being attained, thus facilitating 
rapid discharge of the greater amount of cargo carried 
per hold in the larger modern ships. The greater 
outreach of the modern quay crane is also a result 
directly attributable to the increase in size of ships, 
enabling the crane hook, if necessary, to reach to the 
far side of the hatchway of a large vessel, even if the 
latter is breasted off the quay. It also enables the 
crane to work conveniently into a hold, when barges 
are lying between the ship and the quay. The object 
of providing a very complete installation of mechanical 
appliances is naturally to facilitate rapid working, and 
under similar conditions to give a greater discharge of 
cargo per yard of quay per annum, and in consequence 
quicker turn-round for any ship. 

It is not possible to correlate rapidity of discharge 


| with the number of mechanical quay appliances in all 


these examples, as with a single-storey shed ship’s 
gear can give a very high output, and the time taken 
in discharging to an upper floor must necessarily be 
greater. It is, however, of interest to note in the 
following table the intensity of crane equipment given 
per 1,000 yards of quay, and the amount of cargo 
discharged per lineal yard of quay per annum. 


Taste VII. 








= ‘ Tons of Cargo 
Number of Cranes 
Year. Dock. per 1,000 Yards se 
of Quay. y 
7 per Annum. 
1882 | Albert .| Hydraulic jiggers 263 
(number not 
known) 
1890 Alexandra Nil 383 
1900 Canada .. 3°5 290 
1910 Huskisson 14-5 313 
1920 Huskisson 18-6 412 
1929 | Gladstone 18-9 - 














The equipment of Gladstone Dock appears in this 
table relatively less than it really would be if the 
quays with multiple-storey sheds were alone taken, 
because certain transit sheds on the river wall of the 
main dock are single-storey sheds. If the actual 
length of working quay with multiple-storey sheds is 
taken, the number of cranes per 1,000 yards of quay 
at Gladstone becomes approximately 32. The Glad- 
stone Dock system obviously is an example of heavy 
mechanisation with a view to allowing of increased 
rates of discharge from ships, and more convenient and 
rapid handling of cargoes. The effect of increased 
size of cargo carriers on the transit sheds and their 
equipment is therefore to require a greater accommoda- 
tion for cargo per foot-run of quay, in order to enable 





larger modern vessels must be greater than for the 
smaller vessels of former days, and the advantage of 
increased size of vessel will be discounted to some 
extent by delays in discharging and loading cargo. 








CATALOGUES. 


Oil-Engines.—Messrs. Petters, Limited, Yeovil, have 
issued, in pamphlet form, a report of tests carried out by 
Mr. W. A. Tookey on a two-cylinder Atomic-Diesel 
engine of 130 b.h.p. 

Paint Sprayers——A new catalogue of the Binks- 
Kellogg equipment for spraying cellulose paints, &c., is 
to hand from Messrs. Deleo-Remy and Hyatt, Limited, 
111, Grosvenor-road, London, 8.W.1. 

Motor Car Accessories.—Small tools and _ supplies 
required by motorists are dealt with in the Accessory, 
the house magazine published by Messrs. Brown Brothers, 
Limited, Great Eastern-street, London, E.C.2. 


Electric Railways.—The house magazine issued by 
Messrs. Savigliano Company, Turin, Italy, deals chiefly 
with electric locomotives, including narrow-gauge types, 
trucks and similar railway equipment. The text is in 
Italian. 

Pumps.—Messrs. Rateau Company, of Paris, describe 
in the two latest issues of their house magazine a number 
of marine pumps and fans and a stop valve for oilwell 
heads. The firm’s London office is at 28, Russell-square, 
W.C.1. 

Steam Wagons.—Whether the steam wagon is the most 
suitable vehicle for transporting flour by road is the main 
subject dealt with in the December number of the house 
magazine issued by Messrs. The Sentinel Waggon Works, 
Limited, Shrewsbury. 

Motor Vehicles.—A series of cars, wagons and ‘busses 
are shown in the latest numbers of the house magazine 
issued by Messrs. Skoda Company, Prague, Czechoslo- 
vakia, as well as some large sugar-making plant con- 
structed for Argentina. 

Kiosk Substations.—Messrs. The General Electric Co., 
Ltd., Magnet House, Kingsway, London, W.C.2, have 
issued some illustrations of kiosk substations of good 
appearance which they have recently supplied to the 
Leicester Corporation. 

Pressure Piping.—The position in the United States 
in relation to a legal code of standard specifications for 
pressure piping is stated by Mr. A. M. Houser, in the 
house magazine issued by Messrs. Crane and Company, 
Chicago, whose London Office is 45, Leman-street, E.1. 

Welding.—Messrs. Alloy Welding Processes, Limited, 


| Forest-road, London, E.17, are now publishing a periodi- 


cal entitled The Welder, containing practical informa- 
tion on subjects such as electrodes for iron or steel, 
welding gas mains, boilers, steam-main pipes, bridges, 
tramways, &c. 

Cranes.—Messrs. Herbert Morris, Limited, Lough- 
borough, have issued a folder giving particulars of their 
new versatile crane made under Mossay patents. The 
crane, which was described on page 208 of our last 
volume, is made in three standard sizes to lift and carry 
loads of 9 to 20 ewt., 15 to 50 ewt., and 35 to 100 ewt. 
at minimum and maximum radii, respectively. 


Electrical Machinery.—A further batch of interesting 
sectional catalogues is to hand from Messrs. Westinghouse 
Electric and Manufacturing Company, Philadelphia, 
U.S.A., dealing with the following matters: 14-kw. and 
3-kw. turbine generator units ; small motors from 35 h.p. 
to + h.p.; line starters; drum controllers; magnetic 
brakes for alternating-current motors of 2 h.p. to 200 h.p. ; 
motors and controls for pipe-line pumping; electrical 
equipment for well drilling; arc welding equipment ; 
electrical railway equipment of the Hoosae tunnel ; 
high-speed cargo winch; and high-pressure steam plant 
for paper mills, &c. 
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OIL CIRCUIT-BREAKERS FOR 
MINING WORK. 


ATTENTION has often been called in the reports of 
H.M. Electrical Inspector of Mines to the necessity 
of providing the gate-end boxes, from which coal 
cutters and other machines at the face are supplied, 
with efficient control equipment, so that not only is 
accidental contact with live metal prevented, but that 
a fault results in an interruption of the circuit. In addi- 
tion, it is desirable that the switchgear itself should be 
compact and that the various units should be designed, 
so that they can without difficulty be built up into 
** boards.’’ Ease in operation and robust construction 
are other features which may almost be described as 
essential. 

All these points have clearly been borne in mind 
in the oil circuit-breakers for mining work which are 
now being manufactured by Messrs. British Jeffrey- 
Diamond, Limited, of Stennard Works, Wakefield. 
One of these circuit-breakers, which is designed for 
a working current of 60 amps. and a rupturing capacity 
of 750 amps. is depicted in Fig. 1, the illustration 
showing the main and auxiliary finger-tip contacts 
as well as the disposition of the adjustable overload 
trip setting time lags. The main contacts are of the 
iaminated brush pattern and are designed so that 
they can safely carry a fairly large overload for a 
considerable time. The auxiliary contacts are self- 
aligning. The breaker is operated by a ‘ free handle,” 
so that it cannot be closed on short-circuit, while 
normally both make and break are assisted by strong 
springs, so that the initial speed of the mechanism 
is high. Generally it may be said that each detail 
is sufficiently robust to withstand the rough handling 
it is likely to receive. Normally, the circuit-breakers 
are provided with two overload trips with inverse 
time lags, which are adjustable between 40 and 200 
per cent. of the normal rating. The inverse time 
lag mechanism is of the dash-pot type and is fitted 
at the lower end of the plunger of each coil. It operates 
in 25 seconds at normal setting and instantaneously 
at 200 per cent. setting. A modification of the standard 
arrangement prevents the overload device coming 
into operation on starting. No-volt coils are also 
titted which trip the switch when the supply pressure 
falls to 50 per cent. of the rated voltage. 

Fig. 2 shows a three-unit switchboard, which has 
been made up from the circuit-breakers just described 
for use in a large Midland colliery, where it will be 
installed in-bye, while Fig. 3 is a rear view of the 
same board illustrating the "bus bar arrangements. 
The interlocked British standard plugs to which the 
outgoing cables are interconnected are visible in 
both illustrations. These are arranged obliquely, 
so as to increase the compactness of the unit and to 
facilitate the trailing of the cables along the floor. 
As will also be seen the panels are mounted on a com- 
mon sledge plate, so that they can easily be moved as 
the face advances. Each unit is flameproof and is 
fitted with covers, so that inspection and adjustment 
are readily possible. These covers are, of course, 
interlocked. 


INSTITUTION OF ELECTRICAL ENGINEERS.—The Council 
of the Institution of Electrical Engineers has awarded 
a number of premiums for papers read at the Meter and 
Instrument Section and Students’ Section meetings 
during the 1929-30 session. In the Meter and Instru- 
ment Section, a Silvanus Thompson premium has been 
awarded to Dr. E. H. Rayner and Messrs. W. G. Stran- 
dring, R. Davis, and G. W. Bowdler, and a premium to 
Messrs. A. E. Mooreand W. T. Slater. Students’ 
premiums have been awarded to Messrs. E. W. Connon, 
J.C. Emerson and J. W. Moffat, Dr. L. E. C. Hughes, 
and Messrs. C. 8S. T. Paul, W. G. Thompson, C. H. 
Bradbury, and 8S. M. Lejeune. The Students’ prize of 
101., offered for the best peper on the subject ‘‘ The 
Relations between Economics and Engineering,”’ has 
been awarded jointly to Messrs V. A. H. Clements and 
A. K. Robinson. 


Launch oF H.M.S. ‘* Kerru.!’—The  twin-screw 
flotilla-leader Keith was launched from the Barrow-in- 
Furness shipyard, of Messrs. Vickers-Armstrongs, 
Limited, on July 10. The vessels has an overall length 
of 323 ft., a breadth of 32 ft. 3 in., and a depth to the 
upper deck of 19 ft. She is designed for service with 
torpedo-boat destroyers of the Beagle class, and accom- 
modation is provided for the senior officers of the flotilla. 
The armament consists of four 4-7-in. guns, two 2-pdr. 
high-angle pom-pom guns, four Lewis guns, one Vickers 
machine gun, and eight 21-in. torpedo tubes, arranged in 
two quadruple mountings. The propelling machinery 
will consist of two sets of Parsons turbines, with single- 
reduction gearing, each set comprising one high-pressure 
and one low-pressure turbine, working in series and 
giving a total shaft horse-power of 34,000. Steam will 
be supplied by three Yarrow water-tube oil-fired boilers, 
fitted with superheaters and designed for a working 
pressure of 300 lb. per square inch, and a superheat of 
200 deg. F. All the auxiliaries are to be steam driven, 
and the electrical requirements of the ship will be pro- 
vided for by two 50-kw. turbo-driven and one 20-kw. 
Diesel engine-driven electric generating sets. 





OIL CIRCUIT-BREAKERS FOR MINING WORK. 


CONSTRUCTED BY MESSRS. BRITISH JEFFREY-DIAMOND, LIMITED, WAKEFIELD. 














Fia. 1. 60-Amp. Unt. 














Fie. 2. 3-Unit SwITCHBOARD ON SLEDGE. 
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Fic. 3. Rear View or 3-Unit Boar. 


Lioyp’s REGISTER SCHOLARSHIP IN MaRINE Enat-| Mr. Wilfred Thompson, an apprentice engineer in the 
NEERING.—The scholarship awarded annually by | works of Messrs. North Eastern Marine Sen eene 
Lloyd’s Register of Shipping, on the results of an exami-|Company, Limited, Ww allsend-on-Tyne. The sc met 
nation held in May under the auspices of the Institute | ship, the value of which is 100/. per annum, is tenable 
of Marine Engineers, has this year been gained by | for three years at a British University. 
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THE WORLD POWER CONFERENCE, 
BERLIN. 


(Continued from page 92.) 


RESEARCH WoRK. 

In the nature of things, Section XXXII, dealing 
with Research, may be divided into two definite 
parts dealing respectively with (a) Hydro-dynamics 
and kindred matters ; and (b) Thermodynamics. Under 
the first heading, the Austrian National Committee 
submitted a useful report, ‘‘ Vorschliage fiir die Bestim- 
mung der Feststofffiihrung der Gewassen,” in which 
they propose general procedure for the carrying out of 
research on Transport of Solids by Flowing Water, as 
an attempt to provide a uniform method. 

Dr. A. Strickler, in ‘‘ The Coefficient in Chézy’s 
Formula,” first deplored the poor response to the 
request by the 1926 Conference for national reports 
on this much-debated matter, and then gave a digest 
of many of the proposed formule, showing that the 
very old formula of Gauckler, Hagen and Manning 
(v=kRS J?) fits experimental facts as well as any, 
From this, Chézy’s ‘‘c’’ would equal & \/R, and 
k would be a true constant for each given degree of 
roughness, or possibly it would be better to say k 
has two values, one below the velocity at which bed 
movement begins, and one above. He then showed 
this formula to be a particular approximation of a 
general formula which he derived as fitting all veloci- 
ties and all sizes, viz. :— 





“ie 2 247 S = viscosity of og 


2 _ y R? * \y = density of fluid 


and tabulated experimental values of k, in which any 
suggestion of meticulous exactitude is very carefully 
and wisely avoided. It was recommended that in 
small-scale work, the full general formula be used, 
later application to the prototype following the 
approximation once & has been determined. 

Messrs. J. Aastad and R. Sédgnen described their 
recently patented ‘‘ Relative Dilution’? method of 
measurement of flow in ‘Eine neue Methode zur 
Bestimmung der Abflussmengen in natiirlichen und 
kiinstlichen Wasserliufen.” : 

They evolved this method as a result of experiments 
to determine the correct instant at which samples 
should be taken, in the standard “ salt-solution”’ 
method, which, they pointed out, called for a labora- 
tory, while the relationship between dilution and 
electrical conductivity is so well established, that 
simultaneous recording of time and resistance enabled 
them to calculate the rate of change of dilution with 
considerable exactitude, and from this to determine 
the actual flow with an accuracy at least equal to that 
of usual methods, and with far simpler apparatus, in 
less time. They described the methods in detail, and 
evolved sets of equations to establish the principles, and 
gave examples which showed the determination of a flow 
of about 1,200 cusecs. in a total time of 10 minutes. 

In ** Eine neue Geschwindigkeitsformel fiir kunst- 
liche Gerinne mit starken Neigungen,”’ Mr. R. Ehren- 
berger drew attention to the air drawn into the water 
(as a result of the large surface friction) when it rushes 
down a steep incline, entirely upsetting existing 
velocity-formule, and described experiments he has 
carried out on such flows, working with inclines up to 
78 percent. Defining the aeration by the water-content 
as a percentage of the total volume, and calling it P,»,, 
with an inclination of «, he found that, since Q = 
A.V. Py, and since his tests gave V = 55-R"- sin 
x4, P.,, was very accurately given by 


Pw = 0°40 R—9 sin a —%26 for sina < 0°476 
= 0°28 R—9-% sin a —9-74 for sind > 0°476 


and noted that self-aeration commenced at a mean 
velocity of about 12 ft. per second. 

The aeration of the stream, for all slopes above about 
50 per cent., appeared always to extend right to the 
bed, although its local intensity grew less in the down- 
ward direction in a fairly regular manner, as shown 
by the Pitot-tube readings. These are naturally 
dependent on the density of the fluid, in this case an 
air-water mixture, and by this means the local aeration 
was investigated. 

The examples which Mr. Ehrenberger gave, from 
the Dutch East Indies, and from Austria, of spillway 
discharges of steep incline, show agreement with his 
formule within very close limits over a range of 
velocities from about 25 ft. per second to 75 ft. per 
second, and angles from sin = 0-246 tosin« = 0-602. 
Self-aeration on the models appeared always when the 
mean velocity exceeded 12 ft. per second, and this 
acts automatically in dissipating a considerable amount 
of = potentially distinctive energy in the falling 
water. 

Dr. Maurice Golaz made a “Contribution 4 l'étude 





de I’écoulement en déversoirs’’ by investigating the 
theorem of Bélanger (1857) that stable flow over any 
overfall is that corresponding to maximum discharge. 
He pointed out that this has been neither proved 
nor disputed, and that it is substantiated by certain 
forms of weir, and refuted by others, which led him 
to examine the equilibrium conditions ab initio. Ifa 
filament of area dw, with its centre of gravity z below 
the energy datum, flows with velocity v, discharging 
dQ, its energy flux (puissance hydraulique) may be 
written 
dP = ydQz 
=ydwvz 


Integrating after transforming to obtain total 
discharge and total energy, 


P= y7QZ. 


The height from the crest at the section considered 
to the energy datum being H, and the arbitrary depth 
of stream being t, P = o for t=o0, and for t= H, 
hence P will have a maximum (characteristic P,) for 
one depth ¢, (characteristic ¢,). Dr. Golaz then 
considered two general types of weir, with a crest 
formed by a circular arc, and with a crest such that 
the filaments are sensibly horizontal, pointing out 
that a completely general treatment leads to insur- 
mountable mathematical difficulties, and showed that 
the circular crest refuted, while the horizontal flow 
confirmed Bélanger, but that both types, when tested, 
substantiated his own proposed general theorem that 
flow will take place such that the energy-flux is a 
maximum, and only then will it be stable. He con- 
cluded, therefore, that the substantiation of Bélanger 
by certain weir types results from the fact that, for 
those types, Bélanger’s theorem is merely a particular 
case of his own perfectly general enunciation. 

In the second part of the section on research, Mr. G.S. 
Callendar dealt with ‘“‘The Properties of Steam at 
High Pressure and Temperature,’ and was obliged 
by the breadth of the subject to confine himself to 
the troubles experienced during the monumental work 
in which he assisted his late father. They found it 
essential to use the steady flow method from the 
beginning, and working as they eventually did, up 
to 4,000 lb. pressure, ultimately found the greatest 
all-round reliability in the continuous condenser 
method which Mr. Callendar still proposes to use in 
his further experiments at higher superheats. 

The breakdown of the ‘* Continuity of State ’’ theory 
shown by Professor Callendar’s earliest researches 
on the Critical Region drove him to evolve, some 
30 years ago, his ‘‘ Coaggregation Theory,” and it was 
with justifiable pleasure that Mr. Callendar recorded 
the fact that the increasing accuracy of experimental 
methods and apparatus evolved during this work 
showed greater and greater agreement between experi- 
mental facts and the results forecast by this theory. 
Great difficulties still existed when experimenting 
at saturation pressures, but Mr. Callendar hoped for 
great assistance from the various international con- 
ferences and the exchange of evidence. 

Scientific research in the United States on gasoline 
enginesis comparatively young, but Mr. H.C. Dickinson 
showed that it is now very vigorous, and dealt with the 


current research in detail, showing the benefits that | 


this system of free exchange of knowledge gained 


has given to the whole industry. Among these’ he | 


specially noted freedom from valve-spring troubles 
by the variable pitch method of spring-winding, a 
gain of 16 per cent. in M.E.P. by allowing 100 per cent. 
valve overlap on supercharged engines, light-weight 
coolirig systems for aero-engines, by using ethylene 
glycol instead of water, improved carburation in 
8-cylinder engines, improved ignition (this resulting 
from lengthy researches on the number of molecules 
activated by various sparks in a non-propagatory 
pressure of 3 cm. of mercury, a hydrogen-oxygen 
mixture being used). Each of these is a direct result 
of the work of certain experimenters named by Mr. 
Dickinson, who also described the official Altitude 
Laboratory, where a 500-h.p. engine can be run, 
supercharged, as at 26,000 ft., and unsupercharged as 
at 31,000 ft., with air temperatures and humidities 
under exact control. He finally described an inter- 
esting research in progress by Professor Stevens on 
combustion phenomena, using a soap bubble as a 
bomb, and observing flame propagation by photo- 
graphing a diametral slit in the bubble on a moving 
film. 

American activities were also described in a collective 
report on “Researches in Heat Transmission and 
Insulation,” by Messrs. W. V. A. Kemp, W. H. Mc- 
Adams, H. C. Hottel, and R. H. Heilman. Professor 
McAdams summarized methods of attack in questions 
of heat transmission between fluids and solids, show- 
ing that purely mathematical reasoning based on 
the assumption that the boundary layer can be ex- 
pressed as a simple function of the Reynolds number 
breaks down as an inevitable result of neglecting 
viscosity, but that Taylor’s modification of Reynolds 


formula, if “‘r’’ the ratio of film velocity to mean 
pipe veocity be taken as 0-3, agrees with tests quite 
well for water and some oils. Better results attend 
the use of Nusselt’s dimensional analysis, giving 
- = (“= )y (F) but here again the higher 
viscosities cause trouble in experiment. He pointed 
out that many individual experiments for particular 
fluids and conditions are too incomplete and their 
measurements cannot be used for further analysis, and 
that others, which give an overall transfer coefticient 
from fluid to fluid can yield two “‘ fluid-to-solid”’ coeffi- 
cients if it is possible to plot “‘ U,” the overall co- 


efficient against 
D/V.D.\" k \m 
k ( v ) cad 


Professor Hottel dealt with radiation between solids, 
from clouds of particles, and from clear gases, and 
expressed the view that practically all furnace and 
similar problems in engineering are amenable to caleu- 
lation from knowledge already possessed, and tabulated 
17 types of interrelated surfaces for which he had 
calculated the angle and emissivity factors in the heat- 
flow equation 

q= A.Fa.Fre.o¢ (T,4 me T,4) 


and showed that all practical cases could be split up 
as combinations of these types. The mechanism of 
gas radiation he conceived to be largely thermal mole- 
cular excitation resulting in quantum changes in the 
energy levels of rotation and interatomic vibration of 
the molecules, and concluded by analysing the inherent 
difficulties of obtaining reliable measurements. 

In discussing insulation, Mr. Heilman summarized 
earlier views on the mode of transmission, and present 
exacter knowledge on conduction by internal contacts, 
and radiation and convection across and through the 
pores. 

Writing the Stefan-Boltzmann law in the form 


R = ¢(T,4 — T,) 


he showed by successively splitting up the distance 
between the surfaces by baffles that the interposition 
of ‘‘n”’ baffles brought the radiation down to 

“ 


ees | = 4 
Re = —_, (Ti — T,*) 


He discussed the question of metallic paint coatings 
for insulating media, and showed by an extension of 
this reasoning that this is not always a useful procedure, 
giving much useful test data and curves, from which 
empirical formule 
272-54 


a= 564 
9 + Hots 


for surface temperature difference in terms of heat 
emitted, and 
CA pl-533 
de = pyo-t9 * po-181 
mean 
for loss by free convection from various geometrical 
surfaces whose coefficients (C) are tabulated, are evolved 
|to show by a numerical calculation of a practical 
example that in this case the painting of a canvas 
lagging jacket with aluminium paint could not reduce 
losses by more than 7 per cent. Better results are 
offered by the painting of bare metal (rough) pipes. 
The history, scope, and objective of the official 
research bodies in Canada and Italy were described, 
respectively, by Mr. B. F. Haanel in ‘‘ Fuel Investi- 
gations and Research in Canada,” and Mr. V. Grazioli 
| in ‘* Drei Jahre Associazione Nazionale per il controlio 
della combustione in Italien, ’’ the problem facing each 
country being the replacement of imported fuels. 
| Each had large supplies of fuels about whose properties 
| and behaviour little was known, and most gratifying 
|results have followed the researches. Canada has 
| developed the Saskatchewan lignites by briquetting, 
}and the Western Alberta bituminous coals have 
| proved suitable for low-temperature carbonization, 
while the tar-sands and raw bitumen of the west, as 
well as Nova Scotia shales are proving practicable 
sources of fuel oils. Italy, as an older-established 
industrial nation has, in addition to these researches, 
also devoted a great amount of work to the special 
problem of the home production of motor-spirits 
and substitutes, and has already achieved considerable 
success with portable producer plants for vehicles. 
A mathematical paper by Mr. D. L. Timroth on 
‘“‘ Apparatus for Determining the Thermal Conduc- 
tivities and Specific Heats of Structural and Insulating 
Materials,” gave a particular solution, applicable to 
this problem, of the Laplace differential equation as 


O= [ 4 sinh mp z + Br cosh mz : | Jo [ me Q } 


where the term outside the main brackets is a Bessel 
function of zero order. Apparatus using the stationary 
or non-stationary heat-flow methods have each their 
disadvantages, but in view of the greater scope and 
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reduced time of the latter method, the author investi- 
gated the mathematical solution of the boundary con- 
ditions to fit the above equation, and found that appa- 
ratus fulfilling all conditions could be built, and cali- 
bration curves made to simplify the resulting integral 
equation. 


t 
fo = O@t+ k (t, x) @ (x).d 2, 
~0 
which permitted useful readings to be taken right from 
the commencement of an experiment. 

A small cylindrical brass cooler, with two flat coolers 
to close the ends, has a water circulation. The cylin- 
drical specimen rests on a (mathematically assumed) 
infinitely thin disc heater with a clear centre in which 
a thermo-couple for temperature readings is mounted 
and the annular air gap can, if desired (it is not neces- 
sary) be filled with a fluid such as kerosene, after making 
the specimen impermeable. Mr. Timroth described 
the use of the apparatus, whose behaviour was com- 
pletely amenable to analysis, as simple speedy and 
accurate. 


Costs AND COMPARATIVE EFFICIENCY OF DIFFERENT 
TyprEs oF ENERGY. 


Principle interest in Section VI of the Conference 
centred in the comparison of compressed air and elec- 
tricity for use in mines, this being the subject of four 
of the seven reports, dealing respectively with condi- 
tions in France, England, Czechoslovakia and America. 
The French safety regulations were stated by Messrs. 
Garin and Pinel in their report, ‘Traction par 
Locomotives aux Mines de Dourges,” to practically 
restrict the use of electricity in mines to haulage, 
especially the employment of storage battery loco- 
motives. They compared the experience at two 
collieries each producing about 1,500 tons per day, 
differing somewhat in details but both having rather 
extensive and poor workings. Particulars were given 
of the equipment, districts served by each locomotive 
and the results obtained in each district. One colliery 
had four compressed air locomotives with receivers 
at 1,920 lb. per square inch, and four with receivers 
at 2,350 lb. per square inch, while the other had eight 
locomotives with 825 AH storage batteries (at a dis- 
charge rate of 165 amp.). The former suffer from the 
disadvantage that they have to be frequently, re- 
charged with loss of haulage time, necessitating also 
a demand for electric power to run the compressors 
during the working shift. In the case under con- 
sideration this gave a further benefit to the battery 
locomotives, the power company charging a lower 
rate for off-peak load, in addition to the lower con- 
sumption of the latter, due to the higher overall effi- 
ciency of mains, transformers, batteries, &c., as com- 
pared with compressors, distribution pipes, &c. The 
following, abstracted from the comprehensive reviews 
of costs, &c., gives a useful summary :— 


Locomotives Operated by ‘ ae a Beeson al 
Monthly tonnage 37,520 29,175 
Monthly ton-km. 30,260 45,350 
Kw.-h. per month 59,138 31,600 
Cost of electricity— | 

Per ton-km. .. ..-| 0-287 frs. | 0-087 frs. 

Per ton-mile (about) ee 0-88d. | 0-27d. 
Total cost, including capital | | 

charges, labour, main- | 
tenance, &c.— | 

Per ton bis 1-307 frs. | 1-377 frs. 

Per ton-km. .. és -+| 1°620 fre. 0-866 frs. 

Per ton-mile (about) <a 5d. | 23d. 


| 


Professor Douglas Hay and N. E. Webster com- 
menced their paper entitled ‘‘ A Comparison from the 
Standpoints of Economics and Practical Working 
between Compressed Air and Electricity for use in 
Collieries,’’ with a historical review of the increasing 
utilisation of power in Britain. From 1919 to 1928 
the number of electric coal cutters increased steadily 
from 1950 to 3,586, the corresponding figures for 
compressed air being 916 and 1,341. The latter are 
favoured in the deep and gassy pits of South Wales and 
Lancashire. It was suggested that in the future the 
relative preponderance in the use of electricity will 
increase, also that with compressed air as the principal 
power underground there is an additional demand for 
energy of about 4 to 14 units per ton. High speed 
reciprocating compressors are favoured for low outputs 
owing to their high efficiency, but turbo-compressors 
are necessary for large voluimes, say, over 6,000 cub. ft. 
of free air per minute. The cost of compression of 
1,000 cub. ft. at 80 lb. per square inch, was given as 
from $d. to 1}d., with modern plants, averaging say 
1}d., or 51. per million. The careful planning of air 
pipe systems, with replacement as increasing loads or 
distances entail excessive loss of pressure, the adoption 
of suitable pipes, joints and receivers, combined with 
the use of meters can reduce to very low terms the 
losses from pipe friction and leakage which are usually 


associated with the employment of compressed air. 
The following costs, referring to all underground plant 
other than pumping, obtained at two groups of Midland 
Collieries, one all electric and the other with compressed 
air underground, were given as typical. 











| 
| ; | Compressed 
Data. | Electric. | Afr. 
celiac cea 
Output, tons per annum ! 1,300,000 320,000 
Thickness of seams | 80 per cent. | Average 4 ft. 
| under 3 ft. 
Percentage of coal cut by | | 
machinery .. as oe] 60 | 100 
Percentage of coal loaded by | | 
machinery .. s nal 17 | 90 
Capital charges, repairs, labour | 
etc. (per ton) seis os 3-08d. j 1-44d. 
Kw.-h. per ton (at 0-5d. per | 
kw.-h.) AS ef | 3:5 | 18-0 
Total cost per ton as .-| 4°83. | 10-44d. 


{ | 


The authors conclude : ‘In spite of the fact that 
compressed air machines are cheaper to purchase and 
easier to install and maintain, only where conditions of 
safety necessitate it or where pneumatic picks are 
favoured can its selection be justified. In situations 
where compressed air is necessary, a standard of 
maintenance must be set which will keep within 
reasonable bounds the cost of this convenient but much 
abused and expensive form of power.” 

In spite of high capital costs due to lack of experience 
in the construction of electrical equipment to comply 
with the Government regulations for gassy mines (which 
were later modified somewhat), the conversion from 
compressed air to electrical operation at the Oskar 
pit of the Witkowitz Company has proved entirely 
satisfactory. Dr. J. Havlivek in his paper “ Wirt- 
schaftlicher und betriebstechnischer Vergleich bei 
Verwendung von Druckluft und Elektrizitét im 
Abbau am Oskarschacht der Witkowitzer Stein- 
kohlengruben in Moravska Ostravé’’ showed that the 
cost of power per ton had decreased from 6-5d. in 
1925, using compressed air, to 0-9d. in 1928. In 
the first case the annual production amounted to 
236,800 tons, of which 31 per cent. was mined by 
machinery, the corresponding figures for 1928 being 
31,500 tons and 76 per cent. respectively. Compressed 
air is still used for hammers, being produced by six 
small compressors located at suitable points in the 
mine and each supplying a small isolated pipe net-work. 
Power is supplied at 2,500 v. to the compressor and 
other stationary motors of over 25 h.p., and also to 
seven transformers similarly distributed throughout 





installed experimentally), due to Dr. O. Heller to 
give a continuous supply of gas. In the latter pow- 
dered coal and superheated steam are blown into 
heated retorts. Among the many possibilities of 
gasification, with and without conversion into gas of 
the tar produced, reference was made to the production 
of power from cultivated plants, under suitable con- 
ditions of soil and climate. Thus eucalyptus trees, 
planted in rows about 6 ft. 7 in. apart (an acre carrying 
about 2,000 trees), were stated to reach in 4} years a 
sufficient growth to give, with a suitable gas producer 
and engine, 200 h.p. for 15 hours per day from 1,190 
trees per month. Gas producers for lorries and loco- 
motives, in spite of low fuel costs, have not made much 
progress, mainly, according to the authors, on account 
of the somewhat unpleasant conditions for the driver 
and the time required for starting and cleaning, both 
resulting in high charges for labour. 

The paper entitled ‘‘ Relative Places of Gas and 
Electricity in Industrial Heating,” by Sir Robert A. 
Hadfield, Bart., and R. J. Sarjant, emphasised the 
importance of those factors which they had previously 
grouped together under the term “ adaptability.” 
They discussed various types of gaseous fuels, pointing 
out that the choice for any particular purpose was 
mainly influenced by economic rather than technical 
reasons, each case having to be considered on its 
merits. Both gas and electric furnaces had many 
advantages over those employing other heating agents, 
largely due to the ease of adjustment and control. 
A gas-fired furnace was the most flexible of all furnaces, 
and could give up to 190 B.Th.U. per cubic foot per 
second (1,691 kg. cals. per cubic metre per second), 
using surface combustion. Electric furnacs, while 
more costly were also more efficient thermally, and could 
be adjusted through a range sufficient to cover many 
industrial requirements. Examples were given of the 
benefit of automatic control, which can be applied in 
the case of both gas and electricity, in ensuring the 
attainment of “test” results under normal works 
conditions. Reference was made to the benefits accru- 
ing from the use of heat resisting steels, which have 
improved the economic value of both types of furnaces 
by assisting the development of mechanical means of 
handling throughput and thus reducing labour costs. 

In his paper entitled ‘‘ Beurteilungsgrundlagen des 
Dieselmotors vom Verbraucherstandpunkt ” Ing. H. 
Schmidt pointed out that development had been in 
the direction of increasing stresses. Better materials 
and also improved workshop practice had been adopted, 
but these had not kept pace with the efforts to reduce 
capital costs by higher rating of units. Especially for 








the mine. Smaller: mot a hai : engines for export to tropical regions was it necessary to 
operate on 250 v. 3 ah, aeeaae prosncantg ey | bear in mind that the conditions of operation and 
voltage system being independent of the others ——_— wee not likely 4 be ideal, and — 
reduce the risk of trouble from short circuits and | ™0deration in all respects, speed, mean pressure, &c., 
earths. | would tend to give satisfactory running and keep the 


| consumption from increasing. Preference was expressed 








American practice as given by H. N. Eavenson and 
G. Bright in ‘‘ Compressed Air v. Electricity in the | 
Coal Mines of America” is even more definitely in 
favour of electricity. Attention was again called to 
the limited radius of action and time lost in charging 
the locomotives, which combined with the high cost of 
compression and leakage losses, had led to the abandon- 
ment, with one or two exceptions, of compressed air 
for haulage and gatheringin mines. There had recently | 
been a revival in the use of compressed air for drills, &c., 
in practically all cases with portable electric driven 
compressors. Mention was made of a mine in West 
Virginia which formerly used compressed air, but | 
during the last eight years had gradually turned over | 
to all-electric power purchased from a supply company. | 
The present cost, including fixed charges, was given as | 
6 cents per ton, representing a saving in cost of power | 
of about 10 cents per ton. Statistics given showed | 
that the production of coal from mines using compressed | 
air fell off rapidly until by 1926 it was negligible. In | 
conclusion the authors stated that “It is the opinion | 
of the vast majority of mining men in America that 
as long as coal is undercut by cutting machinery and 
powder is used to break down the coal, the permissive 
electric equipment is just as safe as compressed air.” 
Attention was called by Dr.-Ing. A. Thau and 
Dipl.-Ing. K. Schmidt in their report on ‘‘ Kraftgaser- 
zeugung und-verwendung in besonderen Anlagen ” 
to the considerable progress in the design and opera- 
tion of gas producers during recent years. Reference 
was made to the large Winkler producers, resembling 
blast furnaces, which give a gas of about 110 B.Th.U. 
per cubic foot from dried lignite of small size, a 
gasification of 750 tons per day with a shaft area of 
12 sq. m. (about 13 ft. diameter) being mentioned. 
The Omgas producer (named after the inventor Otto 
Misch), having retorts discharging at the bottom into 
a producer of normal design, with provision for with- 
drawal of some of the coke when it is desired to produce 
high quality, permits the manufacture of gas varying 
from 290 to 500 B.Th.U. per cubic foot. <A des- 
cription was given of water gas plants, one to work 
on bituminous coal, and the other (at present being 








for the four-stroke cycle, although it was recognised that 
the two-stroke cycle had its place of application for 
small, cheap engines and also for large, slow running 
engines. For four-cycle engines of average size and 
moderate revolution speed, the following were given as 
good, and at the same time safe figures to work on :— 


Approximately 925 ft. to 
1,025 ft. per minute. 

Approximately 95 lb. to 
100 lb. per square inch. 


Piston speed ... 
M.E.P. (indicated) 
Mechanical efficiency— 


With solid injection 
With air injection 


76 to 82 per cent. 
74 to 79 per cent. 


M.E.P. (brake), solid Approximately 78-3 lb. per 
injection. square inch. 

M.E.P. (brake), air in- Approximately 75-4 Ib. per 
jection. square inch. 


Solid injection was being mainly adopted owing to the 
resultant reductign in first cost, and also improved 


| mechanical efficiency and reduced fuel consumption, 


but air injection had advantages, especially in large 
units. It gave a more regular distribution of the 
fuel, with improved combustion, while it permitted 
greater latitude in regard to the quality of fuel oil used. 
Supercharging was being adopted during recent years. 
two systems being employed. In the first the maxi- 
mum pressure was not increased, the compression space 
being increased accordingly, giving broad indicator 
diagrams with high mean and exhaust temperatures. 
The other retained the normal compression ratio, with 
resultant fuel economy but increased stresses of the 
working parts, owing to the higher pressure of com- 


bustion. L af 


WESTMINSTER ELEctTRIC SUPPLY CorporaTion.—The 
total number of meters connected to the mains of the 
Westminster Electric Supply Corporation, Limited, 


(To be continued.) 








according to the annual report of the Company, was 
33,423 on December 31, 1929, compared with 31,294 
at the end of 1928. The total number of units sold was 
714 millions, an increase of 19-3 per cent. over the 
previous year’s figure. 
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TURBO-GENERATOR ROTOR 
SHAFTS. 
By W. Suarp. 

THE most important part in the mechanical 
design of turbo-generators is the rotor shaft, and the 
utmost precautions are taken to avoid all possi- 
bilities of failure. It is essential that the steel 
chosen can be relied upon to meet the conditions 
of the service in which it is to be utilised. For 
machines of this description, there are two classes 
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of steel employed, carbon and 3 per cent. nickel. 


| in two stages up to about 1,200 deg. C., and allowed 
| to remain at this temperature for six hours. It 
is then removed from the furnace and completely 
forged. In the second method, the ingot, after 
casting, is allowed to cool as before, and is reheated 
for blooming purposes. In reheating for forging, 
the bloom is charged into an annealing furnace and 
subjected to various temperatures between 480 deg. 
C. and 660 deg. C., remaining at the higher figure 
six hours for softening. When the softening has 
been properly carried out, the bloom is heated 





furnace and subjected to various temperatures 
between 480 deg. C. and 660 deg. C., remaining at 
the higher figure for six hours, for softening. When 
the softening has been properly carried out, the 
shaft is heated uniformly to 1,200 deg. C. and forged 
at the other end. Upon completion, the forging, of 
each method, is again subjected to various tempera- 
tures between 480 deg. C and 660 deg. C., kept the 
necessary time, withdrawn, and allowed to cool in 
air until magnetic, care being taken to maintain 
a uniform cooling of the mass. It is again returned 





























up uniformly to 1,200 deg. C., and completely 


forged. 
In either case, if the forgings are too long to be 


to the furnace and reheated (in this instance) to 
about 500 deg. C., kept the necessary time, and 
allowed to cool as before. 

After rough turning, the forging is charged into 
a cold furnace and gradually raised to 560 deg. C. 
—660 deg. C. (as required to give the mechanical 
tests) and allowed to cool in the furnace. 

With the first method, the discards can only be 
removed when the forging is completed or cut off 
after each end has been forged. In the second 
procedure, the discards, as shown in Figs. 1 and 2, 
are removed from the bloom, and tests can be made 
to ascertain that these are sound before proceeding 
with the forging. In spite of the magnetic proper- 
ties of nickel steel, which of course are very 
































J : TABLE I. 
Carbon steel is more generally used because it 7 
is apparently more difficult to obtain a solid} ‘ini | L | 0. m | Iv. 
forging with nickel steel. It may be confidently ee ? _— is Lee _ 
stated, however, that ingots are never completely|——————___————— rere < ee ‘ ae Pg oes a 
homogeneous, no matter how carefully the steel Tore Bt Bia Toss : . . : a Tc 2 Bs 
may have been made and cast. There are two | aes r ares 
general methods of procedure which govern the| Minimum ultimate tensile tons per sq. in. | * | + * a 4 7. so “ “ | “ e | 48 
- vi q aa ee oe eel | | ca 7% 2 | 
manufacture of field rotor forgings for turbo- ford ong | 30 | 23 | 20 | 25 | 20°| 18 | 22 | 18 | 16 | 17 | 14 | a2 
generators ; first, to try and make the forging direct | per | per | per | per | per | per | per | per | per | per | per | . per 
A | cent. | cent cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. 
from the ingot in one heat ; second, to cog down a) 44.5 .um reduction in area | aes 40 | 38 | 40 | 35 32 35 | 32 30 | 40 | 35 | 30 
plain bloom from the ingot at the one heat, and| | per | per | per | per | per | per | per | per r | per | per | per 
. ° | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. 
afterwards to proceed with the forging from the} 5, sing angle ..| 180 | 160 | 150 | 180 | 150 | 135 | 180 | 150 | 120 | 180 | 130 | 100 
bloom | | deg. | deg. | | deg. | deg. deg. | deg. | deg. ‘ | ‘= A = 
P P ea i ..| #in. | gin. | Fin. | gin. | din. | Fin. | Zin. | Zin. n. n. n. nD. 
In the first method, the ingot, after being cast, | Test piece radius § 3 | a | t 3 t eo. oo i 
is allowed to cool until experience determines that | 5 cc ieeee T = tangential. = ccenten 


the centre is solid (possibly at a temperature of | 
600 deg. C.) when it is removed from the mould 
and charged into the furnace. In reheating for 
forging, the ingot is raised uniformly and gradually | comple 


finished at one operation, the following procedure | important, carbon steel to B.E.A.M.A. specification 
becomes necessary: After the first end has been | No. 3, Grade 3, is standard practice, not only because 
ted, the forging is charged into an annealing | it is cheaper, but for the simple reason that for 
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sae -day nails ony tensile steel is not | | The Aldis borescopes are manufactured by 
necessary. | Messrs. Aldis Brothers, of Sparkhill, Birmingham. | 
Table I indicates the mechanical tests that are |The two types are illustrated in Figs. 4 and 5. | 
given by forgings of four different grades of steel: |The larger instrument is intended for ae 
Nos. I, II, III are carbon steels in he normalised | | blind bore holes up to 17 ft. deep. As will be 
condition, and IV an alloy steel oil-hardened and | seen, it has a cluster of electric lamps at the inner 
tempered. | end, to illuminate the bore, at the centre of which 
| a prism is carried by means of which the surface of 
the bore towards which this prism is directed, can 
be examined. A focussing eyepiece is provided at 
the other end of the tube. When the prism is 
removed, the triple lens at this end of the instru- 
ment, which embraces an angle of 120 deg., enables 
the whole circumference of the bore to be seen as 
a single annular image. The shorter instrument 
seen in the figures is intended for examining 
through small diameter bores. It obtains its illu- 
mination from a single powerful lamp carried inside 
the tube at the inner end, and is provided with a 
clear glass window, which is best shown in Fig. 6, 
through which ,the}bore is illuminated. A reflect- 





| black rectangular mark" being part of the apparatus. 
| External observation of forgings is also very import- 
| ant, and a recent rotor shaft was scrapped on account 
|of eight marks (apparently the corners of the 
ingot) equally spaced round the central portion of 
the shaft. In order to obtain such useful informa- 
tion as is given in Table II, this forging, Figs. 8 and 
9, was subjected to very costly treatment. Not 
only were the usual test pieces cut from points 
marked 793L, T and R, but, in addition, a disc 
was machined from the largest diameter of the 
shaft. The positions of the various test pieces RI, 
RM, &c., of which the test results are given in 
Table II, are indicated in Fig. 8. The forging had 
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The analysis of suitable carbon steel may vary as | 
follows :— 
Carbon 0°36 to 0°46 per cent. | 
Manganese 065toO08 , ,, | 
Silicon O1ZtoO'2 ,, vy | 
Sulphur not over 0°4 ,,__,, | 


Phosphorus ... ove > 
The character of an ingot, internally, is eines | 
affected by the liberation of gas during solidification | | cee 


and the metallographic study of a longitudinal | 


” ] 








section of any ingot made from steel, which has 
been refined and treated so as to solidify without the 


ing mirror inside the tube and set at an angle, 
enables the bore to be examined through the 





formation of blow holes, reveals the following 
phenomena. The axial portion of the ingot is 
always rather unsound, and except in the lower 


focussing eyepiece at the outer end. The area 
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the following composition 0-476 per cent. Carbon, 
0°55 per cent. Mn., 0-168 per cent. Sil., 0°024 per 
cent. Sul., 0°03 per cent. Phos. The forging was 


inspected may be varied and localised by means of normalised at 840-870 deg. C. and cooled in air; 


TABLE II.—Resvutrts or Tests. 


























part, seldom quite free from segregation. Un- = o 
. rege : : pe l Nl 
ion 8 er arte bj on ep ge bag he | | Dimensions. | Yield Point. | Maximum Stress. Elongation. Contraction. 
gree, re: 26 » corner: 
of the ingot and in inclined planes from the base | No. of [ ‘pals ee lo : ae rae 
edges of the ingot. | Piece. Dia- | | Per | on | Fer | Per Dia- Per : j 
5 : | Area. . square | square | Length.} meter Area. 
An example of segregation is shown, Fig. 3, page | meter, | "| Piece. inch. | | Piece. | “fhch. | em) cent. | cont, 
127, since the central axis is always a zone of loose- | cee eee es =e aes. J } 
ness or weakness, it has been found necessary to | 793 L_ |0-564 in.| 0-25 | 5-07 20-28 | 9-9 39-6 | 2in. | 26-0 | 0-42 0-138 | 44-8 | Fibrous. 
bore or trepan the centre of the forging. This| 793T if 5-55 =< | Bg eo } oo» =. bib io Bs ” 

. . 795 a 5-8 | 21-2 °42 -€ | “hs | 23- . +152 2 a 
operation has become general practice, and the | i 5 = . g 4-9 | 19-6 | 10-1 40-4 | 199.5 | 0-45 | 0-159 | 36-3 ze 
examination of the hole takes place immediately | - % a Be Ye = | =: + 4 = a ee 

. : . Oo : 85 9-4 | O . * 20- . : : per cent. Fine C. 
after the forging has been trepanned. The inspec-| py 4-58 18-32 | 9-65 | 38-6 » | U5 | 0-58 0-220 | 12-0 | 100 per cent. C. 
tion is usually carried out with the aid of the| RI 4-4 | 17-6 | 8-85] 35-4 | -,, 11-5 | 0-53 0-220 | 12-0 | a 
"et thea Ate. rernaingae eg Mens ce i 4-9 | 19-6 | 9-85 | 39-4 » | 245 | 0-44 | 0-152 | 89-2 | Fibrous. 
bore scope, an instrume nt which 1s manutactu ed | 2 | 4-78 | 19-12| 9-38 37:52 | ae | 28-0 0-41 0-182 | 47-2 ~ 
in two types; one covering a narrow angle for in- 3 ae > as | 4 | rn Pi a fe ae ie te | ” 
specting holes 1}-in. diameter and larger, and the | ie ata tee es | | eh is 





second covering a wide angle, and used for detailed 
examination of blind holes 2} in. or larger diameter. | 
Figs. 4 to 6, page 127, show details of the Aldis | 
borescopes with which there is no difficulty in | 
distinguishing between running marks and scratches, 

while serious defects are sometimes located. 


| a sliding shutter, operated through a slot, as shown 
in Fig. 6. 

One particular example of a defect discovered by 
means of the borescope is illustrated in Fig. 7, which 
clearly illustrates a very large irregular cavity; the 


rough machined and reheated to 550-580 deg. C. 
and cooled in air. 

It may be of interest, then, to know the methods 
adopted to determine the soundness of a forging 


between the hole and the outside diameters. One 














AUG. I, 1930.] 


ENGINEERING. 





129 








system (Journal I.H.E., 1926, vol. lxiv, page 377), | shown that after machining a number of equally | practice of other electrical engineering works is 
developed and used by the General Electric Com- | distributed ventilation slots, the core was out-of- | shown in Figs. 24 to 27. 


pany, Limited, consists of passing a current through 
a number of places equally spaced along the shaft 
and measuring the potential drop. The ratio of 
electrical resistance of air to that of steel is far 
greater than the ratio of their magnetic reluctances, 
and consequently this arrangement is most sensitive 
and generally satisfactory. A number of flaws 
have thus been located, and very often removed 
by careful disposition of the slots which are required 
to accommodate the field winding. The over- 
speed test is another method obviously satis- 
factory, but in some cases very dangerous. B.E.S.A. 
Specification No. 132-1920 states that the over- 
speed shall be 15 per cent. above normal. Such 
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tests are carried out in a bomb-proof shelter, 
and during the past 10 years the author is aware 
of only one shaft which was broken at speed on test. 
The break occurred due to a flaw between the shoul- 
ders which carry the oil flingers and the slip rings. 
There are, of course, other examples, and the broken 
shaft shown in Figs. 10 to 14 was directly responsible 
for a very serious accident in China. In this case 
the rotor of the steam turbine collapsed, as shown, 
at @ normal speed of 1,500 r.p.m. The majority 
of flaws, however, are discovered during manufac- 
ture, and Figs. 15 and 16 illustrate the position 
and shape of a fracture due to the presence of 
a “clink.” 

This shaft snapped in two immediately the out- 
side surface had been removed. In defence of the 
forgemasters it is only fair to state that none of the 
above forgings was bored, and if they had it is 
probable that these flaws would have been dis- 
covered. Present-day forgings, however, are not 
only differently treated, but a trepamned hole is 
part of the specification. It is obvious that any 
slotting of a shaft is detrimental to its strength 
and stiffness. The latest rotor design of a large 
electrical engineering works takes the form of a 
parabolic curve. With this construction, Fig. 17, 


all sudden changes in area are avoided, and it is 
claimed that the strongest. section of material 
Even so, recent experience has 


is obtainable. 


truth with the horizontal centre line to the extent 
of } in. Further experience emphasises the fact 
that all shafts bend after being subjected to the 
machining of deep radial slots. Later machines 
|have been designed, with only four or five slots at 
each end of the core, with the result that previous 
trouble has been practically eliminated. This 
phenomenon of bending was the subject of some 
discussion with the forgemasters, and rotor forgings 
are now receiving a further low-temperature heat 
treatment which, so far, has prevented the shafts 
from bending during subsequent machining. The 
mechanical parts of electrical machinery manu- 
factured by various engineering works are always 
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interesting, and a number of designs may be con- 
sidered. In America a large variety of machines 
are designed so that the central portion of the shaft 
is one complete set of steel discs. In some cases, 
even in this country, machines of 40,000 kw. 
upwards are manufactured with steel discs, but these 
are mounted on a central shaft. Continental prac- 
tice favours the larger forgings in three parts ; one 
centre and two ends. Another design which may 
meet with approval is a shaft of two parts having 
only one end piece which would require to be fitted 
in a similar manner to Continental practice. Minor 
details also vary in design, and these items require 
to receive careful attention. The wedges, for 
example, which hold the winding in position, are 
shown in Figs. 18 to 21, and the characteristics of 





The first calculation in the mechanical design of 
the rotor shaft is the tooth stress, and it is usual 
to consider the yield point and a factor of safety of 
2 on the overspeed. It is necessary, however, to 
state that the physical properties of any material 
are variable, and obviously there will be high and 
low figures. The yield point is, therefore, a doubtful 
quantity, and all calculations must be based on 
minimum values. 


Calculations of tooth stresses 





W ev? 
C.F. = 
gR 
where W = weight per inch run. 
v = 2” x R x revolutions per second. 
g = 32-2 ft. Fed second per second. 
R = radius of gyration in feet. 


Stress in rotor tooth (tensile) 
An C.F. due to copper, tooth and wedge 
Stress in rotor wedge (shear) 
_ C.F. due to copper and wedge 
Ss = ‘twice depth of wedge in shear 

It is necessary, also, to point out that these 
wedges, under pressure will not shear at right 
angles to the face of the wedge. Experience has 
shown that rupture first occurs along a line of 
45 deg. from the corner towards the centre of the slot. 

Finally, having considered each particular phase 
of rotor shaft design there are two outstanding 
points which call for special comment. First, to 
proceed with the forging from the bloom (i.e., 
the second method), which is, perhaps, more 
acceptable since inspection and testing may be 
carried out before forging. Secondly, carbon steel 
provides an adequate margin of safety for present- 
day design, and it is not advisable to use more 
expensive steel which is possibly less reliable. 


minimum width of tooth 











THE PARIS FAIR. 


Tae Paris Fair is held annually in the 
early summer at the Exhibition Ground at the 
Porte de Versailles. Owing to the number of 
ingenious appliances shown, the Fair is worthy of 
more attention than it usually receives at the hands 
of the British public. It is international in 
character and deals with the light rather than the 
heavier sections of industry, although there are some 
interesting machines in the printing section and 4 
certain number of medium weight machine tools. 
Great Britain was mainly represented this year 
in the machine tool section, but the Federation of 
British Industries assisted British exhibitors of 
oil engines and in the section relating to domestie 
ironmongery, where large numbers of anthracite 
cooking and general heating stoves were shown. 

French firms made a good display of light portable 
workshop tools such as electrically-driven drills, 
hand-sandpapering machines, hand planers, grinders 
for attachment to lathe saddles, and double wheel 
and nibbling cutters for light sheet metal. A neat 
system of lathe tool holders and cutters, the Outi- 
courb, shown by Ferdinand Dourand, of Paris, may 
be mentioned. The cutting tool is made in the 
form of part of a ring slightly wedge-shaped in 


-|section and gripped into the tool holder with the 


aid of a single nut ; the shape of the holder seat gives 
the maximum of support where it is wanted, close up 
to but below the cutting edge. Various forms of 
cutting edges are arranged with appropriate seats. 
The same system is used for milling cutters; 
special holders are supplied for holding the cutter 
when grinding, and the section of the tool-steel 
cutter is such that forge shaping in the tool shop 
can be eliminated. 

A universal oxy-acetelene cutter with a double 
swing arm and automatic copying attachment 
showed material ingenuity, as a combination of 
thermal cutting with electrical driving of the blow- 
pipe jet. The machine which produced remarkably 
accurate work was arranged to cut thick plates 
either internally or externally, following the motion 
of a wheel on the pattern. It is made to cut steel 





each design are clearly illustrated. Progressive plate from 6 mm. (about } in.) to 300 mm. 
strides in field rotor slot design are given in Figs. 22 | (about 12 in.) thick, at a speed of from 20 m. 
and 23, and for illustrative purposes the genera] to 3-2 m. per hour. It could also be arranged to 
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cut angles and channels. The machine is made | 
by Messrs. La Soudure Autogéne Frangaise, of Paris. 
The same maker showed a seam-welder to take 
plates about 15 ft. long for the making of cylinders, 
tanks, and so on. The use of welding for work of 
this class is evidently making great progress in 
France. 

In France alternating current at 50 periods is 
now available in most of the country villages so 
that for repair and other works, with the aid of 
a transformer on wheels, a number of are welding 
jobs can be carried out at short notice. For 
places where power is not available a petrol 
engine and generator, for arc-welding purposes, 
mounted on a two-wheeled trailer for hooking 
behind a lorry, made by Messrs. Sarazin, of Neuilly, 
looked very neat. The same firm has developed a 
system of welding in an atmosphere of hydrogen to 
minimise oxidation troubles. 

A series of chain-making machines by Poirin 
Freres et Cie., of Charleville, Ardennes, had interest- 
ing features. After being bent in one tool, the 
chain passes through an automatic electric welder, 
which heats and presses together the links as 
they pass through the machine, first with the 
links to be welded in a vertical position, and then 
the chain is passed through with the cross-links 
vertical. When the welded link has cooled some- 
what, while about nine links have been joined in 
turn, the internal and external fins left by the weld 
are cut off. The welding machines are made in five 
sizes; the smallest makes little chains with wire 
2 mm. to 4 mm. in diameter at a speed of from 
12 to 16 links per minute, with 1-5 kw. for welding, 
while the largest makes them of rod 12 mm. to 
16 mm., about } in. to § in. diameter, making one 
to four links per minute. The machine is com- 
pletely automatic. 

A number of comparatively heavy printing 
machines were to be seen ; one termed a rotary-flat 
was of distinct interest. A rotary requires the 
papier-maché mould to be bent into an internal 
cylindrical shape so that the type metal can be 
cast to form a cylindrical stereo, whereas for many 
classes of work a flat printing surface is desirable. 
In the rotary-flat the paper travels forward with a 
series of pauses and is looped down first one side, 
then the other, on to the printing surface. It is thus 
possible to print in a continuous band on flat surfaces 
and fold and cut up as required at the delivery end ; 
the speed is not as fast as a full rotary owing to the 
pauses necessary while the looping rollers go back 
for the next impression to follow on the first. This 
machine is made by Buhler Freres. 

In the bakers and confectionery plant section 
there was a distin@t rivalry between makers of ovens 
operated with heavy oil and those using electricity ; 
the former, however, use electric motors for opera- 
ting their spraying apparatus for the oil burners. 
The existence of water power in the south of France 
has aided the development of the electric oven, 
while special terms for night service has encouraged 
the use of heat-storage ovens. The gradual lowering 
of heating rates at off-peak hours in power-supply 
areas where current is generated from coal, will 
encourage this movement. In France, on weekdays, 
the luncheon interval lasts two hours, and that gives 
a pause in the factory power consumption which, 
with the aid of time-clocks, allows of a valuable 
heat storage period. 

When the material to be cooked commands a 
high price per unit of weight—for example, fancy 
pastries—the question of the cost of actual heating 
does not constitute a very material factor, especially 
as the accurate regulation possible with electricity 
diminishes to a vanishing point the amount of 
material burnt or otherwise spoil:d by bad baking. 
Electricity can therefore be purchased at any time, 
and direct operation is feasible. Where a consider- 
able weight of material—for example, bread—has | 
to be cooked, and quite a quantity of moisture 
evaporated, then electricity only begins to come 
into the range of economics when power is pur- 
chased at the lowest of night rates. With French 
bread an accumulation of 1 cwt. of bread takes 15 | 
to 20 kw.-hours. 

On ocean-going passenger steamers, the peak 
loads are analogous to those on land, as during 
many hours at night most of the lights in cabins 
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and saloons are off, and therefore, from the point 
of view of plant apart from fuel; a storage oven has 
material advantages. None the less, owing to the 
comparatively low thermal efficiency of electric 
heating from the fuel to the heat element, one would 
have thought that an electric baking oven was out 
of place on shipboard and that the existence of 
superheated steam employed with modern steam- 
turbine propelling plant would make the advantage 
of electric cooking to be very doubtful. In large 
passenger steamers, however, the choice of a con- 
venient point for the galley is most important, and 
further, where steam pipes have to be carried from 
below or a smoke stack upwards, valuable ship’s 
space may be taken up. On a recently equipped 
French mail steamer it has been estimated that the 
space thus saved was equivalent to that taken up 
by three cabins. At present ocean-voyage passenger 
rates the resulting potential increase in revenue 
would pay for a great deal of fuel and for its trans- 
port until consumed. 

The old-fashioned coal-fired oven has a con- 
siderable mass of brickwork to be heated up, the 
total weight being such that the natural tendency 
is to put an oven in a basement, an arrangement 
which, from the point of view of health, is anything 
but hygienic; the presence of coal dust does not 
improve matters. The great improvements in 
heat-insulating materials have tended to diminish 
the heat losses from radiation and conduction, 
and therefore tended to make electricity more 
efficient from the point of view of the percentage 
of heat required in the oven to heat required for 
the actual baking; and, further, the absence of 
masses of brickwork reduces the weight so much 
that baking in an upper story of a_ building 
becomes a structural possibility. However, the 
makers of fuel-heated ovens are not standing still 
regarding such matters. The existence of a well- 
insulated oven enables the temperature of the 
bakehouse to be kept down, the bacteriological 
evils from perspiration from the bakers are 
minimised, and further it is quite an easy matter 
to save space through the use of ovens with 


three tiers. 


The Sablyet Company, of Dreux, in order to 
avoid danger to heat elements from baking tools, 
and to obtain storage effects, embeds the heat 
elements in sand sealed up in units. By baking 
only with accumulated heat any danger of burning 
the product is avoided, and the atmosphere is also 
kept from the heating coils. With one oven on 
this system it has been found possible to bake 
6 cwt. of bread 36 hours after the current had 
been switched off. In Paris, night power is being 
offered from 6 p.m. to 7 a.m., and during the 
luncheon interval from 11 a.m. to 1 p.m., at about 
0-6d. per unit. 

A system of storage with the elements packed in 
a heavy calcarious material with high heat 
accumulative qualities, with metallic conducting 
pieces interspaced to conduct the heat stored 
when required into the baking chamber, has been 
developed by the Société Parisienne d’Etudes 
Speciales, of Paris. An oven on this system, 
installed on the passenger liner Felix Roussel, 
baked 9 cwt. of bread 12 hours after cutting off 
the current. 

A feature of the last two Fairs has been the 
developments in the use of fibrous cements for 
pipework. With the aid of armouring, water 
pressures of about 150 lb. per square inch can be 
carried ; the pipe is made in lengths up to about 
13 ft. in some sizes. The use of bitumen-lined 
pipes for soil pipes and small drains is of distinct 
interest, as the longer lengths and lower transport 
costs and diminished breakage risks as compared 
with stoneware are advantageous, and for water 
there is no danger of internal corrosion. 

The manufacture of concrete railings, cast in sec- 
tions has undergone much improvement as regards 
finish, and the surface obtained on armoured con- 
crete water troughs, bins and cisterns is remarkable. 
On the Continent reinforced concrete is being used 
to a material extent for street-lighting posts, as 
it can be ornamented practically like cast iron, and 
the heavy periodical expense of painting is avoided. 

As a rival of the chlorine process for water 
sterilisation, the use of ozone has made remarkable 


progress in France, where'it has been in use on the 
Otto system for twenty-five years. The ozone 
generated between electrodes under high tension 
is drawn by an injector into the water to be steri- 
lised. Some of the earliest work on this system 
was carried out on the Riviera. At present the 
daily capacity of ozone filtration between Nice and 
the Italian Frontier is about 110,000 cub. m. per 
day (3,850,000 cub. ft.). 

One of the troubles the farmer has to face is that 
relating to water supply. Electricity, with the 
various automatic devices available, has rendered 
supply from wells, and so on, a matter of much 
greater facility than formerly. For such cases, 
and for areas where the domestic water supply is 
not reliable, the Cies. des Eaux and l’Ozone, of 
Paris, which operate the Otto system, have de- 
veloped a small ozoniser worked from a lighting 
circuit, which by means of an ejector, draws suffi- 
cient ozone into a tap to sterilise the water required. 
The apparatus can be hung on to a wall, and is 
quite automatic in action; it can be arranged so 
that if the electricity supply is cut off the water 
cannot flow, and if the water is cut off no electricity 
is wasted. As compared with chlorine the very 
slight odour of the ozone passes off almost at once, 
whereas with chlorine bad adjustment of the appa- 
ratus used may result in the water having a very 
nasty taste. 

The facilities given by modern ocean and railway 
transport have opened up vast regions to agri- 
culture and the rearing of domestic animals. The 
improvements in artificial manures and increase 
in veterinary knowledge, with the protection 
against wild animals or marauding members of 
the human race, have all tended to increase the 
product per acre cultivated or occupied. The very 
increase thus brought about automatically tends to 
give much greater facilities to those insect parasites 
which, in olden days, were limited by the much 
smaller number of potential vegetable or animal 
victims on the one hand, and the comparative 
absence of transport possibilities for the noxious 
insect in question. Millions of pounds have been 
lost in vineyards in Europe from the phyllozera, 
the cotton boll weevil has proved a scourge in the 
United States, and the tsetse fly and malaria 
mosquito have been responsible for hundreds of 
thousands of human lives. The use of drainage 
and parafin cans has, however, upset the breeding 
grounds of some pests, as witness the vast im- 
provements on the Panama and Suez Canal Zones 
as regards malaria. 

Monsieur Georges Gourdon has been experiment- 
ing for some years on the development of a type of 
insect trap which is intended to keep plantations 
and farms free from some of the worst kinds of pest. 
In 1911, Professor Albresch, of Berlin, discovered 
that when he placed an ultra-violet ray lamp of 
200 candle power 30 m. from a 3,000 candle-power 
arc lamp, numbers of flying insects, formerly 
round the latter, abandoned it for the former. 
Monsieur Gourdon, when experimenting in the same 
direction, found that the number of insects that 
flew up to the lamp was greatly increased if the light 
was intermittent, and, further, if the light was 
steady, many flew to within 20, 50 or 100 m., and 
then went away again. 

He has devised a series of insect traps, shaped 
something like a lighthouse, with a mercury vapour 
lamp above, over a cone leading into a metal cy- 
linder below, with an inner cylinder of wire gauze, 
and some acidulated water. A fan below creates 
a suction. The insect flies at the light, which 
is cut off intermittently by a revolving shutter 
actuated by a fan operated by the suction; a 
balanced trap opens downwards when the tan is at 
work. The flying insect on approaching the light 
is sucked down into the trap below by the down 
draught and is killed by the acidulated water. The 
large-sized apparatus is 11 ft. high; it is intended 
to give protection to 45 acres, the smallest size being 
5 ft. high, to cover 12 acres. A modified form of 
apparatus has been devised for ground insects. These 
machines are being tried in some of the French 
wine-growing districts and in the French tropics. 
It is not necessary to operate the apparatus every 
night; in 1929, in, July, near Montpellier, half-a- 





million mosquitos were trapped in two hours. The 
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THE WELLAND SHIP CANAL, CANADA. 
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THE WELLAND SHIP CANAL— 
XITII.*— (continued). 


: welll 15'0'--- Tuer Supply Weir at Humberstone is situated, it will 
itis be remembered, on the channel of the canal till lately 
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the summit reach of the Ship Canal, extending to the 
Guard Gates and Safety Weir described in the first 
part of this Article. The Supply Weir is built in 
rock and consists of 10 openings, 15 ft. wide by 14 ft. 
high, closed by Taintor gates. It is illustrated by 
Figs. 522 to 527, above, and on page 132, and Figs. 
528 to 531 reproduced on page 142. The end walls 
consist of 6-ft. concrete facing, with anchor rods let 
into the rock. The floor slab is 3 ft. thick on 
plant is made by the Société d’Exploitation des | the small power required for the lamp, as the vessel | pa aga agen ee “ trig 
Brevets G. Gourdon, of Paris. remains practically stationary, practically no fuel this ts alten sae The a is at Ei + 552 
M. Gourdon is also undertaking some interesting | is required, and wear and tear would be reduced. |, a ai theta sill, Detinnte + 549-5 
investigations regarding sea fishing; an ultra-violet | The progress of these experiments, both regarding Pan d the sill ps d ending Ps rn Ar deh apron 
“~~ —_ is oe py — —_ = when | insects and fish will certainly be worth watching.!)5"s wide. An 8-ft. cut-off wall extends along 
a ig pag dre z pi at a a a the upstream face. Both ends of the piers, which 
water, the effect of which is visible in a circle) Pxopvcrion or Brrumtvous Coat is tHe Unirep St? 6 ft. thick, or 8 ft. an = Lap 
100 metres in diameter, the fish are attracted by the | S™7=8-—The production of bituminous coal in the United | joints are inserted, are vertical, the piers being 
: es Y States during 1929 is given as 532,352,000 net (short) | 52 ft. from cut-water to cut-water. Stop-log slots 

lamp into the net, which is hauled up as required. | tons by the Department of Commerce, Washington. This are provided both upstream and downstream, as in 


Experiments are proceeding at La Rochelle, and if | total shows an increase of 6-3 per cent. over that for ; : ; sg 
successful somteeniaiia the results should prove of | the previous twelve months, and, moreover, with the | snethesanidllanenadilatentenanonibattattetnauteen 

Sele. tte fish aid eet bad ed exception of Kentucky, all the larger coal-producing | 
great interest ; © wo no amaged, 48! -tates shared in the increase. The two States with * The first part of Article XIII appeared on page 63 
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thick and set back 10 ft. 6 in. from the upstream 
face. 

The gates have a radius of 20 ft., and the 
hinges and reaction girders are carried by a reaction 
beam of triangular section, as shown in Fig. 524. 
Upstream the decking is at El. + 582, or 30 ft. 
above sill level. This is a slab 12 in. thick, on 
which are laid rails for the stop-log machines. 
Downstream the stop logs are handled from a deck 
at El. + 573. The central part of the structure is 
decked to form a highway 30 ft. wide with two 6-ft. 
side-walks, having balustrade protection. The road- 
way accommodates a 4-ft. 8}-in. street railway 
track. The roadway is of concrete slab, 10 in. 
thick at the haunches, carried there by reinforced- 
concrete walls, and in the centre by pillars and deep 
beams. The pillars, rising from the piers, are 
6 ft. by 3 ft. in section, and are splayed out into 
longitudinal girders 6 ft. by 3 ft. 8 in. deep. The 
longitudinal walls are 12 in. and 9 in. thick upstream 
and downstream, respectively, stiffened by pilasters 
2 ft. wide projecting 3 in. from the wall face, at about 
5-ft.intervals. From these pilasters beams 1 ft. 6 in. 
wide by 14 in. deep extend under the deck from 
wall to wall. The two side-walks are cantilevered 
out from the walls, being supported on triangular 
brackets 10 in. thick, and 2 ft. in depth at the heel. 
All this work is reinforced, the greater masses, 
such as the piers and reaction beams, with rods 
6 in. and 4 in. back from the faces, and the columns, 
beams, and wall panels, &c., with the usual form 
of bent-rod or other reinforcement. The structure 
provides a space 11 ft. high under cover of the 
roadway. As in the case of the Safety Weir, it is 
essential that the Supply Weir should be capable 
of effective operation at all seasons. For this reason 
the curtain wall upstream, and the reaction beam 
downstream both extend to below normal water 
level. This, together with the cover overhead, 
protects the valves from frost. The gate-operating 
machines are arranged in this covered space, the 
winches standing on floor space provided by the 
reaction beam, while the cables from the gates are 
led over sheaves set high up on the opposite wall, 
as Shown in Fig. 527. 

The gates have simple double sector-frames, 
each with two radial struts and side girder. The 
cross girders supporting the face plate are similar 
to those used in the Safety Weir, but otherwise the 
design is lighter. The radial struts and side girders 
are braced by simple triangular members, and 
between the side frames there is diagonal bracing. 

The winches consist of single-drum machines 
driven by double-reduction trains of spur gears off 
a main shaft. The first reduction is in the ratio of 
16: 86, and the second 15:81. The sheaves over 
which the ropes are led are 2 ft. 6 in. in diameter, 
carried on brackets on the facing wall. The cables 
are run from the bottom corners of the gates up 
the face plating and straight over the sheaves to 
drums in line with them, there being thus two winches 
for each gate. There are no downhaul ropes or 
counterweights. The gates are driven in two groups 
of five, each group by one line shaft, 3 in. in diameter. 
Each shaft is driven by one motor placed in a 
central position, the transmission being again by 
enclosed worm gear. The worm wheel, of bronze, 
has 40 teeth, the four-thread worm (of steel) having 
a 5-in. pitch diameter and threads of 8-3776-in. 
lead and 2-0944-in. pitch. Close to the worm 
drive is a bevel gear driving the limit switch for the 
control of the motor. 

The normal position of the Supply Weir gates 
will be about one-third open, acting against a head 
of some 3 ft. or 4 ft. They are, however, designed 
to withstand the maximum head of 30 ft. The 
maintenance of a steady level in the canal will 
involve frequent adjustment of the gates. The 
Supply Weir is designed to pass a maximum flow 
of 10,000 cusecs under a head of 1 ft. This is 
about twice as much as the present calculated 
requirements, 

The Supply Weir, being situated in an existing 
channel, has been constructed inside cofferdams. 
It was possible for the contractor to commence on 
this work as soon as the new Lock No. 8 had been 
opened to navigation, on September 16 of last year. 
As the proposed cofferdams would, however, inter- 
fere with the supply of water to the summit level 
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of the Ship Canal, it was first of all necessary to | for these were completed in April, and the Taintor 
excavate a diversion channel round the Supply Weir | gates installed by the opening of navigation. The 
site. This channel, 600 ft. long and 25 ft. wide, was | intention to bring these into early use necessitated 
begun in August and completed in December, when | shutting off this end of the weir from the remainder 
it was made available for use. In the meantime | by cofferdams running from the pier north and 
the contractor had proceeded with the construction | south to the two main cofferdams, allowing work 
of the timber cribs intended for the cofferdams. | on the rest of the weir to continue to completion. 
In September, a crib 120 ft. long by 30 ft. wide | Some views showing this part of the work are given 
and 22 ft. high, was put in place for the south coffer- | in Figs. 528 and 531, page 142. Of these, Fig. 528 
dam. a second, 40 ft. long, to complete this cofferdam | shows the site unwatered, with the north cofferdam 
being placed in position in October, and filled with | in the background and the two shovels referred to, 
stone. In November, cribs for the north cofferdam |at work. This view was taken on March 14 of 
were placed in position and filled. Clay was|this year. The view given in Fig. 529 was taken 
dumped on the outside in each case and unwatering | seven days later. It shows the west end on which 
was commenced, but with little effect until the | work was pushed ahead, the concreting of the piers 
exterior was sheeted with 3-in. tongued and grooved | having just commenced. Fig. 530 shows the same 
planking. Altogether pumps of a capacity of | (west) end a little less than three weeks later, the 
14,000 g.p.m. were required to cope with the water, | piers being well advanced and the side facing wall 
but later this inflow was greatly reduced. In| almost completed. The cofferdam cutting off this 
February, two small shovels started work on the | section of the weir from the rest of the site, is on the 
excavation of the site, and subsequently the placing | left. Fig. 531, taken on the same date as Fig. 530, 
of concrete was pushed on day and night. shows the area then remaining inside the main 

It had been hoped to have the Supply Weir ready | enclosure. This view was taken looking south and 





for the opening of navigation last April, but the | in the background shows the main south cofferdam. 
delay in unwatering made this impossible. Under In the foreground the weir floor slab and reinforce- 
the circumstances, it was decided to push on with | ment for the piers is to be seen at an early stage 
the three sluices at the west end and the piers, &c., | of the work. 
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Some Writers on Lime and Cement. From Cato to Present 
Time. By CoaRLes SPackmaNn. Cambridge: W. Heffer 
and Sons, Limited. [Price 15s. net.] 
Tue author states, in his preface, that his researches 
have given him a fairly intimate knowledge of 
written work on the chemistry and technology of 
lime and cement, and the book he has produced 
amply bears out this claim, as it consists of sum- 
marised extracts from writings on these subjects 
in chronological order, commencing with Marcus 
Porcius Cato somewhere between 234 and 149 B.c. 
and ending with Edwin C. Eckel, 1928. He also 
gives some account of the more interesting or 
eminent of the authors from whose writings he 
quotes, with occasional remarks relative to the 
subject-matter. 

The book, although perhaps mainly interesting 
as an historic survey of the development and uses 
of limes and cements, also contains useful informa- 
tion, especially in the latter part, which naturally 
deals almost exclusively with the gradual improve- 
ment in the quality of Portland cement. 

The earlier portions bring out, in a very interesting 
way, the endeavours to produce a cementitious 
material having hydraulic properties; either by 
the selection of suitable natural stone for calcination, 
or by the addition of various ingredients such as 
pozzuolana and the like, together with the gradual 
development of the idea of mixing clay or other 
suitable material with the chalk or limestone 
prior to calcination, which finally developed into 
the manufacture of ‘‘ Portland Cement ” by Aspdin, 
under his patent of October, 1824. The greater 
part of the book deals with the subsequent improve- 
ment of this product by better selection of materials, 
more accurate mixing, higher degrees and unifor- 
mity of calcination, and finer grinding, until the 
high-class products of the present day have been 
achieved, including Ciment Fondu, rapid hardening 
cement, and the like. 

From the number of authorities referred to and 
quoted in the book, it is evident that the author 
has spent much time and labour in its compilation, 
and that very few, if any, important references 
have been omitted. 

There may be some doubt about the value of 
the book for the generality of practising engineers 
and engineering students, who are naturally more 
interested in the present-day manufacture, testing 
and uses of Portland cement than in the history 
of the development of the lime and cement in- 
dustry, but it cannot fail to appeal to those for 
whom the work and research of their predecessors 
has some interest, and to those who, while thank- 
fully taking advantage of the modern product, 
have a desire to obtain information as to the 
stages by which it has reached its present degree 
of perfection. 





Der Praktische Eisenhochbau. Vol. I. Entwurf der 
Stahlbauten ; Berechnung und Ausfuhrung der Dach- 
und Hallenbauten. By ALFRED GREGOR. Berlin: 
Hermann Meusser. [Price 48 marks. ] 

It is no matter for surprise that a third edition of 

this work was called for within a year of its first 

publication, and the present thoroughly revised 
fifth edition should maintain the high favour with 
which it was first received. The matter is presented 
in a very clear way, in accordance with a definite 
plan which is easily followed from the excellent list 
of contents, while the illustrations and printing are 
of a high order. No better indication of the manner 
in which the book has been conceived and carried 
out could be given than the following quotation 
from near the end: ‘Concentrate thoughts, work 
through everything with the utmost care, do not 
regard anything as unimportant. The principal 
duty of every designer must be to reduce weight of 
steel and production costs to the lowest possible. 

Not at the expense of insufficient safety and poor 

finish, but by a full exercise of modern knowledge of 

steel construction. Not a kilogramme of steel, not 

a hammer blow, must be capended unnecessarily.” 

Working, as it were, from this text, the author has 

produced a valuable practical book, in which safe 

and economical design and construction are deve- 
loped, while at the same time the desirability and 








possibility of obtaining esthetically pleasing results 
are stressed. 

The first few pages are devoted to general con- 
sideration of the designing and estimating for a 
steel building, with figures of cost under different 
headings. Thereafter the book is divided into two 
main sections, the first dealing with the design 
and calculation of the roof and framing members, 
while the second deals with the detail design, such 
calculations being here given as are necessary at 
this stage. Cross reference between the two sections 
is easy, but should not be required to any great 
extent. 

After an extract from the Prussian Building Regu- 
lations, with particulars of the weights of various 
types of roof coverings, tables of the loads due to 
these, to snow and to wind, for different roof slopes, 
the author proceeds to the calculation of roof 
purlins, discussing the underlying considerations 
and then working out in detail the purlins for a 
mansard roof with lantern, with solid webs, followed 
by a similar treatment of lattice purlins. The same 
general subdivision is used in connection with the 
different classes of principals or roof trusses— 
including those of normal construction with two 
and three points of support, principals continuous 
over a number of supports, and principals combined 
with the supporting columns, with two and with 
three pin joints. These are treated very fully, 
with numerous stress and bending moment diagrams, 
and with tables which will be found of assistance in 
reducing the work of the designer. 

The second main section, in which guidance is 
given to the draughtsman in determining the shape 
and dimensions of details so that they may be 
properly manufactured, commences with detailed 
consideration of various roof coverings, the corre- 
sponding details of ridge, lantern, eave and valley 
construction, and the finishing off at gables and 
side walls. Then follow notes on rivets and bolts, 
and details of purlins and of principals. The latter 
are very comprehensive, including a careful analysis 
of the correct use of cover and gusset plates at 
the corners of solid-web mansard roof trusses, 
at the top of columns combined with principals— 
to meet the bending moment at this point—and at 
the joints of lattice-type roof trusses. The author 
points out the benefits of rational design and the 
elimination of excessive cutting and setting of 
angles and plates in reducing costs, and also in 
producing a pleasing appearance. A useful chapter 
is devoted to the placing of the construction in the 
workshops, on such points as the preparation of 
working drawings, deciding how to split up large 
frames with due regard to transport facilities and 
subsequent erection at site, arrangement of rivet 
holes to prevent wrong assembly of similar pieces, 
which might otherwise pass unnoticed with serious 
results at some later date, &c. In conclusion, 
examples are given of modern constructions carried 
out for an exhibition hall of large-span, multi- 
storey warehouses, an aeroplane hangar, &c. 








THE :TRIEST-OPICINA MOUNTAIN 
RAILWAY. 


AtrHoucH funicular railways, mostly of short 
lengths, are fairly common in this country and exist 
in large numbers in some of the mountainous parts of 
Europe, the particular example which has been con- 
structed to form part of the Triest-Opicina mountain 
railway is of unusual interest. . Opicina, which lies on 
the hills to the north of Triest, is a favourite place 
for excursions from the town. It is very favourably 
situated, beautiful views being obtained over the 
Gulf of Triest, the Kartner Alps and the Tridentin, 
while the railway serving it passes through Villengebiet 
and Scorcola-Hiigel, which embrace the best residential 
districts of the town. The line, which is of metre-gauge, 
has a total length of 5,188 m. and has a total rise, 
between Triest and Opicina, of 339-5 m. It starts from 
Place Opicina, situated midway between the main 
station and the centre of Triest, first traversing a 
section 400 m. long on an ascent of 5-6 per cent., and 
after a short length on a slightly steeper gradient, 
reaches the lower end of the funicular section at Piazzo 
Scorcola. This section is 782-5 m. long and has an 
average gradient of 25 per cent. A profile and plan of 
this part of the line are given in Figs. 1 and 2, on 
page 134. The difference in level between the top 
and bottom of the section is 158-5 m. Scorcola station 
lies at the top, and from here the lines traverse a further 





adhesion section 3-2 km. long and with a rising 
gradient of 8 per cent. From here it passes over a level 
section 166-5 m. long to the Obelisk Hotel, 343-5 m. 
above sea level. In the final section, 1 km. long, the 
line falls 14 m. to the terminal station in the centre of 
Opicina, and in the vicinity of Villa Opicina station on 
the Triest-Vienna main line. 

It will probably have been gathered from the above 
brief description that the line is an adhesion one with a 
cable section. The railway was built in the year 1902, 
the hill section operating as a rack railway, and was 
served by four 11-ton, 200-h.p. rack locomotives, which 
operated by adhesion on the easier sections of the line. 
Owing to the growth of traffic, however, this equipment 
gradually proved incapable of dealing with the service, 
and the introduction of motor coaches was considered. 
The possibility of rebuilding the 200-h.p. rack loco- 
motives was also investigated, as also the employment 
of Diesel-electric pusher locomotives on the steep slope. 
These various alternatives were all found to be rather 
expensive, and it was finally decided to re-equip the 
rack section as a cable railway. This alternative had 
the advantage of permitting part of the existing 
passenger stock to remain in service and, of course, 
carried with it the well-known advantage of cable 
working in that a descending train assists in hauling up 
an ascending one, so that power demands are consider- 
ably reduced. Advantage can only be taken of this 
possibility by so arranging the time-table that incoming 
and outgoing trains meet on the cable section, but an 
arrangement of this kind presents no difficulty on a 
line given the type of service required between Triest 
and Opicina. 

The section was actually not particularly suitable 
for cable working. There were many sharp curves 
which, while unobjectionable from the point of view of 
a rack railway, introduced difficulties with a cable. 
A sharp concave falling curve at the bottom of the 
slope was also unfavourable from the point of view of 
the lifting of the cable. In spite of these difficulties, 
the work was undertaken, and has been carried through 
with complete success by Messrs. Theodore Bell and 
Company, of Kriens, Switzerland, to the English agent 
to whom, Mr. C. Campart, of 32, Theobalds-road, 
London, W.C.1, we are indebted for the information 
and illustrations on which this description is based. 
The contract for the electrical equipment of the line 
was sub-let to the Tecnomasio Italiano Brown Boveri, 
of Milan. The reconstructed line was put into opera- 
tion on April 2, 1928. 

With the new arrangements each train carries more 
than three times the number of passengers as the old 
rack-operated trains at a speed showing an increase 
of about 60 per cent. This service, which thus has 
about five times the passenger transporting capacity 
of the old service, is operated by a 200-h.p. motor. 
Under the most unfavourable conditions with a loaded 
train ascending and an empty train descending, the 
average output required from the motor is only 160-h.p. 
with a peak of 250 h.p. As the cable line necessarily 
accommodates two trains at a time, one travelling up 
the slope and one travelling down, as against the old 
single line of the rack railway, the passenger-transport- 
ing capacity is again doubled. This double track 
working has allowed of improvement in the time-table 
so that on this score the transporting capacity is also 
increased. These arrangements have allowed greatly 
increased service to be obtained from the old passenger 
stock. The line is served by 55 trains on week-days 
and 70 on Sundays. 

The trains now operating on the railway each consist 
of a motor coach carrying 80 passengers and weighing 
13 tons empty, and an 8-5-ton trailer also accommo- 
dating 80 passengers. The two vehicles are clearly 
shown in the general view of one of the trains given in 
Fig. 5on page 135. The motor coach operates from a 
trolley wire and hauls the train over the adhesion 
sections. On the funicular section the train is propelled 
by a 6-ton brake wagon, or mule, which is also clearly 
to be seen in Fig. 5. If there is no train on the section, 
one of the mules will be standing on a short siding at 
the bottom of the hill. When an ascending train 
arrives, the mule moves into position behind it and 
pushes it up the slope at a speed of from 2-5 m. to 
3-3 m. a second. Similarly, a mule standing at the 
top of the slope moves in front of the descending train 
and takes charge of it on the downward journey. At 
the upper and lower ends of the cable section, where 
the line has a gradient of about 7-5 per cent., the 
mules are left behind and are run off into their sidings, 
while the trains continue on their journeys, taking 
power again from the trolley line. Although, as 
will be clear from Fig. 5, the mule has a collector 
making contact with an overhead line, this arrange- 
ment is not used in connection with the propulsion of 
the trains. On the funicular sections the trains are 
operated by the cable, and the overhead connection is 
used only in connection with the signal service. The 
overhead line on this section is disconnected from that 
on the adhesion sections. 
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THE EQUIPMENT OF THE TRIEST-OPICINA FUNICULAR RAILWAY. 


MESSRS. 


THEODORE BELL 


AND COMPANY, ENGINEERS, KRIENS-LUCERNE, 


SWITZERLAND. 








Fig. 5. Trarn on Curve oN Lower Enp oF LINE. 


at intervals to prevent movement down the hill. 
It can support a brakeing load of 70 tons. The rail 
joints are made with special fish plates, which leave 
rail head clear for the rail brakes. As already men- 
tioned, the trolley wire on the cable section has been 
isolated at both ends, and now serves only for the 
signal and emergency stop services. The hauling 
engine is supplied by a new feeder laid alongside the 
line. This feeder also serves the upper adhesion section. 
The hauling rope is of the Lang-lay type, built up of 
six three-cornered strands and a hemp core. It is 
42 mm. in diameter, has a breaking load of 108-7 
tons, and weighs 68 kg. per metre, having a factor of 
safety of 10, as the weight of the train is 10-7 tons. 
Each strand is built up of 12 outer wires, 3 mm. in 
diameter, and 12 inner wires 1-77 mm. in diameter, 
with a soft three-cornered wire core. The round 
wires have a breaking load of from 155 kg. to 160 kg. 
persq. mm. The rope pulleys are of cast-steel, and run 
on ball bearings, and are so distributed that the rope 
remains parallel to the track, and a straight pull is 
obtained on all parts of the section. There are in all 
706 pulleys, 650 of these being set at an angle to the 
track, as shown in Fig. 10, Plate VII. This arrange- 
ment does away with the necessity for pulley pits, 
and has greatly simplified the construction of the track. 
As far as possible the pulley brackets are secured to 
the sleepers by utilising the old screw holes originally 
employed for holding down the rack. On the sharpest 
curves the pulleys are placed on each sleeper. On 
others on every second sleeper, or two to three sleepers. 
The pulleys partly embrace the rope, which is stated 
not to be lifted by the heaviest train on the deepest 
curve. 

The detail arrangements of the mule are shown in 
Figs. 7 to 18, on Plate VII. It will be seen that the 
vehicle is unsprung, and is built to stand level on a 
gradient of 16 per cent. It has an overall length of 
4-71 m., and is 2m. wide. The wheel-base is 3-1 m. 
The underframe is built up of sections, and the body 
consists of a central driver's compartment with 
sloping decks in front and behind. These have re- 
movable covers, which enable access to be obtained to 
the brake gear and other mechanism. The roof of the 











drivers’ compartment{carries the bow which makes 
contact with the trolley wire. The wheels run on short 
fixed axles. The front of the vehicle is formed with a 
hollow fixed buffer plate, which is clearly shown in 
Fig. 11. This engages with an arched self-adjusting 
buffer on the train which is being propelled. The 
vehicle is fitted with both hand and automatically- 
operated rail brakes. There are two hand brakes, one 
for each rail, situated immediately behind the leading 
wheels. They can be seen, together with their 
operating mechanism, in Figs. 7 and 8, the brakes 
being indicated by the letter a. They are operated 
by a hand-wheel carried on top of a pedestal in the 
centre of the driver’s compartment, and which can 
clearly be seen in Figs. 7 and 8. The hand wheel 
operates a screwed spindle, which raises, or lowers, the 
equalising lever 6. This is connected by bell-crank 
levers to push rods, which operate sliding wedges, which 
cause the tong-shaped brake levers to grip the rails. 
There are four automatic brakes, two for each rail, 
carried immediately at the front of each road wheel. 
They can be seen at c in Figs. 7 and 9, and in end view 
in Figs. 10, 12 and 13. The arrangement of the 
automatic operating gear is shown diagrammatically 
in Figs. 16 to 18, Plate VII, and the mode of opera- 
tion by the brakes will best be followed mainly by 
reference to these figures. The brakes come into action 
automatically if the haulage rope either breaks or 
becomes slack. The rope d is attached to the vehicle 
through a bell-crank lever e, the long horizontal arm 
of which bears against a compression spring. The pull 
of the rope tends to compress the spring, and hold-up 
the long arm of thelever. If, however, the rope breaks, 
or becomes slack, the lever falls under the action of 
the spring, and its own weight. The actual details 
of the arrangement will be clear from Fig. 7. The 
brakes, which are of the wedge type, as illustrated 
in Fig. 18, are thrown into action by the release of 
lever f, which is normally held in the position indi- 
cated in Fig. 17, but on release is forced over by the 
compressed spring g. The release arrangements will 
be followed from Fig. 16. The fall of the rope-lever e 
pulls down the horizontal arm of bell-crank lever h, 
and releases the trip which can be seen on lever f, acting 








Fie. 6. Upper ENp or CasBLe SECTION oF Rattway. 


through the pull-rod shown. An emergency trip is 
also arranged by means of two pedals, one at each end 
of the driver’s compartment. One of these is shown 
above lever / in Fig. 16, and the other at the left- 
hand end of the figure. The mode of operation will 
be obvious. 

Runaway centrifugal governors are also fitted which 
throw the automatic brakes into operation if the travel- 
ling speed of the train exceeds the permitted maximum 
by 40 percent. Itis, however, unlikely that conditions 
will arise necessitating reliance on this gear, as the 
hauling engine is fitted with governor gear which 
operates at 20 per cent. overspeed and shuts-down the 
railway. A possible case in which this runaway gear 
might operate would be in the event of a break in the 
rope a considerable distance from the train, so that 
the long length trailing on the ground would maintain 
sufficient tension to prevent release of the rope lever. 
In such a case, the gathering speed of the train would 
cause the runaway gear to operate. The arrangement 
is indicated at 7 in Figs. 7 and 16. It consists of a 
centrifugal governor which, when it operates knocks out 
the link & and allows the bell-crank lever which carries 
it to be pulled down by its tension spring and to release 
the main brake lever f. The arrangement will be 
quite clear from Fig. 16. The automatic brake is 
the invention of Mr. F. Hunziker, of Messrs. Th. Bell 
and Company. 

At the two ends of the rope section where the mule 
picks up the train, or leaves it, the gradient is only 
7-5 per cent., so that there is but little tension on the 
rope. Under these conditions, in the ordinary way, 
the rope lever would operate and bring the automatic 
brakes into action. To prevent this, a trip is fixed along- 
side the track which locks the brakes when the train 
enters the end section. The brakes are released by 
the same trip when a new journey is begun. Below 
the lower stopping place, there is a second trip, which 
brings the automatic brakes into operation should 
the train tend to travel too far. This operates through 
a cam plate and a toggle gear. The cam plate is shown 
at J in Figs. 9 and 11. After they have operated at 
any time, the brakes are re-set in their off position by 
a hand-operated oil-pump situated in the driver’s 
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compartment and shown at m in Fig. 16. This pump 
operates a pressure cylinder » and forcing the ram 
out compresses the brake spring g, re-setting the brakes. 
After the brakes are set, the ram moves back under 
the action of spring p. It will be seen from Fig. 16 
that when the gear stands as shown, an oil passage 
.is open for the return of the oil to the pump reservoir. 
When the pump is being operated, pedal g is depressed. 
This closes the return of passage and puts the pump 
into circuit. 

At the upper station each incoming train operates 
an electrical entry indicator for the train at the lower 
station. There is also a mechanical stop lever which 
operates the haulage engine brake if the mule over- 
runs the normal end position. Six metres below 
this stop lever there is a similar lever connected to the 
motor controller by a wire rope. This is normally 
moved when the engineman stops the motor, and only 
comes into operation if he fails to cut-off the motor 
in time. If, owing to this, the mule tends to run too 
far, the first lever comes into operation. These 
levers are shown at x and y in the illustration of the 
winding engine given in Fig. 19, Plate VII. Signal 
and emergency stop buttons are fixed on each mule 
and in the engine house. They are indicated in Fig. 3. 
By means of these, signals may be sent between the 
engine house and trains, or a train may be immediately 
stopped in case of emergency. These signals are 
operated through the trolley wire, as already explained. 
Each mule also carries a telephone by means of which 
communication may be established between two stand- 
ing trains or a train and the engine house. The tele- 
phone is plugged in to connections on posts fixed at 
the side of the line. The heating and lighting current 
for the train is also supplied through the trolley wire. 

The heuling engine is illustrated in Figs. 19 to 21, 
on Plate VII, while a general view is given in Fig. 22, 
annexed. Fig. 23, also on this page, shows the 
control position. The arrangement of the rope-drive 
will be followed from Figs. 19 to 21. The two main rope 
wheels are 4-2 m. in diameter and have each four 
grooves. There are also three 4-2-m. leading wheels, 
one of which is set at an angle to lead in the rope 
from the second track. Wooden guides are provided 
for the rope leads. The main drive from the motor 
is through a helical reduction gear, which runs in an 
oil bath and gives a speed reduction of 12-3 to 1. An 
elastic coupling between the gear-box and the motor 
is made in the form of two brake discs, one of which is 
utilised for the hand-brake controlled by the engine 
man and the other for the automatic brake. Both 
are fitted with lined brake shoes. A centrifugal 
governor is also built into the coupling, and operates 
when the speed exceeds the normal by 20 per cent. 
The automatic brake is also provided with a magnetic 
cut-out which functions if the current fails, and which 
can in emergency also be operated by the engineman 
by a pedal. From whatever cause the brake operates, 
it opens an electrical relay, which, in turn, opens the 
main switch. The winding engine brake is normally 
held in the off-position by a magnet. On release, it is 
operated by falling weights carried on the wall of the 
engine house. These are indicated at z in Fig. 19 
and can be seen in Fig. 23. The engine is fitted with a 
tachometer, the drive of which can be seen in Fig. 19, 
and an indicator which shows the position of the trains 
on the track. The 200-h.p. motor is supplied with 
500-volt direct-current circuit and runs at 1,050 r.p.m. 
It is arranged for speed control and is started and 
stopped by a nine-position controller with a reversing 
drum. The motor maintains an approximately con- 
stant speed during the travel of the trains. 

Tests which were carried out after the completion 
of the conversion showed that, if a rope breakage 
occurred, when a fully loaded train, of a total weight 
of 39-5 tons, was travelling downwards on the 
steepest part of the slope at 3 m. per second, it would 
be brought to rest in a distance of from 1 to 2 m. 
The brakes were fully applied in about 5 of a 
second, so that the train would only run free for 
about 2 cm. before the brakes were applied. If a 
rope breakage occurred while a train was travelling 
up the slope, or was at rest, it would only run down 
some 2cm. to3cm. before being stopped by the brakes. 








THE LATE MR. GLENN CURTISS. 


THOSE who have followed the development of aviation 
on international lines since the very earliest days will 
learn with regret of the death, on Wednesday, July 23, 
of Mr. Glenn Hammond Curtiss. As one of the 
pioneers of American flying, Mr. Curtiss shared the 
perils, anxieties and disappointments of that period 
with the Wright Brothers, and coming through these 
risks successfully built up one of the two largest firms 
of aircraft constructors in the United States. 

Mr. Curtiss, who also, like the Wright brothers, was 
the son of a clergyman, was born in 1878, and began 
his career in a cycle-repairing shop. He then in turn 
took up motor-cycle racing and motor-cycle building, 
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his success in the latter field bringing him an order to 
build the engines for a dirigible. This task so interested 
him that thereafter he devoted himself entirely to the 
furtherance of aviation. In 1908 he designed his first 
aeroplane, which was known as the June Bug, and 
succeeded in flying it for a distance of about a mile. 
A year later he competed successfully at the Inter- 
national Aviation Meeting at Rheims, and in 1910 won a 
prize of 10,000 dols. for a three-hour flight from Albany 
to New York. Both the machines and the engines 
used on these three occasions were designed and built 
by him. The former were comparable to a series of 
box kites with the engines placed between the wings, 
but they possessed the important features that the 
biplane tail had its counterpart in two small planes 
thrown out in front of the machine, and that for the 
first time the aileron principle was successfully used to 
secure balance. In a flight, which he made at the 
Langiey aerodrome, he used a twin monoplane, whose 
engine was placed between two pairs of wings fore 
and aft. 





Later on, he spent a considerable time in developing 
hydroplanes and flying boats, as well as in organising 
flying schools. By 1914, both boats and aeroplanes 
were being manufactured, and his factories were 
working on commercial lines. They were therefore in 
a good position to meet war demands, with the result 
that a rapid expansion took place, and many new 
designs were evolved, the United States War Department 
naturally being their chief customer, followed by Great 
Britain and, during the early part of the war, Russia. 
It is of interest to note that a Curtiss engine was 
employed in the large German flying boat, Do. X. 








CoIN-OPERATED VENDING MacHInes IN S1am.—A 
confidential report on the market for coin-operated vend- 
ing machines in Siam has been prepared by the Depart- 
ment of Overseas Trade, 35, Old Queen Street, London, 
S.W.1. United Kingdom firms desirous of receiving a 
copy of this report should communicate with the Depart- 
ment, at the above address, quoting Reference No. A.X. 
9774. 
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LABOUR NOTES. 


In the House of Commons, last week, Mr. Lathan, 
a Labour member, asked leave under the ten minutes 
rule to introduce a Bill providing for the payment 
of compensation for loss of employment by non-manual 
workers through no fault of their own. The class 
he had in mind included, he said, the large army of 
clerical, technical, supervising, and professional and 
semi-professional workers. The bill provided that 
where the employment was terminated by the employer, 
for reasons other than serious or wilful misconduct, 
the employer should pay one month’s salary for each 
completed year of service. Provision was also made 
that when the employment was terminated by the 
death, bankruptcy, or liquidation of the employer, 
the compensation payable should have priority as 
though it were salary or wages payable under the 
Bankruptcy or Companies Acts. The need for such 
provision as was made by this Bill had become increas- 
ingly acute, and a large number of the people affected 
were not covered by the Insurance Acts. In this 
matter we were behind many other countries like 
Germany, Austria, Belgium, France, and Italy, who 
had similar provision on varying lines. Leave was given 
and the Bill was brought in and read a first time. 





‘During last week-end, the strikes of French workers 
against deductions from their wages, in accordance 
with the provisions of the Social Insurance Laws 
reached serious dimensions. The metallurgical and 
textile industries were most affected, and the principal 
centres involved were Lille, St. Quentin, and Rouen. 
Under the Social Insurance Law, the employers are 
responsible for weekly or monthly payments which 
vary in proportion to the wages paid, but are entitled 
to deduct half the amount contributed from the wages 
of the workers. The workers claim that this is a wage 
reduction, which, in effect, it is, and decline to work 
for the lower rate. The older trade unions are not, 
it is understood, encouraging the strike action, but 
the organisations affiliated to the Red International 
Labour Union are strongly urging resistance until the 
employers agree to pay both their own and the workers 
contributions. 


This Social Insurance Law, it may be explained, 
came into force in France on July 1, and covers the 
risks of sickness, invalidity, old age, death and mater- 
nity. It also makes some provision for orphans and the 
payment of the contributions of unemployed insured 
persons. The contributions payable by employers 
and employees range from 3 francs to 20 francs per 
week, according to the rate of wages or salary received, 
while the State contribution consists of an annual 
subsidy fixed provisionally at 540,000,000 francs, with 
an additional grant to enable old age pensions to be 
paid, in certain circumstances, to persons aged between 
60 and 65 at the time when the Act came into force. 
The measure provides for the compulsory insurance 
of all persons whose total annual remuneration (exclud- 
ing family allowance) does not exceed 15,000 francs, 
and in some cases 18,000 francs. Independent artisans, 
small employers, unsalaried intellectual workers, and 
all persons who, while not actually drawing a wage 
or salary, live mainly on the product of their labour, 
may become voluntary contributors to the scheme 
provided that their total income does not exceed 
the limit set for those for whom insurance is compulsory. 





Special provision is made for agricultural workers. 
A contribution of 5 francs per month is paid by the 
employer and the worker in respect of sickness, mater- 
nity and death benefits, while an additional contribution 
of 2 per cent. on the basic wage, borne in equal shares 
by employer and worker, is paid for old-age pension. 
Benefits for these workers are subject to special rules. 
Employees of the State, in the departments and 
communes, are to continue, provisionally, to be covered 
by the legislation specially applicable to them. 





Co-partnership and employee-shareholding schemes 
suffered a serious setback during the recent financial 
crises in the United States. Few firms, according to 
reports, were able to prevent their employees losing 
money when the shares which they held dropped in 
value. The Standard Oil Company, of New York, 
assured its. employees that it would advance money 
up to 43 dols. a share to prevent forced sales by 
employee-shareholders. The shares dropped, however, 
to well below 43 dols., to less than 32 dols. as a 
matter of fact, so that employees who sold would have 
lost more than 10 dols. a share. 





Commenting upon these results an American trade 
union organ says:—‘‘The crash has strengthened 
organised Labour’s opposition to employees’ stock 
ownership.” The Press Service of the American 
Federation of Labour says :—‘‘ The record-breaking 





smash in Wall Street caught many workers who*have 
been buying stock on the theory that eventually they 
would become ‘ capitalists’ and ‘ have a say’ in the 
corporation that employed them. This theory is 
urged by so-called economists who constantly advance 
new plans as a substitute for Trade Unionism. US. 
Steel this year sold as high as 261 dols. per share and 
dropped as low as 153 dols.—a loss of 108 dols. per 
share. The Trust’s employees have been buying this 
stock on the instalment plan at less than top price, but 
it will be a long time before the price will reach the 
figure they are paying for it.” 


A survey of existing methods of stabilising employ- 
ment was recently carried out by the Bureau of 
Statistics and Information in the American Bureau of 
Labour at the request of a committee appointed to 
inquire into the matter by Governor Franklin D. 
Roosevelt of New York State. A circular letter was 
sent to firms in the State explaining the object of the 
investigation and asking for information regarding 
any steps taken to regularise employment during recent 
months. The replies are summarised in the latest issue 
of the Bulletin of the Industrial Commissioner for 
New York State. ‘‘ On the whole,” the reporters say, 
“the replies of the firms indicated a co-operative 
spirit. Sometimes they regretted that they had no 
substantial methods to offer for regularising employ- 
ment. A number considered themselves at the mercy 
of general business conditions, and were waiting for 
improvement to come from the outside rather than the 
inside. A few writers volunteered suggestions for 
relieving general unemployment, such as more tariff 
regulation and the establishment of a fund for mort- 
gages. The fact that a number of firms requested the 
committee to send their findings indicated a readiness of 
spirit to ally themselves with the movement and to 
consider any feasible plans.” 





The committee regards the attitude adopted by these 
firms as probably the most important factor tending 
towards the regulation of employment, “since it 
determines their actions.” ‘‘ A predetermined feeling 
by a plant,” it says, “ that it can do little or nothing to 
maintain its forces, destroys the incentive necessary to 
devise ways and means of attacking the problem. 
The very fact that some firms reported progress in lines 
where such plans are generally considered unworkable 
indicates that some success is possible with effort. 
The change in method from laying off a portion of the 
workers to placing them all on part time in slow periods 
shows a great development in the sense of social respon- 
sibility among employers. They are gradually aban- 
doning the old ‘ hire and fire’ method where there was 
complete indifference to the workman. Of course, it 
is to the advantage of the employer to hold his trained 
force, if possible, but there are other social motives 
mixed in for adopting the advanced method of handling 
forces. However, the majority of firms are still 
adopting temporary measures to meet an emergency 
such as the recent slackening in industry necessitated. 
Only a few are developing positive methods. But as 
these methods of stabilising employment become better 
known, and more adaptable, no doubt they will 
gradually form an essential part of the organisation of 
any industry.” 

The House of Lords’ amendment to the Coal Mines 
Bill providing for a permissive “spread over” of 
miners’ hours of 90 a fortnight, as an alternative to 
the 74-hour day in the Bill, has been accepted by the 
House of Commons without a division, subject to 
the condition that ‘spread over” arrangements 
must have the sanction of national organisations. 
Mr. Graham, the President of the Board of Trade, 
explained that the condition meant that any district 
agreement voluntarily entered into would be submitted 
to the Mining Association and the Miners’ Federation 
for their approval, before being sent on for the sanction 
of the Board of Trade. The two organisations of 
masters and men would, he said, have regard to all 
the circumstances, and would look at the national 
position as well as to the situation in the individual 
districts. The arrangement represented a solution of 
a very difficult question. It was of vital importance 
to try and avoid dislocation of, or strife over, the 
working conditions in the industry, and he thought 
that the Miners’ Federation and the mining community 
had gone a very long way in trying to avoid both, 





In addition to making certain changes in the 
conditions governing the payment of benefits, the 
National Council of the National Union of Foundry 
Workers has decided to increase the contributions 
of the principal classes of members by 2d. per week. 
The reason for raising the contributions is explained 
to be due to the fact that since July, 1928, the revenue 
has been insufficient to meet the expenditure called 





for by the revised scales which came into operation 
at that date. In the course of an official communication 
on the subject, the Council says that, for the year 
1929, the society was worked at a loss of approximately 
8,000. The bank overdraft was consequently increased 
from 8,305]. at the beginning of the period covered 
by the new rules, namely, July, 1928, to 22,0851. 
at the end of May, 1930. ‘‘ Your Council,” the state- 
ment continues, “have endeavoured to ascertain 
the cause of our going backward, and whilst there 
may be a number of contributory matters, no doubt 
the chief cause is the high peak at which our unemployed 
figures remain, and that the contributions have not 
reached the amount (arising chiefly out of the high 
numbers on the funds) anticipated when the Council 
increased benefits under Circular 18/28. Under 
these circumstances your Executive Council have been 
bound to take decisions which they hope will go a 
long way to meet the difficulties they have to encounter, 
and whilst they regret having to use their prerogative 
under Rule 4, Section 6, and increase contributions, 
after careful consideration they have decided upon 
this rather than to decrease benefits, as this only 
affects the unfortunate, whilst an all-round increase of 
contributions falls equally on all members.” 





On July 21, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,226,400 wholly unemployed, 652,400 temporarily 
stopped, and 93,900 normally in casual employment, 
making a total of 1,972,700. This was 32,834 more 
than a week before, and 850,057 more than a year 
before. The total on July 21, 1930, comprised 
1,410,200 men, 49,100 boys, 469,800 women and 
43,600 girls. 





At a meeting of the Unemployment Grants Com- 
mittee on Monday, schemes submitted by local autho- 
tities and other statutory bodies for the relief of 
unemployment were approved for Government grants. 
The estimated cost of the schemes so approved was 
909,000/., to provide employment for approximately 
2,100 men. Schemes before the Committee for approval 
which are now the subject of inquiry number 711, 
and are estimated to cost 11,700,000/. 





A Bill has been introduced in the Belgian Chamber 
of Representatives to supplement the Act of August 7, 
1922, relating to contracts of employment, by a pro- 
vision relating to holidays for salaried employees. 
The measure provides for annual holidays with pay, 
the duration of which depends on the years of service. 
For the first year of service the employ ee will be entitled 
to one day’s holiday per month of service ; commencing 
with the second year and up to 5 years’ service, to 
14 working days; after 5 years’ service, to 21 working 
days; and after 20 years’ service to 28 working days. 
It will be permissible for the parties concerned to 
increase the number of days’ holiday by an express 
stipulation in the contract of employment. The 
salary and other remuneration must be paid in full 
during the period of the holiday. The date of the 
holiday will be determined by agreement between the 
parties, having regard to the requirements of the 
undertaking and the normal holiday period. 





In undertakings employing not more than three 
employees the holiday may be divided into two more 
or less equal periods. The absence of an employee 
on civic or family grounds or for reasons of health 
cannot be brought into account against the annual 
holiday. The obligation to allow an annual holiday 
in proportion to the period of service in the current 
year is still maintained, even though the employee 
has received or given notice, but if the holiday has 
already been taken in its entirety before the date on 
which notice is given the employer will not be entitled 
to any compensation. Contracts of employment in 
which the agreed remuneration is more than 24,000 
francs a year will not be subject to these provisions. 





Several important resolutions are to be submitted 
at the twelfth congress of the International Metal- 
workers’ Federation, which is to open at Copenhagen 
on August 27. One deals with the tendencies of 
developments and methods in capitalistic economic 
life and the demands of the workers, and another, 
submitted by Denmark and Norway, with hours of 
work. An interesting proposal suggests the establish- 
ment of a fund to defray the cost of propaganda in 
countries ‘‘ having weak organisations.” 








German CoaL-Dust ExTRACTOR FOR AUSTRALIA,— 
The Government of Victoria, Australia, recently accepted 
the tender of a German firm, Messrs. Telex Apparatebau, 
for the supply of a brown-coal dust extracting plant 
for the briquette factory at Yallourn. The plant is 
of the latest approved German design. The dust collected 
is subsequently made into briquettes. 
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CABLE DRAG-SCRAPER FOR 
FEN DRAINAGE. 


THE Middle Level Drainage and Navigation Com- 
missioners are constructing a new sluice and pumping 
station at St. German’s, near King’s Lynn. The 
sluice is in the original outfall channel, which has 
filled up since 1880 with silt and clayey mud. About 
135,000 cubic yards of this material had to be exca- 
vated and removed to a neighbouring dumping ground, 
and various methods of carrying out the work were 
investigated. The material could not be pumped, 
as the percentage of clay was too high, and the area 
of the tipping ground was limited. The ground would 
not sustain dragline excavators, although mats were 
tried, and it may be remarked that the material at 
the tip has an angle of repose of 10 deg. It was 
finally decided to instal the travelling cable drag-scraper 
illustrated in Figs. 1 to 4 on this and the following page. 
This machine was designed and manufactured by 
Messrs. John M. Henderson and Company, Limited, of 
King’s Works, Aberdeen, and is dealing with the pro- 
blem successfully. Fig. 1 shows a section of the 
channel from which the silt has to be excavated, 
together with the general arrangement of the cable 
drag-scraper. The channel is about 300 ft. across at the 
widest point near the sluice, and is to be excavated to 
a level 35 ft. below the bank, the depth of silt being 
from 20 ft. to 30 ft. The scraper excavates the ma- 
terial, conveys and deposits it into tipping wagons 
on the bank, thus obviating second handling. 

The machine consists of a bucket, or scraper, of special 
form, without a bottom. This is hauled backwards 
and forwards across the channel by wire ropes. When 
travelling forward, the bucket digs into the material 
and fills itself, after which it travels forward with very 
little interchange of material; that is, it retains the 
load originally taken. On the right bank of the channel, 
as shown in Fig. 1, there is a head carriage built of 
steel sections and plates, and arranged to travel on 
a rail track of 22-ft. centres parallel to the channel. 
An electrically-driven double drum winch is mounted 
on this carriage, and operates the inhaul and outhaul 
ropes, which drag the bucket backwards and forwards. 
The front of the carriage is in the form of a steep ramp 
of steel plates, fitted with wearing strips. The bucket 
is fitted at its front with skids, and when the full bucket 
reaches the carriage, it travels up the ramp and is 
allowed to come to rest on a horizontal grid, through 
which its contents are discharged into the trucks passing 
underneath. When the contents of the bucket have 
been discharged, it is travelled back for another load. 

A small ballasted tail carriage runs on a double 
narrow-gauge track on the other bank of the channel, 
and carries the return pulley for the outhaul rope. 
Hand-travelling gear is fitted for moving the head 
carriage along the rails, while the tail carriage is moved 
along by a pinch bar. The inhaul and outhaul drums 
of the winch are driven by an electric motor of 50 brake 
horse-power, which runs continuously. The drums are 
engaged by friction band clutches, and each is fitted 
with a brake applied automatically by a weight, and 
so adjusted as to maintain the rope which is being 
overhauled at a suitable tension, thus preventing the 
ropes getting entangled or rubbing in the material. 
The machine is operated by one man in the elevated 
cabin shown in Fig. 2, who, in addition to the electric 
switch and starter, has only two clutch control levers, 


which he simply moves backwards and forwards, one | C,E 


with each hand. The levers are interlocked, so that 
both clutches cannot be engaged at the same time. 
The capacity of the bucket is 1 cubic yard, and as 
the wagons also hold 1 cubic yard, each bucket load 
fills a wagon. As will be seen from Figs. 2 and 3, a 
train of wagons hauled by a petrol locomotive is run 
under the head carriage of the scraper, and is moved 
on as each bucketfull is discharged through the grill. 
A second narrow-gauge track runs behind the scraper 
carriage, so that a regular circulation of wagons can be 
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Fie. 2. Hap CARRIAGE WITH RAMP. 


maintained between the scraper plant and the tip. 
The inhaul speed is approximately 225 ft. per minute, 
and the outhaul speed 450 ft. per minute, the same 
power being taken in the twodirections. Fig. 3is a view 
looking towards the tail end of the cable drag-scraper, 
and Fig. 4 a view looking towards the head end; these 
two views give a good idea of the nature of the material, 
and of the excavation. They were taken soon after the 
machine had been put to work. 

It is of interest to note that the plant is en- 
tirely operated by men drawn from the distressed areas. 
Apart from some minor adjustments which were found 
to be necessary to the grill and to the bucket skids, 
there has been no trouble or difficulty in the operation 
of the machine, though it is of a somewhat unusual 
type. The working costs were taken out after the 
machine had been in operation for about three months, 
and it was found that the actual cost for excavating 
and conveying the material, and loading it into wagons, 
amounted to from 3d. to 34d. per cubic yard. This 
figure includes the cost of generating the necessary 
power, and an allowance of 20 per cent. per annum is 
included to cover depreciation on the oil engine and 
generators. The figure also provides for writing off 
the cost of the scraper plant completely in a period of 
three years. The engine and generator plant will 
eventually be used in the permanent pumping station. 
The machine is handling 2,500 to 3,000 cu. yds. per 
week of 60 hours, or an average of 42 to 50 cu. yds. 
per hour. 

The scheme is state-aided, being assisted by the 
Unemployment Grants Committee, and approved by 
the Land Drainage Branch of the Ministry of Agri- 
culture. The work is being carried out by direct labour 
to the designs, and under the supervision of the Com- 
missioner’s Chief Engineer, Major R. G. Clark, M.Inst. 








NOTES ON NEW BOOKS. 


THe Commonwealth of Australia has an area of 
2,974,581 square miles, t.e., only about 50,000 square 
miles less than that of the United States, and a popu- 
lation, exclusive of full-blood aborigines, of about 
63 millions. The principal exports are wool, timber, 
wheat, gold, lead, zinc, meat, and dairy produce, 
while the two outstanding classes of goods imported 





are metals, metal manufactures and machinery, and 
articles of apparel and textile goods. The United 
Kingdom naturally possesses the lion’s share of the 
Australian trade ; out of the total value of the imports 
into the Commonwealth during the year ending June 30, 
1928, 42-65 per cent. were of United Kingdom origin, 
this country supplying 55 per cent. of Australia’s im- 
ports of machinery and metal manufactures, and 56 per 
cent. of her textile imports. The overseas trade of 
Australia and all matters related to it are exhaustively 
dealt with in the Official Year Book of the Common- 
wealth of Australia for 1929. The volume, the 22nd of 
the series, has recently been published, and is obtain- 
able, price 5s. net, from the High Commissioner for 
Australia, Australia House, Strand, London, W.C.2. 
In addition to purely commercial subjects, the year- 
book treats of such matters as the history of the dis- 
covery, colonisation and federation of Australia, and 
its present federal and local Governments, the physio- 
graphy of the Commonwealth, its agricultural and 
pastoral production, fisheries, mineral and manufactur- 
ing industries, and transport systems. It includes a 
mass of statistics and tabulated data, and contains 
many maps showing railways, rainfall, distribution of 
population and of sheep and cattle, etc., and diagrams 
relating to crops, dairy produce, and various other 
matters of a commercial and industrial nature. The 
volume contains over 1,000 pages, and is prepared, 
under instructions from the Australian Minister of 
State for Home Affairs, by Mr. C. H. Wickens, the 
Commonwealth Statistician and Actuary, and is issued 
by the Commonwealth Bureau of Census and Statistics, 
Canberra. The editor of the work, which is set up 
and printed in Australia, is Mr. J. Stonham. 





The author of Outillage des Fabrications Mécaniques, 
published by Gaston Doin et Cie, Paris (price 15 francs), 
describes in very complete form the actual tools used 
in an engineering workshop, apart altogether from the 
machines in which the tools are used. After an intro- 
ductory classification, the author gives some idea of the 
various metals and alloys which may be used and the 
difficulties involved in correctly heat-treating the tools. 
No mention is made in this chapter of the more recent 
non-ferrous alloys, such as Widia, Carboloy and Per- 
durum. Then follow chapters on tools for turning, 
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planing, drilling, boring, milling, screw-cutting and’ 


broaching, all of which are classified as cutting tools. 
Later chapters are devoted to tools for stamping and 
punching machines, and to press and forging dies. 
The relative merits and purposes of the various forms 
are very clearly stated, and average values for the 
speeds and feeds to be adopted when cutting different 
metals are given. In addition an attempt has been 


made with all tools to analyse the different factors | 


entering into the cost of production, such as amount 
of metal removed by the tool between grindings, 
wages of workmen, &c., and to relate these to the 
most economical cutting speed. Most of the illustra- 
tions are simply sketches and suffice for the purpose. 
There are, however, many in which the dimensions 
and explanatory notes have been reduced so much in 
making the blocks as to render them almost illegible. 
It is a pity that these should mar the very excellent 
text. The book can be thoroughly recommended as a 
useful practical guide to the cutting tools of all kinds 
which are used in the modern workshop. 





Mr. J. A. Spender’s work Weetman Pearson, 
First Viscount Cowdray, recently published by Messrs. 
Cassell and Company, Limited (price 21s. net), is a 
little disappointing. To engineers the name of Pearson 
was so familiar that they would somewhat naturally 
expect his biography to be packed with numberless 
little personal incidents and experiences. This, how- 
ever, is not the case, possibly because the author may 
have had a difficult character to portray. The work 
is very readable, as would be expected, coming from 
such a pen, but from the engineer’s standpoint is too 
much occupied by descriptions of works for which 
Pearson and his associates were responsible. Full 
technical data on these are in most cases on record 
elsewhere, and in more valuable form, should the 
professional man require to refer to them; and it is 
therefore natural that pages in the biography devoted 
to a semi-technical presentation of these subjects 
should be turned over somewhat hastily. On the 
other side, of the man himself, the small incidents 
of his experience, his relations with his friends, 
his methods of work and his rise to success, we have 
too little—only the outline, filled in with chapters on 
the Hudson Tunnel, Blackwall and East River 


3. View SHowrna Tati CARRIAGE AND SCRAPER IN ACTION. 














Tunnels, Vera Cruz, Dover, &c. It would appear 
that Mr. Spender has had to perform his task 
with rather a lack of personal papers. The little 
vouchsafed to the reader of Lord Cowdray’s ideas 
upon the secret of his success is lacking in life, 
although his personal character was such as to draw 
out the loyallest possible service from those under 
him. One of his great characteristics was that of 
very carefully choosing his man for a post, and then 
leaving him alone as far as possible to carry it on. 
No treatment is better appreciated by the keen 
engineer assistant, young or old. Mr. Spender tells 
us that Lord Cowdray could with difficulty be 
persuaded to speak about himself. In this he did 
not differ from many other men of character, though 
we may be losers by it. On putting the book down 
we feel that it is a record rather than a life—which in 
| some sense is to be regretted, since few should be so 
| intrinsically capable of the latter as our present author. 
| ‘The ever-increasing number of motor vehicles 
provides a constant problem for the engineer in the 
construction and maintenance of suitable roads. This 
is particularly true as regards secondary roads, where 
traffic is insufficient to warrant heavy capital outlay, 
and yet is sufficiently great to put roads, which a 
generation ago, were able to stand up to their task 
efficiently, in a constant state of disrepair. The 
proportion of cars per head of population in the United 
States is well known to be much greater than in Great 
Britain, from which it may be inferred that the experi- 
ence gained in the former country cannot fail to be 
both interesting and instructive. In addition to 
normal experience, valuable data are also being 
derived from experimental tests carried out from time 
to time by various authorities. Amongst these, special 
mention may be made of the Engineering Experiment 
Station of the University of Illinois. In a recent 
bulletin entitled The Construction, Rehabilitation and 
Maintenance of Gravel Roads suitable for Moderate 
Traffic, by Carroll C. Wiley (Circular No. 18, University 
of Illinois, Urbana, price 30 cents), the results of tests 
on a three-mile stretch of road near Danville, Illinois, 
are given and discussed at length. This stretch of 
road was chosen because it combined a mile of gravel, 
|a mile of macadam, and a mile of earth road. The 











Fie. 4. View Looxine Across CHANNEL TO HEAD CARRIAGE. 


study, however, in view of many other investigations 
of a similar nature which have been recently under- 
taken in the United States, was principally concerned 
with the problem of protecting existing gravel roads 
from rapid destruction by excessive traffic, rather than 
tothe question of finding better methods for construct- 
ing untreated gravel roads at low cost suitable for 
moderate traffic. Iftransatlantic conditions vary con- 
siderably from our own, and comparisons are thereby 
rendered difficult, the conclusions obtained by this 
type of investigation are none the less not lacking, 
either in interest or practical value, and should prove 
particularly helpful to those engaged in road work in 
the Dominions and Colonies. The mechanical equip- 
ment used in the tests included an Austin 14-ton 
three-wheel roller, scarifier and blade grader, a four- 
ton combination roller, scarifier and blade; a motor 
grader with power provided by a Fordson tractor, and 
equipped with rubber tyres, 8-ft. blade and scarifier ; 
a five-ton caterpillar tractor, and an Adams 8-ft. 
patrol grader. After careful investigation of local 
conditions, two major projects were decided upon : 
the construction and maintenance of a mile of gravel 
road, including the sub-grade, and the rehabilitation 
and maintenance of a mile of existing gravel roadway, 
built of local material, and which was in a fair to 
a poor state of repair. The first mile was regraded 
to a standard width of 26 ft., the work being done 
mostly with the 8-ft. grader drawn by the caterpillar ; 
the light roller was used to scarify the very bad places 
and the compact thin layers, the heavy roller for the 
heavier filling; the motor grader was used in the 
finishing work. When finished, the road was main- 
tained almost entirely by means of the motor grader. 
A number of mudholes developed, due to the inter- 
ference with drainage by the gravel piles. Small 
traverse ditches were cut with pick and shovel to drain 
these areas, and the next day the light roller was run 
over, pressing down the soft soil and removing the 
ruts. Although the soil then became too plastic to 
support the roller, after waiting an hour or two it 
could be again used, and by night the mud holes were 
firm enough to support an average car, and by the 
following morning the surface could be traversed with 
the motor grader and the first course of gravel could 
be spread. 
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LETTERS TO THE EDITOR. 


THE SECOND WORLD POWER 
CONFERENCE. 


To Tue Eprror or ENGINEERING. 


Sir,—In connection with the report in your issue 
of July 11 (page 49 ante) of my remarks at the World 
Power Conference on Blade Breakages due to 
Critical Vibration and their Prevention, I am afraid 
the idea is not correctly represented. I said that the 
blade vibrations can be decreased or eventually entirely 
eliminated by increasing the distance between the guide 
and moving blades. In a simple form this can be 
achieved by setting the guide blades forward in the 
diaphragm. This may result in slightly increased loss 
in the guide blades, but this loss is counteracted by the 
gain in the moving blades which receive steam with a 
more uniform velocity. 

Yours faithfully, 
B. PocHoBRADskKyY. 

Erith, Kent, July 29, 1930. 








THE ELECTRIFICATION OF THE 
YORK STREET FLAX - SPINNING 
MILLS, BELFAST. 


To THE Epiror OF ENGINEERING. 


Srr,—I was pleased to note Mr. H. A. Richardson’s 
letter in the July 4 issue of ENGINEERING (page 23 ante), 
and to see that he was interested in the article on the 
York Street Flax-spinning mills. Whilst Mr. Richardson 
is quite right in saying that Messrs. Hick, Hargreaves 
replaced the parts mentioned, these parts only refer 
to the spinning-mill engines, which had Corliss cylinders, 
35 in. in diameter, and ran at 35 r.p.m. There is, 
however, no record of the original makers of these 
engines. The beam engines, which had cylinders 
38 in. diameter, were made and installed by Messrs. 
Hick, Hargreaves. 

Yours sincerely, 
H. Wermprine, M.1.Mech.E. 
Chief Engineer, York Street Flax- 
Spinning Company, Limited. 
Belfast, July 24, 1930. 








Lioyp’s REGISTER OF SHIPPING.—The two bulky 
volumes which constitute the 1930-31 edition of Lloyd’s 
Register of Shipping have recently been issued. As has 
previously been the case, the Register Book contains 
detailed particulars of all sea-going vessels of the world 
of 100 tons and upwards, and, in addition, data regarding 
the steel and iron vessels trading on the Great Lakes of 
North America. A full record of some 33,000 steamers, 
motorships, and sailing vessels is presented in the register, 
Numerous lists of great practical value to the shipping 
community are to be found in the volumes. These 
include: Signal letters assigned to all sea-going vessels ; 
shipbuilders and marine engineers in all countries ; 
detailed particulars of dry and wet docks, ports and 


harbours, at home and abroad; telegraphic and postal | 


addresses of about 21,000 firms connected with shipping 
in all parts of the world; particulars of the speed of 
merchant ships capable of developing 12 knots and up- 
wards; information regarding deadweight and cubic 
capacities of cargo steamers and motorships; and lists 
of shipowners and managers and bulk oil carriers. The 
figures given in the book show that the world tonnage 
in existence on June 30 last totalled 69,607,644. Out 
of this total, steamers and motorships aggregated 
68,023,804 tons, of which 20,321,920 tons the 
British flag. In 1914 about 41-6 per cent. of the world’s 
steam and motorship tonnage was owned in Great Britain 
and Ireland. Owing however, to the great increase 
which has taken place since 1914 in the tonnage owned 
abroad, the percentage of 41-6 has now been reduced to 
29-9. The great development which has taken place 
during the past 16 years in the utilisation of marine 
steam turbines and internal-combustion engines may be 
gathered from tables given in the Register Book. There 
are now 1,464 steamers, making together 10,413,000 tons, 
fitted with turbine engines, and 3,696 vessels, totalling 
8,096,337 tons, fitted with internal-combustion engines, 
as compared with 730,000 tons and 220,000 tons, respec- 
tively, in 1914. The book is issued to subscribers, and 
the rate of subscription for marine insurance companies 
and public establishments is 12 guineas per annum 
for a single copy, and 6 guineas per annum for each 
additional copy. If the copies are periodically posted 
with additions and corrections in type, the subscription 
for each copy is 20 guineas per annum. For other 
subscribers the charge is 10 guineas per annum for each 
copy which is kept posted throughout the year, and six 
guineas for copies not so posted. Supplements containing 
the necessary additions and corrections, are issued at 
intervals, and are supplied to subscribers not resident in 
London or not having their copies regularly posted. 
In this manner the information in the Register Book 
i8 Maintained correct at all times, a feature which 
obviously enhances its utility. The offices of Lloyd’s 
oo of Shipping are at 71, Fenchurch-street, London, 
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BOOKS RECEIVED. 


A Study of the Induction Motor. 
London: Chapman and Hall, Limited. 
net. | 

Gestehungskosten und Verkaufspreise Elektrischer Arbeit. 


[Price 2ls- 


By Fr. Brock. Berlin: Julius Springer. [Price 
4-80 marks. } 

The Magneto Manual. By R. H. Laneman. Second 
edition. London: Crosby Lockwood and _ Son. 


[Price 7s. 6d. net.] 

My case for Empire Free Trade. By Lorp BEAVER- 
BROOK. London: Offices of the Empire Crusade. 
[Price 6d. net.] 

How to Form a Company. 
Nineteenth edition. London: 
Limited. [Price 2s. 6d. net. ] 

Department of Overseas Trade. Economic Conditions in 
Lithuania, March, 1930. Report. By T. H. PREston. 
London: His Majesty’s Stationery Office. [Price 
9d. net.] 

Kinematics of Machines. By Gerorce L. GuILLeET. 
Second edition. New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 15s. net.] 

The Year Book of the Bermudas, the Bah , British 
Guiana, British Honduras and the British West 
Indies, 1930. London: Thos, Skinner and Son. 
[Price 7s. 6d. net.] 

Berechnung, bauliche 
geschweisster Hisenbahnbriicken. 
KoMMERELL. Berlin: 
[Price 1-30 marks. ] 

Annual Report of the Minister of Mines for the Year 
ended December 31, 1929. Being an Account of Mining 
Operations for Gold, Coal, «fc., in the Province of 
British Columbia. Victoria, B.C.: Minister of Mines. 

Government of India. Indian Stores Department. 
Failures of Railway Materials, dealing Chieflu with 
Ferrous Metals. By E, A. Wraicut and P. HInpDE. 
Calcutta: Government of India. Central Publication 
Branch. [Price Rs. 2 As. 14 or 5s. 3d.] 

United States Bureau of Labour Statistics. Bulletin No. 
513. Wages and Hours of Labour in the Iron and Steel 
Industries, 1929. [Price 30 cents.] No. 516. Hours and 
Earnings in Bituminous Coal Mining, 1929. [Price 
15 cents.] Washington: Government Printing Office. 

Department of Overseas Trade. Economic Conditions in 
Belgium in 1929. Report. By N. S. REyYNTIENS. 
Together with an Annex on the Grand Duchy of Luxem- 
burg. London: His Majesty’s Stationery Office. 
[Price 3s. 6d. net.] 

United States Bureau of Mines. Technical Paper No. 469 
The Wire Saw in Slate Quarrying. By O. Bow tes. 
[Price 15 cents.] No. 472. Acceleration of Extraction 
of Soluble Copper from Leached Ores. By M. GuaceEn- 
HEIM and J. D, SULLIVAN. 
ington: Government Printing Office. 

The National Physical Laboratory. Report of the Advisory 


By Hervert W. Jordan. 
Jordan and Sons, 





Durchbildung und Ausfiihrung 
By Dr.-Ine. O. 


Committee for the William Froude National Tank, for | 
[Price 9d. net.] | 


the Year ended December 31, 1929. 
Notes on Screw Gauges. [Price 4s. net.] Report on 
the Engineering Department for the Year 1929. [Price 
2s. net.] London: His Majesty’s Stationery Office. 

United States Public Health Service. Bulletin No. 193. 
Studies of the Efficiency of Water Purification Processes, 
IV. Report on a Collective Survey of the Efficiency of a 
Selected Group of Municipal Water-Purification Plants 
Located along the Great Lakes. Washington: Govern. 
ment Printing Office. [Price 20 cents.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 208. A Study of Ship Lines, Strain Lines, 


and Cracks in Metals under Repeated Stress. By H. F. 
Moore and T. Ver. [Price 35 cents.] No. 209. 
Heat Transfer in Ammonia Condensers. Part III. 


[Price 35 cents.] No. 
By H. M. Witson and 
Ill. : 


By A. P. Kratz anp OTHERS. 
210. Tension Tests of Rivets. 
W. A. Otiver. [Price 25 cents.] Urbana, 
University of Illinois. 

United States Geological Survey. Professional Paper 
No. 158—I. Borate Minerals from the Kramer District, 
Mohave Desert, California. By W. T. ScHALLER. 
[Price 20 cents.] No. 165—A. Lithologic Studies of 
Fine-Grained Upper Cretaceous Sedimentary Rocks of 
the Black Hills Region. By W. W. Rusey. [Price 
25 cents.] No. 165—B. A Flora of Green River Age in 
the Wind River Basin of Wyoming. By E. W. Berry. 
[Price 20 cents.] Washington: Government Printing 


Office. 
Aeronautical Research Committee. Reports and Memo- 
randa. No. 1227. The Wing Flutter of Biplanes. 


W. J. Dunoan. [Price 3s. net.] No. 1287. 


By F. T. Cuapman: | 


Wilhelm Ernst und Sohn. | 


{Price 10 cents.] Wash- | 


| TENDERS. 


WE have received from the Department of Overseas 
| Trade, 35, Old Queen-street, London, 8.W.1, particulars 
| of tenders invited by various bodies in the British 
| possessions and in foreign countries. The closing date 
| of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

| Waterworks Plant.—The supply and installation of the 
|complete plant for the Minchat Waterworks. The 
Egyptian Ministry of the Interior, Cairo; September 20. 
(Ref. No. A. X. 9962.) 

Low-Lift Pumping Plant.—The supply, delivery, and 
erection of one electrically-driven low-lift pump at the 
Zwartkopjes pumping station, capable of pumping 
15,000,000 gallons in 24 hours, against a delivery head 
of 35 ft. The Rand Water Board, South Africa; Sep- 
tember 12. (Ref. No. A.X. 9963.) 

Cooling Tower.—The supply and installation of a water- 
cooling system for Suez power station, ¢.e., cooling tower, 
reinforced-concrete basin, and two electric-motor pump- 
ing sets together with necessary piping. The Egyptian 
Ministry of the Interior; October 1, 1930. (Ref. No. 
A.X. 9964.) 

Gear and Pinion Wheels.—The supply of 50 cast-steel 
gear wheels, and/or alternatively, 50 forged-steel gear 
wheels and 50 pinion wheels for tramway cars. The 
City Council of Johannesburg, South Africa ; August 28. 
(Ref. No. A.X. 9969.) 

Manganese Dioxide and Graphite——The supply of 
manganese dioxide and graphite. The Turkish Depart- 
|ment of Posts, Telegraphs and Telephones, Angora ; 
September 15. (Ref. No. B.X. 6684.) 











THe WuitwortsH Socrety.—On Tuesday last, July 29> 
the summer meeting of the Whitworth Society was held 
at Crewe. During the course of the meeting the retiring 
president, Mr. W. H. Fowler, inducted into the chair Sir 

| Henry Fowler, the new president of the Society. It was 
| subsequently announced by Dr. Hele-Shaw that the 
Society had made a grant of 25/. to the Royal Technical 
| College, Glasgow, to be expended in Whitworth Society 
| Prizes. In this connection it will be remembered that 
|a similar grant was made last year to the Municipal 
| College of Technology, Manchester. The afternoon of 
| July 29 was spent in inspecting the Crewe locomotive 
| works. 





LauncH oF H.M.S. ‘“ Brazen.’”—H.M. Destroyer 
Brazen, one of the eight destroyers of the Beagle class, 
was launched from the Hebburn-on-Tyne shipyard of 
| Messrs. Palmers Shipbuilding and Iron Company, 
| Limited, on July 25 last. The vessel is similar to H.M.S. 

Boreas, launched by Messrs. Palmers on June 11 last ; 
she has a length, between perpendiculars, of 312 ft., 
a breadth of 32 ft. 3 in., and a mean draught of 8 ft. 6 in. 
Brazen has a displacement of 1,330 tons, and her turbine 
machinery is capable of developing 34,000 s.h.p., pro- 
pelling the ship at a speed of about 35 knots. The 
armament comprises four 4-7-in. guns, and two 2-pdr. 
| pom-pom guns. 

PERSONAL.—Messrs Platt Brothers and Company, 

| Corporation Street, Walsall, have appointed Mr. Arthur 
| Brown, 95, Edinburgh road, Kensington, Liverpool, to 
be their representative for Lancashire, Yorkshire, and 
Cheshire for the sale of malleable castings.—Owing to 
the additional volume of work occasioned by the pro- 
| gramme of extension and reconstruction of the London 
Underground Railways, for which Mr. A. R. Cooper as 
chief engineer is responsible, Mr. J. H. Millen has been 
agate electrical engineer to the Companies. Mr. 
| Millen will be responsible for the B ay house, sub- 
| stations, and high-tension cables. r. A. L. Dunn has 
been appointed deputy electrical engineer and will‘ take 
| up his duties on September 8 next.—In addition to their 
| other activities, Messrs. The Mitchell Conveyor and 
| Transporter Company, Limited, Atlantic House, 45-50, 
| Holborn-viaduct, London, E.C.1, are now in the position 
| to design and construct any size of modern cement works 
and coal-pulverising plants.—The directors of Messrs. 
| Smith’s Dock Company, Limited, recently appointed 
| Mr. Harris Reid to be secretary of the Company in 
| succession to the late Mr. Henry Darling. 


| 





BritisH STANDARD SPECIFICATIONS FOR NON-FERROUS 
Metats.—The British Engineering Standards Associa- 
tion has recently issued five new specifications for non- 
Two of these, numbered 382—1930 
and 383—1930, deal with 88: 10: 2 bronze (gun-metal) 


| 
| 








B ferrous metals. 
Mohanta Properties of Pure Magnesium and Certain | é % ; 
Magnesium Alloys in the Wrought Condition (continued). | ingots, and castings, respectively. The alloy corresponds 
By S. L. Arcusutt and J. W. JENKIN. [Price ls. net.] | very closely with that commonly known as “ Admiralty 
No. 1288. The Accelerations of a Fairey “Flycatcher” gun-metal, and the chemical composition and physical 
Seaplane during Aerobatic Manauvres. By L. P. | properties of the material are laid down. Another bronze 
Coomss and A. 8S. Crovox. [Price 6d. net.] No. 1296, | specification, No. 384—1930, is for hard-drawn phosphor- 
Tests of Models of High-Speed Seaplanes for the bronze wire, primarily for armature binding. This 
Schneider Trophy Contest of 1927. By W. L. Cowxzy | specification covers two grades of wire, namely, low-tin 
and R. WarpEN. Section I. [Price 4s. net.]| (3:5 percent. to 5-0 per cent.), and high-tin (4-5 per cent. 
Section II. Tests on the Gloster IV Models. [Price , to 7:0 per cent.) materials. It provides for the chemical 
3s. 6d. net.] Section III. Tests on the Crusader | composition of the materials, and specifies margins of 
Models. [Price 2s. 6d. net.] Section IV. Comparison | manufacture and physical tests, including a test for the 
with Full-Scale and Conclusions. [Price ls. 9d. net.]| adherence of the tin coating of tinned wire. The other 
No. 1307. On the Effect of Altitude upon the Distance | specifications relate to pure aluminium, No. 385—1930, 
Required for an Aircraft to Take-off and Climb | dealing with tubes, and No. 386—1930 with bars and 
20 metres. Giving Generalised Curves of Weight | sections, excluding wire bars. The chemical composition 
Reduction necessary if a Given Aircraft is to Comply|and physical properties of the finished material are 
with the Requirements of A.P.1208 under Adverse | specified, and clauses giving permissible margins of 
Atmospheric Conditions. By K. T. Spencer. [Price | manufacture for the finished tubes, bars, and sections 
6d. net.) No. 1309. Stresses in Wing Structures, | are included. Copies of the above five specifications may 
Accelerometer and Incidence Measurements in various | be obtained from the B.E.S.A., Publications Department, 
Maneuvres. By S. Scort-Hatt. [Price 9d. net.]) 28, —e London, §.W.1, price 2s. 2d. each, 
post free. 





London : His Majesty's Stationery Office. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippiesrrovucH, Wednesday. 


The Cleveland Iron Trade.—Business is extremely quiet. 
The greater part of the limited make of Cleveland iron 
continues to go into direct use in its molten state at 
producers’ own consuming departments, and the surplus, 
converted into pig iron, is more than ample for the 
moderate market requirements. Stocks, although not 
of embarrassing dimensions, are gradually growing, but 
ironmasters are not likely to allow accumulations to 
become inconveniently large. Merchants have little 
opportunity of dealing in Cleveland pig, as contracts 
with makers preclude second hands selling extensively 
to principal home users, and export demand is quite 
trifling. A little merchant business is, however, reported 
in products from other home iron centres and in foreign 
pig. Makers fixed figures for Cleveland brands stand : 
No. 1 grade, 70s. ; No. 3 g.m.b., 67s. 6d. ; No. 4 foundry, 
66s. 6d. ; and No. 4 forge, 66s. 


Hematite-—The situation in the East Coast hematite 
pig department still causes anxiety. Recent drastic 
curtailment of output has brought production almost 
into line with current needs, but makers are burdened 
with heavy stocks, which are hardly likely to be materially 
reduced in the near future. While much of the iron 
stored is sold, customers who have contracts made are 
unable to accept full deliveries as they fall due. Pro- 
ducers are less keen to sell at the unprofitable figures 
that have ruled of late, but merchants who hold rather 
considerable quantities are still cutting prices. Moreover, 
Continental hematite is being sold in markets abroad at 
comparatively low figures. Manufacturers of East Coast 
brands base prices on ordinary qualities at 71s. 

Foreign Ore.—There is ‘little or no activity in 
imported ore. Consumers are well stocked, and have 
heavy contracts arranged. Nominally, best rubio is 
20s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke 
continues plentiful. For early delivery to local users 
good. average qualities are 16s. 6d., but more is asked 
for forward supply. 

Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are few, and the breakdown of the cartel 
threatens to be followed by considerable dumping here. 
Departments turning out shipbuilding requisites, railway 
material, constructional steel, and sheets have a fair 
amount of work to execute, but all branches need orders 
to maintain plant in operation. Common iron bars are 
107. 15s. ; best bars, 117. 5s. ; double best bars, 11/. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 111. 10s.; packing 
(parallel), 8/7.; packing (tapered), 10/.; steel rivets, 
1ll. 5s.; steel ship plates, 8/. 15s.; steel angles, 
8l. 7s. 6d. ; steel joists, 81. 10s.; heavy sections of steel 
rails, 8/. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 12/7. 10s. ; black sheets (No. 
24 gauge), 91. 12s. 6d.; and galvanised corrugated sheets 
(No. 24 gauge), 112. 17s. 6d. 


Scrap.—Scrap is difficult to dispose of; prices are 
weak. Borings are 35s.; turnings, 40s.; heavy mach- 
inery metal, 57s. 6d. ; heavy ordinary cast iron, 56s. 6d. ; 
and heavy steel scrap, 47s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The position shows little change as 
compared with a week ago. In the great majority of 
cases capacity is well in excess of production needs. 
Inquiries for steel and steel products are numerous, and 
a fair proportion materialises in actual contracts, but the 
gross tonnage represented in the latest bookings falls 
well short of that required to engage all plants in this 
district at normal activity. Managements of concerns 
heavy and light are doing their utmost to expand business 
by offering attractive rates and delivery conditions. The 
heavy steel and engineering sections probably suffer more 
than any others, since it is in these that the full force 
of foreign competition has to be met. Some nice orders 
have been booked on export account for railway steel, 
but this section is badly hit by the policy of British railway 
undertakings of manufacturing an increased proportion 
of their own supplies, and is endeavouring by fresh 
economies to reach a still lower level of costs. Ship steel 
shows many weak patches, while Sheffield derives 
nothing like the benefit formerly experienced from 
armament and munitions production. Despite efforts to 
maintain cheerfulness, the outlook is viewed with no small 
measure of anxiety. This feeling is reflected in raw and 
semi-finished materials, in which business is mainly on 
a hand-to-mouth basis. Quotations: Siemens acid 
steel billets, 97. 10s. ; hard basic, 91. 28. 6d. to 91. 128. 6d. ; 
medium hard basic, 71. 12s. 6d. to 91. 128. 6d. ; soft basic, 
61. 10s. ; Lincolnshire foundry pig iron, 73s. 6d.; Derby- 
shire foundry pig iron, 71s. ; Derbyshire forge iron, 67s. ; 
crown iron bars, 11/.; iron hoops, 12/.; steel hoops, 
91. 108. to 101.; basic scrap, 50s. The specialised steel 
sections continue to forge ahead, particularly in relation 
to the newer requirements of the mining, chemical, and 
aircraft industries. Good business is also being done in 
all the latest stainless varieties. Toolmakers complain 
of the marked slump in Eastern business. Big cancella- 
tions are reported of Indian orders for files. 


South Yorkshire Coal Trade—A somewhat better 
tone prevails in house coal. The uncertain weather has 
had a stiffening effect on the country demand. Users are 
also influenced by the likelihood of price revisions in an 
upward direction in the early future. Supplies are still 
ample, though stocks are not quite so much in evidence. 
The industrial demand is maintained at a fair level on 





inland account, though export business is somewhat 
sluggish. Smalls are in abundant supply and there is 
some shading of prices. Business in furnace and foundry 
coke is on the quiet side, but on the whole, values are 
fairly steady. Quotations: Best hand-picked branch, 
24s, to 25s. 6d.; Derbyshire best bright house, 19s. to 
21s.; best house coal, 18s. to 19s. 6d.; screened house 
coal, 16s. to 17s.; screened house nuts, 14s. to 16s. ; 
Yorkshire hards, 14s. to 15s. 6d. ; Derbyshire hards, 14s. 
to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty slacks, 
7s. to 8s.; smalls, 3s. to 5s. : 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel and Iron Trades.—With the holidays 
still on there has been little or no activity in the 
Scottish steel and iron trades this week. Operations at 
the works have not yet commenced, but a restart is 
expected in most establishments next week. Meantime 
buyers are not very much in evidence, but it is hoped 
that a sufficient number of specifications will have 
accumulated by the time the works reopen. Orders for 
steel material are not expected in much volume yet 
awhile, and there are no indications of any revival in 
the demand for bar iron. As very low quotations are 
named for Continental bars, the re-rollers of steel bars 
are not likely to have much of a turnover until condi- 
tions improve. The following may be taken as the 
current prices :—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 15s. per ton; sections, 8J. 7s. 6d. per ton; 
black steel sheets, 4 in., 9J. per ton; galvanised corru- 
gated sheets (No. 24 gauge), 127. 15s. per ton—all delivered 
at Glasgow stations ; ‘‘ Crown ”’ bars, 101. 5s. per ton for 
home delivery, and 9/. 15s. per ton for export; dnd 
re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
or export. 


Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade have been none too good during the past 
month or two, and consumption has been on a small 
scale. Another important factor, which cannot be lost 
sight of, is the heavy import of pig-iron from India and 
other districts, which has adversely affected the local 
output. Production has been much in excess of the 
demand for some time back, and the ironmasters have 
now taken the opportunity afforded by the holidays to 
reduce considerably their output. About a dozen blast- 
furnaces have been blown out, and few of these will be 
re-kindled until there are some signs of a revival in the 
demand for Scottish pig-iron. The reduction in prices 
recently failed to give any stimulus to buying, and makers 
seem determined to move slowly until general trade 
conditions improve. Current prices are as follow :— 
Hematite, 79s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 26, amounted to 391 tons. Of that total, 
194 tons went overseas and 197 tons coastwise. During 
the corresponding week of last year the total shipment was 
more than double the above figure and amounted to 
889 tons. 

Wages in the Manufactured Iron Trade.—Sir John M. 
MacLeod, Bart., C.A., Glasgow, has intimated to Mr. 
James C. Bishop and Mr. Owen Coyle, joint secretaries 
of the Scottish Manufactured Iron Trade Conciliation 
and Arbitration Board, that he has examined the 
employers’ books for May and June, 1930, and cer- 
tifies that the average net selling price brought out is 
107. 10s. 9:665d. This means that there will be no 
change in the wages of the workmen. 








Tue Royat Socrety or Arts,—An exhibition of works 
submitted for the Seventh Annual Open Competition of 
Industrial Designs will be held in the Exhibition Pavilion 
of the Imperial Institute (East Entrance), South Kensing- 
ton, from August 2 to August 31. Admission will be 
free, no tickets being required, and the exhibition will 
be open on weekdays from 10 a.m. to 5 p.m., and on 
Sundays from 2.30 p.m. to 6 p.m. The exhibits will include 
Architectural Decoration, Pottery, Glass, Textiles and 
Furniture. A Bureau of Information has been estab- 
lished at the Royal Society of Arts, John-street, Adelphi, 


W.C.2, in connection with the competition, at which are M 


kept the names and addresses of exhibitors who desire 
to obtain employment as designers. These lists are 
at the service of manufacturers and others who may 
be in search of designers. 





BritT13sH EMPIRE TRADE EXHIBITION, BuENOos AIRES,— 
A striking proof of the willingness of Argentina to 
encourage imports of British manufactures is shown by 
the numerous concessions made for the benefit of 
exhibitors at the British Empire Trade Exhibition, to 
be held at Buenos Aires in 1931. The Customs House 
is allowing all goods to be imported free of duty into the 
Exhibition, provided they are subsequently re-exported. 
The Internal Taxation Department is giving similar 
facilities in connection with goods subject to internal 
taxation, while the Trade Licences Department has 
exempted exhibitors from the payment of all National 
Licences. Ordinarily, foodstuffs and some other classes 
of goods are subject to analysis before being admitted 
into Argentina. The National Chemical Office is allo wing 
all goods for the Exhibition to enter without analysis, and, 
in addition, is providing various other facilities. Further- 
more, quite recently, the Municipal Council of Buenos 
Aires has resolved to exempt the Exhibition from all 
municipal taxation. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The depfession prevailing in the 
Welsh steam-coal trade is reflected in the figures of 
foreign cargo exports for the past week. The total 
of 398,000 tons was 26,000 tons less than the quantity 
handled in the previous six days, and no less than 
214,000 tons lower than was shipped in the first week 
of the year. Compared with the preceding six days, 
shipments at Cardiff were reduced by 31,000 tons to 
209,000 tons, and at Llanelly by 8,000 tons to 3,000 tons, 
but at Newport increased by 8,000 tons to 74,000 tons, 
at Swansea by 2,000 tons to 60,000 tons, and at Port 
Talbot by 3,000 tons to 43,000 tons. Clearances to the 
Argentine were raised from 28,000 tons to 65,000 tons, 
and to France from 109,000 tons to 140,000 tons, but 
to Brazil reduced from 29,000 tons to 14,000 tons, 
and to Italy from 106,000 tons to 50,000 tons. Though 
hopes are entertained that the market will develop 
animation in the fall of the year by the negotiation 
of contracts for delivery over 1931, current business 
remains exceedingly quiet. All classes of large and 
small steams are plentifully available at schedule prices, 
and though output has been lessened by frequent col- 
liery stoppages, no difficulty is experienced in obtaining 
any class of coal. Sized products, too, have developed 
irregularity, for while some of the dry varieties are 
comfortably booked up, other qualities can be secured 
without difficulty at about ls. above the minima. 
The inclusion of the spread-over clause in the Coal 
Mines Bill is welcomed by coal operators, but the 
outlook is still fraught with misgiving, for the completion 
of the Bill is only the preliminary to the arrangement 
of a new agreement covering wages, and as the coal- 
owners will certainly ask for a reduction in rates to 
meet the increasing competition of the Continent, and 
the miners will ask advanced rates, the prospects are 
anything but cheering. 


British Ships and Coloured Seamen.—A scheme for 
the registration of Arab and Somali seamen, and their 
employment by a rota system on British vessels, comes 
into operation at the Welsh ports on Friday. As a 
result, Arabs and Somalis have been requested to 
register at the Maritime Board Joint Supply Offices. 
The Arabs and Somalis have, however, not taken kindly 
to the scheme, contending in most cases that, as 
they are British subjects, they should not have to 
register, and should be left free to offer their services 
to all ships without any restriction. On the other hand, 
the National Union of Seamen, who are parties to the 
scheme with the Shipping Federation, contend that 
the scheme, which is in operation at Continental ports, 
is in the best interests of the men themselves, and will 
deliver them from the hands of “‘ crimps ” who have been 
in the habit of obtaining employment for the men and 
taking gratuities from them for such services. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 11,641 tons, or nearly 4,000 tons 
less than in the previous week. Shipments of tin-plates 
and terne-plates fell from 9,418 tons to 6,844 tons, 
of black-plates and sheets from 1,362 tons to 549 tons, 
and of other iron and steel goods from 3,260 tons to 
1,822 tons, but of galvanised sheets increased from 
1,120 tons to 2,426 tons. 








THE WorRLD PowER CONFERENCE, BERLIN: ERRATUM. 
—Our attention has been drawn to the fact that on 
page 92 of our issue of July 18, it was stated that two 
contributions were presented in Section XII of the 
Conference, entitled ‘“‘ The Purchase and Sale of Coke to 
Specification.’’ Actually, only one paper under this 
title was contributed, this being by Mr. E. C. Evans, 
with the National Federation of Iron and Steel Manu- 
facturers as the authoritative body. The second ew 
to which reference was made was by Messrs. R. A. 
Burrows and N. Simpkin, and was entitled ‘‘ The Sale 
of Coal under Specification.” 


Contracts.—Messrs. Marshall, Sons and Company, 
Limited, Britannia Iron Works, Gainsborough, have just 
received an export order for the supply of ten Universal 
steam road rollers, this being the third repeat order from 
the same country and making a total of 29 rollers. A 
firm of road-rolling contractors in the South of England 
has also just ordered a fourth roller of the same class.— 
essrs. James Pollock, Sons and Company, Limited, 
3, Lloyd’s Avenue, London, E.C.3, have received instruc- 
tions from the Thames Conservancy to build a single 
screw steel motor tug, length 32 ft. 6 in., breadth 9 ft., 
depth 4 ft. 6 in., to - fitted with a 54 b.h.p. Gardner 
three-cylinder, heavy-duty engine. 





Tue Late Mr. S. T. CrusH.—We regret to record 
the death of Mr. Samuel T. Crush, which occurred sud- 
denly last week. Mr. Crush, who was 61 years of age, 
was well-known to the majority of marine engineers 
and naval architects, and his genial personality endeared 
him to a wide circle of friends. e was head of the 
shipbuilding and boiler department of Messrs. Yarrow 
and Company, Limited, a position previously held he 
his father, the late Mr. William Crush. Mr. 8S. T. Crus 
was closely identified with the development of high-speed 
vessels and the Yarrow water-tube boiler, and had 
been associated with Messrs. Yarrow for nearly fifty 
years. He was a director of the company and was 
actively engaged in business up till the day of his death. 
He was elected a member of the Institution of Naval 
Architects in 1916. He is survived by his wife, a son, 
and three daughters, the son having joined Messrs. 
Yarrow four years ago, and being now in charge of their 
boiler department. 
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ELECTRICITY TARIFFS. 

THERE is no subject, which excites a better 
discussion among electrical engineers than that of 
tariffs. The reason is that there is a wide difference 
of opinion as to how the problem should be tackled, 
and a comfortable feeling that nothing that is said 
will induce a radical change in views already held. 
The explanation for this state of affairs is to be found 
in history. The Electric Lighting Act, 1882, laid 
down that the price charged for electricity was 
not to exceed a certain maximum prescribed in the 
Order or Act, under which the supply authority 
operated. The basis of this charge was the Board 
of Trade unit, or kilowatt-hour, the presumption 
being that electricity could fairly be bought and 
sold in the same way as the homely commodities, 
which pass across the counter of, say, a grocer’s shop 
It was soon realised, however, that this was in- 
correct and a system, with which the name of 
Mr. Arthur Wright will be inseparably connected, 
was, therefore, devised to bring facts more into 
accordance with theory. 

This system divided the tariff into two parts, one 
of which was to cover the charges incurred in having 
plant available at all times to meet the demand, 
while the other represented the cost of generating 
and distributing the energy actually consumed. The 
soundness and equity of this system received recog- 
nition in Section 31 of the Schedule to the Electric 
Lighting (Clauses) Act, 1899, which permitted 
electricity to be sold in one of three ways: By 
the amount of energy supplied, by the electrical 
quantity contained in the supply, or by some other 
approved method. In the event, however, of the 
third course being adopted the consumer had the 
option of being charged by one of the first two 
methods. This option was removed by Section 22 
of the Electricity (Supply) Act, 1922, though it 
was restored, with modifications, by Section 42 of 
| the Electricity Supply Act, 1926. 














The practical result of this recognition, com- 
bined with the difficulty of making the consumer 
understand the Wright system, was to open the 
door to an extraordinary variety of what are usually 
known as multi-part tariffs, i.e., tariffs, which 
consist essentially of a fixed charge, paid weekly, 
quarterly or annually, and a running charge, which is 
paid for each unit that is consumed. The reasons 
for this multiplicity are the difficulty of equitably 
equating the actual cost to the undertaking of 
providing a given service to some basis on which the 
consumer can be charged, and the fact that, pro- 
viding the total bill when divided by the number 
of units consumed does not exceed the permitted 
maximum price, any conceivable method that 
ingenuity suggests can be adopted. Indeed, as Mr. 
A. P. Trotter once remarked, to use the cube root of 
the number of the consumer’s waistcoat buttons as 
the basis of the fixed charge is perfectly legal, so long 
as the retriction just mentioned is not violated. 

Another not unimportant result was the quest for 
what was called the scientific tariff, in which the 
fixed charge should bear a direct true and unimpeach- 
able relationship to the cost incurred by the under- 
taking in providing a particular consumer with a 


.| supply. This proved as illusive as the Blue Bird, 


but again led to tariffs being devised in which the 
fixed charge was based on the rateable value of the 
premises, on the wattage of the lamps installed, on a 
sliding scale of consumption, on the number of 
rooms, on the size of the house and on many other 
things. While, as if this were not enough, variants 
and sub-variants of the main methods were intro- 
duced (the rateable value method possesses no less 


| than nine) and to make matters worse these variants 


and sub-variants were often in use simultaneously 
in the same district. The inevitable outcome was that 
the consumer was confused and became distrustful 
and that electrical development was hindered. Had 
it not indeed been for the fact that a flat rate was 
always available as an alternative, electricity supply 
might have sustained a fatal blow in the house of its 
friends. 

This misplaced enthusiasm does not, however: 
affect the essential soundness of the multi-part 
tariff, and it is generally recognised that as a method 
of charging it is well designed to encourage the great 
use of electricity, especially if, as Ferranti suggested, 
the running charge could be standardised nationally 
at ld. per unit or less and the fixed charge adjusted 
to comply with the differences, which must continue 
to exist in various parts of the country, for instance, 
between urban and rural areas. Even so the funda- 
mental difficulty of devising both the form and 
amount of the fixed charge would remain. This is a 
problem, it is only fair to point out, which has for a 
long time exercised the minds of the Electricity 
Commissioners, no less than of those who are respon- 
sible for the conduct of our electricity supply 
undertakings. As a result, in 1925 the former body 
appointed an Advisory Committee to report what 
methods of charge could be authorised in lieu of the 
flat rate. This committee, which was presided 
over by Mr. J. W. Beauchamp, reported that none 
of the multi-part tariffs in use could be recommended 
for exclusive adoption at the option of the undertak- 
ings, but that with the agreement of the consumer, 
a tariff in which the fixed charge was based on the 
lighted floor area or “active room” should be 
employed as widely as possible. In other words, the 
consumer was still to be allowed to choose between 
a flat rate and a multi-part tariff. Following this 
suggestion, in their seventh annual report the 
Commissioners strongly recommended that concerted 
action should be taken to reduce the multiplicity of 
optional tariffs and this was reiterated by a sub- 
committee of the Conference on Electricity Supply 
in Rural Areas, which reported in 1928. This sub- 
committee also recommended that the fixed charge 
should be based either on the rateable value of the 
consumers’ premises or on the number of rooms wired 
or on the lighting wattage. The Conference itself, 
however, pointed out that the revaluation of 
premises, which was taking place under the Rating 
and Valuation Act, 1925, would make it very difficult 
to adopt the first system. 

The next step, and one which is not unusual when 
agreement is difficult, was to appoint another 
committee. This body, whose chairman was 
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Mr. A. C. Cramb, represented the different branches 
of the supply industry, and was asked to consider the 
various charges in use as well as to make definite 
proposals for securing greater uniformity. It was 
also told that the intention was that it should 
consider the form of the various charges only, and 
not their amount. This committee has now 
reported,* and we may say at once that it has 
produced an interesting and in many respects a 
valuable document, even though its conclusions 
are not so definite as might have been hoped. It is 
worth study by all concerned, though we recommend 
it especially to the “ tariff-builders,” if only to show 
the confusion into which their misplaced efforts 
have led the industry. 

After a close examination of the advantages and 
disadvantages of the various tariffs used for domestic 
supplies, whose name, as we have said, is legion, 
the Committee comes to the conclusion that for 
domestic supplies the method of determining the 
fixed charge to which there is the least objection is 
that known as the “‘ size of the house,” in which a 
fixed annual charge is made per square foot of floor 
space, together with a further charge for each unit 
sold. As a hypothetical charge 72s. per annum 
for 1,000 sq. ft. is mentioned, rising in stages to 
106s. for 2,000 sq. ft. This tariff should, it is added, 
be made statutory and rigidly adhered to, the large 
number of variants of the bases at present in use, 
and amounting in all to some two dozen, being 
specially deprecated. At the same time, the view 
of the earlier committee that no multi-part tariff 
yet devised is suitable as a statutory method of 
charging, unless the consumer also has the option 
of being charged on a flat rate, is endorsed. It is 
also recommended that a body of consumers, or the 
local authority, should have powers to enforce the 
introduction of a multi-part tariff. Moreover, 
though flat rates are still to continue, they must, 
it is thought, be so arranged that one class of 
consumer is not subsidised at the expense of 
another, as is too often the case at present, and 
that they should be higher than the unit charge of 
the companion multi-part tariff. 

As regards business premises and offices the 
“‘size of house” tariff is considered inapplicable, 
owing to the fact that all the rooms are in use during 
the same period and that this period coincides with 
that of the maximum demand. It is reeommended, 
therefore, that the fixed charge should be related 
to the demand and the resulting tariff applied in 
the same way as that suggested for domestic 
consumers, with an alternative flat rate. For small 
industrial consumers yet another method is pro- 
posed, that of charging a primary rate for a certain 
number of units consumed per kilowatt or per horse- 
power installed and a secondary, lower, rate for the 
remainder. In this case, however, two members 
of the committee state their preference for a flat- 
rate system in which the charge per unit is reduced 
as the consumption increases. 

Turning to rural areas, the suggestion is made 
that the “size of house ” tariff should be applied to 
farms for all supplies other than power where that 
supply is given from the low-tension network, and 
that the outbuildings should be included in the area, 
which forms the basis of the fixed charge. With 
the same reservation by two members, it is proposed 
that small industrial power loads should be dealt 
with by the same method as in urban areas. On 
the other hand, power consumed for agricultural 
purposes must be charged for at special rates, 
until more experience of this class of load has been 
gained. In the case of supplies given from high- 
tension lines, the fixed charge should be based on 
the capacity of the transformer. Finally, supplies 
given through a pre-payment meter should be 
charged for per unit at a rate which does not exceed 
that applied to consumers supplied through ordinary 
meters. 

It is pointed out in a foreword that the conclu- 
sions and recommendations set out in the report 
have not yet been considered by the Electricity 
Commissioners, but that it has been published as 
likely to be of interest to existing and potential 


* Report on Uniformity of Electricity Charges and 
Tariffs by a Committee Appointed by the Electricity 
Commissioners, London: H.M. Stationery Office. 
| Price ls. 6d. net.] 


consumers. That it will arouse interest there 
appears to us to be no doubt, and we hope that the 
result of that interest will be to strengthen the 
hands of the Commissioners in securing that stan- 
dardisation of tariffs which is so badly needed. 
For if it does nothing else, the report discloses a 
state of affairs which stands greatly in need of 
alteration without delay. Unfortunately, perhaps, 
compulsion cannot be applied. We say unfortu- 
nately, for, as we have already indicated, opinion 
as to which is the best method is by no means 
unanimous, and agreement is therefore hardly to 
be expected. The committee, in fact, admit as 
much. But the system proposed has no grave 
drawbacks, and if unanimity can be secured, some 
sacrifices will be well worth while. 

By way of epilogue, perhaps we may be allowed 
to make our own contribution to the discussion. 
Like Mr. J. T. H. Legge and Lieut.-Colonel W. A. 
Vignoles, we prefer a graduated flat rate to the 
tariff proposed by the majority for the small power 
consumer. Unlike them, we think that this tariff 
is worthy of much more general application. It is 
simple and is easily applicable to every class of load. 
Anyone can understand and appreciate the advan- 
tages of a system whereby the more he uses the less 
he pays per unit. The Committee’s objection to 
it is that it bears little relation to the demand and 
that the steps are often too large to benefit any but 
the largest consumers. The second drawback 
could, however, be easily adjusted by making the 
number of units charged for at the highest rate 
equal to the number used for lighting in the small 
house, since this is by far the least profitable class 
of load. Next would follow two groups, charged 
for at much lower rates, which would differentiate 
between the moderate and large domestic consumer 
and be applicable also to the small power consumer. 
Really large consumers could be dealt with in further 
groups at still lower rates. Sufficient experience 
should now be available to enable such a tariff to 
be devised with advantage to both sides, while the 
argument that it bears little relation to the demand 
is becoming less weighty, since as the consump- 
tion increases the time of day at which the demand 
occurs becomes of less importance. The actual 
differences between the various methods are, how- 
ever, so small that the one which secures the greatest 
acceptance is the one which should be employed to 
the exclusion of the rest. 








SCOTTISH COKING AND FURNACE 
COAL. 


OnE result which the war has left behind it is a 
vast increase in systematic scientific work for 
industrial purposes. The origin of this enhanced 
activity is doubtless the recognition of the much 
larger income the nation has to earn in order to 
make good its share of the destruction caused by 
the war, and no way was more promising to that 
end than the endeavour to improve processes of 
manufacture and to make better use of available 
materials. This, however, is by no means the whole 
story. The needs that arose in the manufacture 
of munitions differed from those of peace-time 
production in the fact that where increased output 
was required the cost of production was of secondary 
importance. But in many instances the two 
conditions of manufacture had this in common, 
that it was of supreme importance to discover new 
uses to which available materials could be put, 
and to obtain some accurate knowledge of the 
quantities that could be produced. When the 
technical results of war manufacture are considered, 
attention is perhaps naturally attracted rather to 
the new methods and instruments that were evolved 
to satisfy military needs, than to the less striking, 
but sometimes not less laborious, investigations 
which were required to assist the stocktaking of 
the materials available, and to discover fresh 
sources from which particular needs could be 
supplied. It is perhaps not generally recognised 
how large a quantity of work went to providing 
the enormous increase of raw materials which 
the manufacture of munitions required. For 
one thing, the information as it was obtained was 
for the time being obviously secret and confidential, 





and as it was not very different in kind from other 





information already current, there was not always 
any particular inducement to publish it when the 
need for secrecy had disappeared. It is, however, 
not without interest to keep count of some of these 
comprehensive investigations as a reminder of what 
can be done in case of need on such questions by 
co-operative enquiry, and a report recently pub- 
lished by the Fuel Research Board of the Depart- 
ment of Scientific and Industrial Research (Physical 
and Chemical Survey of the National Coal Resources 
No. 15, Stationery Office. 4s. net) illustrates 
the scale on which investigations had often to be 
made in those strenuous times. 


The report, which is by Dr. Thomas Gray, assisted 
by Mr. T. H. P. Heriot, and Mr. W. J. Skilling, is 
described as “‘A Survey of Scottish Coking and 
Furnace Coals,” and the results it records now form 
part of the physical and chemical survey of the 
coal seams of Great Britain which the Department 
is conducting. The occasion of the work was 
the emergency which arose at the end of 1916, and 
called for a largely increased production of steel. 
It was seen by a Scottish Advisory Committee, 
appointed by the Ministry of Munitions for the 
purpose of extending as rapidly as possible the 
output of pig-iron for that purpose, that the extent 
to which that output could be increased must 
depend ultimately in a very large measure on the 
quantity of metallurgical coke and of splint or 
furnace coal that could be made available. Accord- 
ingly, it was required urgently that a complete 
investigation should be made as to the quantities 
of such coke and coal which could be made available 
in Scotland, and at the beginning of 1917 the co- 
operation of all Scottish coal owners was solicited 
to provide material for enabling such a return to 
be prepared. It was arranged that sample half- 
hundredweights of each seam which might possibly 
be suitable for coking, or would produce splint or 
other coal suitable for blast furnace purposes, 
should be sent to Dr. Gray’s laboratory at Glasgow, 
together with an analysis, or a further half-hundred- 
weight from which one could be prepared, and a 
return made of the output the seam had furnished 
before and during the war, together with an estimate 
of the probable period during which the supply 
could be continued. 

As a result of this requisition to the coal owners, 
367 such samples were received and examined, 
the physical character of each of them was recorded 
so far as it could be determined by simple methods, 
and the coal was classified in respect of the appear- 
ances so noted according to standard classes. The 
laboratory observations were strictly standardised, 
and included the proximate analysis of moisture, 
other volatile matter, fixed carbon, ash, sulphur 
and phosphorus, together with the coking index on 
a modification of Campredor’s method (deter- 
mination of the quantity of sand which when 
carbonised with a powdered sample of the coal 
would yield a product of a given strength). In 
some instances a control was carried out in bags in an 
actual coke oven for comparison with the laboratory 
coking-index results. The laboratory determination 
of volatile matter involved heating the samples to 
a high temperature in a crucible, and the character 
of the coke button left behind was compared in 
many cases with the result of carbonising the bagged 
powdered coal in the coke oven. No direct relation 
could be observed between the hardness of the 
coke button and the result of the bag test, but 
on the other hand the coking index, as determined 
in the laboratory, was found in remarkably close 
agreement with the estimate of the value of the 
coke obtained by examining the results of the bag 
tests when they were classified on a predetermined 
scale according to the appearance and character 
of the carbonised substance. The concordance 
between the latter figures enabled coals to be 
classified at once according as they were actually 
suitable for the manufacture of coke, or possibly 
suitable, and again according as they were suitable 
for blending, or possibly suitable, or finally altogether 
unsuitable. It was found that in addition to 59 
samples found suitable and seven found possibly 
suitable for coke making, 58 samples were found 
suitable for blending and 35 possibly suitable. 
Very few had to be excluded through excess either 
of sulphur or of phosphorus. 
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A practical result which arose out of this investi- 
gation, and has since been used widely in coke 
manufacture, was suggested by the comparison 
between the coke obtained in the determination 
of volatile matter and the material produced by 
carbonising the same powdered coal in bags. It 
was found repeatedly that buttons of coke were 
obtained in the crucible with a well-developed, 
cellular structure from coals which, in the bag test, 
failed to give a coherent mass, and in the coking 
test had a very low index. These results suggested 
to Dr. Gray that coke of an inferior, but yet service- 
able quality, might be made from coal not regarded 
as suitable for coke making under the working 
conditions generally prevailing in Scotland, if they 
were carbonised more rapidly in narrower ovens with 
higher flue temperatures. It was already known 
that high temperatures favoured the production of 
hard coke, and it was thought probable that the 
rate of heating had an important influence on the 
quality of the product. Recognising, therefore, 
that the wider the oven, the more slowly the centre 
of the charge was heated, and the greater was the 
difference between its ultimate temperature and 
that of the outside of the charge, it was thought 
that the fact of friable coal being found in the 
central zone if inferior coking coal was used might 
be explained by the width of the oven, and possibly 
be avoided by making it narrower. This suggestion 
has proved to be correct, and ovens constructed in 
accordance with it have been used successfully for 
producing serviceable metallurgical coke from 
lower-grade coals. The analysis and description 
of coals and cokes appended to the report are 

. believed to include the great majority of the coking 
and furnace coals at present mined in Scotland. 








CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY.—IV. 
By Engineer Captain Epaar C. Smiru, O.B.E., R.N. 


Tue years which saw the building of the first 
Atlantic steamships also saw a notable advance in 
the number, size and power of our paddle-wheel 
warships, and by the middle of last century the 
Navy possessed a fleet of steam frigates and steam 
sloops which had done good work in all parts of the 
world, and had effectually demonstrated their 
value in naval operations. The increase in the 
number of steam vessels had led to the formation 
of a Steam Department at the Admiralty in 1837, 
and to the organisation of the Engineering Branch 
afloat the same year. It had likewise opened up new 
possibilities for naval officers, of which many 
lieutenants and young commanders were not slow 
to take advantage. In the command of the paddle 
vessels they saw chances of advancement at a time 
when promotion was notoriously slow, and to some 
of these officers we are indebted for interesting 
accounts of the vessels they commanded. The 
history of the paddle-wheel warships moreover 
recalls many early experiments in marine engineer- 
ing, and introduces us to the historic firms of 
Maudslay, Penn, Seaward, Miller and Rennie, 
whose work made the Thames a great marine 
engineering centre. At first, Boulton and Watt and 
the Butterley Iron Works obtained most of the 
naval contracts, but of the later and larger paddle- 
wheel vessels out of a total of seventy, no fewer 
than fifty were engined by the Thames firms, and 
the succeeding notes have been written mainly with 
the object of directing attention to their early 
history. 

Particulars have already been given of some of 
the earlier steam vessels in the Navy, but it is 
worth recalling that the first attempt to drive a 
naval vessel by steam was made by the versatile 
inventor, Charles, third Earl of Stanhope (1753- 
1816). According to Philip, fifth Earl of Stanhope 
(1805-1875), who mentions the matter in his Life of 
Pitt, the Navy Board had a ship built on the Thames 
expressly for his experiments, and in 1794 Stanhope 
entered into a bond of 9,000/. “‘ to indemnify the 
public in case the said ship should not answer the 
purpose of Government.” ‘The Ambi-Navigator 
Ship, called the Kent” was moored in Greenland 
Dock while being fitted out, and Stanhope declared it 
his intention to establish every part of the subject 
on clear and irrefragable proofs and to ascertain 





demonstratively what was the best possible plan. 
| Progress not being as rapid as he anticipated, in 
| December, 1795, he applied for and obtained an 
|extension of twelve months for the experiments, 
which he declared were on the eve of conclusion. 
| Finally, however, the matter was dropped, for as 
| Robertson Buchanan, the writer of the first book 
‘on marine engineering A Practical Treatise on 
| Propelling Vessels by Steam, who had seen the 
engine of the Kent, tells us, the mechanism did not 
answer his Lordship’s expectations. 

Twenty years passed before the Admiralty again 
acquiesced in money being spent on a steam vessel, 
and the second scheme was no more successful 
than the first. In 1815, Captain J. H. Tuckey, R.N., 
was fitting out a vessel called the Congo for exploring 
the river of that name. On the suggestion of Sir 
Joseph Banks, then the acknowledged head of 
British science, it was decided to convert the Congo 
to a steamer, to enable her to stem the current in 
the river. With this end in view, Sir Robert 
Seppings, the Surveyor of the Navy, obtained an 
overhead beam engine from Boulton and Watt, 
which, however, by its weight reduced the free- 
board of the vessel to a dangerous extent, and at its 
best propelled her at only four knots. The plan 
was thereupon abandoned and the engine, the 
drawings of which are preserved in the Birmingham 
Public Library, was afterwards installed in Chatham 
Dockyard. 

Soon after this it was impressed upon the 
Admiralty by John Rennie and the elder Brunel, 
that steam vessels would be of use at the various 
naval ports, and to Brunel’s representations Lord 
Melville replied that as the application of the steam 
engine ‘‘ would be attended with material advantage 
to His Majesty’s Service if it could be used for 
towing ships of war out of harbour in the Thames 
or Medway, and at Portsmouth and Plymouth, 
when they would be prevented from sailing by 
contrary winds, desired him to submit his views on 
that part of the subject if it appeared to him to 
be practicable.” Arrangements were accordingly 
made for the Regent, of 16 h.p., to be tried, and 
according to Sir John Barrow, the Secretary of the 
Admiralty, this wasdone. In 1819, through Rennie, 
the steam packet Eclipse, of 60 h.p., also made an 
attempt to tow the Hastings, 74 guns, from Woolwich 
to Chatham, but on this occasion the tide proved 
too strong, and the trial failed. In spite of this, 
it was seen that steam vessels of greater power 
would be of use, and in 1822 the first naval steam 
vessel, H.M.S. Comet, of 238 tons and 80 n.h.p., 
was launched at Deptford. The Lightning, dealt 
with in a previous article, was her immediate 
successor. Of these and all other paddle-wheel 
vessels in the Navy much information is given in 
a paper on “ The Centenary of Naval Engineering,”’ 
published in the Transactions of the Newcomen 
Society, vol. ii, 1921-1922; while in Notes and 
Queries for May, 1927, will be found a carefully 
compiled ‘“‘ Chronological Order of the Introduction 
of Steam-Propelled Vessels into the Royal Navy,” 
by Commander J. A. Rupert-Jones, R.N.R. 

By 1837, there were 27 steam vessels included in 
the Navy List, and these were classified by Com- 
mander Otway in his T'reatise on Steam in the 
following groups :— 


Group 1. Volcano. 
Cyclops. Flamer. 
Gorgon. 

Group 4. 

Group 2. Blazer. 

Dee. Tartarus. 

Medea. Columbia. 

Rhadamanthus. Pluto. 

Phoenix. 

Salamander. Group 5. 

Messenger. Lightning. 
Meteor. 

Group 3. Conflance 
Hermes. Echo. 
Firebrand. Alban. 

irefly. Carron. 
Megaera. African 
Spitfire. met, 


The first two vessels, Gorgon and Cyclops, in this 
list were then building at Pembroke. They were 
the first steam vessels in the service of over 1,000 
tons measurement, and were regarded as the first 
steam frigates. In the succeeding thirteen or 
fourteen years the numbers increased rapidly. 
Particulars of eight of the largest of the ships are 
given in the next column the Valorous being 


Navy. Though a few iron vessels had been con- 
structed, all these eight were of wood. The tonnage 
is that given by the so-called ‘‘ builders’ old 
measurement,” or “ B. O. M.,” the explanation of 
which is given in White’s Manual of Naval 
Architecture, 1877, while the horse-power is that 
given in the Navy Lists. The indicated horse- 
power was from twice to three times the nominal 
horse-power. 








] | Place Tons Maker of 
| Ship | Built. | (B.0.M)| N-H-P- | Engines. 
} | I ie 
1844 | Retribu- Chatham ..| 1641 800 Maudslay. 
tion 
1845 | Terrible Deptford ..} 1847 800 | Maudslay. 
1846 | Odin -| Deptford ..} 1326 560 | Fairbairn. 
1846 |Sidon ..| Deptford ..} 1328 560 Seaward. 
1849 | Magicienne; Pembroke ..} 1255 400 Penn. 
1850 |Leopard ..| Deptford ..} 1435 560 | Seaward. 
1850 |Furious ..| Portsmouth 1286 400 | Miller. 
1851 | Valorous Pembroke ..| 1258 400 | Penn. 




















Though even such small vessels as the Comet and 
Lightning carried guns, the first steam vessels 
built as fighting ships were the Dee, Medea, Rhada- 
manthus, Phcenix and Salamander, included in 
Otway’s Group 2. All these were fitted with side- 
lever engines by the firm of Maudslay. This firm 
had been founded by Henry Maudslay (1771-1831) 
in 1797, but it was the work of his sons, Thomas 
Henry Maudslay (1792-1864) and Joseph Maudslay 
(1801-1861), and of their partner, Joshua Field 
(1787-1863), which made the shops at Lambeth 
so famous. Of the five vessels mentioned above, 
for which they constructed the engines, the Medea 
was regarded as the most successful, and in a 
Memoir of Her Majesty’s Steam Ship The Medea 
during a Service of nearly Four Years, by Thomas 
Baldock, Lieut. R.N., we have an excellent account 
of her first commission. The Medea was 179 ft. 
44 in. between perpendiculars, 46 ft. wide over 
the paddle-boxes, and 835 tons by the old measure- 
ment rules. Her engines were of 220 n.h.p., the 
weight of the engines being 165 tons, that of the 
boilers 35 tons, and of the water in the boilers 
45 tons. With 320 tons of coal, 18 tons of water 
and three months’ provisions aboard, she drew 
13 ft. 10 in. forward and 14 ft. 6 in. aft. According 
to Baldock, she could, altogether, steam 1,190 miles 
at 84 knots, 1,258 miles at 9 knots, and 1,360 miles 
at 10 knots, and was considered fit for any long- 
distance passage save a westerly voyage across the 
Atlantic in winter. 

Launched in September, 1833, the Medea was 
soon commissioned, and two incidents, recorded by 
Baldock, illustrate one of the uses she was put to. 
On January 18, 1835, the fleet of line-of-battleships 
had arrived about 10 miles off Malta when it became 
becalmed. Orders were then given to the Medea 
to raise steam, and she proceeded to tow each 
vessel in turn into harbour. About a fortnight 
later it was desired to get the fleet to sea, but heavy 
weather prevented the ships from sailing. Again 
the services of the Medea were requisitioned, and 
on February 8, with the ramparts of Valetta crowded 
with spectators, she proceeded to tow the Caledonia, 
of 120 guns, and five 80-gun ships clear of the 
harbour. “In this manner all the fleet were taken 
out, the whole being effected in four hours and ten 
minutes, after which the fires were extinguished on 
board the Medea, and she pursued her course as a 
sailing vessel in company with the squadron; the 
whole cost of coal and other engine stores expended 
on this occasion amounting only to 3. 6s.” That 
the machinery was well constructed and equal to its 
task may be presumed, for during the whole com- 
mission, which lasted from February, 1834, to 
October, 1837, no repairs were done by any one 
but the ship’s staff. Thomas Hamshaw, afterwards 
long known as the Engineer of Malta Dockyard, 
was in charge of the machinery, and of him his 
commanding officer, Commander Austin, wrote 
that he was “as competent an engineer as was to 
be met with afloat.” 

The Medea was practically the last vessel engined 
by Maudslays with side-lever engines, for in 1839 
Joseph Maudslay and Field patented the twin- 
cylinder engine, and this was the type supplied 
to the four large paddle-vessels, Scourge, Devasta- 
tion, Retribution, and Terrible. Brought out with 








the last paddle-wheel frigate to be added to the 


the object of obtaining a long-stroke engine in 
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the height available, engines of this type had two 
pairs of cylinders, each pair having a common 
connecting rod. As just about the time these 
engines were being fitted, the famous Siamese twins, 
Chang and Eng, were being exhibited in the 
country, the Maudslay engine was nicknamed the 
“Siamese ’’ engine, and it is so called in the text- 
books. Bourne gives a drawing of the engines 
of the Retribution, which, however, proved too 
large for the ship, while in the Science Museum is 
a model of the engines of the Devastation. This 
later model was exhibited, with others, at the 
great Exhibition of 1851, when it was stated that 
the firm had constructed marine engines of various 
types with an aggregate of 35,183 h.p. 

The finest set of Siamese engines were those of 
H.M.S. Terrible, the steam frigate constructed in 
1845. The engines of the Terrible had four cylinders, 
72 in. diameter and 8-ft. stroke. Steam at 15 |b. 
per square inch was supplied from tubular boilers, 
and the engines, of 800 n.h.p. at 16 r.p.m., developed 
2,059 i.h.p. To withstand the stresses due to so 
powerful an engine, the Terrible, like the Great 
Western, was built with her timbers close together, 
forming a watertight body before the external 
planking was added. She was 226 ft. between 
perpendiculars, 1,847 tons by measurement, and 
3,189 tons displacement, and had been designed 
by Master Shipwright Oliver Lang, who had also 
designed the Medea. Soon after commissioning, 
the Terrible joined the flag of Admiral Sir William 
Parker, who wrote from the Mediterranean: “The 
Terrible is a noble ship and answers completely.” 
With the Sampson, Retribution, Tiger, Furious, 
and three French steam vessels, Mogador, Vauban 
and Descartes, the Terrible took part in the bom- 
bardment of Odessa on April 22, 1854, and she 
successfully rode out the great gale of November 14, 
1854, which wrought great havoc in the Black Sea 
Fleet. In later years she was employed in the 
Atlantic cable-laying operations, and helped to 
steer the floating dock to Bermuda. 

Maudslays was the only Thames firm to execute 
naval contracts until about 1835, when orders were 
given to Seaward and Capel of Millwall, and Miller 
and Barnes of Ratcliff, whose connection with the 
Navy began with the construction of the engines of 
the Volcano, 140 n.h.p. and Blazer, 120 n.h.p., 
respectively. John Seaward (1786-1858) was the 
founder of the Millwall firm, and he was long known 
as one of the most energetic and progressive engi- 
neers of histime. The son of a Lambeth builder, he 
gained experience in bridge building, lead mining 
and gas engineering, and in 1824, with his brother, 
opened the Canal Ironworks, Millwall. He was an 
advocate of tubular boilers and surface condensing, 
and he invented a telescopic funnel, brine valves for 
boilers and a disconnecting crank. In 1836, with 
the object of saving weight and space, he brought 
out his direct-acting paddle engine, placing the 
cylinder directly beneath the crank and using a short 
connecting rod. The piston rod end was guided by 
a parallel motion, and as the first set of this type of 
engine was fitted in the Gorgon, the engine became 
known as the *“ Gorgon” engine, and that name 
was also applied to engines of other makers having 
somewhat similar features. A model of the 
Gorgon’s engine is in the Science Museum. The 
Gorgon was a notable vessel in many ways. Designed 
by Sir William Symonds, who from 1832 to 1847 
was responsible for the design of most of the paddle- 
wheel vessels, she was built of teak and was 178 ft. 
between perpendiculars, of 374 ft. beam and 1,108 
tons B.O.M. Hersister ship, the Cyclops, was slightly 
larger, being 1,195 tons B.O.M. and 1,862 tons dis- 
placement. The engines had two cylinders, 64 in. 
diameter, and 5} ft. stroke, and another innovation 
was the use of separate steem and exhaust values 
at each end of the cylinders. The cylinders were 
carried on large bed plates forming the condenser 
and hot-well, while the entablature was carried on 
wrought iron pillars. The nominal horse-power of 
the engine was 320, and the machinery, including 
the boiler water, weighed 276 tons. Spoken of as a 


very superior vessel, fast and particularly easy and 
dry, and able to both sail and steam well, the Gorgon 





took part in the operations off the Syrian Coast in 
1840, when Admiral Stopford wrote to the Admiralty | 
that “the steam vessels have been eminently useful | 


in constantly moving along a great extent of coast 
with troops and arms and taking part in the attack 
upon the different forts.” A year or two later the 
Gorgon was sent to South America where she was 
nearly lost. On May 10, 1844, she was driven ashore 
in the Bay of Monte Video and was buried 10 ft. or 
12 ft. in the sand. On board was a young lieu- 
tenant Cooper Key, destined to become afterwards 
First Sea Lord. Key was one of the officers who 
deliberately took up the study of steam and when 
exchanging into the Gorgon from a sailing vessel 
he looked upon the step almost as a change of 
profession. To him we owe A Narrative of the 
Recovery of H.M.S. Gorgon giving an account of 
the salvage operations. Opinion had held that in the 
case of a steamer stranding, the engines should be 
taken out, but the captain of the Gorgon decided 
not only to keep them on board but to utilize them 
to work a bucket dredger to help free the ship. 
This apparatus, however, was never put into action, 
but the engine was used for hauling the vessel back 
into the sea. After the Gorgon, Seaward supplied 
direct-acting engines to the Cyclops, Alecto, Poly- 
phemus, Driver, the Caradoc and the Leopard, his 
largest engines being those of 560 n.h.p. fitted in 
H.M.S. Sidon, the paddle vessel designed by Capt. 
Charles Napier. 

The firm of Miller and Barnes had been started 
at Glasshouse Fields, Ratcliff, in 1822 by Joseph 
Miller (1797-1860) and John Barnes (1798-1832). 
The latter was a godson of Watt, and both he and 
Miller received their early training under Murdock 
at the Soho Factory. Barnes left the firm in 1835, 
afterwards doing notable work in France, but under 
the various names of Miller and Ravenhill, and 
Ravenhill and Salkeld, the firm had a long connection 
with the Navy. Following on the lines of Seaward 
and Maudslay, Miller also brought out a direct- 
acting paddle-wheel engine, and fitted engines of | 
this type to the Rosamund, 280 n.h.p., Gladiator, | 
430 n.h.p. and Barracouta, 300 n.h.p. and also 
supplied oscillating engines to other vessels. A man 
of artistic and literary tastes, Miller, in his engines 
endeavoured to combine strength with lightness, 
and they were always known for their graceful 
proportions. Miller retired from the firm in 1852 
and died in South Carolina, where he had settled. 

The fourth Thames firm to receive contracts for 
naval machinery was that of Penn. Founded at 
Greenwich in 1800 by the Somerset millwright, 
John Penn (1770-1843), it was the second John Penn 
(1805-1878) who made it the rival of Maudslays. 
Marine engine building was taken up at Greenwich 
in 1825, and it was there the oscillating engine was 
brought to its greatest degree of perfection. An 
account of the steps leading to the long association 
of the firm with the Navy is given by Sir John 
Rennie. The Admiralty, in 1843, had for their 
official yacht the Black Eagle, originally named 
the Firebrand. Desiring to improve her speed they 
consulted Boulton and Watt on the possibility of 
fitting more powerful engines, but received a dis- 
couraging reply. Penn hearing of this, uninvited 
sent in a tender offering to fit new machinery to the 
Black Eagle, of the same weight and occupying the 
same space as her original engines but of double the 
horse-power. On the receipt of this tender the 
Comptroller, Admiral Sir Byam Martin asked Sir 
John Rennie’s advice, on hearing which the offer 
was accepted and Penn satisfactorily fulfilled his 
promise. The Black Eagle was a small vessel which, 
after lengthening, was only 540 tons but had engines 
of 260 n.h.p. The engines were of the oscillating 
type and Penn supplied similar engines to the 
Sphynx, 500 n.h.p., Magicienne, 400 n.h.p., Argus, 
300 n.h.p., Valorous, 400 n.h.p., and the Banshee, 
350 n.h.p. 

The speed of the paddle-wheel frigates was 
about 10 knots, but in the Banshee, which was built 
with three others for the Dublin and Holyhead 
traffic, a speed of 16 knots was attained. In speaking 
of the Banshee and her sister vessels, Fincham, in his 
History of Naval Architecture, says their building 
was the most successful effort on the part of the 
Admiralty at producing fast steamers. Of the 
four, the Banshee was the fastest, and in the next 
column are given some of the particulars from 
Fincham’s History. 





was associated with the Navy at this time. Founded 
by the younger John Rennie (1794-1874), and his 
brother George Rennie (1791-1866) in 1821, the 
firm carried on engine making in the old works 
established by the elder Rennie in Holland-street, 
Blackfriars in 1791, and in after years executed 
many important contracts. They constructed the 
machinery for the little Mermaid of 164 tons which 
as H.M.S. Dwarf became the first screw vessel in 
the Navy, and in the middle ’forties built paddle- 
wheel engines for the Bulldog of 500 n.h.p., the iron 





ee Caradoc. | Banshee. | Llewellyn. Pl 
| ft. in. ft. in. ft. in. | ft. in. 
Length, b.p. ..| 193 0 189 0 190 0 198 6 
Beam .. |} 26 9 27 2 26 6 | 27 8 
Burthen Tons. Tons. | Tons Tons. 
| 662 670 =| ~—«650 719 
Engine maker ..| Seaward Penn. Miller. Laird. 
| ft. in. ft. in. ft. in. ft. in. 
Cylinder,diam. | 6 2 6 6 | 2 5 10 
Stroke .. wick 6 0 56 6 4 4 5 6 
| Ib. Ib. Ib. | Ib. 
Pressure per sq. | | 
ieee sc), are 14 20 | 14 
N.H.P. 350 350 | 350 | 350 
| knots. knots. | knots. knots. 
Speed ofship ..| 14 16-32 15-2 | 14-23 


at vessel Oberon of 260 n.h.p., ona the Sampson, 450 


n.h.p. It was in the last of these they fitted the 
shifting link motion usually called the Stephenson 
link motion, instead of the ordinary single loose 


| eccentric with stops on the shafts. 


To these Thames firms was afterwards added 
that of Humphrys, Tennant and Dykes, founded at 
Deptford in 1852, mainly through the efforts of 
Edward Humphrys (1808-1867), who had worked 
with Penn and the Rennies, and had held the post 
of Chief Engineer of Woolwich Dockyard. Estab- 
lished too late to secure contracts for paddle-wheel 
engines, in the early ‘fifties the firm built the 
engines for several screw sloops and thus began a 
connection of half-a-century with the Navy, during 
which it was the rival of Maudslays and Penns. 

All these early marine engineers were well known 
in engineering and scientific circles, and they served 
the interests of their profession in many ways. 
Two members of the Maudslay family were among 
the founders of the Institution of Civil Engineers, 
which Sir John Rennie and Field both served as 
president. The Miller medal was founded out of 
funds left to the Institution by Joseph Miller. 
Miller too, like Field, Penn and George Rennie 
was a fellow of the Royal Society, while Penn was 
twice president of the Institution of Mechanical 
Engineers. Though the works they established 
have long since disappeared, during the Nineteenth 
Century, engines were built in them for practically 
every naval and mercantile fleet in the world. 
Penn, up till the time of his death had alone fitted 
735 vessels with engines, while the long list of ships 
engined by Maudslays included the famous White 
Star liners Oceanic, Germanic and Britannic, the 
two fast cruisers Iris and Mercury and the Blake of 
20,000 h.p. The last naval contracts executed by 
Maudslays, whose connection with the Navy dated 
from 1823, were those for the machinery of the 
battleships Albion, 1898, and Venerable, 1899 ; 
Humphrys’ engined the battle-cruiser Invincible in 
1907, while from the works of Penn in 1911 came the 
machinery for the cruiser Chatham and the battle- 
ship Thunderer, with the completion of which the 
marine engineering industry on the Thames may be 
said to have come to an end. Many factors had 
contributed both to its rise and to its decline, but 
the student of its history cannot have anything 
but admiration for the lives, characters and achieve- 
ments of its pioneers. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 118.) 

Wind Pressures. Vibrations of Structures.—Appa- 
ratus for wind-pressure measurements has been 
erected by Mr. A. B. Bailey on the railway 
bridge over the Severn estuary at Sharpness, 
Gloucestershire. This is a single-track bridge. 
11 ft. wide, about 4,000 ft. long, consisting of 22 
spans of bow girders carried on piers. The track 





One other Thames firm, that of J. and G. Rennie, 


is about 70 ft. above high water and the bridge 
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has a south-west aspect. Measurements will be 
made on the two halves of a test section 2,680 ft. 
‘long. 

In connection with the determination of the 
velocity of propagation of vibration waves through 
the ground, Mr. Hyde attempted to make use of a 
microphone button as transmitting member. The 
device proved very sensitive, but too stiff for 
seismograph recording, though suitable for marking 
the arrival of a wave. He, therefore, modified his 
recorders of vertical and of horizontal vibrations. 
In the new instruments the lever which draws the 
curve on smoked glass, is connected with the moving 
system by a flat spring, which is vertical for vertical 
vibrations ; whilst the bearing consists of several flat 
horizontal springs. The time line is drawn by an 
electric device ; the magnification is 10:1. These 
instruments were designed for the Building Research 
Board. 

Concrete roads and their materials are studied 
for the Ministry of Transport, at the Laboratory 
and at Harmondsworth, on the road to Bath. By 
the aid of Mr. J. Bradley’s machine for skidding 


tests, which we illustrated last year (July 5, 1929,| now been proceeding for ten years. 








The instrument described fits into a steel cylinder, 
3 in. in diameter and 7 in. high, which is filled with 
oil for damping. By means of four screwed rods, 
the cylinder is fixed to the member the vibrations 
of which are to be determined. The auxiliary gear 
and electric equipment employed for impact deter- 
minations on roads, is housed in the body of the 
experimental car, which is fitted to a standard tractor 
chassis. In the front compartment of this body, 
which has a fireproof lining, a twelve-volt petrol- 
electric generating set is installed ; the rear com- 
partment is fitted up as a dark chamber and contains 
the oscillograph. Different roads and different 
wheels with solid and other tyres are being tested. 
Rubber roads are being submitted to comparative 
traffic tests, before and after replacing the wood 
block pavement by rubber, at Newcastle-on-Tyne 
and Glasgow. 

Stability of the Tower and New Scotland Yard.— 
| The periodical measurements of the movements 
of the quay wall and masonry of the Salt Tower, 
relative to the blue clay underlying the gravel, 





on which the Tower of London was built, have 
There are 


page 5), the theory of skidding has been confirmed. | seasonal movements in the quay wall and a general 
As regards wheel size and impact, measurements | sliding of the wall away from the river bed ;_ the 
were first attempted by mounting a short section | total movement during the years 1920 to 1930 
of the road on a sprung platform, level with the road ; amounts to about 2 mm. The Salt Tower itself 









































surface. But this method was influenced by the! has been under observation for four years. It is 
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elasticity and density of the road material and was 
abandoned. What should be determined is the 
spring load and the linear and angular accelerations 
of the axle, the two wheels of which are not 
necessarily accelerated to the same degree at any 
moment. Levers, Bowden cables, and hydraulic 
transmission gears proving unsuitable, Dr. F. Aughtie 
designed the remotely-recording accelerometer illus- 
trated in Figs. 7 to 9, annexed. A mass M com- 
prising two laminated armatures and clamps, is 
suspended on two flat steel spring rings, clamped at 
the ends of one diameter to M and at the ends of 
another diameter, at right angles to the first, to the 
frame of the instrument. The distance between the 
planes of the two springs is about one-third of their 
diameter, so that the mass is elastically mounted 
with one degree of freedom. Each armature is 
separated by a small air-gap from a laminated U- 
shaped core of stalloy, which carries the primary 
and secondary windings on both limbs. The force 
accelerating the mass M is transmitted through the 
springs, and their resultant deflection increases 
the one air-gap and decreases the other. The two 
primary windings on both limbs are placed in series 
across a 1,000-cycle current of a valve-maintained 








tion, and the minimum ignition temperature thus de- 
pends upon the experimental conditions. An oil-free 
cylinder gave an ignition temperature of hydrogen- 
air mixtures, tp = 500 deg. C. (t, = 535, tpy = 420 
deg. C.). When the inside of the cylinder was coated 
with castor oil, these three temperatures were raised 
to 660, 710 and 550 deg. C. Similar experiments 
were made with benzene, hexane and acetylene-air 
mixtures to decide whether the changes in the 
temperatures were due to friction or some other 
action of the piston, to surface action of the walls 
or to changes in the oil-vapour content. Friction 
seemed to be the predominant factor, and as it 
could not rigidly be controlled, the machine was 
modified. 

In the new machine the gas mixture was enclosed 
in a rubber bulb, based on the inside of the cylinder 
cover. The bulb was compressed by the external 
air pressure when the piston was driven up the 
cylinder. The rubber bulb could not be used with 
benzene, hexane or ether, as they were absorbed by 
the rubber. Discordant results were still observed, 
but a relationship was found between the compres- 
sion temperature and the delay in the ignition. The 
approximate ignition temperatures were: Air, with 
7°6 per cent. of acetylene, 440 deg. C.; with 8-9 
per cent. of methane, 620 deg. ; with 29-1 per cent. 
of hydrogen, 670 deg. These figures were not strictly 
comparable ; increase in gas concentration appeared 
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possibly because the new 
masonry piers built on the blue clay to hold the 
reference plugs are consolidating. The six-monthly 
examination of the buildings of New Scotland 
Yard over the District Railway shows that the 
periodicity and amplitude of the movements are 
fairly constant. 

Ceiling Fans.—The British Engineering Standard 
Association having issued specifications (No. 367, 
1929) for the tests of ceiling fans, for which there is 
much demand in the tropics, arrangements have 
been made for these tests by Mr. A. Bailey. The 
fan is placed in a hole of the ceiling of a screened 
enclosure, 15 ft. square by 10 ft. high, from which 
the air, moved downward by the fan, escapes through 
a gap, 18 in. high, round the bottom of the screen. 
The air speeds are measured at a number of points, 
5 ft. below the plane of the fan, by means of a 
sensitive vane anemometer, while temperature and 
electric measurements are taken. The screen is 
surmounted, at a 3 ft. distance, by an outer screen to 
keep off draughts. 

Ignition of Gas by Sudden Compression.— 
The experiments on the ignition of gases by 
sudden compressions are an extension of the work 
of Tizard and Pye, undertaken in order to explain 





amplifier and tuning fork. Fig. 9 shows the windings | certain erratic values of the ignition temperature 
only on one of the limbs. Each secondary winding | when hydrogen-air mixtures were compressed in an 


is connected to a mesh of four copper-oxide rectifiers, 
and the direct current outputs from these two 
meshes are passed through the loop of the oscillo- 
graph in opposite directions. The balanced arrange- 
ment adapted increases the sensibility of the device, 
renders the calibrations nearly linear and has other 
advantages. The natural frequency of the springs 
can easily be adjusted to the suitable value of 300 
cycles per second, which has been determined by 
experiment. 





| 


oil-free cylinder and the piston was retained in 
the instroke position. The initial temperature of 
the mixture was varied by heating the cylinder, and 
the final temperature was deduced from measure- 
ments of the pressure ratio t, or the volume ratio 
ty or both tpy. Ignition is supposed to occur in a 
compressed gas mixture when the rate of the heat 
evolved by the chemical action at that temperature 
exceeds the rate of the heat loss to the cylinder walls. 
iWhen the excess is slight, there is delay in the igni- 
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to lower the ignition temperature ; but the bulb 
results seemed to be independent of the condition 
of the cylinder walls and of the presence of oil. 
Particles of iron rust or dust suspended in the ace- 
tylene-air mixtures had no effect, but particles of 
cotton wool decidedly lowered the ignition tempera- 
ture—a fact which should further be investigated, 
with reference to mine explosions. The bulb experi- 
ments confirmed the higher values of the previous 
experiments, and indicated that the low values 
then obtained were probably due to some action of 
the piston. Finally, the bulb was dispensed with, 
and methane-air mixtures were compressed in a well- 
lubricated cylinder at room temperature. These 
experiments were in good agreement with the bulb 
experiments, when the recess at the top edge of the 
piston was charged with oil, and the figures were 
surprisingly constant considering the low initial 
pressures and the high compression ratios, 28 : 1 to 
53:1, which had to be used with the small piston 
stroke of 83in. The investigation provided a 
plausible, but not entirely adequate, explanation of 
the low ignition temperatures observed throughout 
this work. 

Effect of Heat on Dissolved Acetylene-—The 
experiments on the effect of heat on acetylene 
dissolved in acetone prove acetylene to be much 
more stable than is often assumed. In the first 
experiments reported on last year, fairly pure 
acetylene and acetone were used, but it was 
considered desirable to extend the investigation to 
commercial material. The smallest cylinders obtain- 
able, 3 in. in diameter, 9 in. long, of a nominal 
acetylene capacity of nearly 4 cub. ft., were 
employed. They were kept in boiling water for six 
hours and then cooled, all pressure determinations 
and analyses being made at 15 deg. C. No indica- 
tion of undesirable decomposition in the cylinder 
was found, but it was noticed that the adventitious 
2 per cent. of oxygen in the gas disappeared during 
this boiling. Further heating in water of 100 deg. C. 
for 100 hours did not show more decomposition, 
and it is hardly likely that commercial cylinders 
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will ever be exposed to higher temperatures than 
this, except, of course, in case of fires. It was 
considered possible, however, that accidental local 
heating might reach higher figures. The cylinders 
were therefore immersed, to depths of an inch or 
two, in baths kept at various temperatures up to 
500 deg. C. Both charged and empty cylinders 
were used. In no case did the cylinder fracture, 
and pressure rise was only observed when the 
temperature exceeded 400 deg. Analysis proved 
that this rise was due to decomposition. The local 
heating was then applied to the top of the cylinder, 
where gas pockets might form under the shoulder. 
As there was leakage in one case, probably at the 
screwed connection between the brass valve and the 
steel cylinder, the cylinder was inverted and locally 
heated by rings in various positions. Above or 
near 400 deg. again permanent pressures were built 
up, and considerable charring of the kapok was 
observed ; otherwise no incidents occurred. 

These experiments had been made with acetylene 
deprived of its oxygen by the initial heating in 
boiling water. Cylinders were then heated as 
received, by rings, in the inverted condition, up to 
369 deg. and 516 deg. 
the cylinder end was blown off and the kapok 
scattered. But there was neither inflammation 
nor shattering of the cylinder, and the failure was 
probably due to the expansion of the acetone. 
Another cylinder was water-cooled at the end 
remote from the heated ring, but it did not fail 
at 474 deg. The packing near the ring was found 
to consist of asbestos. In a last experiment a new 
cylinder was tested in the discharged condition. A 
peak temperature of 525 deg. C. did not produce 
failure, although the pressure was found, after 
cooling for twenty hours, to have risen from 9 Ib. to 
21 Ib. per sq. in. 

(T’o be continued.) 
NOTES. 
Foreign LANa@uaGeEs. 

The Board of Education’s Committee on Educa- 
tion for Salesmanship, under the Chairmanship 
of Sir Francis Goodenough, has just presented a 
second interim report, in which it reviews a 
considerable body of information it has collected 
with regard to instruction in modern languages 
in this and other countries. The report (H.M. 
Stationery Office, price 6d. net) is unusually 
succinct, and engineers who are interested in 
export trade will do well to read it throughout. 
Its keynote lies in the statement that, under 
modern competitive conditions, this country has 
to go into the world to sell, instead of the world 
coming to us to buy. As a consequence of this 
fundamental change, manufacturers at home, and 
their representatives on the spot, have to comply 
with certain indispensable conditions, or to go 
without all or a large part of their export business. 
They must keep themselves informed of market 
circumstances, understand the likes, dislikes and 
characteristics of their foreign customers, and be 
familiar not merely with trade conditions and 
regulations, but also with the social and political 
factors which influence business in the country 
in question. In earlier days the onus of imparting 
this knowledge lay with the country that wished 
to buy from us, and in any case, therefore, the 
arrangements of other countries for teaching 
foreign languages would have been likely to be 
ahead of our own. Probably, however, this is 
a good deal short of being the whole story. In 
some countries, of which France is a notable 
example, the use of the native language itself is 
taught with a system and effect which are very 
seldom found in this country. Speaking very 
broadly, English children are taught the meaning 
of words, where French children learn also the 
meaning and use of sentences, paragraphs, and 
still more complex constructions. The neglect of 
a better training in the use of the English language, 
as well as of English words. is a handicap that 
must be felt in every class of work into which 
language enters, from the writing of a letter to 
the composition of a scientific paper. Over twenty 


years ago Sir Philip Hartog, himself eminent 
among other things as a teacher of science, published 


At the latter temperature | 





a book on the writing of English, in which he 
contrasted the methods by which that art was 
commonly taught with those used in France for 
teaching French. To judge by results, the very 
practical series of object lessons given in that 
little work have not had the influence on the 
teaching of English which is desirable from the 
point of view of clear thinking as well as of clear 
writing. Accordingly, a general observation on 
the present valuable report on modern languages 
is that it would be well if the Committee’s investi- 
gation were extended to the teaching of English. 
Admittedly, however, such teaching would not 
cover what the Committee has particularly in 
mind, which is to provide Englishmen with a 
knowledge of foreign languages for use in the 
competition for export trade. At the present 
time the enquiry is incomplete, and though the 
facts carefully marshalled in the report suggest 
very definite conclusions, the Committee expressly 
abstain from drawing them until it has discussed 
the matter in detail with educational bodies. In 
any such discussion it will no doubt be remembered 
that foreign languages may be studied for more 
purposes than those of salesmanship, and there is 
perhaps a danger that curricula established by 
academic authorities may spend a good deal of 
time in turning out scholars as well as salesmen. 
The value of linguistic scholarship is not dis- 
paraged by the remark that the time available 
for commercial training is sadly short compared 
with the extent of knowledge to be acquired, and 
that much of the time spent on acquiring scholar- 
ship may be only of remote and indirect advantage 
for the purposes of salesmanship. For immediate 
purposes in particular what seems to be required 
is such a system of teaching as will give the 
student a command of the language in question 
at the least possible expense of time. This need 
for economy of time is particularly necessary in 
the training of engineer salesmen, who in modern 
conditions have also to acquire a competent 
knowledge of the construction and use of what 
they are seeking to sell. 


IRRIGATION Works IN Mapras. 


The art of irrigation has been practised by the 
industrious agriculturists of Madras for centuries ; 
by carefully retaining and canalising the monsoon 
rain supplies they are able to raise large crops, 
comprising mainly cereals and cotton, in a soil 
which is not naturally particularly fertile. At the 
present time upwards of 70 per cent. of the people 
are engaged in agriculture, and nearly 39,000,000 
acres are under cultivation. For many years past, 
the main irrigation works have been in the hands 
of the Public Works Department of the Madras 
Presidency, and it is stated in the recently-issued 
annual report of the Irrigation Branch of that 
Department that the area irrigated by Government 
works alone totalled 7,262,096 acres during the 
calendar year 1929. As will be seen, this figure 
constitutes 18-46 per cent. of the total cropped 
area. The magnitude of the Government under- 
taking may be gauged from the fact that the main 
and branch canals of the irrigation works aggre- 
gated 4,447 miles, about 1,000 miles of these being 
used for irrigation and navigation combined, and 
that the distributing channels totalled 10,281 miles. 
In addition, the Ganjam-Golalpur, the Buckingham, 
and the Vedaranniyam canals, aggregating 296 
miles, which come under the head of navigation, 
embankment, and drainage works, are also employed 
for the irrigation of large tracts of land. An impor- 
tant portion of the work of the Department is that 
of restoring the derelict tanks, which are studded 
over various portions of the Presidency. The total 
area coming within the scope of the tank restoration 
scheme is 102,500 square miles. Up till the end of 
March, 1929, restoration works had been completed 
over an area of 82,280 square miles, and operations 
were in progress, or about to be begun, over a 
further area of 4,582 square miles. Thus, on March 
31, 1929, 84-74 per cent. of the total area affected 
by the scheme had been dealt with by the Depart- 
ment. The Cauvery-Mettur project, to which refer- 
ence has been made from time to time in ENGINEER- 
ING, is shown by the report to be making good 
progress. All the preliminary works, including 





buildings, waterworks, cement sheds, &c., had been 
completed by the end of 1929, and about 80 per 
cent. of the dam excavation works carried out. 
Although floods hampered operations in the spring, 
some 261,206 tons of concrete and masonry were 
laid at the dam site during the year, representing 
an average of 950 tons per working day. The total 
outlay on irrigation works in the Presidency and 
the gross revenue realised during the year under 
review, were Rs. 2,33,57,559 and Rs. 2,97,19,566, 
respectively. 


ELECTRICAL ASSISTED WIRING AND HIRE-PURCHASE 
ScHEMES. 


The development of electricity for domestic 
purposes has been much retarded by the first 
cost of the installation and equipment. Until 
the passing of the Electricity (Supply) Act, 1926, 
the position was complicated by the fact that only 
a few of the local authorities had power to sell 
apparatus, either outright or on the hire-purchase 
system, and though this disability has now been 
removed there is still considerable reluctance to 
undertake the necessary responsibility. This is 
shown by the fact that of the 650 undertakings 
supplying in 1928-29 only 213 had adopted assisted 
wiring schemes, while 304 had schemes for hire 
or hire-purchase. Facilities under both headings 
were offered by 187 undertakings, while 230 had 
incurred no expenditure under either. It was 
pointed out by the Conference on Electricity Supply 
in Rural Areas, which met in 1928, that the success 
of rural electrification depended on the introduction 
of both assisted wiring and hire and hire-purchase 
schemes, and the Electricity Commissioners therefore 
appointed a Committee to consider what steps 
should be taken to render these facilities more 
generally available, and to make proposals for 
a practical financial scheme for the purpose. This 
Committee, of which Mr. J. H. T. Legge was 
chairman, have now reported. As regards assisted 
wiring they point out that experience has shown 
that such schemes are welcomed and should be 
adopted in all areas of supply. Where the under- 
taking itself cannot bear the necessary financial 
burden it is suggested that groups of undertakings 
should join together, in co-operation if necessary, 
with financial concerns. This co-operation should 
take the form of a Joint Development Committee, 
on which representatives of the undertakings and 
contractors would sit, and the details of the 
procedure, which it is proposed should be followed, 
are fully worked out. The attention of all under- 
takings, which have no assisted wiring scheme in 
force, should be drawn to these recommendations, 
so as to secure uniformity of practice throughout 
the country. Undertakings who have not already 
done so are also urged to put their powers of 
providing consumers with apparatus on hire or 
hire-purchase terms into force, while it is recom- 
mended that the attention of the Commissioners 
should be called to the difficulty that company 
undertakings, whose date of purchase is approaching, 
have in carrying out hire-purchase schemes, owing 
to the uncertainty as to what extent the purchasing 
authority would be under an obligation to take 
over the unpaid balances. In view of the value 
of increasing the domestic load of the country it is 
to be hoped that careful and immediate attention 
will be paid to these points. 








GAS FUEL FOR AIRSHIPS. 
By Magor P. L. Trep. 


In the conventional type of airship flight is begun. 
either from the ground or from the mooring mast, 
under such conditions that the gross lift and the 
combined weights are evenly balanced. Directly 
engine power is developed, with the consequent 
consumption of fuel, the initial equilibrium is pro- 
gressively destroyed and the airship, as she gains 
in excess buoyancy, tends to rise, unless checked, 
either by the use of the elevator, trimming the 
ship down by the bow or by valving gas. The air- 
ship R 100, for instance, has petrol engines develop- 
ing 4,200-h.p., which consume approximately 0-5 |b. 
of petrol and oil per horse-power hour. Assuming, 
as would be the case under normal conditions, that 
the ship starts its voyage in equilibrium, at the 
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6-IN. SAW WITH HYDRAULIC FEED. 


CONSTRUCTED BY MESSRS. CHARLES WICKSTEED AND COMPANY (1920), LTD., KETTERING. 








end of one hour of full-speed flight 2,100 lb.,of the 
initial burden would have been consumed, and if 
no hydrogen had been lost, the ship would be light 
by this amount. 

While such a degree of excess buoyancy could be 
very easily controlled by inclining the bow of the 
vessel slightly downwards, as the out-of-equilibrium 
increases, this method becomes less and less satis- 
factory, for, with the growing angle of pitch, there 
is a very rapidly increasing air resistance with a 
corresponding decrease in horizontal speed. Sooner 
or later, gas, having a “lift? equal to the weight 
of fuel and oil consumed, must be valved. Taking 
the standard figure for the lift of hydrogen as 68 |b. 
per 1,000 cub.-ft., for a petrol-engined airship to 


ee emg 1,0 0-5 
remain in equilibrium - wa > — 7-4 cub. ft. 


of hydrogen must be valved per horse-power hour 
of flight. The scheme of the Zeppelin Company, 
designed to avoid this fluctuating buoyancy and its 
attendant waste of lifting gas, is simple in conception 
and equally simple in operation. Instead of using 
a certain proportion of the internal volume of the 
airship hull for the purpose of carrying liquid fuel, 
a portion of this space is employed for storing 
gaseous fuel at atmospheric pressure. The ideal 
gaseous fuel would be one having the same specific 
gravity as air and a high calorific power per unit of 
volume, combined with a capacity to permit of the 
highest compression ratio when burnt in an internal- 
combustion engine. The gas used is “ Blaugas,” a 
mixture of hydrocarbons derived from the thermal 
decomposition of petroleum. Its specific gravity, 
as compared with air, is 1-2, its calorific power is 
1,899 B.Th.U. per cubic foot, under standard con- 
ditions, and in an internal-combustion engine it will 
stand a higher compression ratio than normal liquid 
fuels. 

It is at once apparent that if this gas is stored 
in fabric bags which collapse as they are emptied 
while the space they formerly occupied fills with air, 
the equilibrium change arising from gas-fuel con- 
sumption will be very slight, but whether the hull 
space is more or less effectively used than in the 
conventional airship requires quantitative analysis. 
Taking the fuel consumption of R 100’s engines as 
being 0-475 lb. of petrol per horse-power hour, the 
heat consumed would be 0-475 x 21,000 = 9,975 
B.Th.U. Now, using Blaugas, this quantity of heat 


energy would be contained in 27> = 5-134 cub. ft. 


It has previously shown that 7-4 cub. ft. of the hull 
Space were required to lift the petrol and lubricating 
oil required for the development of 1 horse-power 
hour, consequently, making allowance for the lubrica- 
ting oil (which will be the same in both cases), the 
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hull volumes used for fuel per horse-power hour will 
be 7-031 cub. ft. in the case of the petrol-propelled 
airship and 5-134 cub. ft. in the case of the airship 
using gas fuel. Since, however, the gas fuel is 
slightly heavier than air, for perfect equilibrium 
hydrogen equal in buoyancy to the difference in 
weight between 5-134 cub. ft. of fuel gas and an 
equal volume of air would have to be valved; that 
is to say, the true relative figures are 7-031 cub. ft. 
for the petrol-propelled airship and 6-264 cub. ft. 
for the gas-fuel-propelled airship. 

At first sight, it would appear that, by the use 
of the new fuel, there would be a substantial gain in 
performance (assuming the containers and piping 
in each case to weigh the same amount for the same 
number of horse-power hours of fuel supply), but 
under the influence of operating conditions this 
benefit is subject to considerable modification. Ifa 
petrol-propelled airship is fully loaded at the mooring 
mast with its hydrogen gasbags full at the moment 
of casting off (as would probably be the case when 
operating under commercial conditions), on forcing 
the vessel up to a convenient flying height of 2,200 
ft. from the ground, approximately one-fifteenth of 
the hydrogen will escape through the automatic 
valves, causing an airship of the capacity of R 100 
to be 10 tons heavy. To maintain height under 
these conditions, the vessel, if she is flying at full 
speed, must be given an upward angle of pitch of 
about 2:3 deg., when her resulting horizontal air 
speed would be reduced by 3 to 4 miles per hour. 
Due to consumption of fuel and lubricating oil, at 
the end of about 11 hours of full-speed flight, the 
ship will once more be in equilibrium and, from 
then on, if the voyage is continued, she becomes 
progressively lighter. 

To bring the relative merits of the two fuels under 
operating conditions to a comparative basis, it 
is instructive to consider R 100 as flying 3,000 air 
miles at full speed, equipped with each fuel system 
inturn. If petrol-driven, the airship at the mooring 
mast would require 1,196,580 cub. ft. of hydrogen 
for the support of the fuel and lubricating oil 
necessary for the voyage. On the other hand, gas 
fuel and the hydrogen to support it for the same 
length of journey would occupy 1,012,889 cub. ft., 
while the hydrogen required to carry the necessary 
lubricating oil would amount to 59,667 cub. ft. The 
total hull space used for propulsive purposes in this 
case would thus be 1,072,556 cub. ft., that is to say, 
at the mast, the gas-fuel system permits of 1,196,580 
—1,072,556 = 124,024 cub. ft. of hydrogen, having 
a lift of 3-8 tons, being used for carrying load 
additional to what would be possible with the petrol- 
propelled airship. 








Now, on attaining a flying height, on leaving the 
mast, of 2,200 ft., there is the same loss of lift in 
both cases, since the bags containing the gaseous 
fuel are so constructed that as this gas expands, 
its bags push into the hydrogen gasbags thus corres- 
pondingly reducing their volume, but with the 
petrol airship, this is recovered after 11 hours of 
flight. With gas fuel, at the end of the 3,000 air-mile 
journey, the ship will be heavy by an amount equal 
to the initial heaviness, less the weight consumed, 
the latter being the weight of the lubricating oil 
and gas fuel weight in excess of an equal volume 
of air. This will amount to 10 — (1-8 + 5-5) = 
2-7 tons, and since it is necessary for an airship to 
be in equilibrium when landing either at the moor- 
ing mast or on the ground, the excess weight, which 
has been supported by horizontal speed, must be 
got rid of by dropping ballast to this amount. Con- 
sequently, if the same quantity of disposable weight 
is provided in each case for dealing with the emer- 
gencies of flight, an additional 2-7 tons would have 
to be available, under the conditions cited in the 
example, when gas fuel is the propellant. It, there- 
fore, follows that the apparent initial gain in load- 
carrying capacity derived from the use of the new 
fuel, considered from the commercial point of view, 
is not 3-8 tons, but 3-8 — 2-7 = 1-1 tons. 

Thus, in summing up the characteristics of the 
new system it may be said that it secures only a 
small practical increase in load-carrying capacity 
which is gained at the cost of a slight decrease in 
horizontal speed, when the ship is operated under 
commercial conditions. It allows of a substantial 
saving in hydrogen, but until cost figures for Blaugas 
are available, it is impossible to say to what extent 
this may be counterbalanced by the price of the 
gaseous fuel. Danger from fire, in comparison with 
petrol is reduced, particularly in the tropics, but, 
on the other hand, operating risk, due to there being 
no fuel which can be jettisoned in an emergency, is 
undoubtedly increased. While it is difficult, with- 
out further experience, to express a definite opinion 
as to the exact relative merit of the new system of 
propulsion, it is the writer’s impression that it is 
slightly superior to petrol, but that should reliable 
Diesel engines, weighing something in the neigh- 
bourhood of 4 lb. per horse-power, become available, 
its vogue will be of but short duration, since the 
heavy-oil fuel for the latter eliminates the fire 
danger of petrol, while allowing the same freedom 
with regard to its use as emergency ballast. 








INSERTED-TOOTH SAWING MACHINE 
WITH HYDRAULIC FEED. 


THE accompanying illustration shows a new inserted- 
tooth metal sawing machine constructed by Messrs. 
Charles Wicksteed and Company (1920), Limited, 
Stamford Road Works, Kettering, for whom Messrs. 
Buck and Hickman, of 2-6, Whitechapel-road, London, 
E.1, are acting as agents. This machine is intended for 
cutting round and square bars, rolled sections, &c., 
either square or at an angle. It is adapted for either 
belt or motor drive, the latter being shown in our illus- 
tration, in which case the drive is by raw-hide pinion 
direct to a large gear on the first motion shaft. As 
shown in the figure, the motor is placed on the change- 
speed gear-box, which contains sliding gears giving 
three speeds of 115 ft., 80 ft., and 52 ft. per minute 
for the saw. From the change-speed box the drive is 
transmitted to the saw carriage by shaft and sliding 
worm. The gear-box on the carriage contains a 
phosphor-bronze worm wheel and two chrome-steel 
double helical gears, the latter being of much more 
liberal dimensions than usual, so that wear is greatly 
reduced and operation is much facilitated by the 
improved lubrication rendered possible. All these 
gears are totally enclosed and run in oil. The saw is 
of the inserted-tooth type, 22 in. in diameter and } in. 
thick. The blade can be removed without dismantling 
any other part, and a chip remover is fitted. 

The saw carriage is fed forward by hydraulic gear, 
for which purpose oil is supplied under pressure by a 
rotary pump. The hydraulic piston of this feed gear 
can be regulated by turning a small graduated wheel, 
to give any feed between zero and 12 in. per minute. 
If undue resistance develops the oil slips in the pump, 
thus automatically reducing the feed. Automatic 
quick return comes into action as soon as a cut is 
completed. 

The work is clamped in a vertical screw vice, in which 
the work can be set at any angle up to 45 deg. A 
Vee-block is provided for round or square bars. This 
block can be traversed in or out by screw. The machine 
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will cut up to 6} in. round sections, bars 6 in. square, 
or 12in. by 16in. joists, &c. The normal driving 
pulley is 16 in. by 34 in., running at 375 r.p.m.; 
for electric driving the motor speed is 1,000 r.p.m. 
Although faster work can be accomplished, the following 
times are given as suitable : round bars, 3 in. diameter, 
three-quarters of a minute ; 4 in. diameter, one minute ; 
5 in. diameter, two minutes ; 6 in. diameter, two and a 
half minutes; 12 in. by 6 in. joists, two and a half 
minutes. 








THE REMOVAL OF ASH FROM 
FLUE GASES. 


In a paper, presented at the semi-annual meeting 
of the American Society of Mechanical Engineers, 
which was held at Detroit in June, Mr. J. W. Mackenzie 
gave an account of the spraying device, which had been 
installed at the Kalamazoo station of the Consumers’ 
Power Company of Jackson, Michigan, to reduce the 
nuisance caused by the emission of ash from pulverised 
fuel-fired boilers. 

The station, which was opened in 1927, was one of 
the first of the larger plants in the United States to be 
operated on the unit system, and the ash problem was 
a point which was carefully considered in its design. 
It was hoped that, given proper furnace construction 
and good operation, grit arresters would not be required, 
but space was provided so that, if necessary, they 
could be installed later. When the station was started, 
coarse pulverisation and trouble with the burners 
resulted in more solids being discharged from the 
stack than was expected, and the consequent complaints 
made an immediate remedy necessary. To obtain an 
idea of the conditions, the area for some distance 
round the station was divided into a number of sections, 
in the centre of each of which a board, about 16 in. 
square, was placed. The upper side of this board was 
freshly painted each morning. Any dust, which 
settled, was retained when the paint dried, and a 
permanent record was thus obtained. By observing 
the direction of the wind and comparing the results 
obtained when the wind was blowing from the power 
station, or vice versa, the relative effect of the discharges 
was determined. These records showed that objection- 
able quantities of material, in the form of small particles 
of coke, were being deposited near the station, and 
this was undoubtedly largely due to poor pulverisation. 
It was therefore decided to instal a water spray in the 
concrete stack serving the boilers, in the hope that part 
of the solid materials would thereby be eliminated. 

The stack in question, as shown in Fig. 1, had an 
internal diameter of 12 ft., the gases entering through 
two inlets about 21 ft. above its base. A group of 
four nozzles was first arranged about 20 ft. above the 
top of these inlets, so as to produce a spray which 
would cover the whole cross-section of the stack. 
Though the results obtained in this way were better 
than was anticipated, considerable corrosion of the 
pipe connections to the nozzles occurred, and a single 
spray was substituted at a height of 25 ft. for the four 
originally used. This spray, the position of which is 
indicated in Fig. 1, enabled about 30 gallons of water 
per minute to be ejected into the chimney. The new 
arrangement had the advantage that it could be in- 
spected and repaired from outside. Experience showed 
that as long as the spray covered the interior of the 
stack, increasing the quantity of water had little effect 
on the results. The water and entrained ash were 
drained from the bottom of the stack into the general 
ash system of the station. 

After this arrangement had been in use for about a 
week, trouble was experienced owing to the emission of 
fine ash, which settled within a radius of less than 
500 ft. from the station. It was found that this had 
gradually accumulated in a band about 3 in. thick, 
which extended 3 ft. or 4 ft. upwards from a point 
some 15 ft. above the spray, and that after a time this 
began to flake off. This was overcome by installing 
a second spray, about 15 ft. above the main spray, as 
is also shown in Fig. 1. This spray was a duplicate of 
the . first, except that it delivered water upwards. 
The deposit was washed down and trouble from this 
cause eliminated, if it was used for only about 20 
minutes per day. The records obtained by the painted 
boards showed that with the spray in operation, the 
amount of dust settling per square foot was not per- 
ceptibly different when the wind was carrying the 
gases over the test district, and when the wind was in 
another direction. 

In view of these results, it was decided to employ 
the same system at the company’s Wealthy-street 
station, No. 2, at Grand Rapids, Michigan, and no 
complaints had been received there after a year’s 
operation. Moreover, as the inlet to the stack at 
this station included a fairly long vertical duct, it 
was possible to measure the percentage of ash 
removed from the gas. The cross-section of the 
duct was 5 ft. 5 in. by 4 ft. 10 in. This was divided 
into 12 equal parts, from the centre of each of which 





a sample of gas, with its entrained solids, was aspirated. 
In obtaining samples in this way it was, however, 
important that the velocity of the sample should be 
the same as that of the surrounding gases. If it were 
higher, the percentage of fines in the sample would 
be too large, as they were more easily deflected, while 
if it were lower, the gases would be forced away from 
the entrance of the pipe, and both the quality of solids 
entrained, and the percentage of fines would be too 
low. To guard against this, a thin-walled sample 
tube with the inlet edges sharpened was employed. 
The apparatus used for collecting samples in these 
tests is indicatedin Fig. 2. It consisted of a thin-walled 
sampling pipe, a, which was connected to a bag, 6, 
through an air-operated ejector c, and a valve d, by 
which the flow could be controlled. The inclined 
draught gauge, e, was connected so as to indicate the 
differential pressure between the Pitot tube g, with 
its open end in the mouth of the sampling pipe, and 


the Pitot tube h, whose open end was outside that | 


pipe. The mouths of the Pitot tubes were turned so 
that the gas did not flow directly into them. This 
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was done to prevent them being clogged with ash. 
Though this arrangement would not give accurate 
figures for the velocities, it was sufficient to show that 
the rates of flow into and round the tube were the 
same. To collect samples, the bag was placed in 
position, the ejector started, and the flow in the pipe, 
a, adjusted by the valved. The bag was then replaced 
by a duplicate, which had been dried and accurately 
weighed, and a three-minute sample taken. Each 
section of the duct was treated in the same way, and 
the bag was then dried and re-weighed. The increase 
in weight multiplied by the ratio of the area of one 
section of the duct to the area of the inlet of the sample 
gave the total weight of solid passing through the 
duct in three minutes. The dust was then removed 
from the bag, tested for fineness and analysed for 
percentage of combustible. About 15 per cent. to 
40 per cent. of the sample was so fine that it became 
imbedded in the bag, and could not be removed. 
While the ash was being collected in this way, the 
slurry discharged from the bottom of the tank was 
diverted for a short period into a tank. The sample 
thus obtained was dried, weighed and tested for fine- 
ness and combustible content. Data were then avail- 


able, which enabled the total weight and the percent- 
ages of carbon and ash recovered to be determined. 
As a result, it was found that the ratio by weight of 
grit to total coal consumed varied from 5-5 per cent. 
to 11 per cent., and that about 37 per cent. of this 
was recovered with the sprays in operation, while 
normally, about 5 per cent. of the total weight of coal 


was still discharged from the stack. The volume of 
the gases at full load was 127,500 cub. ft. per minute 
at a velocity of 1,000 ft. per minute, which gave a 
loading of 0-156 Ib. of solids per 1,000 cub. ft. of gas. 
Of these, 65 per cent. would pass through a 100-mesh 
screen. Tests also showed that about three or four 
times as much material was recovered with the sprays 
as without them, and that their use had increased the 
proportion of fumes trapped. 

After about nine months’ operation, it was found 
that the inner concrete surface of the stack had become 
seriously eroded, especially near the base. The 
original material was therefore replaced by an acid- 
resisting lining extending from the base to about 50 ft. 
above the spray. This consisted of vitrified tiles 
secured with acid-resisting cement. It had worked 
well at both stations. Experience showed that the 
spray should be installed at least 20 ft. above the 
point where the gases entered the stack, and that 
there should be a distance of not less than two stack 
diameters between the bottom of the inlet and the 
base of the stack. 








LAUNCHES AND TRIAL TRIPS. 


‘* RECORDER.’’—Single-screw cargo steamer. Triple- 
expansion engines, pulverised-fuel fired boilers. Launch, 
July 29. Main dimensions, 418 ft. 3 in. by 54 ft. 34 in. 
| by 32 ft. 7 in. Built by Messrs. Cammell .Laird and 
| Company, Limited, Birkenhead, for Messrs. The Charente 

Steamship Company, Limited (Messrs. T. and J. Harrison), 
Liverpool. 

** DEUCALION.’’—Twin-screw motorship. Launch, 
July 29. Main Diesel engines constructed by Messrs. 
Burmeister and Wain, Copenhagen, and installed by 
builders. Engines of four-stroke, single-acting type. 
Main dimensions, 453 ft. 6 in. by 59 ft. by 35 ft. 3 in. 
Built by Messrs. R. and W. Hawthorn, Leslie and Com- 
pany, Limited, Hebburn-on-Tyne, for Messrs. Alfred 
Holt and Company, Liverpool. 


|  ** Perk.’’—Single-screw oil-tank motorship. Launch, 
| July 25, from the Walker Shipyard of Messrs. Sir W. G. 
| Armstrong Whitworth and Company (Shipbuilders), 
| Limited. Main propelling machinery Armstrong-Sulzer 
| two-stroke single-acting six-cylinder Diesel engine, 
| fitted aft. Main dimensions, 408 ft. overall by 54 ft. 9 in. 
| by 32 ft. Built tothe order of Messrs. Jens. J. Salvesen’s 
| Rederi A/S, Oslo, Norway. 
| ‘ Nore.”—Single-screw oil tanker. Launch, July 28, 
| from the Wallsend Shipyard of Messrs. Swan, Hunter, 
‘and Wigham Richardson, Limited. Diesel engine of 
| Wallsend-Sulzer type. Main dimensions, 474 ft. overall 
by 593 ft. breadth; carrying capacity, 11,300 tons of 
| oil in bulk. Propelling machinery built by Messrs. The 
Wallsend Slipway and Engineering Company. Con- 
structed to the order of Messrs. Johan Rasmussen and 
Company, Sandefjord, Norway.; 

““CoRDELA”’ and ‘“‘ ARMANA.’’—Steel-screw trawlers. 
Launch, July 28. Main dimensions, 140 ft. by 25 ft. 
by 14 ft. 3in. Built at the Ouse Shipbuilding Yard of 
Messrs. Cochrane and Sons, Limited, Selby. 





““ HARPERLEY.’’—Twin-screw cargo steamer. Triple- 
expansion engines. Trialtrip, July 25. Main dimensions, 
413 ft. 6 in. by 54 ft. 6 in. by 27 ft. 34 in. Built by 
Messrs. William Gray and Company, Limited, West 
| Hartlepool, for Messrs. The National Steamship Com- 
potas Limited, London (Messrs. J. and C. Harrison, 
| Limited, Managers). 


| __* Ditwara.”—Steel screw tug. Launch, July 29. 
| Main dimensions, 95 ft. by 24 ft. by 12 ft. Built at the 
| Ouse Shipbuilding Yard of Messrs. Cochrane and Sons, 
Limited, Selby. 

‘* SILVERWALNUT.”’—Twin-screw cargo motorship ; six- 
| cylinder, single-acting, Harland-B. and W. Diesel en- 
|gines. ‘Trial trip, July 23. Main dimensions, 455 ft. 
| by 61 ft. 9 in. by 40 ft. Built by Messrs. Harland and 
| Wolff, Limited, Belfast, to the order of Messrs. Stanley and 
| John Thompson, Limited, for the Silver Line, Limited, 
| London. 


** PeTeR Hvurt1.”—Oil-tank motorship ; Diesel engines 
supplied by Messrs. Fried. Krupp Germaniawerft A.-G., 
Kiel. Launch, July 24. Main dimensions, 520 ft. by 
70 ft. by (draught) 28 ft. 9in. Built by Messrs. Palmers 
Shipbuilding and Iron Company, Limited, Hebburn-on- 
Tyne, for Messrs. Standard Shipping Company, New 
York, U.S.A. 


‘“* ConTRACTOR.”’—Single-screw cargo vessel. Trial trip, 
July 25. Main dimensions, length 418 ft., and breadth 
54 ft. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, to ‘the order of Messrs. T. and J. 
Harrison, for Messrs. The Charente Steamship Company, 
Limited, Liverpool. 











Company REGISTRATIONS aT SoMERSET HovusEe.— 
The semi-annual statistical report relating to new com- 

anies registered in England during the half-year ending 
Sano 30, has just been issued by Messrs. Jordan and 
Sons, Limited, 116-118, Chancery-lane, London, W.C.2. 
This shows that 225 engineering companies, having an 
aggregate capital of 2,086,325/., and 144 electricity, gas, 
and water companies, representing a total capital of 
1,352,575/., were registered at Somerset House during 
the six months under review. Furthermore, 140 com- 
panies in the iron, brass, and metals section, having a 
total capital of 1,059,900/., and 101 mines companies, 
with an aggregate capital of 11,227,050/., were registered 
during the same period. 
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ENGINEERING MARKETS OF THE 
WORLD—III. 
By A. J. LIvERSEDGE. 
THe British Empire: Inpia. 


To institute comparisons as to the relative 
importance of the units which compose the British 
Empire would be an invidious, and might be a 
mischevious, proceeding. No such comparison is 


Fig.5. PERCENTAGES OF IMPORTS INTO 
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being attempted here; but it will not be considered 
invidious to point out that, so far as the trade that 
is here being surveyed is concerned, India is our 
best market. India buys from us more of these 
engineering products (as well as of some other of our 
national productions) than any other Dominion, and, 
indeed, more than any other country. 

In the first article of this series it was shown how 
we stand, in connection with these engineering 
exports, with the British Dominions Overseas and 
with Foreign Countries. In Table VII, on page 
152, the shares taken by the principal Dominions 
are shown for the vears 1924-27, the latter year 
being the latest for which the returns are available, 








and also for 1913. The figures are taken from the 
British Board of Trade returns and are for the 
calendar years indicated. The percentages shown 
refer to the totals supplied to the Dominions and 
not to our world totals. 

It will be seen that India stands easily at the 
head of this table; she has taken—in 1913—more 
than a third of the whole of our engineering exports ; 
and her proportion, over the period covered in the 


Fig.6. WEIGHTS OF IMPORTS 
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table, only once drops below 30 per cent. It is 
true that the Indian proportion in 1927 was con- 
siderably below her proportion in 1913. This may 
be partly accounted for by the introduction of new 
numbers into the table—The Irish Free State, 
Kenya, Sudan, the Federated Malay States and 
others, and to the progress of some of the other 
Dominions ; but it is to be feared that it is also due 
to a real decline in British trade with India, as 
we shall see. It is interesting to find that India 
and Australia, in every year included in the table, 
take more than half of all these our exports to the 
British Dominions. The table reveals one or two 
unsatisfactory features ; for instance, the Canadian 


figures indicate not only a relative but also a real, 
decline in our trade to that Dominion. The same 
observation applies also to the figures of the Irish 
Free State ; but upon the whole the table reveals a 
real and important growth up to 1927 as compared 
with 1913. It is true that figures of values may 
easily mislead us owing to the higher price levels of 
to-day; but the total value of these exports of 
1927 was 46,000,000/. higher than the total for 1913, 
equivalent to an increase of 85 percent. In the 
meantime, while most prices have remained higher 
than in 1913, some have fallen lower, and the average 
increase in 1927 as compared with 1913 was certainly 
less than 85 per cent. It, therefore, follows that in 
1927 we did more real trade with the Dominions 
than in 1913, a conclusion which is confirmed by the 
weights set out in subsequent tables. 

This table appeals at once to our trading instincts ; 
but it may be allowed also to appeal, for a moment, 
to our imagination ; and of all the historic romance 
which lies behind its prosaic figures there is surely 
nothing.so remarkable as the picture it presents of 
| that extraordinary land of India, to-day, buying 
| these large quantities of engineering material and 
| products from a country whose inhabitants were 

painting their bodies with woad at a time when 
India herself had already developed a high order of 
| civilisation, was producing works of art and possessed 
| an architecture and a literature, which are still the 
_admiration of the world. This great modern trade 
|is very much a trade by itself, sui generis ; there is 
nothing quite like it anywhere else in the Empire ; 
‘and as constituting the greatest of our overseas’ 
| markets it is set out here in as much detail as space 
| will permit. It is to be feared that our hold upon 
this great market is not quite what it was ; and it is 
| of the utmost importance that we should realise 
where we stand and how things are moving, in this 
connection. 

At the outset we have to observe that India is now, 
openly and avowedly, a protectionist country ; and 
that among the commodities upon which she now 
places duties on import with a view to encourage 
their production at home, are a considerable number 
of the commodities included in the five classes 
which are the subject of this survey and, particularly, 
most forms of iron and steel. She has a general 
duty of 10 per cent. ad valorem on iron and steel, 
iron alloys and railway material (excluding loco- 
motives which now come under the head of 
machinery); of 15 per cent. on the non-ferrous 
metals, electrical apparatus and manual or animal, 
power machinery ; and of 20 per cent. on motor cars 
and motor cycles. Agricultural machinery is free ; 
and the duty on machinery generally is nominal. 
There is a detailed schedule relating to the different 
classes of iron and steel; but it is important to 
observe that whatever the basic duty may be of this 
| schedule, the duty on goods from foreign countries is 
considerably higher than the duty on corresponding 
goods from the British Empire. Thus, the duty on 
common bar iron of British origin is 26 rupees per 
ton or 17 per cent. ad valorem, whichever is the 
higher, but foreign bars must pay an extra duty of 
37 rupees per ton; British angle iron pays 21 
rupees per ton or 17 per cent. ad valorem, but the 
foreign must pay 15 rupees extra; British wire 





‘nails pay 3 rupees per ton, the foreign must pay 


double ; plain pipes and tubes of British origin pay 
21 rupees or 17 per cent., foreign pay 15 rupees 
extra; British iron and steel wire pays 60 rupees 
per ton, the foreign, double; British iron or steel 
rails of 30 lb. per yard or over, pay 13 rupees, the 
foreign, 26 rupees; under 30 lb. per yard the rates 
are 26 rupees on British rails and 63 rupees on the 
foreign article; British structural steel pays 21 
rupees or 17 per cent., the foreign, 15 rupees extra ; 
British tin plates and sheets pay 48 rupees per ton, 
but the foreign must pay 96 rupees; and so on. 
Hence, it will be seen that where a preference is 
given it is given handsomely ; it is not a nominal 
preference but a real and substantial preference. 
In other words, while India has surrounded herself 
with one of the “ tariff walls” of which we hear so 
much these days, that wall is lowered considerably in 
many parts for the advantage of British products ; 
not simply products of this country, but Empire 
products. It is necessary to keep this important 
consideration in mind. 
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The British India market for our five classes of 
engineering materials and products is shown in the 
Tables VIII and TX below, and on page 153. The 
figures of these tables are from the Indian returns ; 
they differ from the figures of Table VII, which are 
based on British returns. The Indian figures are 
for the fiscal years ending March 31 ; and the values, 


TABLE No. VIL—UNITED 


Certain of the more important features revealed 
by the two tables are expressed in graphic form in the 
Figs. 5 and 6, page 151. The entire import trade of 
British India in the five classes of products which are 
the subject of this enquiry, is set out in these tables 
for the years 1924-25 to 1928-29 and also for 1913-14. 

These tables present both satisfactory and 





it will be seen, wrought aluminium advanced from 
1,317 tons in 1913-14 to 6,554 tons in 1927-28, 
and although there was a small decline in 1928-29, 
the figures still stood at 6,212 tons in the latter year. 

There is, indeed, only one important decline 
shown in these tables, that in railway vehicles in 
Table VIII, where a decline is shown not only 





KINGDOM ENGINEERING EXPORTS TO BRITISH DOMINIONS. £000’s. 
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1! 
— | 1913. | Per cent. || 1924. | Per cent. | 1925. Per cent. || 1926. | Per cent. | 
| i] I I | 
| | I I | |} | | 
s | £ £ ..-< s | e | £ € £ 
Declared values at United Kingdom Ports of all Five | | | || 
Classes to— | | | 
1. British India... os = , 19,179 | 35:6 27,416 31-2 | 28,421 | 31:0 || 24,301 29-1 30,496 30°5 
2. Australia with Tasmania i ae 12,392 | 23-0 || 19,771 | 22-4 || 19,439 21-2 20,942 | 24-3 932 23-0 
3. Union of South Africa x - aa 7,345 , | 13-6 9,660 10-8} 9,345 | 10-2 | 10,146 | 11-7 10,291 10-3 
4. New Zealand .. ; Aa a x 3,333 | 6-2 | 6,395 7-2 7,415 | 8-8 | 5,811 | 6-7 6,291 6-3 
5. Canada . x ~ _ a. 4,239 | 7-8 4,079 4-6 4,840 | 5-2 | 3,659 | 4-2 4,991 0 
6. Irish Free State. . i zs 5s a — -- 5,145 5-8 4,495 | 5-0 4,077 | 4-7 4,754 4-7 
7. Straits Settlements ss it 3 1,660 | a, 2,517 | 2-8 3,550 | 3-8 3,490 4-0 3,539 3-5 
8. Nigeria .. a ns mn x $i 623 | 1-20 | 1,140 | 1:30 CO 1,260 | 1-3 OC 1,344 1+5 2,397 2-4 
9. Ceylon f vs Ae a 2,090 | 3-8 | 1,276 | 1-4 1,492 | 1-6 SI 1,618 2-0 1,967 1-9 
10. Federated Malay | States oe S i — — 415 | 0-5 934 10 «| 1,139 1+3 1,701 1-7 
11. Kenya .. ; ace ys - _ — | 1,178 1:3 \| 1,745 1:9 | 1,188 1:3 1,363 1-4 
TRS ES a ee — = 670 | 0-7 |i 650 0o-7 «| 585 0-7 1,159 1-1 
13. Gold al “ie - - by. 27 0-5 | 838 0-9 907 1:0 =| 743 0-8 918 0-9 
14. Hong Kon ess Se le bi ae 1,321 | 15 || 1,158 1-2 586 0-7 679 | 0-7 
15. British West Indian Islands |. a es 324 | 0-6 653 0-7 | 692 | 0-7 || 523 0-6 580 | 0-6 
16. Rhodesia Be * Sad 224 | 0-4 202 0-2 | 271 0-3 375 | 0-4 572 | 0-6 
17. East Africa Protectorate $g re 3 431 | 0-8 | 145 0-2 | 298 0-3 | 375 0-4 526 0-5 
18. Palestine. . h 5% ie s ~ 100 0-1 jj 131 0-1 172 0-2 250 0-2 
19. Mauritius a = x 3; oe “131 0-2 | 301 0-3 | 185 O22 | 155 0-2 236 0-2 
20. British Guiana .. ; 2 ; : | 9 | 0-1 =| 231 0-2 | 215 0-2 189 0-2 128 0-1 
21. Newfoundland 276 | 0-5 | 1,026 1-2 | 526 0-5 270 0-3 105 0-1 
22. Uganda .. | ~ — | 69 O-1 | 106 0-1 165 0-2 83 _ 
23. Aden 98 0-1 70 O1 | 72 0-1 70 0-1 58 — 
24. East Africa and Zanzibar Protectorate | — | 37 — \| 49 — 40 — | 43 | — 
25. The Rest ; ae Ae tox .| 574 eo 3,508 4:0 || 8,569 3-9 4,189 4-8 |} 3,827 | 3-8 
Totals, British Dominions és : ‘| 53,806 | 100-0 | 88,164 | 100-0 1 91,765 100-0 | 86,152 100-0 99 886 | 100-0 
TABLE VIII—BRITISH INDIA. ENGINEERING IMPORTS. 000’s £ OMITTED. 
ate 2 ee ene eS | j | li 
1913-14. 1924-25. | | 1925-26. 1926-27. I} 1927-28. | | 1928-29. 
| | | 
coe ey tome | | [ Percent. || tom. | 
| Tons. | Per cent. Tons. Per cent. | Tons. | Per cent. Tons. Per cent, Tons. | Per cent. 1 Tons. | Per cent. 
. I | 
7 See ie a ‘ 7 | |] }] {| | i 
Tron and Steel and Manufactures there india | | \| | 
From United Kingdom .. bs .. | 582-1 | 60-0 || 480-9 | 52-0 || 513-9 50-4 410-4 46-5 || 720-0 57-0 || 649-5 55+4 
» Other Sources... ne - 5% 389-4 | 40-0 || 445-9 | 48-0 | 505-7 49-6 474-4 53-5 {| 545-7 43-0 520-4 44-6 
MH. . « -. « «| oe | — | mel — [aes a 884-8 —- teme| — | eo sa 
| £ hk on ae fr ¢« } || - et | o£ 
Tron and Steel and Manufactures _— | | | 
From United Kingdom fy | 6,450-4 60-5 | 8,538:9 | 64-2 || 8,995-8 67-6 || 7,851-2 61:0 || 11,296-8 | 67-4 9,787 -6 64-4 
», Other Sources | 4,212-9 39-5 4,776°7 | 35-8 || 4,319-4 32-4 || 5,009-0 39-0 | 5,409-1 | 32-6 || 5,394-6 35-6 
|__| _______ | —_—_____| |_—__ pears — 
Total | 10,663 -3 — || 13,315-6 — || 13,315-2 — 12,860-2 | —  ||16,765-9 ; o— 1 15,182 -2 = 
Machinery and Millwork— \| | H 
From United Kingdom .. | 4,638-5 89-7 8,241-7 83-8 || 8,247-5 79-4 7,815 -2 76-1 9284-3 | 78-2 9,876-5 | 76-0 
»» Other Sources | 633-7 10-8 1,593-9 16-2 || 2,135-7 20-6 2,455 -0 23-9 2,588-2 | 21-8 || 3,157-5 | 24-0 
Ries — | | — _ 1] | 
Total | 5,172-2 | | 9,835-6 —  ||10,383-2 | — 10,270-2 _— iL, 872- “SS pa || 13,034-0 } — 
Electrical Apparatus | ae —|| a a = nh eae a | 
From United Kingdom . | 574-2 76-9 || 939-7 71-5 |}: 1,075-2 67-2 |} 1,276-4 | 1,388:7 | 65-3 1,492°5 63-6 
» Other Sources .| 172-5 23-1 374-7 | 28-5 || 519-3 32-8 613-5 | 737-6 | 34-7 | 854-7 36-4 
Total .| mo-7 | — llasieae | — jf asoes | — 1889-9 | — 2126-3 | — _ || 2347-2 ae 
Vehicles, Railway- Kin wei | a | | | ee Be: oe. 
From United Kingdom .. ss ex .. | 6219-2 92-9 || 3,072-6 88-1 || 2,718-7 85-4 || 1,701-0 71-2 |! 2581-3 | 83-2 | 1,785-0 84-5 
», Other Sources : me os 470-6 | = 7 i 12-5 11-9 || 465-5 | 14-6 || 691-2 28-8 || 526-9 | 16-8 || 327-0 15-5 
Total .. 2... sa, oe 6,689: 98 | — (|| 35-1 | — || 3ase2 | — || 23922 | — || 3108-2 | — 1 2112-0 | — 
Vehicles. Motor, &-c.— " |} jill pa ms || | | | 
From United Kingdom .. 48 5a .. | 841-6 70-7 1,229-1 41-6 || 1,618-3 | 39-2 || 1,797-8 | 37-8 || 2,215-8 38-4 || 2,179-4 27-2 
Other Sources... 5 349-6 29-3 || 1,721-9 58-6 || 2,503-8 | 60-8 || 2,951-7 | 62-2 |) 3,554-2 61-6 || 5,874-4 72-8 
DR CY Sc, aad te c 191-2 = 2951-0 | — || 41221 | — || 4,749-5 } — 5,770:0 | — | 8053-8 | — 
| aes | See = Paes | aS | | | — 
Total Vehicles— | H || | | | 
From United Kingdom .. sé 7 .. | 7,060-8 89-6 4,301-7 66-8 || 4,337-0 59-4 || 3498-8 | 49-0 || 4,797-1 | 54-0 || 3,964-4 | 39-0 
» Other Sources... Oe a -. | 820-2 10-4 2,134-4 33-2 || 2,969-3 | 40-6 | 3642-9 | 51-0 || 4081-1 | 46-0 || 6201-4 | 61-0 
Total... 20. . . | 70 | — fl eaen. | — |! 73063 | — || 704-7 | — || 8g78-2 | — _ ||10,165-8 fs 
————— ee | = — — ee — | —_—_—— 
Total Imports as above— | | | | 
From United Kingdom .. . | 18,723-9 76:7 — || 22,022-0 71-2 «|| 22,655-5 | 69-5 ||20,441-6 | 63-4 26,766-9 | 67-6 25,121-0 61-6 
» Other Sources 5,739°3 23-3 || 8,879-7 28-8 || 9,943-7 30-5 || 11,720-4 | 36-6 12,876:0 | 32-4 15,608 -2 38-4 
Totals of above : 24,463-2 | — _| '30,901-7 | — 32, 92 | — _ || 32,40 162: 0 {= |\s 642-9 | —  ||40,729-2 fa 
Totals 7; ted Non-Ferrous Metals as per Table pi ie \| ea a ee ss | a iii iil 
No. | | 1| | | | | i| 
From Cited Kingdom .. | 20,557 -1 72-3 || 23, 810-7 66-4 24,395-2 | 64:6 || 22,073-1 | 58-7 /28,878-6 | 64-3 || 27,081-4 59-1 
» Other Sources | 7,840-0 27-7 (|| 11,994-2 | 33-6 334+ 35-4 || 15,546-9 | 41-3 || 16,063-5 35-7 18,719-4 | 40-9 
| = rss | | eee 1] — 
Grand Totals .. . |28,397-1 | {| 35,804-9 | m= | 37,620-0 | = thease | '45,800-8 | — 


are the values at the port of discharge ; they include 
therefore, the cost of freight and all shipping or 
transport charges. In passing, one may observe 
that the Indian returns are remarkably complete 
and detailed, and are issued with a promptitude 
which might be commended to the authorities at 
home. The Indian figures for 1928-29 have been in 
this country for some time; two of the usual 
volumes of the British returns for 1928 are not yet 
published. 
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disappointing features. Certain groups show pro- 
nounced growth as compared with 1913-14: 
machinery, for instance, has advanced from a 
little over 5,000,000/. to 13,000,000/. (it is one of the 
defects of the Indian returns that the weights of the 
machinery imported are not given). Electrical appa- 
ratus has advanced from 747,000/. to 2,347,0001., 
and motor vehicles from 1,191,000/. to over 
8,000,000/. 
|of growth, however, is found in Table IX, where, 





Perhaps, the most remarkable instance | 


as compared with 1913-14, but, also, as compared 
with 1924-25, which would appear to indicate that 
railway development in India is taking a rest. 

The growth in the imports of iron and steel, as 
shown by the weights given in Table VIII, from 
971,000 tons for 1913-14 to 1,170,000 tons for 
1928-29 (it was 100,000 tons more in the previous 
year) was probably as great as could be expected, 
having regard to the fact that India is now producing 
\jron and steel herself. We have already seen how 
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she has actually sent pig iron to this country. 
In Table IX, all the non-ferrous metals which 
can be brought within the term “ Engineering ” 
are set out in detail, and as the weights are stated 
in every instance it is possible to see what the real 
movement has been during the period covered by 
the table. The importance of this business justifies 





fallen off since then, they still amounted to 51,000 
tons in the last year of the table. 

Upon the whole, therefore, these two tables mark 
distinct progress from the Indian point of view. The 
total values as shown in the two concluding sections 
of Table IX show a steady advance, not only as 


British Empire. It is, of course, some consolation 
to be able to reflect, in regard to a business which we 
have failed to get for ourselves, that it has. gone to 
another member of the Empire ; but it is the trade 
of this United Kingdom with which we are here 
chiefly concerned. Turning then to the figure, it 





compared with 1913-14, but also as compared with 


will be seen that, with one exception, every United 
























































































































































































































































TABLE IX.—BRITISH INDIA. IMPORTS OF NON-FERROUS METALS. 000’s £ OMITTED. 
| | if 
| 1913-14. \ 1924-25, | 1925-26. | 1926-27. | 1927-28. | 1928-29. 
= ————| ae oe | we Pos 
| Tons. | Percent. || Tons, | Percent. || Tons. Per cent. ! Tons. | Per cent. 1 Tons. | Per cent. | Tons. | Per cent. 
| {| | | | | ! 
Crude Weights— | i} | || | ; 
From United Kingdom 6177-5 | 46-9 || 3,667-8 40-0 || 2,982-1 31-2 || 2082-5 | 34-5 || 5584-9 | 48-8 || 4,881-6 44-8 
Other Sources | 6993-3 | 53-1 || 5,509-7 | 60-0 || 6,457-2 68-8 || 5659-2 | 65-5 || 6,038-3 51-2. || 6,011-3 55-2 
Total Crude | 13,170-8 | — 9177-5 — || 9389-3 — || sea-7; — || 11,6232; — || 10,892-9 wn 
| a | | | a | 
_ | ¢ | oe £ te 
Crude Values— | | | | 
From United Kingdom ..  .. 220-3 | 24-8 || 222-5 23-8 || 195-9 18-3 196-5 18-3 || 241-7 | 18-8 || 199-6 21-9 
» Other Sources 5 5. | 666-9 | 75-4 || 710-2 76-2 || 870-8 | 81-7 | 887-6 81:7 1033-4 | 81-2 || 711-3 78-1 
TotalCrude .. 2... ws | 887-2] — sit a7 | | 066-7 | — 1084-1; — || 12751) — || 909} — 
vae | | 
irae Tons. | | Tons. || Tons, | Tons. | Tons. | Tons. 
Aluminium ; Wrought— | | | | 
From United Kingdom .. =... = «, «| 8921 | 80-0 767-3 17-9 || 1,118-7 26-5 || 1114-9 24-3 || 2,207-6 33-6 || 2,056-1 33-1 
Other Sources 2) 1) 3) 2] | 985-3 | 70-0 3,507-1 | 82-1 || 3,078-2 73°5 3,472 -6 75°7 4,346-5 66-4 || 4,155-9 66-9 
WM. «& & wow 2 ee = 2 = 4,191-9 = 4,587-5 a 6,554-1 = 6,212-0 = 
Anti-Friction Metal— | 
From United Kingdom 2... we) 235-8 | 100-0 174-3 | 100-0 170-1 | 100-0 || 240-8 | 100-0 275-0 | 100-0 
Brass or Bronze— | 
From United Kingdom . | 12,874-4 | 51-5 14,198 -7 50-7 11,863-9 47-7 7154-6 | 28-0 || 9,428-5 37-4 8,680-8 33-1 
» Other Sources ; | 11,605-4 | 48-5 || 13,845-8 | 49-3 13,014-8 52-3 18,391-6 72-0 || 15,765-3 62-6 17,482-7 66-9 
Wd. «. «= & w {— 28,044-5 = 24,878-7 | — 25,546 -2 = | 25,193-8 = 26,163 -5 = 
Copper— . | | I } || 
From United Kingdom ..  ..—.. —s. |S 6,041°6 56-0 5,527°1 48-4 || 2,193-5 16-6 1,689-0 13-1 || 3499-9 | 32-4 || 3,801-2 33-5 
Other Sources. "1 | 4726-8 | 44-0 5,890-0 51-6 || 10.998-9 | 83-4 11,197-3 86-9 || 7,298-1 | 67-6 || 7,713-6 66-5 
= | 
Total .. | 10,768-4 | — 11,417-1 — || 13,192-4| — _— || 12,886-3 — || 10,7980; — || 11,604-8 _ 
|| i] | 
German Silver—_ | | | | | 
From United Kingdom .| 657-6 | 49-8 99-8 16-3 || 168-5 | 15:8 || 98-2 12:8 || 126-0 14-6 || 165-4 13-6 
Other Sources 662-8 50-2 509-4 | 83-7 || 898-0 | 84-2 || 667-4 87-2 || 734-6 | 85-4 || 1,043-8 | 86-4 
| | | a enipasasaedesl | 
Total 1,320-4 ti 609-2 | — || 1,066.5 — || 765-6 — || 800-6 | — || 1209-2 = 
— | — 
Lead— F i| | | | 
From United Kingdom .. #3 ee .. | 3,588-7 94-3 || 1,265-7 57-5 || 1299-0 | 55-7 || 1,120-0 53-6 | 1,230-9 | 56-7 || 798-3 37-6 
» OtherSources .. |. .. .. 215-7 5-7 || 934-3 42-5 || 1,082-3 | 44-3 || 969-7 46-4 938-5 | 43-3 || 1,324-2 62-4 
Total 3754-4 | ! 2,200-0 — || 233-3 | — || 2089-7] — || 2469-4) — || 2122-5 — 
Solder— i. i % I i| | | ~ 
From United Kingdom 298-2 | = 38-0 | 100-0 || 31-8 100-0 139-3 | 100-0 || 323-8 | 100-0 || 252-7'| 100-0 
Tin— | | | | | | | 
From United Kingdom ..  .. ws 5-0 7-7 | 23-5 45-7 || 8-2 | 11-6 8:3 52-8 || 1-1 | 12-1 2-0 15-3 
» Other Sources ou a eA ae 59-4 92-8 || 28-1 54 | 62-1 | 88-4 | 7-4 47-2 | 8-0 | 87-9 | 11-1 84-7 
a es a es es ey aa ems er) rma ae — | 13-4 — 
Zine— ; | | | || 
From United Kingdom . ..| 417-9 | 21-2 || 1,680-6 50-1 | 1,760-0 33-3 || 2,388-5 34:0 || 877-4 77 «|| 344-1 17-2 
Other Sources | 1,555-4 | 78-8 |) 1,671-2 | 49-9 3,518-4 | 66-7 |) 4,643-6 66-0 | 2,298 -2 72-3 || 1,668-6 | 82-8 
Total _| 1973-3 | — || 3381-8 — || 5,278-4 — || 7027-1 — || 3170-6]; — || 2012-7 | — 
———————— SS a ac bicitihditatalaiedieniodia | 1] 1} as 
Unenumerated— || | | || | | | 
From United Kingdom ..  .. w. 510-2 | 88-6 | 697-4 | 69-5 || 475-4 | 66-0 || 1,057-2 68-2 || 654-7 | 51-6 || 590-8 38-5 
,, Other Sources 26 yes a ‘ 65-9 | 11-4 || 319-0 | 30-5 || 245-7 | 34-0 | 489-5 81-8 | 616-3 48-4 i} 428-6 41-5 
Total .| won| — | omee| — | meal — | seme] — |) tam oj — || 1019-4] — 
Total; Wrought— | = eee | | ! | = 
From United Kingdom .. | 24,235-6 | 55-1 .|| 24,538-9 | 47-5 || 19,088-3 | 36-7 | 14,935-1 | 27-5 || 18,659-7 | 36-7 || 17,056-4 | 38-5 
From Other Sources = | 19,818-7 | 44-9 | 26,694-9 52-5 | 32,875-4 | 63-3 | 39,838-7 72°5 | 31,996-5 63-3 | 33,848-5 66-5 
| | | | = —__—— 
Total Wrought . | 44054-3 | — || 51,228-8 — || 51,963-7 = 1 54,773-8 — || 506562 — || 50,904-9 — 
All Classes, Weights— a . || 1] | | 
From United Kingdom . re | 53-1 28,201-7 46-4 || 22,020-4 35-9 17,9176 28-3 || 24,243-1 38-4 || 21,938-0 33-9 
Other Sources | 26,812-0 | 46-9 32,204-6 53-6 || 39,882-6 | 64-1 || 45,497-9 71-7 || 38,084-8 61:6 || 39,859-8 66- 
Total Non-ferrous | 57,224-6 | — || 60,406-3 — || 61,3830 | — || 63,414-5 — || 62,277-9 — || 61,797-8 _ 
| | | | —_ 
All Classes, Values— £ £ | £ {| £ HI £ | £ 
From United Kingdom ..  .. —w. | «1888-2 46-3 1,788-7 36-5 1,739°7 33-9 | 1,631°5 29-9 ] 2,111-7 40-0 || 1,960-4 38-7 
Other Sources «ws ws Se | 2100-7 53-7 3114-5 63-5 || 3,301-1 66-1 || 3,826-5 70-1 | 3187-5 60-0 || 3,111-2 61-3 
Total Non-ferrous .. =... = «, ss | 3938-9 | — 4903-2 | — 1 5130-8 | — | 5,458-0 | _ | 5299-2 | — || 5071-6 | - 
| 1} 














the attention that is thus given to it here, for it will 
be seen that it amounts to more than 60,000 tons 
a year—in a recent year it has amounted to 63,400 
tons. India has long been famous for her brass and 
copper work, and for the extensive domestic use 
which she makes of those materials. She is here 
seen maintaining her imports of wrought brass 
which includes bronze and yellow metal and wrought 
copper and even increasing them ; while she shows 
her appreciation of the newer metal, aluminium. 
While these products are described as “ wrought,”’ 
they consist chiefly of sheets, plates, rods and 
tubes, and are thus the raw materials of Indian 
industries. The Indian imports of these “‘ wrought ” 
forms increased from 44,000 tons in 1913-14 to 
54,773, tons in 1926-27, and while they have 


1924-25 ; the increase for 1928-29 amounting to 
17,400,0001., or 62 per cent. on the figures for 
1913-14, and to 10,000,000/., or 28 per cent. on the 
figures for 1924-25. 

While, however, these results must be considered 
as highly satisfactory from the point of view of 
Indian growth and progress, when we analyse them 
they do not appear equally satisfactory from the 
United Kingdom point of view, as will be seen from 
Fig. 5 where the percentages of the Indian ‘imports 
received from the United Kingdom are shown 
vis a vie with the corresponding imports received 
from other sources. We do not, say here from 
| “ foreign countries ” because a certain proportion of 
'the Indian imports which do not come from the 
| United Kingdom come from other portions of the 





Kingdom curve ends on a lower level than where it 
begins; and also on a lower level than where it 
stood in 1924-25. The curves of ‘“‘ Other Sources,” 
with the exception of the one in Graph No. 3, of 
course, show corresponding improvement; they 
are allup. This significant feature is emphasised in 
Fig. 6 where the actual weights are represented. 
The United Kingdom curves in Graphs Nos. 2, 3 and 
4 are all down, the “ Other Sources” are all up. 
Graph No. 5, aluminium, is a special instance to 
which further reference will be made later. Here the 
United Kingdom curve is up; but so, also, is the 
curve from “ Elsewhere,” which in this instance is 
practically wholly foreign; and the latter curve 
stands very much higher than our own. The one 
other exception where the United Kingdom curve 





stands higher than it did in 1913, is that of iron and 
steel, forming Graph No. 3 in Fig. 5 and No. 1 in 
Fig. 6. This exception, in all the circumstances, 
having regard to the efforts which India has made 
to increase her home production of iron and steel, 
is very remarkable. We have to note, however, that 
while the Indian imports of iron and steel from the 
United Kingdom have increased, the corresponding 
imports from “other sources,” as expressed by 
weight, have increased still more. By reference 
to the weights given in Table VIII, it will be 
seen that whereas in 1913-14 our share of the 
total imports of iron and steel was 60 per cent. it had 
dropped to 55-4 per cent. in 1928-29, the proportion 
from other sources having grown from 40 per cent. 
to 44-6 percent. In value, however, our share has 
gone up from 60-5 per cent. to 64-4 per cent., while 
the supplies from other sources have gone down 
correspondingly. This is the only instance where 
our share in value has gone up, as aluminium is the 
only instance where our percentage in weight has 
increased as compared with 1913; and _ these 
instances, unfortunately, are not sufficient to 
compensate for losses elsewhere. The net result is 
that when we look at the total values as set out in 
the final sections of the two tables our percentages 
are down. Our share of the four classes, iron and 
steel, machinery, electrical apparatus and vehicles, 
in 1913-14 was 76-7 per cent.; in 1928-29 it was 
61-6 per cent., a drop of practically 20 per cent. 
Our share of the five classes in 1913-14 was 72-3 
per cent. ; in 1928-29 it was 59-1 per cent., a drop 
of over 18 per cent. In what in the Indian market 
is the highly important class of the non-ferrous 
metals, our proportion of the weights imported fell 
from 53-1 per cent. (Table IX) in 1913-14 to 
33-9 per cent. in 1928-29, a drop of over 36 per 
cent. ; but, owing to our gain in connection with 
aluminium, which reflects highly upon the enter- 
prise and resource of the United Kingdom producers 
of that metal, our percentage of the values of the 
non-ferrous metals imported fell only from 46-3 to 
38-7, a decline of 16 per cent., which, however, is 
serious enough. 

Here we find the unsatisfactory, indeed, the 
grave, aspect of our present trade in these products, 
to India. It is true that in certain lines we are 
supplying India to-day with more goods than ever 
before ; more iron and steel, much more machinery, 
more electrical apparatus and more motor vehicles ; 
and, in the class of the non-ferrous metals, much 
more wrought aluminium. It is also true that in all 
the three classes of iron and steel, machinery and 
electrical apparatus, we supply more than all our 
competitors put together. Nevertheless, we have 
not, to-day, the hold upon this great market which 
we possessed in 1913, and had held easily for many 
years, indeed, we may say ever since the modern 
development of India began. The figures of these 
tables and the curves of the two charts are conclusive 
on this point. Whatever may be the cause, what- 
ever the explanation, there is no getting away from 
the fact. It is not as if the curves suggested a 
sudden decline in any class which might be due to 
accidental or passing circumstances; with the 
exceptions of iron and steel and wrought aluminium, 
the curves come down steadily and upon the whole 
continuously, suggesting causes much more pro- 
found than anything of an accidental or ephemeral 
character. It is no use looking for the explanation 
in the “ tariff wall” ; that wall, where it is not the 
same for every country, is specially and substantially 
lowered for us. Notwithstanding the unquestion- 
able preference which the Indian duties give to us, 
we have in these recent years allowed the “ other 
sources,” chiefly, of course, foreign countries, to 
gain a march upon us. 

There was a time when this country had a 
practical monopoly of the trade with India, but 
with the final disappearance of ‘‘ John Company ” 
that monopoly came to an end. Since then foreign 
countries have been almost continuously increasing 
their trade with India. Such a result was inevi- 
table ; it was impossible for this country to retain, 
in an expanding and progressive world, anything 
like a monopoly of the trade to India, even if we 
had wished to do so. The questions, of course, 
which present themselves to the mind are :—How 
far is this process of “ peaceful penetration” to 
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proceed ? As a movement is it now slackening or 
accelerating? We still have 59 per cent., sub- 
stantially more than the half, of the whole of the 
particular trade that is here being surveyed; and 
as it happens that is much more than the share of the 
total import trade of India now held by this country. 
The movement of this latter trade during the past 
few years has been so remarkable, and affords so 
interesting a comparison with what has happened to 
our engineering trade as here set out, that it is 
worth while to show exactly what it has been. It 
should be said that only general merchandise is 
here being considered, neither Government Stores 
nor coin or bullion being included. The percentages 
of the total imports into India contributed by the 
the United Kingdom during the past five years were 
as follows :— 

1924-25 1925-26 1926-27 1927-28 1928-9 
54-11 51-0 47-7 47-7 44-7 
Thus, our proportion in this period has dropped by 
17-3 per cent. In 1926-27, for the first time in 
modern history, this country supplied less than the 
half of the total imports of merchandise into India. 
In the period covered by the above tabular state- 
ment our share of the total engineering imports of 
India fell from 66-4 per cent. to 59-1 (Table VIII), 
a decline of 11 per cent. Thus, engineering has | 
done better, and is to-day doing better, in India 
than the United Kingdom trade as a whole—though | 
it may, of course, be urged that the success of 
engineering in this connection has meant the 
relative failure of some other of our national 

industries, notably cotton. 


(To be continued.) 











THE DIRECT MEASUREMENT OF THE | 
VIRTUAL MASS OF SHIP MODELS.* | 
By Professor T. B. ABELL, O.B.E., M.Eng. 


THE present paper is the outcome oi an attempt made, , 
some few years since, to measure the fluctuation of | 
speed of a ship steaming head-on to a fairly regular | 
swell, in the hope that it would be practicable to get | 
some measure of the effect of above-water form on | 
resistance. Measurements of the acceleration of ships 
when acquiring speed from rest in still water had been 
already obtained successfully, and it was hoped that 
by analysis of the records of two pendulums, one of | 
long period and one of short period, swinging in the 
longitudinal plane, it would be practicable to obtain | 
a measure of the changes of speed during encounter | 
with the waves. The records obtained were satisfac- | 
tory in themselves, but the work of analysis proved 
so heavy that the method had to be abandoned, and 
a new instrument, which I have termed a “ differential 
pendulum ” was designed (a brief description of the 
instrument is given in the Appendix). Whilst this 
instrument was being made and adjusted, opportunity | 
was taken to make some measurement of the virtual | 
mass of a ship’s model. 

This note therefore relates to the direct measurement | 
of the virtual mass of ship’s models for motion ahead, | 
by what I believe to be a new method. The term 
‘* virtual mass,” as here used, signifies that mass which, 
moving with the same velocity as the ship, has a kinetic | 
energy equal to the sum of the kinetic energies of the 
ship’s own mass and of the water which would be set 
in motion by the ship if the water were frictionless. | 
It is the equivalent total mass, or “ a 





virtual mass ”’ | 
upon which the thrust of the propellers operates when | 
the ship is acquiring speed from rest, or when the ship, | 
steaming among waves,} is changing its speed because | 
it is encountering a varying resistance. In such cir- 
cumstances, the accelerating force constitutes an 
increase in the average resistance and with a constant 
propeller thrust involves a loss of speed. 

Mr. W. Froude, in his classic experiments on the 
Greyhound,{ endeavoured to measure the retardation 
of that vessel after casting off the tow of the Active, 
by differentiating the time-distance curve obtained 
by means of a logship chronograph. At any instant 
he could estimate the retardation and velocity of the 
ship, and from previous measurements of the resistance 
he could determine the resistance corresponding to 
the instantaneous velocity. Knowing the momentary 
acceleration and the resistance, he was able to estimate 
the equivalent mass being retarded. There are some 





* Paper read before the Institution of Naval Architects 
at Liverpool on Wednesday, July 16, 1930. 

+ This may not be strictly true, but in a regular swell, 
and in the absence of wind, it is rational to suppose that 
the wave motion will not appreciably affect the virtual 
mass of the ship. 


t ‘“‘ Experiments on H.M.S. Greyhound,” T'rans. 





I.N.A., 1874, vol. xv, page 36. 


obvious difficulties which have to be overcome when 
using Froude’s method, which, however, in the circum- 
stances was possibly the only practicable one open to 
him, first, in that the ship was not moving into un- 
disturbed water, but into water already disturbed by 
the wave system of the Active, and secondly, in the 
very great difficulty of differentiating the time-distance 
curve. 

The problem is also of some very practical import- 
ance in aeronautics and various experimenters have 
attempted to solve it under laboratory conditions for 
airships of stream-line form and aerial bombs, in a 
variety of ways. Stanton and Hyde* found that 
the mass of a Hale’s bomb, having a fineness ratio of 
length to breadth of 3 to 1, and fitted with tail fins, 
was increased by 25 per cent. of the mass of the displaced 
fluid. Cowley and Levy,} adopting the method used 
by Froude on solids of revolution of stream-line form 
dropping through still water, found that with a fineness 
ratio of length to breadth of 3-5, the added mass was 
only 4 per cent. of that of the displaced fluid. Frazer 
and Simmons,t towing submerged bodies through stil] 








Fig. 
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water horizontally in a small channel at the Froude 
National Tank, using the same method of analysis as 
Froude, found a percentage of 19 for a stream-line form 
about 19 in. long, and having for a maximum cross- 
section a circle of 6-in. diameter, and for a sphere of 
6-in. diameter a percentage 79 instead of 50, the 
perfect fluid figure. Messrs. Relf and Jones,§ adopting 
the method of finding the increase of mass by observing 
the differences in the time of oscillation in air and still 
water, gave 83 per cent. for the sphere, and from 10 per 
cent. to 26-5 per cent. for symmetrically-ended airship 
models of varying fineness ratios. They also made 
similar observations on bodies oscillating in a stream, 


| and also on the model of an airship, oscillating whilst 


being towed through still water. 
Method of Experiment.—It seemed to the author 
practicable to measure directly the acceleration of a 


| floating model when acted upon by a known force, and 
| to compare this with the acceleration if the water had 


no mass. A strong wooden frame suspended by rods 
S, about 6 ft. long, attached to the frame and to a 
fixed base above by light cantilever springs 0-01 in. 
in thickness, carried an acceleration meter ¢, as shown 
in Fig 1. If W be the total weight of frame and its 
fittings, reckoned at the lower end of the rods, a force, 
71, applied horizontally to the frame through the 
draw-bar d attached to the balance 6, will cause an 
acceleration a. 


a, = ae i Pe é « 


The frame was suspended over a water channel in 
which the model floated. A “‘ rigid’’ bar, r, extended 


* Ad visory Committee on Aeronautics—R, & M., 240, 
1916. 

+ Ibid.—R. & M., 612, 1918. 

+ Ibid.—R. & M., 590, 1918-1919. 

§ [bid.—R. & M., 613, 1918-1919. 
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from the frame into the model. At its lower end, it 
carried a roller which was kept by a spring in contact 
with the inuer surface of a brass tube in the model at | 
a point situated at about the half draught. The | 
frame and the model were constrained to move in the 
direction of the middle line plane by guiders g. 

If M = the weight of the model in air and m the 
weight of the water which must be added to M to obtain | 
the virtual mass, then if a force pz be applied to the | 
frame and the model :— 


Oe 
e= Weems aig 
Dividing (i) by (ii) :-- 
ay W+M m py 
ay Ww Pe 


Twoalternative methods of analysis might be adopted: | 
(1) by the measurement of the forces p; and pz to give | 
the same acceleration a ; and (2) by the measurement | 
of the accelerations for the same force p. Either : 


Fia. 3. 


method will be satisfactory if curves of deflection 
recorded by the accelerometer are plotted as ordinates 
to a base of force p. 
If py = po 
a,m = W(a, 


- @,) — Ma, 
whence 
a 


m -w{S -1} —M 
a 


The nature of the equations shows the importance 
of making accurate measurements, since the value of 
m depends upon the difference between two compara- 
tively large quantities, The water resistance does not 
enter into the equation, since the velocity is zero at 
the moment of measuring the acceleration. 


Particulars of Model.—The displacement of the | 


model was about 1 cub. ft., and therefore 62-5 lb. in 
fresh water. The prismatic coefficient = 0-762; mid- 
ship section coefficient = 0-99; the ratio of length 
to breadth = 7-65; and of length to draught, which 
was the same forward and aft = 15-84. The maximum 
area of cross-section of the model was about 2 per cent. 
of the cross-section of the water in the channel, which 
a breadth of 5 ft., a depth of 2} ft. and a length 
ts) te 


| hound, of 20 per cent. for a prismatic coefficient of | 


| ment of 938 tons. 
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Results of the Experiment.—In still water, the value | not uniform, the motion of the pendulum will be 
of m was found to be 13-5 Ib., so that the increase of | compounded of that due to the pitching motion ‘of 
mass for the model, of prismatic coefficient 0-762, | the ship and the rate of change of the speed. If the 


| floating in fresh water, due to the presence of the| pendulum were placed on a platform which remained 


water, is 21-6 per cent. of that of the model. This| horizontal during the pitching motion, the angle 
compares with W. Froude’s estimates for the Grey-| recorded by the pendulum would be dependent upon 
| the effective restoring force of gravity. This, how- 
0-693 at a displacement of 1,160 tons in sea-water, | ever, changes slightly, owing to the heaving and 
and of 16 per cent. for a prismatic of 0-67 at a displace- | * scending motion of the ship. For example, if the 
The ratio of length to breadth of | pendulum is situated amidships, and it be supposed 
the Greyhound was 5-22, and of length to draught} that the complete period of the heaving motion is 
12-55 and 14-27, respectively, for the two displacements | that of the ship, say, 10 seconds, and the amplitude 
named. Professor Lamb* has shown, by mathematical | of the motion 10 ft., the maximum acceleration is about 
analysis, that for submerged ellipsoids (solids of revolu- | 2 ft. per second, or the maximum variation of the 
tion) of constant prismatic coefficient, but different | restoring force of gravity is plus or minus 6 per cent. 

ratios of length to breadth, the percentage increase of| If the platform is fixed to a long-period pendulum, 


|mass due to the inertia of the surrounding water | whose period is not less than four times that of the 


decreases very rapidly with ratio of length to breadth, | pitching period, it will remain practically horizontal 
viz., for ratio, 1-0, the sphere, the increase is 50 per | during the ship’s motion, and if the short-period pendu- 


| cent. of the displaced fluid, but for a ratio of 4 to 1| lum be mounted on this platform, it will then record 


it is only 8-2 per cent. The prismatic coefficient is} horizontal variations in speed accurately, save for the 
U 








Fie. 4. 
0-67. Fullness, shape of {errors due to the variation in the restoring force just 
ends, ratio of length to| mentioned. But in order to prevent the motion of 


the short-period pendulum from affecting that of the 
long-period pendulum, it must have a knife-edge 
suspension, and be suspended coaxially with the 
long-period pendulum. Such a double pendulum, 
then, will record the pitching motion of the ship, and 
with a considerable degree of accuracy, the rate of 
change of speed ahead. It thus differentiates the linear 
motion from the combined translational and angular 
motion of the ship. 

Fig. 2 illustrates, diagrammatically, the arrangement 
of the pendulum. aa is the axis of the long-period 
pendulum, //, having masses winged to a large radius 
to secure large inertia. aa is also the axis of the- 
short-period pendulum, ss, whose angular deflection 
relative to the long-period pendulum gives a measure 
of the linear acceleration of the whole instrument. 
Figs. 3 and 4 annexed are photographs of the actual 
instrument.* Fig. 3 shows the instrument complete 
on its mounting. The drum to the right of the photo- 
graph takes the record of the angle of pitch. It is 
synchronised with the recording drum of Fig. 4, which 
records the acceleration of the ship. Fig. 4 shows the 
swinging portion of the pendulum removed from its 
mounting and deprived of its mass, arms and recording 
arm. The main knife edges can be seen resting on 
the fixed casing. The knife-edges of the coaxial short- 
period pendulum will also be observed are mounted. 


breadth or draught, and fine- 
ness ratio must all affect the 
virtual mass. The author is 
satisfied that the method will 
prove a satisfactory one, but 
he feels that the figure quoted 
for the ship model may re- 
quir2 some modification. The 
acceleration meter was de- 
signed for a different purpose 
from the present one, and 
needed to be of robust con- 
| struction. Its weight therefore may be such as to 
render the results obtained by differences open to some 
correction, though not, it is believed, by an unimpor- 
tant amount, 


APPENDIX. 

The Differential Pendulum.—A short period pendulum, 
placed on a body moving with varying velocity in a 
horizontal straight line, will record the momentary rate 
of change of velocity or acceleration. If @ is the angle 
in circular measure of inclination with the vertical, th 
acceleration a in feet per second is given by a = g @ 
provided the angle @ is small. 

The same pendulum, placed on a small raft, floating 
passively on a regular swell, will place itself normal 
to the wave profile. If a ship moves at uniform speed 
end on to a swell, the pendulum will place itself normal 
to the virtual wave slope, and will record the angle of 
pitch in relation to the normal to the virtual wave. 
The wave slope will be small, unless the ship be short 
in relation to the waves. If, however, the speed is 


* The instrument was for the most part made for the 
anthor by Messrs. Dobbie, McInnes and Clyde, but 
modified and adjusted in the University workshops. The 
degree with which the firm were successful in securing that 
the two pendulums were coaxial may be judged from the 
fact that with the long-period pendulum stationary, 
the short-period pendulum can be struck a sharp blow, 
and thereby set swinging without disturbing the long- 

riod pendulum; the whole of the energy of the blow 
lee thus retained in the short-period pendulum, 











* Advisory Committee on Aeronautics—R. & M., 623, 
i October, 1918, 
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on the triangular standards, which are fixed to the | PORTABLE OXY-ACETYLENE PLANT. , 


long-period pendulum. The period of the short-period 
pendulum is just less than 0-5 second. That of the 
long-period pendulum can be adjusted to give a period 
of 60 seconds, but the restoring force is then very 
small, and the rotation of the recording drum of the 
short-period pendulum mounted on the “ level” 
platform would, on account of any slight want of 
balance, disturb the long-period pendulum. If the 
period is reduced to 40 seconds, the disturbance is 
found to be about one-twentieth of a degree. 

The scale of record of the short-period pendulum is 


1 in. = 3-35 in./sec.*, so that it is practicable to) >": : Peer , 
measure with accuracy an acceleration of 0-05 in. /sec.®. | built, and in the model shown in Figs. 1 and 3, a | 


The scale for the long-period pendulum is } in.=1 deg. | 


IncomE-Tax Hanpspook.—The 1930-31 edition of 
Tolley’s Handbook of Income-Taxr has recently been 
published. This contains particulars of the income-tax 
and sur-tax rates and sllowances called for by the 
1930-31 Budget. The book is obtainable, price ls. net, 
from the author, Mr. C. H. Tolley, 107, Tierney-road, 
Streatham-hill, London, 8.W.2, or from the publishers, 
Messrs. Waterlow and Sons, Limited, London Wall, 
London, E.C.2. 


INSTITUTION OF Crvit ENGINEERS.—The Council of the 
Institution of Civil Engineers has recently made a number 


| plant is limited. 


IN many small engineering works, an acetylene | 
blowpipe is only required at irregular intervals and | 
for short periods, and in such cases a_ small | 
portable generator will generally meet all require- 
ments. Such a plant is also useful when the work 
to be done is in an awkward position, or the 
amount of space in which to locate the generating | 
To meet these conditions, Messrs. | 
C. S. Milne and Company Limited, of Octavius-street, 
Deptford, S.E.8, have designed the generator illustrated | 
in Figs. 1 to3 on this page. The generator is strongly | 





|a position that the wheels are clear of the ground 
|when the generator is in the working position, as | 


| shown in Fig. 3. 


two-wheeled axle is mounted on one side in vase 


When it is tipped over, however, | 
as shown in Fig. 1, the wheels come into contact with 
the ground, and the apparatus can then be easily | 
wheeled about by means of the handle mounted at 


|the top. The top of the tank. is fitted with a half 
|cover to prevent the water being spilt when the | 
| generator is tilted. The tank is 10} in. in diameter | 


| will take a charge of 8 lb. of carbide, and is closed 


of awards in respect of papers read and discussed during | 


the session 1929-30. Among these are the following :— 


| a single swinging bolt and hand nut. The flow of water 


Telford Gold Medals to Messrs. D. Anderson and B, B. | 


Haskew ; a Watt Gold Medal te) Mr. A. E. L. Chorlton ; 
and Telford Premiums to Mr. W. T. Everall, Professor 
E. G. Coker, and Messrs. G. L. Groves, R. C. Bristow, 
E, T. Ward, G. Lacey, R. W. S. Thompson, and R. F. 
Hindmarsh. 





THe Works or Messrs. J. H. HOLMES AND Company, 
Limrrep.—In the near future the works and foundry of 
Messrs. J. H. Holmes and Company, Limited, manu- 
facturing electrical engineers, will be removed from 
Portland-road, Newcastle-upon-Tyne, where they have 
been situated since 1887, to sites adjoining the works of 
Messrs. A. Reyrolle and Company, Limited, Hebburn-on- 
Tyne. The new works are now nearing completion ; 
they will be furnished with the most modern machinery | 
and appliances, in place of the existing tools and plant | 
in the Newcastle works. , 


| by 2 ft. 6 in. high, and the carbide chamber, which | 


is horizontal, is located near the bottom. The chamber | 


by a door fitted with a clamping bar. The door is 
sealed with a rubber washer, and the bar is secured by 


to the carbide is automatically regulated on the syphon 
system. It is stated that the water in the tank does 
not become fouled with carbide residue, so that the 
operation of charging can be carried out quickly and 
cleanly. A filter is fitted on the side of the generator, | 





}as shown in Fig. 1, to remove solid impurities from | 
| the gas, and the apparatus is also provided with a| 


hydraulic safety valve attached to the tank. If! 
required, the generator can be supplied mounted on | 





Fig. 2. 

















Fig. 3. 


a trolley with provision for carrying a cylinder of |has proved very advantageous, since the generator 
oxygen, complete with the blowpipe and tubing, as | could be placed in odd corners clear of the loading gauge, 


shown in Fig. 2. 


| and its ready portability has also proved a convenience. 


We understand that these generators have been | Other applications which may be mentioned are for 
utilised on a number of bridge-cutting contracts on the | small welding repairs in garage work, and for cutting 


Southern Railway, and, to a lesser extent, for similar | girders or plates in ship-repair work. 
In this work, its small size | state that the cost of the acetylene generated amounts 


work on other railways. 


The makers 











iL atcsad tact cae Pe 





Reno 


AUG. I, 1930.] 


ENGINEERING. 


157 








to less than one-fourth of that for dissolved acetylene 
in‘cylinders, making due allowance for the labour 
charge for filling the generator and disposing of the 
residue. 








THE WORLD POWER CONFERENCE, 
BERLIN. 


(Continued from page 126.) 


Water TURBINES AND Pumps, 


Since the last World Power Conference, possibly in 
no branch of engineering has progress been so rapid as in 
water turbines and pumps. Consequently, even those 
papers taken in Section XIII, devoted to this subject, 
which had not in themselves any particular technical 
novelty to put forward, usually had information to 
impart on the actual behaviour of machines which 
were of the latest design when built, from one to 
three years ago. 

Mr. G. Ucelli, in “‘ Die neuesten und wichtigsten 
Turbinen und Pumpen-Anlagen in Italien,” compared 
the end of 1923 with the end of 1928, showing a curious 
change in the proportion of types of power plants 
according to a head classification of low head (under 
20 metres), medium head (20-200 metres), and high 
head (over 200 metres). Of the total water horse- 
powers of 33 million and 6} million, approximately in 
these two years, the percentages falling in the three 
classes were, respectively :—low, 10 per cent. and 5 per 
cent.; medium, 50 per cent. and 38 per cent., and 
high head, 40 per cent. and 57 per cent. 

The peculiarity of the Italian ‘‘ grids ” that periodici- 
ties of 50 cycles and 42 cycles are both locally employed, 
and the fact that the high stream flow season is different 
in the North from the South, have made necessary 
ingenious design and research, and the desire for 
reduction in personnel and simplicity, although, 
of course, offset by increased risks, has resulted in 
large units, several stations having only one unit of 
from 30,000-50,000 h.p. The Ratti propeller turbine 
has proved successful, giving efficiencies up to 88 per 
cent. with a power of 3,500 h.p. on a head of 9 metres 
with a specific speed of 600 (metric units), while both 
Francis and Kaplan units of 6,000 h.p. are working 
on a head of 10-5 metres, falling at times to 7 metres. 
An outstanding achievement was the unit installed 
at the Galleto plant, which was a vertical-spindle, 
single-wheel reaction set, with an output of 50,000 h.p. 
at 197 metres head, and 86 per cent. efficiency. 

Pelton wheels showed the same tendency as to size, 
many having a capacity of 20,000 h.p. and 24,000 h.p. 
on a single wheel. Engineers will watch with interest 
the behaviour of the 14,700 h.p. wheels at Cardano, 
of which some have five and others four nozzles, one 
jet in each case being hand-opened to start up and 
create governor oil-pressure. The governing problem 
was regarded by the author as being practically 
mastered. The same might be said of the task of 
automatic synchronising of these large, unattended 
units. 

In centrifugal pump work, the drainage of low-lying 
lands had created a demand for very large sizes to 
deliver against low but very variable head, examples 
quoted being 8 cub. metres to 10 cub. metres per 
second against a head of from 1 m. to 6 m., and such 
pumps made with the Novelli vane, whose outer 
third is adjustable about a pivot in its length, showed 
efficiencies up to 82 per cent. Propeller-pumps, the 
author stated, appeared to have reached the limit of 
their development, and although suitable to special 
duties, had not yet reached, not showed themselves 
likely to reach, the efficiencies of good machines of the 
centrifugal type. 

The Hydrographic Service of Italy presented a report 
entitled “‘ In Italien augewandte Methoden zur Bewer- 
tung der Wasserkrifte,” which indicated that every 
exploitable power (above 300 h.p.) had now been fully 
evaluated. In this contribution it is stated that the 
Service does not approve of using mean values over 
large gathering grounds, but deals with each stream 
separately and, further, in addition to taking the mean 
values over a given observation period, takes also 
values during one-quarter, one-half and three-quarters 
of this period, but has found itself obliged to avoid the 
complication of calculating on the changing head where 
storage basins are used. Graphical methods are em- 
ployed and where a series of plants works on one water- 
course system, it is shown that the power available 
can be worked out by integrating graphically the 
general equation (for n stations in series) 


t tin n 
| mdt= al (2 nh) . dt. 
to) oXE I 
Mr. T. H. Hogg, dealing with ‘“ Recent Trends in 
Water Power Development in Canada,” believed that 


the future industrial growth of the Dominion rested upon 
cheaply utilising the more remote waters. These would 





usually need costly dams; hence, since advances in 
thermal power plant were so great, every possible source 
of improvement in water turbines must be pushed to 
the limit to keep pace with them. Intakes were being 
cheapened by omitting the superstructures, and develop- 
ing the Johnson-Wahlman draught-distributor, while 
the free-roller Stoney sluice-gate was giving way to 
simpler types, and the dangers of ice-pressure were 
being cheaply met by low-voltage heaters in the sluice- 
grooves and in channels cut in the surface ice, parallel to 
thedam face. There was a tendency to depart from the 
concentric spreader-type draught-tube, as the centre 
cone had shown weakness in many cases, and the elbow 
type, with ejector augmentors for use in floods was 
regaining favour. 

The practice of linking up a number of plants great 
distances apart on to a common “grid” enabled 
operators to run those particular plants whose outputs 
were nearest to the load required at the moment, working 
them at full gate, so that it was usual to demand a high 
full-gate efficiency, regarding part-gate behaviour as of 
minorimportance. This had retarded the development 
of the variable propeller-type, but, since experiments 
now proceeding promised the possibility of using these up 
to as high as 100 ft. head, they would no doubt be built. 
Several stations regarded the pitting of runners as a nor- 
mal maintenance expense, and kept spares. The motor- 
driven governor was making headway, and it was gener- 
ally preferred to keep governor, actuator, servomotor 
and pumping system separate. The latter frequently 
employed an aqueous solution of potassium bichromate 
rather than oil, in centrifugal pumps, usually duplicated. 
The flywheel effect of large units, the inertia of the whole 
system, and the slower timing of governors were all being 
used to reduce the demand for expensive surge tanks. 
Rubber bushes, water lubricated, had proved highly 
successful. Fully automatic stations were growing in 
number and reliability, a notable example being 
Alouette with a single unit of 12,500 h.p., which could be 
put on full load in 10 minutes from 10 miles away. 
The umbrella-type generator, totally enclosed with pro- 
vision for COs fire extinction, was ousting other types, 
and air-blower cooled transformers showed themselves 
capable of meeting the extreme temperature conditions 
of Canada. Mr. Hogg concluded with an appeal for 
more research. 

Mr. H. Sérbye said that his paper ‘‘ Die Wasserfiih- 
rung vor der Turbine bis an der Leitapparat ”’ offered 
nothing new, but that in fairness to the designer of 
turbines the great importance of the form of the pipe 
layout, a matter which is admittedly usually very ill- 
considered, should be driven home until the present 
half-hearted attempts at proper design should become 
the condemned exception. Bends and changes of 
direction could not be entirely avoided, but if the tur- 
bine designer were told of them (as he sometimes is) 
he could usually suggest ameliorations. Cases were 
quoted where a bend had been cut out or eased showed 
increases of efficiency of 5 per cent. and 6 per cent. 
The frequent practice of feeding a number of Pelton 
wheels by short pipes taking off a bus-pipe was especially 
bad, particularly where the short length also carried a 
breeches-piece and possibly a double bend, since the 
water then reached the needle with a whirl which 
dispersed the jet, thus losing power as well as causing 
serious erosion of the needles and buckets. He des- 
cribed a number of bad cases, and stated a general rule 
to keep all bends, forks, &c., as far away from the 
turbine as possible, even when this was otherwise 
expensive. 

Two Austrian papers dealt with turbine blade types. 
Professor Dr. Thomann’s ‘“‘ Turbine mit festen Leit- 
und beweglichen Laufschaufeln” summarised present 
methods of regulation of high-speed runners, as by 
movable vanes in both guide ring and runner (Kaplan), 
or in guide ring only, and showed that with the latter, 
the higher the specific speed the more steeply the 
efficiency curve fell away, till at half-flow it was 
usually in about the region of 15 per cent. to 30 per 
cent., when the specific speed was of the order of 800 
(metric), although half flow efficiency scarcely showed a 
fall when specific speed was below 180. The Kaplan 
turbine had an almost ideal characteristic, so long as the 
synchronisation between the two sets of vanes was 
absolutely correct, but this could only be attained by 
costly appliances. He, therefore, amplified his sugges- 
tion of 10 years ago that a simple and efficient turbine 
resulted from fixing the guide vanes and adjusting the 
runner vanes, and took a number of tests carried out 
on one of the earlier Kaplan turbines, which, for each 
position of the runner vanes was tested at a number of 
positions of guide vanes, showing the accuracy of his 
predictions. The behaviour of a single unit he showed 
to be rather worse than that of the best Kaplan unit, 
but very much better than that of a propeller turbine, 
while, in the case of a mixed battery of regulated and 
non-regulated machines, the overall efficiency was 
as high as that shown by a similar aggregation of units 
of any other type. A further advantage was the small 
size of both foundation rings and concrete spiral, 





giving a greater number of machines in a given length, 
which was very desirable in a stream-flow plant. 

Dr. Lindner also investigated a proposal of Professor 
Thomann’s, in ‘“‘ Leitapparat mit durchschwenkbaren 
Schaufeln,” dealing with the time taken for a heavy 
unit with flywheel generator to run down after the 
flow is cut off. This frequently exceeded an hour, and 
the Michell type of bearing on which the weight of most 
of these units was carried, suffered badly by such a 
length of run at low speeds, so that provision was usually 
made to brake the set, such provision unfortunately 
often adding to the dimensions of the unit. It was 
proposed, therefore, to make the adjustable guide 
blades of such length that, instead of the tip of each, 
when closed, pressing upon the tail of its neighbour, the 
tip and tail were just clear of each other, so that each 
blade could travel slightly beyond the closed position, 
thus re-opening and passing a small high-velocity jet, 
whose direction was opposed to the rotation of the 
idling runner. Test results were very favourable both 
from the braking and the normal-running aspects. 
Dr. Lindner showed the velocity diagrams superposed, 
and discussed the behaviour (a) when the jet volume 
was small and the behaviour therefore that of an impulse 
wheel, and (5) with larger volume as in a reaction tur- 
bine. In the first case, using standard nomenclature 
(quantities in round brackets referring to the braking 
condition) (we)? = (w’;)? — [uw? — ue —%, using 
“specific”’ velocities in each case; in the second, the limit- 
ing condition of (we) = wy (2) led to an expression for 
the braking moment (Mqz) = — (Q) 11 [k’cy + bug] 


/ 2g H, here ¢; is the spouting velocity through the 

narrow opening. This, compared with the torque equa- 
1QHZ 
Ww 


tion for normal running, Mg = | » gave a ratio 


_ ! which varied from 0-19 to 0-21 as specific 
speed rose from 100 to 700 (presumably metric units). 
With a moment of inertia of J and normal angular 

braking timo __ ‘Tp 


velocity w, it was shown that —— ——— = 
@ oa running-up time Te 


~ (Q)” ur [2k c5 +k" us] 
works out to from 6 to 10. 

Mr. V. Nietsch described the series of plants involved 
in “ Die Absenkung des Gosausees im Rahmen der 
oberosterreichischen Energiewirtschaft mit Hilfe einer 
schwimmenden Pumpenaulage.” The Gosau lakes in 
the Salzkammergut lie at various levels, the waters 
being used in series so that the tail-race level of each 
plant is roughly the head water level of the next. In 
metres above sea level these are 1,156-976, 976-925, 
925-785, 785-500. The biggest storage is that at 
925, to which it has been raised from 900 by a dam, the 
draw-off tunnel being also at 900. The very dry season 
of 1924 starved the two lower stations, while still 
leaving a large volume stored in the lake, 70 metres 
deep but unavailable. It was decided therefore to 
pump the water up to the draw-off tunnel when neces- 
sary, up to a maximum lift of 40 metres. Mr. 
Nietsch’s paper was principally devoted to the analysis 
of costs and economics. If the overall efficiency of the 
generator plus pump system were 50 per cent., it would 
be necessary to expend 80 metres of head to pump 40 
metres, which reduced the working head to something 
very small, but the situation was saved by the fact 
that all this water was also used in the last station, 
after a further fall of 285 metres. The floating pump- 
ing plant consisted of two sets, each of 1,700 h.p., and 
the delivery main of 5-metre lengths of steel (rigid) 
pipes of 700 mm. bore, connected by 4-metre lengths 
of flexible metal pipe, and floated by pontoons. Very 
full details and cost figures were given. 

In the investigations described in ‘‘ Untersuchung 
iiber die Wasser- und Geschiebebewegung bei freien 
Werkseinfiingen,” Professor Dr. F. Schaffernak studied 
the flow at the entrance to an intake in a non-ponded 
river bank, the travel of bed material above, below 
and into the intake, and the effect of step weirs across 
the intake. He concluded that the flow was identical 
with that calculated from the superposition of two 
pure potential flows, one a flow into the intake from 
an unlimited basin, the other a flow down the actual 
river with the intake closed. At a cross section 
immediately upstream of the intake, the water which 
actually flowed in could be traced as a remarkably 
definite area, whose shape was varied slightly by changes 
in the height of the step weir at the intake. The forma- 
tion of a constantly-growing ramp across the river bed, 
deepening in a downstream direction across the intake 
mouth, appeared unavoidable, and Professor Schaff- 
ernak suggested that only persistent dredging would 
prevent this ultimately entering the canal, unless 
regulating works upstream were constructed to give 
rise to the velocity necessary to carry this material 
well past the intake. 

The Swiss National Committee submitted a report on 
‘“‘Technisch wirtschaftliche Fortschritte auf dem Gebiete 


which for usual dimensions 
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der Wasserkraftanlagen in der Schweiz,” under the 
editorship of Professors E. Meyer-Peter and R. Dubs. 
The advances noted were, briefly, the increase of size 
in sluice openings (24 m. wide by 12 m. deep), but a 
general lack of success in the search for an effective 
paint for metalwork therein; the practical elimination 
of dangerous scour by the better use of baffle piers and 
tumbling bays, as well as the lowering of sill level, 
and the trough construction as at Chancy-Pougny; the 
avoidance of silting-up of reservoirs effected by ths 
same means, i.e., lowering of sills; the combating 
of frost cracks in the faces of dams situated more 
than 1,000 m. above sea level by pitching with carefully- 
laid and grouted slabs. The foregoing points were 
dealt with briefly, more space being given to the 
developments in turbines. Here, as in other countries, 
units have increased in size, but the committee were 
very doubtful as to the ultimate wisdom of this, and 
pointed out that a single-unit station must be efficient 
at all reasonable loads, an ideal only attainable by 
the use of very expensive and automatically-controlled 
Kaplan turbines for the lower heads. Illustrating 
the growth they quoted heads, powers and specific 
speeds for the units at :— 


Eglisau, 6,000 h.p. at 11-00 m. N, = 320 (Francis). 

Mihleberg, 8,640 h.p. at 19°80 m. N, = 370 
(Francis). 

Ryburg-Schwirstadt, 30.000 h.p. at 10-00 m. 
N, = 730 (Kaplan). 


Since the energy entering the draught-tube in such 
plants might reach 40 per cent. to 50 per cent. of the 
total head available, great care had been given to the 
design of this item, and successful designs were re- 
ported with losses of this kind of less than 3 per cent. 
Axial flow guide vanes, although t»nding to disturb 
the inlet flow, were recommended in view of the very 
great economy of space and material, and an overall 
efficiency of 91 per cent. was recorded with one plant. 
Irrespective of head, the proved reliability of the 
Michell type of thrust bearing was slowly making the 
vertical shaft a standard, almost universal, type, 
whose simplicity and accessibility were so desirable. 
The increasing values of the specific speed now 
common resulted from decreasing the ratio of bucket 
circle to jet diameter and/or increasing the number 
of jets. There was a general tendency towards 
putting down a separate pipe line for each unit. An 
ingenious combined set was that of Palii-Cavaglia. 
The ultimate pond level at Palii was to be 1,952 m. 
above sea level, but the temporary level was only 
1,927 m., while the Pelton wheel to suit the ultimate 
level was set at 1,954-8 m. immediately above the 
pipe line feeding the Cavaglia plant. To use this 
intermediate fall the shaft of the 14,700-h.p. Pelton 
was extended downwards with a clutch that enabled 
a Francis wheel of 1,200 h.p. to drive on to the same 
shaft, thus the water from the Pelton could either 
fiow back into Palii or through the Francis wheel, 
in each case continuing as desired to Cavaglia. Among 
hydraulic data on pressure tunnels it was stated 
that leakage, in cub. m. per second per 1,000 metres 
length, ranged from 0-06 under 24 m. head to 0-75 
under 80m. head. Mean flow velocities in polished and 
coated concrete, varied b>tween 1-0 m. to 4-0 m. per 
second; concrete-lined rock, 3-0; gunited rock, 0-90 
to 1-75, and raw rock surface, 1-20 to 2-5; and 
Kutter’s n for the same 0-0112 to 0-0116, 0-0136, 
0-022 to 0-027, and 0-023 to 0-026, the last named 
being somewhat surprising. Many other matters re- 
ferred to, such as sand eliminators, lake regulation, &c., 
do not lend themselves to summarising. 

“ Die Eisverhiltnisse in profilgeregelten Gewassern,” 
by Mr. A. Ekwall, was a study of the heat-balance of 
power-water channels. ‘he anomalous behaviour of 
water at + 4 deg. C. ensured that in deep lakes the 
bottom water seldom varied its temperature outside 
about +4 deg. C. to +7 deg. C., but a flowing 
stream might be undercooled down to 0 deg. C. before 
ice form-d. This started nearly simultaneously at the 
banks and on the bed, the latter ic> soon attaining such 
thickness that it brok> away and floated to the surface, 
when the complete ice cover soon formed. Mr, Ekwall 
gave Devik’s mean figures for heat loss from the 
surface in kilo-calories per squa"e metre per twenty-four 
hours as 5,000 for clear water, 2,000 for clear ice, and 
200 for snow-covered ice, all a; — 10 deg. C. in clear 
weather. If these figures were applied to a given 
stream it could be seen whether ice formation would 
continue, since this could only occur if they were greater 
than the corresponding figures for heat inflow. He 
took two large Norwegian plants, the Gita alv and the 
Ume ilv, and with an assumed efficiency of 90 per 
cent. calculated the equivalent of the rejected 10 per 
cent. in heat values, which were roughly the same 
as those of 50 tons of coal burnt per day, and showed 
that the ice conditions before and after the installation 
of the power plants were, at least qualitatively, such 
as would be predicted by his suggested methods. He 
showed also the value of ponding up water under the 





ice cover in view of the necessity of keeping the plant 
running during the winter and pointed out that ice 
troubles could be foreseen and thus remedied by follow- 
ing his suggestions. 

Mr. C. Gorbunoff gave “‘ A Quantitative Method of 
Comparing the Universal Characteristics of Hydraulic 
Turbines,” developed as a result of the diversity of 
designs received from turbine makers who had been 
furnished (as usual) with only the time-head and 
time-discharge curves of the waters to be utilised, 
and applied it for clearness to the Lower Svir plant, 
where the records for twenty-six years showed flows 
that indicated power outputs from 34,000 h.p. to 
138,500 h.p. The records were split up into 1,872 
five-day periods, and the duration of a number of 
given flows calculated as (so many) periods, expressed 
as a percentage of 1,872. These percentages were 
then plotted on a base of power output, forming a 
“contour map” of isochrones, and, on these, the 
turbine characteristics were superposed. The one whose 
maximum efficiency curve corresponded most closely 
with the highest percentage isochrone was evidently 
the best for the scheme in hand. The same reasoning, 
extended, was used to devise simple means for fore- 
casting annual outputs, and a new “form factor” was 
proposed. This was the ratio of the balanced efficiency 
(ratio of summated products of duration, stream 
capacity and turbine efficiency to summated products 
of duration and stream capacity) to the maximum 
efficiency. It showed the effect of changing universal 
characteristics with the same maximum efficiency, 
comparing different turbines with each other. 

“New Developments in Regard to Economy, 
Utilisation and Extension of Water Power, Water 
Turbines and Pumps,” by Mr. B. E. White characterised 
the developments of recent years as being along the 
lines of cheapness and simplicity, to which they have 
been driven by the great advances in the production of 
cheap power by thermal plants, and enumerated them 
in detail as: For dams, the hydraulic fill, the rock fill 
faced with thin reinforced concrete slabs, the multiple 
arch, flat slab, and multiple dome types in reinforced 
concrete, and the types in which the actual power-house 
is included. Automatic sector, flap and ring gates, 
as well as flashboards, had all been found amenable to 
simplification, and the use of welding in these, as well 
as in track racks and pipes (where the additional advan- 
tage occured of reduced loss of head) had cheapened 
construction. In the turbines themselves recent plants 
had exhibited welded scroll cases and draught tube 
liners, rubber seals against guide blade leakage, 
surrounding cylinder gates for the same reason, motor- 
driven governors, remote indicators and meters, and 
many other results of careful research. Control had 
tended more and more towards centralisation and, 
indeed, to semi-automatic and automatic control of 
scattered plants, while electrical plant had generally 
become more rugged. Not a few of these advances 
Mr. White attributed directly to the advantageous 
use of models. Pumped storage, as at Rocky River, 
was still in its infancy in America, and he regarded 
such plants as generally uneconomical, useful mainly 
for the production of low load factor energy in the top 
of the daily load curve of a group of plants. He advised 
the subdivision, in the preliminary investigation of the 
feasibility of a project, into (1) capacity cost which was 
a lump sum represented by the cost of an equivalent 
existing or alternative steam plant of the same firm 
peak service, and (2) energy or increment cost. This 
was the capitalised value of the total annual output at a 
unit price at which it would be possible to buy current, 
after deducting operating costs. The sum of (1) and 
(2) must be regarded as the economic limit of the 
project. He showed curves and tables illustrating the 
effect on current costs of stream flow regulation, storage, 
pumping, size of unit, &c., and also for comparison 
costs from steam plants using coal at 1 dol. and at 5 dols. 
per ton, finally working out in detail a comparative 
economic study of alternative schemes for development 
of a typical hydro-electric project. 

Interesting facts regarding pumped storage under the 
conditions taken, were that it was possible to purchase 
surplus power from hydro-electric networks at 0-1 cent 
per kw.-hour, and that the overall efficiency from power 
water back to pumped water may be as high as 63 per 
cent. to 65 per cent., at which figures it was shown that 
the point was soon reached at which it paid to pump when 
the only alternative was the building of a highdam. The 
study of four plants in series showed that unregulated 
flow rendered the lowest plants not economical, and 
that the extra costs, due to storage provision in the 
upper plants, were balanced out by the improvement 
in the lower ones. The range of load factors considered 
in this study was unusually wide, from 16-4 per cent. to 
67 per cent. mean annual values, according to the 
rating and loading of the plants in series, and generating 
costs worked out (at switchboard) at from 0-515 cent 
to 0-875 cent per kw.-hour. 


(To be continued.) 











CATALOGUES. 


Electrical Machinery.—A list of motors, switchgear and 
transformers in stock ready for dispatch has been received 
from Messrs. A.C.E.C., Charleroi, Belgium. 


Cable Unions.—A new list of aerial cable unions €or 
standard steel-cored aluminium conductors has been 
issued by Messrs. British Insulated Cables, Limited, 
Prescot, Lancs. 

Grinders.—An illustrated specification of a grinding 
wheel and disc grinder on a pedestal frame with a 5-h.p. 
electric motor is to hand from Messrs. The Hisey-Wolf 
Machine Company, Cincinnati, Ohio, U.S.A. 


Switchgear, d:c.—Messrs. Delta-Star Electric Com- 
pany, 2400 Block, Fulton-street, Chicago, Ill., U.S.A., 
have sent us a copy of their house journal, containing 
illustrations of switchgear, transformers, &c. 


Lubrication.—Messrs. Sternol, Limited, Royal London 
House, Finsbury-square, London, E.C.2, have sent us 
a priced circular describing a special preparation known 
as Cooloricid, for application to overheated bearings. 


Aluminium.—A small pamphlet of directions for 
amateur workers on aluminium has been issued by 
Messrs. The British Aluminium Company, Limited, 
Adelaide House, King William-street, London, E.C.4, 
It deals with filing, drilling, turning, soldering, beating, 
&e. 

Timber Houses.—Messrs. W. H. Colt, Limited, Bethers- 
den, near Ashford, Kent, have issued a circular with 
plans, particulars and prices of timber cottages, the 
prices being for all the parts and fittings ready for 
erection. 

Metals.—Messrs. Metalgesellschaft, Frankfort-on-Maine, 
have sent us a recent copy of their periodical review con- 
taining some information on the production of lithium 
and copper, and statistics relating to the non-ferrous 
metals. 

Signals—We have received new editions of three 
catalogues issued by Messrs. Gent and Company, Limited, 
Leicester, dealing with electric bells, indicators, &c.; 
bell signals for fiery mines; and electric-motor syrens 
and far-sounding signals. 


Boiler-Scaling Tools.—Messrs. F. Gilman (B.S.T.) 
Limited, 221, High-street, Smethwick, Staffs., have 
issued a new and enlarged catalogue of Skatoskalo tools 
for removing boiler scale and flexible-drive machines 
for chipping, filing, grinding, &c. 

Oil Cans.—A range of oil cans designed for clean and 
economical use, with special adaptations of form for 
various purposes, is shown, with illustrations and prices, 
in a new catalogue to hand from Messrs. A. E. Westwood, 
Limited, 65, New-street, Birmingham. 


Aeroplanes.—Messrs. Bristol Aeroplane Company, 
Limited, Filton, Bristol, have sent us a copy of the first 
number of their house journal, The Bristol Review, con- 
taining descriptions of their engines and aeroplanes, with 
notes on lubrication and repairs. 


General Engineering.—-Messrs. Skoda Company, 
Prague, have sent us a further copy of their house 
journal, illustrating turbines, electric motors, steam 
engines and factory plant for oil works, distilleries, 
textile mills, &c., manufactured by them. 


Uses of Gas.—The latest issue of the monthly journal 
published by Messrs. The British Commercial Gas 
Association, 28, Grosvenor-gardens, London, S.W.1, 
illustrates a large variety of domestic applications of gas 
for cooking, water heating and room warming. 


Boiler Plant.—Messrs. Simon-Carves, Limited, 20, 
Mount-street, Manchester, have issued, in pamphlet 
form, a reprint of a description of the boilers and pul- 
verised-fuel installation designed and erected by them 
at Princes Power Station, Nechells, Birmingham. 


Locomotive Superheaters.—Messrs. The Superheater 
Company, Limited, Trafford-park, Manchester, have sent 
us a pamphlet illustrating twenty of the latest types of 
locomotives on which their M.L.S. superheaters have 
been fitted. Short general particulars are given of each. 


Oil Engines.—<A sheet of statistical information on the 
progress of the M.A.N. marine oil engines has been 
received from the company’s British agents, Messrs. 
John Le Boutillier, Limited, 13, Rood-lane, London, 
E.C.3. It is stated that over 50 per cent. of the oil 
angines installed in German vessels are of the M.A.N. 
type. 

Contractors’ Equip t.—Messrs. T. C. Jones and 
Company, Limited, 95, Wood-lane, London, W.12, have 
sent in a very useful priced catalogue of tools, lifting 
tackle, ladders, hand barrows and trucks, lamps, huts, 
small engines, winches, &c., including practically all 
the standard equipment for road construction and similar 
work. 

Electric Cables.—We have received from Messrs. W. T. 
Henley’s Telegraph Works Company, Limited, Holborn- 
viaduct, London, E.C.1, a catalogue of straight-through 
boxes and cable-grip joints for 3,300-volt to 22,000-volt 
cables, a catalogue of link disconnecting boxes for two, 
three, and four-way 5-core cables, and a handbook of 
practical information on jointing cables. 

Steels.—Messrs. Edgar Allen and Company, Limited, 
Sheffield, have issued new editions of three pamphlets 
relating to carbon tool steels, malleable stainless steel, 
and drilling with perfect alignment. In all cases some 
revisions and additions have been made. As the field 
of application for the softer stainless steel is ppnsecs 
jo. engineers will be interested in the practica 
information given on the heat treatment, hot and cold 
working, sawing, soldering, brazing, welding, &c., of this 
material. 
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THE MITTELLAND CANAL AND THE 
ANDERTEN LOCKS. 
(Concluded from page 102.) 


The Upper Entrance Sluices and Fall Gate.— 
Although the Anderten site offered several advan- 
tages, the space available was finally found to be 
barely sufficient, and the upper entrance in par- 
ticular had to be cramped somewhat, owing to the 
nature of the rock, and the fact that the high road 
had to be carried across the works at this point. 
The bridge is a structure of five unequal spans. 

Model tests made in Berlin suggested that, in 
order to avoid eddies, and drawing in air, the intake 
for the filling culverts should be located in the floor 
of the entrance, instead of in the sides near the 
gates. A single intake is provided just in front of 
the gate, covered by a grating and communicating 
with a large vertical shaft extending to the level of 
the filling culverts. .The shaft bifurcates as shown 
in Fig. 7, page 36, and the left-hand end of Fig. 9, 
Plate IV, ante and connects with the longitudinal 
culverts from which branches open into the lock 
chamber, as in Fig. 11. Service sluices are placed 
one on either side in the lock walls, but two emer- 
gency sluices are arranged in the intake shaft. 
The latter make it possible to unwater the service 
sluices for attention and repairs, but work on the 
emergency sluices requires the assistance of divers. 

The selection of roller sluices of trapezoidal form, 
for the culverts, was made after careful experiments. 
Cylindrical valves would have occupied more room, 
and were, moreover, considered to be less reliable 
under the high pressures involved and, in case of 
accident, the great rise and fluctuation of pressure 
to be expected. The filling culverts are normally 
circular in section ; at the intake end, however, they 
are of trapezoidal shape, with arched roof. The 
transition is made without reduction in area, the 
cross-section being 5-8 sq. m. (60 sq. ft.). The forms 
can be seen under construction in the foreground 
of Fig. 6, page 36 ante. 

The service sluices are illustrated by Figs. 32 to 35, 
Plate VIII, from which the arrangement of the 
sluice gate, its shaft, counterweight and machinery 
will be clear. The gate itself consists of a cast-steel 
frame, strengthened at the back by six rolled steel 
channels and plated on the up-stream side. The 
gate is fitted with two axles and four large rollers. 
The axles are carried in bearings in steel castings 
extending across the back of the gate. The bronze 
journals are completely enclosed. The bearings, 
&e., are designed for bending moments of 1 ton per 
sq. cm. (6 tons per sq. in.) and bearing pressures of 
80 kg. per sq. cm. (1,380 lb. per sq. in.). The large 
wheels run on rails on the downstream side of 
recesses on each side of the culvert. At the back 
of the gate carriage there is on each side a supple- 
mentary carriage; each of these has two small 
wheels running on flat bottomed rails. Between 
the main and small carriages there are helical 
springs tending to force them apart with a pressure 
of 3 tons per spring. Bolts passing through the cross- 
members hold the carriages together when they 
have to be lifted out of the shaft for repairs. The 
springs allow the sluice gate to lift off its face to 
the extent of 20 mm., in case of obstruction. The 
relative positions of the large and small wheels, 
shown in Fig. 34, have been adopted with a view to 
decreasing risks of jambing. The sluice frame, 
of cast steel, was concreted in after the completion 
of the mass concrete, with the gate in position. 

The operating machine consists of a 10-kw. 
electric motor, and worm and spur reduction 
gearing. The motor is fitted with ball bearings and 
magnetic brakes. The gate is lifted by chain, 
passing over a sprocket, as may be seen in Figs. 
32 and 33. At the other end of the chain is a 
counterweight of cast bars in a steel frame. The 
sluice can be opened in 25 secs. When hand- 
operated, the rate is either 0-1 m. or 0-8 m. per 
sec. according to the gear engaged. The emergency 
sluice gates are similar in type, but higher, being 
3-8 m. high against 2-7 m. They are also simplified 
in several particulars, and are operated by hand 
screw gear. 

The upper gate is of the falling type, this design 
being preferred to a lifting gate, first of all con- 
sidered, since the latter would have required more 








space, and would have involved more complicated 
machinery, besides being more expensive, and 
resulting in obstruction to the view of approaching 
boats. This gate is illustrated by Figs. 42 to 49, 
Plate X. It is hinged horizontally, and lets down 
into a pit or recess in the entrance floor, over the 
intake shaft. It is a steel structure containing in 
its lower part an air chamber. When closed against 
its frame in the lock walls the gate is inclined at 
7:l upstream. The side sealis shown in Fig. 46. 
The gate is composed of three horizontal girders, 
angle iron framing and plating, and braced ade- 
quately to be capable of being worked against a 
head of 20 cm. The gate is operated by means of a 
9-8-kw. motor and worm gearing on each side of 
the lock, working through racks and connecting 
rods guided by rollers in roller paths of steel channel. 
The connection of the operating rod is shown in 
Figs. 43 and 44. The operating rod takes the form 
of a tube of 155 mm. external, and 140 mm. internal 
diameter. 

The gate is carried by two stub axles, 140 mm. in 
diameter, in spherical bronze bearings of 120 mm. 
radius. These bearings are accommodated in a 
bearing block capable of a limited amount of 
movement in the pedestal proper. The arrange- 
ment is depicted in Figs. 47 to 49, Plate X, though 
some details are omitted. The pedestal is fitted with 
wedges so that the upper part can be set to the 
correct position independently of the base. The | 
bearing block, which is 300 mm. high and 300 mm. 
long, is fitted with two side flange plates, and is 
allowed 120 mm. of movement. Normally the 
block is held against the left side in Fig. 48, by 
water pressure, but if in closing an obstruction 
should become jambed between the gate and frame, 
the bearing block can move slightly to the right 
till the flange plates come in contact with a shearing 
bolt x, 30 mm. by 30 mm. square reduced to 18 mm. 
diameter. If this first movement is insufficient, the 


ends of this bolt are sheared, allowing the block a, 


total movement of 120 mm. Sideways the bearings 


are held by eye bolts attached to the pedestal | 
caps and brackets embedded in the concrete. The | 


gates can be raised or lowered in 25 secs. When 
worked by hand the operation occupies 7 mins., 
one man being required on each side of the lock. 

The Lower Entrance of the Lock and Lift Gate.— 
Although the bridge across the lower entrance of 
the lock is only made use of by local traffic, it has 
a more imposing appearance, the piers being 
considerably higher than that across the upper 
entrance. 
to N.N. + 47 m., and the concrete slab under 
the entrance had to be strengthened considerably. | 
In order to withstand the uplift and to obviate risk | 
of overturning of the side walls, the whole of the | 
lower part of the structure was built as a continuous | 
unit, transversely, with continuous beam-type 
reinforcement of the type shown in Fig. 41. In 
this drawing, the left half indicates the reinforce- 
ment employed under the lock chamber, while the 
right hand shows that used at the entrance. In the 
latter, the floor slab is somewhat thicker than in the 
chamber proper. In the left half, the dotted lines 
indicate rods in the neighbourhood of the sluice 
shaft and pump sump. The rows of figures 3}, 64, 
&c., in these drawings indicate the numbers of the 
rods employed per metre length. The long rods 
were joined by autogenous welding with 15-cm. 
overlaps. 

The lift gates are illustrated by Figs. 36 to 40, 
Plate IX, and by Figs. 50 to 51, page 160. 
Fig. 36 is a cross-section of the lock looking towards 
the lower entrance. The gate is shown in its 


lowest position, protected by a floating timber 


boom. On the right is the counterweight shaft, 
containing balance weights for both gate and boom, 
as will be clear from Fig. 38. The relative positions 
of the gate and boom, as well as the suspension of 
the former are well shown in Fig. 39. The general 
lay-out of the machinery on the curtain wall spanning 
the entrance is seen in the plan, Fig. 39. Fig. 40 
is a horizontal section showing the gate and boom 
guides, details of the rollers, &c., of the former being 
given in Figs. 50 and 51. 

The gate is rectangular, 8 m. in height by 25-4 m. 
| wide, and has a thickness from face to back of | 
| framing of 1,270 mm. It is built up of seven 


Foundations had to be carried down | 


horizontal girders of plate and double angles, with 
two end frames of similar construction, and six sets 
of vertical diaphragms. The gate is plated only 
on the downstream side, the plating being supported 
by intermediate horizontal channel section stiffeners 
at mid-height in each panel, and the diaphragms 
being stiffened by vertical channels. The main 
plating is 12 mm. (0-5 in.) thick, but this plating 
does not extend to the top and bottom girders. 
It ends at the nearest horizontal stiffener in both 
cases, and from these points onwards the plating 
is continued by means of pressure plates of special 
steel, 10 mm. thick. This steel has a strength of 
75 kg. and yield point of 56 kg. per square millimetre 
(48 tons and 36 tons per square inch, respectively). 
These strips of plating are fitted with channels and 
sealing timbers, and admit of a certain amount of 
spring so that the water pressure forces the seal 
against the frame faces. In case of damage to these 
flexible sections, plating is provided between the 
back of the intermediate channel stiffeners and the 
top and bottom girders, thus virtually enclosing 
the flexible sections in boxes, 633 mm. high by 
200 mm. wide, with the object of reducing the 
outrush of water if an accident of the type noted 
should occur. 

The gates are furnished with wheels, 900 mm. in 
diameter, two on each side. Their positions are 
indicated in Fig. 37. They are carried on short 
axles, as will be clear from Figs. 50 and 51. The 
| former is a vertical section showing only the details 
between two horizontal girders. The latter is a 
horizontal section. The wheel axle is carried in 
two bearings Aand B. At B the bearing is mounted 
on trunnions so that, in addition to rotating, the 
'axle can move in a horizontal plane. At the end 
|frame of the gate, such movement is allowed for 
by the bearing being mounted in brackets in which 
it is allowed to slide to a limited extent, under the 
action of a helical spring, and the control of pins 
working in slots. This will be clear from Fig. 51. 
The inner end bearing is capable of a certain amount 
‘of adjustment of the trunnions, horizontally, by 
means of set screws. The spring is adjusted 
‘normally to exert a force of 3-7 tons, and this 
is maintained in spite of wear of the sealing timbers 
‘by adjustment of the nuts and the insertion of 
washers. Only the lower pair of wheels, illustrated 
in Figs. 50 and 51, is flanged. 

The gates are suspended by six ropes on each 
side. These are connected in pairs to short hangers, 
the three hangers in each case being coupled to a 
larger equalising beam. This arrangement is clearly 
| shown in Fig. 37. The wire ropes are 32 mm. 

(1} in.) in diameter, consisting each of 222 wires 

7 1-42 mm. diameter. The winding drum in the 
| machinery house at deck level is 1,500 mm. (5 ft.) 
in diameter. Only the two middle ropes are wound 
round this for 1} turns; the remaining four simply 
pass over the drum, making contact with it for 
90 deg., and all six are carried to large diameter 
sheaves over the counterbalance pits, as shown in 
Figs. 36 and 39. The winding drum is to be seen in 
Fig. 37, and the balance weight sheaves in Fig. 38. 
The gate is balanced on each side by three weights 
of 13 -7 tons each, consisting of steel scrap embedded 
in concrete. The block attached to the two driving 
ropes is so arranged that in case of a rope failure 
it would be carried by the simple balance ropes. 

The main drive comprises two motors of 28 kw. 
capacity, one of which is in reserve. The motors 
are coupled to the same pinion shaft, and drive a 
spur gear on a shaft running to either side of the 
lock from the central position of the motors. The 
gear includes reversing switches, magnetic brakes, 
expansion coupling, and, at either end, worm and 
|spur reductions to the drums. The hand wheel 
operating the reversing switch also regulates the 
controller and magnetic brakes. A gate can be 
raised by the machines in 75 seconds, but by hand 
requires four men, the time then being 1 hour. 
Emergency hand gear is provided for all 
operations. The machinery is housed in stone 
buildings, furnished with a ventilation and steam 
heating system worked in connection with the 
pumping plant. 

The gate is fitted with latches at the side. This 
‘ device consists of a weighted hooked lever projecting 
‘through the end frame of the gate, and a stirrup 
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in the recess. When the gate is raised the latch is | 
depressed till it passes over the stirrup, on which | 
it would rest if lowered. Normally the load is not | 
taken by the stirrup. For lowering, the stirrup | 
has to be moved clear of the latch, into a recess. | 
This is accomplished by a small motor near the | 
winding drum above, coupled to the upper end of a_ 














further 180 m., as this part is much exposed to | 
The piers, not completed, are shown | 


cross winds. 
in Figs. 15 and 16, page 37 ante. 

The pumping station is on the west bank, and 
may be seen in Fig. 16, page 37 ante. This station 
also supplies steam for heating the machinery and 
control rooms. No locking takes place at night, 


ENGINEERING MARKETS OF THE 
WORLD—III. 


By A. J. LIVERSEDGE. 
| (Concluded from page 154.) 
Tue British Empire: Inpia. 
Ir will be interesting to see for a moment what are 


long lever forming an upward continuation of the| and the normal pump capacity required for a/the countries that are chiefly concerned in bringing 


stirrup. 
height, limit switches cut out the main motor. 


If the gate is not stopped at the right | 16-hour summer day is about 9-6 cub. m. (340 cub. |down our share of the Indian imports of these 
| ft.) per second. Provision is made for six hori- |engineering products and materials. Take the 


The gates are protected on the upstream side by | zontal pumps, two only having been installed at | latest year 1928-29 of the tables, on pages 152 and 
floating booms, which are to be seen in Figs, 36, | first. The pumps discharge through pipes 1-1 m. | 153, ante: in iron and steel our chief competitor 
37 and 40. These are suspended by ropes passing | (43 in.) in diameter, which are carried up a concrete | before the war was, of course, Germany; to-day it 
over sheaves, and are provided with balance weights | slope, and deliver into a channel at a distance of | is Belgium. Out of the total of 520,000 tons which 


in the same shafts as the gate counterbalances. | 
The booms rise and fall with the water level. | 
Brackets fixed to the gates lift the booms clear | 
when the gates are raised. They are guided by | 
rails in the gate grooves, and the ends of the booms 
are fitted with springs to take up shock ; these are 
indicated in Fig. 40. The lock gates were con- 
structed by the firm of Messrs. Fr. A. Seebeck, of 
Wesermiinde-Lehe ; the machinery was supplied 
by Messrs. Maschinenfabrik Schmidt, Kranz and 
Company, Nordhausen. 

Details.—In passing, we may refer to one of the 
small details of the lock equipment, namely, the 
mooring cleats. Boats pass through the locks with 
their tugs, in tows, and to ensure control a large 
number of cleats are provided in the lock walls. 
They are arranged in vertical rows of eight, 14 m. 
apart horizontally, the position being noted in 
Fig. 8, Plate IV, ante. They ure illustrated by the 
drawings, Figs. 52 to 54, abeve. The cleats are 
of cross shape, bolted to steel castings set in the 
concrete and anchored by means of eight flat bars. 

The coping is faced with granite, and the same 
material is used for facing for the gate grooves, &c. 
The entrance walls are protected by timber baulks 
in cast-steel frames set in the concrete. The 
entrance walls are faced with clinker set in concrete. 
At both up and down stream ends a system of | 
concrete piers extends from the centre wall between 
the locks. These are 72 m. (236 ft.) in length, | 
and serve to back and keep in place heavy timber | 
booms. 


150 m. from the pumping station. The discharge 
channel has a cross section of 10-5 sq. m. (113 
sq. ft.). It skirts the back of the west lock, and 
joins the canal some 40 m. above the upper gate. 

The discharge of this channel into the canal is 
illustrated by Figs. 55 to 59, page 161. It has 
been designed on experimental data with a view to 
minimise the possible currents and eddies set up. 
The banks are not symmetrically laid out. The 
bed falls from near the curve, from N.N + 63-00 
to + 62-00, remaining at this level up to a dwarf 
wall, or step weir, which extends across the bay 
formed by the diverging side walls. 
the discharge consists of six bays, 3 m. (10 ft.) 
wide, separated by piers 1-50 m. (5 ft.) wide, arched 
and decked. These are of reinforced concrete, with 
stone facings. 


N.N. -++ 64-15 at one end and + 64-60 at the other. 
With the canal level at + 65-00, there will thus be 


'a depth of water over the crest of 85cm. (333 in.) 
This | 


difference is introduced to spread the flow evenly | 


at one end and 40 em. (153 in.) at the other. 


over the whole length of the crest, and prevent it 


all keeping to one bank and side of the discharge | 
If the depth of water over the crest at the | 


outlet. 
high end falls to 25 em, (10-8 in.), pumping is com- 
menced to replenish the upper reach. 30-cm. pipes 


| are laid through the dwarf wall, in order to prevent 


the development of unbalanced pressures in the 
possible but very unlikely circumstances of the 


In the upper reach the boom extends a/canal or discharge channel running dry. 


Beyond this | 


The dwarf wall, shown in section | 
in Fig. 59, is not level, the crest level being | 


| India imported from other sources than the United 
| Kingdom, Belgium supplied 333,300 tons, Germany 
| coming second with 70,000, France third with 53,000, 
Luxembourg fourth with 19,600, and the United 
States fifth with 18,000 tons. Substantial amounts 
|were also contributed by Czechoslovakia, the 
| Netherlands, Sweden, Norway, Austria, Italy and 
|even Hungary, while it appears odd to find Poland 
|(with Danzig) supplying 1,800 tons. 
| We supply nearly the whole of the galvanised 
| sheets—265,600 tons out of a total of 298,000— 
| Belgium, 26,000, and Germany, 3,800, supplying 
most of the balance. Tin plates, however, we have 
|to share with the United States, our total being 
| 14,600 tons against America’s 12,300 tons. We also 
| divide rolled girders and beams, our total being 
| 67,600 tons against a foreign total of 68,000 tons, 
Belgium contributing 44,600, France 20,600, and 
Germany 2,200. Bolts and nuts, however, are not 
|so good; our total of 5,450 tons stands against a 
foreign total of 10,400 tons. Belgium sends more 
than we do, her total being 6,600 tons. Tubes, 
pipes and fittings we barely divide, our total being 
| 16,600 tons against the foreign total of 18,800, in 
which we find the 1,800 tons which constitutes 
| Poland’s contribution to the grand total. We have 
|a position rather worse still in hoops and strips, 
| our share being 17,000 tons against a foreign total 
| of 21,500 tons, towards which Belgium contributes 
13,300 tons, Germany 5,200, and France 2,000. 

In one or two items we are hopelessly beaten. 
Of steel or iron wire we supplied only 1,340 tons ; 
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beams oe os re 
supplied 2,000/., Switzerland 1,100/., Belgium 900/., 
while one of the curiosities of the returns is a 
contribution by Spain to the value of 350/. The 
United States also contributes the larger portion of 
agricultural machinery, her total being 66,8001. 
out of a foreign total of 73,5001. and a total from 
all sources of 107,000/. Germany sent a little 
over 6,000/. of this class of machinery, and Canada 
2,200. It is not easy to understand how it is that 
the United States can send “ ploughs and parts” 
| to India to the value of 11,5001. in a year when we 
only supply 3,500/.’s worth. Neither is the difficulty 
diminished when we find that the United Kingdom 
;amount for 1928-29 was much below the corre- 
|sponding amount in 1924-25, while the American 
amount was almost exactly 10 times as much. 
It is true that the total amount involved is small 
in this instance, but it provides one of those simple 
| test cases by which the manufacturing capacities 
of the two countries may be compared. It cannot 
be urged that the American ploughs are produced 
| by the aid of cheap labour or any other “ cheap” 
conditions, unless, indeed, it be, in these recent 
years, cheap money. The total amount of this 
class of machinery seems very small for so great 
an agricultural country, but this is easily under- 

stood when we remember the labour conditions. 
aoe ase In electrical apparatus we still have much the 
10M Apart 3 . larger share of this important and growing business, 
but our competitors are increasing in number, and, 
in their aggregate contributions, are gaining upon us. 
_— The United States of America is our chief competi- 
: tor here, her share in this year being 296,000/. 
Fig.58. watt FROM WATERSIDE. we Germany comes next with 228,000/., while she is 
+ 66-00 ==: == = : 22% followed by The Netherlands with 111,400/.; 
a ay Italy, 90,000/.; Japan, 42,000/.; Austria, 37,0001. ; 

| Belgium, 15,300/. ; and Czechoslovakia, 11,800/. 
+150 | Inthe class of motor vehicles, which, as will be seen 
| from Table VIII, page 152, ante, is rapidly growing in 
| importance, we are very much behind. In this class, 
160-50 _| 'as a whole, against our total of 2,179,000/.. we find 
nee BB 0 nn —— ec | the United States with 2,726,000. and Canada with 


(13.51.F) | ° . 
Belgi sent 3,800 tons, G > 3,500 tons, |We have much the larger share of electrical machi- | 1,469,000/. ; Italy coming next with 213,500/., fol- 
he Te age peony: Png: e | lowed by Germany, 124,000/.; Belgium, 109,000/. ; 


Czechoslovakia 800 tons, and even Italy 240 tons.|nery: out of the total of 1,777,000/. we supplied | U 
As to our old friend, wire nails, India in this year | 1,392,0001.; the United States sent 195,000/., and France, 78,000/. ; The Netherlands, 13,0001. ; and 
took 18,000 tons, to which total we contributed | Germany 99,0001. We have also the larger share | Japan, 8,800/. In motor cars and taxi-cabs, against 
precisely 483 tons; Belgium sent 9,000 tons, | of oil-crushing machinery, the total of which | our total of 581,600/., the United States supplied 
Czechoslovakia 3,800, Germany 2,900, Austria | amounted to 303,000l., to which Germany contri- | 1,358,000/., Canada, 809,000/., and Italy, 168,000/. 
900, Italy 370, and France 280 tons. | buted 84,0001. and the United States 14,5007. | In motor lorries and omnibuses we are still more 
In machinery we make a much better showing | France, Belgium, and the Netherlands all supplied | decisively beaten ; our share stands at 153,800/., but 
than we do in iron and steel, our chief competitor | small quotas, but our share remained 180,000I. | Canada supplied 607,000/., and the States, 818,0001. 
being the United States of America. To the grand|We barely divide mining machinery, the foreign | While, however, we are thus pressed and out-classed 
total of over 13,000,000/., the United States sent | share of the total of 600,000/. being 306,000/., to in these sections, we may have the consolation of 
1,551,000/., while Germany came second with|which the United States contributed 274,000). | finding that we supply practically all the perambul- 
855,0001.; Sweden, the Netherlands, Belgium, | We are beaten rather badly in rice, and flour-milling | ators and children’s go-carts which India imports ; 
and Italy each contributed from 120,000]. to} machinery, our share being only one-third of the also nearly all the motor cycles and scooters, and 
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126,000/.; Denmark sent 86,0001., Switzerland | total, which amounted to 158,000/.; Germany | over 80 per cent. of all the cycles and parts. It 
will be interesting to see if the new Ford factories 


$2,300/., Japan 39,000/., and France 35,0001. | supplied 37,5001., the United States 19,3001, | \ ; ‘ 

We easily hold the field in connection with | Belgium 4,0001., Italy 2,600/., and Switzerland | in this country will have any effect on the 
steam-power plant and also in textile machinery, | 1,5001. The United States supplies much the | nationality of the Indian imports of motor vehicles. 
though it may be noted that, in the year under | greater part of refrigerating machinery, her share| In the class of non-ferrous metals we are also 
review, Germany supplied 73,0001. of cotton machi- being 133,000. out of the total of 172,500/. The| rather badly behind and are losing ground. We 
nery and 150,0001. of knitting and sewing machines. | United Kingdom sent only 39,000/.; Germany | have, perhaps, here to include among the handicaps 
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which we have to face, certain natural advantages 
possessed by some of our competitors. Thus, for 
instance, Belgium, doubtless owing, more or less, 
to her more abundant and convenient supplies of 
zinc ore, supplied to India in 1928-29, 1,400 tons of 
wrought zinc against our total of 344 tons. Again, 
in crude aluminium, while we sent only 9 tons, 
Italy sent 30 tons, the United States, 18 tons, and 
Switzerland 8 tons. These three countries are all 
water-power countries. In wrought aluminium we 
have a better proportion; but against our 2,000 
odd tons, the United States sent 2,500 tons, and 
Switzerland, 670 tons, France, also a water-power 
country, coming next with nearly 600 tons. In 
wrought brass and bronze and yellow metal we 
are rather badly beaten by Germany, who sent to 
India, in this year, 12,500 tons against our 8,700 tons, 
while our next competitor was Japan who supplied 
no less than 3,600 tons, France coming third, 
though very far behind, with 540 tons. The unfor- 
tunate feature here is that our total for 1928-29 
was a declining total, as compared with the years 
back to 1924-25, while the totals of the other three 
countries were all growing totals by the same com- 
parison. In wrought copper we hold a rather better 
position, though Germany still beats us with a total 
of 4,500 tons against our figure of rather less than 
4,000 tons. One notes that the German total is a 
declining total while that of the United Kingdom 
is an improving total. Here,showever, France and 
Belgium come in with growing totals, the former 
of 2,000 tons and Belgium of 1,000 tons. 

We are not specially concerned here with the 
metals in their crude forms; but when any metal 
takes on a manufactured character, however 
elementary, involving some measure of engineer- 
ing work or labour, it then becomes of practical 
interest in these surveys. Hence it is unfortunate 
that the Indian returns do not distinguish between 
crude and wrought ‘German and nickel silver.” 
It is not a large busines, but it is a growing business, 
having regard to 1924-25, and our position in it 
is interesting. Moreover, our chief competitors, or 
two of them, are not, perhaps, exactly where we 
might have expected to find them. They are, 
Austria, who supplied 387 tons, Italy, 345 tons, and 
Germany, 270 tons. Our share, as will be seen from 
Table IX, page 153, ante, was 165 tons. 

From what has now been said in this survey, it is 
clear that we have in India a very great market. 
We must hope that every possible effort will be 
made to retain, at least, the share that we now 
possess of that market, to avoid slipping back any 
farther; and even perhaps to recover something 
of what we have lost since the war. 

In the next article, the Australasian markets will 
be reviewed. 








THE RECONDITIONING OF MINE AIR. 
By A. L. Eaan, A.M.I.Mech.E. 


In order to render the working conditions in the 
“hot spots” in a mine more tolerable, it is neces- 
sary to recondition the local atmosphere, or to 
supply a quantity of cooled dry air, which is 
sufficient to cause the displacement of an equivalent 
quantity of hot humid air. In the Witwatersrand 
mines, South Africa, the air is frequently not only 
hot, but also saturated, and the calculation of the 
enthalpy, or heat contained in saturated air will 
show that most of the heat present (say, above 
32 deg. F.) is the latent heat in the associated steam. 
One very effective method of removing heat from 
saturated air is, therefore, to abstract the admixed 
steam together with its heat. 

The process of removing water vapour from air 
is known as dehumidification, as distinct from 
refrigeration, but a certain amount of temperature 
reduction is also necessary ina mine. Dehumidifying 
by means of chemicals involves the liberation of 
latent heat, which it is difficult to remove, and 
the separation of air and steam by electrical 
means is probably not practicable. Refrigeration 
processes requiring the use of noxious or toxic gases 
are also undesirable in mines. Dehumidification 


by mechanical means, therefore, seems preferable, 
and this involves the condensation of the contained 
steam and the removal, conversion or transference 
of the latent heat given up by it. In the Witwaters- 
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rand mines there is usually plenty of water available, 
and water can, therefore, be used as a medium for 
the transference and removal of heat. 

There are two physical facts which have an 
important bearing on mechanical dehumidification : 
Firstly, the weight of steam which can be retained 
in saturated air at a given temperature is propor- 
tional to the volume of the saturated air, from 
which it follows that, if the volume of a certain weight 
of saturated air be artificially reduced without 
raising its temperature, much of the contained 
steam will be precipitated as water. 

Secondly, the adiabatic expansion of saturated 
air, although it increases the volume, will so reduce 
the temperature that some of the steam will con- 
dense. This process requires a certain amount of 
time, which is probably not calculable, and if the 
time be insufficient, supersaturation will occur and 
delay or prevent condensation. 

The first mentioned physical fact suggests a 
machine which compresses the saturated air, and 
as mechanical compression is adiabatic (or nearly 
so), an after-cooler is necessary to bring the com- 
pressed volume down to, or below, its original 
temperature in order to ensure condensation. Such 
a process is positive and definite, as the cooling and 
condensing time is independent of the compression 
time, so that supersaturation is avoidable and 
condensation is certain. The temperature rise 
during compression prevents condensation during 
the act of compression. A machine of this type is 
referred to as a high-compression machine. 

The second physical fact suggests a machine 
which, in its simplest form, causes the air pressure 
to fall below atmospheric, and so creates a partial 
vacuum. Such a machine is naturally of objection- 
ably large volumetric capacity, while the removal 
of the condensate presents difficulties, as it is all 
deposited in the vessel or chamber in which the 
expansion takes place. The process possesses one 
advantage, however, in that no cooling water is 
required for the production of a quantity of cooled 
and dehumidified air, but, on the other hand, no 
heat is removed from the mine. A machine on 
these lines may be described as a vacuum machine. 
A machine could also be devised which makes use 
of both physical facts, having compression and 
expansion stages but no vacuum, and such a 
machine may be referred to as a low-compression 
machine. 

Obviously, the use of a compression machine 
involves the indrawing of hot, humid air and the 
discharge of cold dry air into the hot atmosphere at 
the mine working place, so that the process is 
essentially one of mixing. With any probable 
mixture ratio or proportion, condensation of 
moisture in the external air will occur, so that the 
cooled atmosphere produced will be saturated at 
the reduced temperature. No mixing process will 
reduce the relative humidity unless the introduced 
dry air is very nearly at the same temperature as 
the saturated atmosphere into which it is dis- 
charged, so that cooling and reduction of relative 
humidity cannot be carried out simultaneously by 
any mixing process. Mixing, however, will cool the 
air and also reduce the absolute humidity, and the 
resulting atmosphere is improved for the perform- 
ance of manual labour. It is necessary to cool air 
down to about 32 deg. F. in order to dry it, but 
the dry air can be warmed before mixing if it is 
desired to reduce the relative humidity or to prevent 
the formation of fog. The discharge of cold dry 
air from a compression machine displaces or replaces 
an equivalent quantity of hot saturated air from 
the working place, and this fact indicates that one 
possible arrangement of the machine is for the hot 
air to be piped from a return air passage to the 
machine, and cold air to be piped to the working 
place. The hot air displaced from the working 
place should pass to the return air passage. Besides 
dehumidifying and cooling the air, a compression 
machine will improve the atmosphere in other 
respects. For example, the water of condensation 
will dissolve the CO, present, the heat of compres- 
sion will act as a powerful germicide, dust and other 
solid matter will be removed, and any malodorous- 
ness will be decreased. 

Whichever of the three types of machine be used, 
work must be done either on the air being treated, 





as in the compression machines, or on the external 
air, as in the vacuum machine. Power must, 
therefore, be supplied for operation, and, as no 
actual mechanical work is done, the power expended 
is converted into additional heat which is introduced 
into the mine. With both types of compression 
machine, the combined heat from the power and 
from the air and the steam can be carried away in 
the water supplied to the after-cooler and/or inter- 
coolers. 

On account of its probable bulk and other objec- 
tions, the writer has not considered the vacuum 
machine in detail. More attention has been paid 
to both types of compressior machine, and the 
following remarks may be regarded as common to 
both. Compression requires power, and, after 
compression and cooling, energy is available in the 
treated air which it is desirable to recover. This 
can be done by expanding the compressed air in 
an air motor down to about atmospheric pressure, 
and, if the air motor is mounted on the driving 
shaft, the net power input is reduced to a minimum ; 
at the same time, the adiabatic expansion further 
cools the air. In the Witwatersrand mines, the 
balance of power can best be supplied electrically, 
since electricity is cheap and efficient; and, since 
electric motors preferably run at high speeds, the 
compressor and air motor should probably be either 
of the turbine or rotary type. 

The elementary cycle for both high and low- 
compression machines is compress, cool and con- 
dense, and expand. The compressed air admitted 
to the expander, i.e., to the air motor, is therefore 
completely saturated, with the result that some 
moisture will condense during the adiabatic expan- 
sion. This fact suggests that the air temperature 
ought not to fall below 32 deg.F., in order to avoid 
difficulties due to possible freezing, although certain 
reservations will be noted later, and the latent heat 
of fusion is also a factor. The delivered air will 
be saturated at the lower temperature, 32 deg. F., 
unless reheating is carried out, and this indicates the 
limiting extent of possible dehumidification. 

The hot humid air to be reconditioned or treated, 
in the case of the Witwatersrand mines, will be 
assumed to be saturated at 95 deg. F. and at a mine 
barometer pressure of 14 lb. per square inch, the 
surface altitude being 5,000 ft. to 6,000 ft. 

Calculation will show that one pound of air at 
95 deg. F, is accompanied by about ten times as 
much aqueous vapour by weight as it contains at 
32 deg. F. Water is available at 80 deg. F., so that 
the compressed air can readily be after-cooled to 
the original temperature of 95 deg. F. In the case of 
the high-compression machine, seeing that one-tenth 
of the original steam will probably remain, as shown 
above, it is only necessary to “‘ squeeze out ”’ nine- 
tenths, and a compression ratio of 10 to 1 by volume 
will do this. The required pressure is 140 lb. per 
square inch absolute, so that the cooled compressed 
air admitted to the motor is at or about 140 Ib. per 
square inch absolute, and 95 deg. F. If saturated 
air be expanded adiabatically from this pressure, the 
delivery temperature, at just above atmospheric 
pressure, will be far below 32 deg. F., and the 
condensate will freeze. Temperatures below 32 deg. 
F. can be avoided by expanding in stages, with re- 
heating by the used cooling water to, say, 80 deg. F. 
between each stage. The reheating also increases 
the power output of the motor, the expansion curve 
coming very near the isothermal. Strictly speaking, 
the non-freezing limitation only applies to the first 
stage of expansion, when saturated air comes directly 
from the after-cooler into the air motor. Conden- 
sation will take place throughout the first expansion 
stage, and as, at 32 deg. F., the pressure is well above 
atmospheric, very little steam remains uncondensed 
in the corresponding small volume. Provision 
must be made for removing the condensate before 
reheating. In the succeeding or reheated stages, 
the input air to the motor is not saturated, and 
condensation is delayed below 32 deg. F., so that 
lower exhaust temperatures are permissible. The 
total extraction will exceed the 90 per cent. aimed at. 
It is probable that a high-compression machine will 
use more power than a low-compression machine, 
even with reheating, but dehumidification in the 
former is positive and not dependent on time or 
velocity. It is important to notice that the P-V 
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diagram for saturated air expanding with conden- | resistance and provide an argument against the use 
sation is very different from that of dry air, but the| of a number of small machines instead of one large 
P-V diagram for compression is practically the| machine. Also, small turbo-compressors and motors 
same as for dry air. | are inefficient, owing to the high frictional resistances 
The design of the low-compression machine will | in the necessarily small internal air passages. 
be found to be governed by the inlet and exhaust! After considering all the points involved and the 
conditions at the air motor. Two exhaust con- | offers received from manufacturers, a machine of the 
ditions are known, pressure and temperature, say,| low-compression type on lines suggested by the 
14 lb. per square inch absolute and 32 deg. F., and | author was ordered from Messrs. Brown Boveri and 











one inlet condition, viz., 95 deg. F. Therefore, 
there must be a certain inlet pressure, which can 
be calculated, although the calculation is not easy. 
The basic theory is that the entropy of the mixture 


of air and steam remains constant through the air | 


motor, no heat being lost as heat and no heat 
being generated by internal friction. A practically 
frictionless condition obtains in a cylinder with a 
piston, but not in a turbine, as, in the latter, the 
friction of discs and constricted passages warms up 
the air and/or delays cooling. For example, calcu- 
lations show that, in a frictionless air motor, the 


Company, for a Transvaal mine, having a capacity 
of 3,000 cub. ft. of air per minute. This machine, 
a photograph of which is reproduced above, 
porn of an electric motor taking 236 kw. at 
| 2,000 volts, 50 cycles, running at 2,980 r.p.m. and 
driving a turbo air compressor at 13,900 r.p.m. 
through single gearing. The turbo air compressor 
is a four-stage unit with one inter-cooler and an after- 
cooler, and the cooled compressed air is delivered to a 
single-stage turbo air motor mounted on the same 
shaft as the compressor. 

Hot mine air, saturated at 95 deg. F., is drawn in 











pressure of the input saturated air at 95 deg. F. must | at the rate of 3,000 cub. ft. per minute through the 
be 31 lb. per square inch absolute, in order to exhaust | electric motor (which it cools), and the air tempera- 
at 32 deg. F. and 14 lb. per square inch absolute. | ture rises to 120 deg. F. It is then compressed to 
The pressure of the air at 95 deg. F. supplied to | 44-5 lb. per square inch absolute, cooled to about 
an actual air turbine, which is not frictionless, is | 95 deg. F., and expanded through the air motor to 
45 lb. per square inch absolute, for a discharge at! atmospheric pressure (14 lb. per square inch in the 
32 deg. F. and 14 lb. per square inch absolute. |mine) and a temperature of 32 deg. F. Water 
With regard to both types of compression machine, | separators are provided after the coolers and also 
the efficiency of electric motors is less than 100| after the air motor, to remove the moisture which 
per cent., and the power thus lost is converted into| condenses during cooling. and expansion. The 
heat which, in many cases, should not be allowed to | coolers are designed to operate with cooling water 
pass into the mine. One method of preventing this | supplied at 80 deg. F.,and rather less than 200 gallons 
is to cool the electric motor by passing the warm air| per minute are required. The complete machine 
through the latter on its way to the compressor. | weighs about 12 short tons, and the illustration on 
The motor heat is thus taken into the machine} this page shows it erected for test purposes in Messrs. 
and finds its way into the cooling water, which can} Brown Boveri’s shops at Baden, Switzerland. The 
be pumped away. Allowance must be made for the | electric motor is shown on the left, and just in front 
increased volume of the intaken air owing to this| of it is the circular casing of the compressor. The 
heating, when estimating the quantity of air which | smaller casing in front of the latter contains the air 
a machine will deal with. 'motor. On the right of the large flexible pipes are 
An important and somewhat controversial point | the air coolers, and on the extreme right is seen the 
to be considered is the most suitable size, or air| final water separator. The air inlet is not shown, 
capacity, to be adopted for local hot spots in a mine, | but the horizontal air delivery pipe is seen near the 
and there is room for much difference of opinion on| top of the figure. The overall height has been 
this matter. It is evident that the hot and cold air | kept down to a minimum, and is only about 8 ft., 
currents to and from the machine must be isolated | while the weight of the separate parts is such that 
from each other, so that some system of conduits or | the machine can be moved from one site in the mine 
pipes must be employed which involves friction and | to another. 
power loss. Small pipes have a high frictional| At the recent trials of this machine, the calculated 





quantity of condensed vapour in the form of warm 
water was delivered from the coolers, that is, 66 per 
cent. of the steam originally present and corres- 
ponding to the compression ratio of three atmos- 
pheres. There was a small discrepancy in the 
amount of cold water collected from the discharged 
cold air, but this may have been due to ineffective 
collection rather than to supersaturation. The 
actual extraction of the cold water condensed in the 





expansion stage is of little importance, so long as it is 
actually condensed in the machine, and its latent heat 
is given up in the machine without raising the 
temperature of the discharged air above 32 deg. F. 
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Engineering Materials. Vol. 1, Ferrous. 
JupGe. London: Sir Isaac Pitman 
Limited. [Price 30s. net.] 

THE important developments which are taking 

place, not merely in the production of new ferrous 

materials, but also in the recognition of the properties 
and possible applications of those already available, 
combined with the difficulty often experienced in 
tracing and referring to the information on these 
points, makes such works as that of Mr. Judge of 
distinct value. It is intended expressly for the 
student and user of engineering materials, viz. the 
engineer and designer ; therefore, the metallurgical 
and metallographical portions are not dealt with in 
any detail, while the testing of materials is omitted, 
being the subject of a separate volume. The book 
is based on the revision of the author’s Aircraft and 

Automobile Materials, Vol. I, Ferrous, published in 

1920, and, in fact, deals mainly with such materials. 

The more comprehensive title may, however, be 

regarded as justified, since the advantages resulting 

from the use of alloys and treatments formerly only 

considered for small parts, are now recognised to a 

very considerable extent, so that acquaintance with 

these is a necessity to those who a few years ago 
would have looked upon the matter as of purely 
academic interest. A rather unusual feature is the 
extent to which information is given about steels 
produced by various makers, taken in some cases 
from manufacturers’ catalogues, which are more 
and more becoming recognised as important factors 
in the spread of up-to-date knowledge. In selecting 
the particulars given, Mr. Judge has exercised a 
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careful and judicious choice, although it is, of course, 
obvious that, while indicating the wide range of 
special steels available, he has by no means exhausted 
the list of manufacturers, or the products of any 
individual maker. 

The first chapter gives a general review of the 
metallography of ferrous materials, with explana- 
tions of the terms used and illustrations of typical 
micro-sections, and examples of the use of sulphur 
prints to show the lines of flow of metal when worked. 
After dealing shortly with wrought and pure iron, 
the author proceeds to discuss cast-iron at some 
length, giving the effects of various constituents, 
such as that of silicon on the amount of shrinkage 
and that of nickel in increasing hardness without 
reducing machinability, both of which, however, 
increase “growth.” A useful analysis of the 
present state of knowledge about the latter is given, 
and also of the special processes recently discovered 
and applied commercially for the production of 
cast-irons of high-tensile strength, generally referred 
to as pearlitic irons. Numerous analyses of cast- 
irons suitable for various purposes are given, the 
advantages of proper heat treatment being explained, 
with afew notes on malleable cast-iron, including 
the specifications of the American Society for 
Testing Materials. 

Carbon steels form the subject of the fourth 
chapter, in which the effects of small amounts of 
other elements and of various treatments are 
discussed, the fact that a low carbon case-hardening 
steel will give a harder skin than any alloy steel 
being noted, although the application of this is 
limited by the low core strength. Several of the 
B.E.S.A. specifications are given. A curious slip 
occurs on page 153, where the contraction of mild- 
steel castings is given as ,°, in. to the foot, instead 
of the ,%, in. previously stated. Attention is 
called to the laminated steels which are available for 
certain special purposes. In dealing with alloy 
steels in the following chapter, and also in a later 
chapter on treatment, the author emphasises the 
necessity for great care at all stages of manufacture, 
and the effect of mass as influencing the results 
obtained and the modifications required, but makes 
no reference to the risk of dangerous internal stresses 
being present, which may lead to serious breakdowns. 
This was the subject of an editorial on page 141 of 
vol. exxix of EN@rnerErtne (1930). The author 
discusses the various types of alloy steels, giving 
typical analyses and heat treatments, with the result- 
ant physical properties and the uses to which they are 
applied. Separate chapters are devoted to stainless, 
spring, manganese and tool steels, Stellite and Car- 
boloy, although non-ferrous, being included in the last. 

The commercial forms in which the different 
materials are available are next dealt with, as 
regards sheets, tubes, wire, and cable. Drop 
forging and the various heat treatments are the 
subject of the following chapter, which also deals 
with case-hardening, including the nitration process 
due to Dr. Fry, and in use in this country, although 
Mr. Judge refers more especially to its extended use 
in America, and with local case-hardening by the 
use of the oxy-acetylene blowpipe. A number of 
heat-treatment furnaces are described briefly, with 
a few figures of fuel consumption, the particulars 
of cost in Table C giving, however, an entirely 
wrong impression until it is realised that they are 
printed in error. There are a few slips of a similar 
nature in other places, but none is likely to cause 
much trouble to the careful reader. It may be noted 
that the necessity for preventing lead from sticking 
to steel when using tempering baths is referred to 
twice, different treatments being recommended. 
Some useful notes are given on pyrometry, with 
a schedule of the various types of indicators and 
instruments available, and the conditions under 
which to use them. It is rightly pointed out that 
the measurement of temperature not only assists 
in maintaining uniformity of output, but may 
greatly increase production. 

The joining of materials is an essential factor 
in their use, and the chapter dealing with soldering, 
brazing and welding is a valuable one, giving the 
compositions and uses of various solders, as well 
as information on the welding and brazing of cast- 
iron, repairing worn parts by electro-deposition, 
electric and gas welding, and the important process 





developed by Dr. Langmuir in which atomic 
hydrogen is used to prevent surface oxidation and 
dispense with fluxes. The author discusses briefly 
the theories advanced relating to the corrosion of 
iron and steel, and describes the preventive measures 
adopted, giving particulars of various lacquers, 
varnishes and paints, and of methods of coating with 
protective metals. Short chapters deal with heat- 
resisting steels and valve steels, and with the special 
irons and steels for electrical purposes, a number of 
appendices giving a list of B.E.S.A. specifications, 
and the physical and mechanical properties of 
metals and alloys. 





Filtration and Filters. An Outline of the Art. By J. A. 
Picxarp and A, J. V. UNpERWwoop. London: Ernest 
Benn, Ltd. [Price 45s, net. ] 

Tuts book, of 481 pages, contains no less than 450 

illustrations of machines designed for use in labora- 


tories or factories for the purpose of clarifying | 


fluids of almost every nature from molten wax to 
petrol, and forms a useful book of reference, or 
catalogue, of apparatus and materials available. The 
claim of the authors that the book gives an outline 
of the art of filtration is, however, hardly justified, 


and many of the machines referred to in the book | 


would not be classed by engineers as filters, or the 
processes in which they are employed as filtration. 

In the introductory chapter, reference is made, 
inter alia, to filtration as employed in dairies, in the 
mining industry, in sewage treatment, and in water 
supplies. It is stated that “the milk supply of 
important centres, when efficiently managed, also 
may go through a process of filtration by which 
its keeping properties and value as a food are 
improved without injuring it or in any way detract- 
ing from its vital properties.”” After reading this 
the book is searched in yain for any outline or 
description of such a process, and although centri- 
fugal separators are illustrated and described, their 
use as cream separators is not referred to. 

Mining engineers will read with interest that ‘in 
the mining industry filtration is constantly employed 
in dealing with slimes obtained in extracting many 
different kinds of metals,” but there is no further 
reference in the book to this process or to any type 
of vanning machine. 

Less than five pages are devoted to the question 
of sewage treatment, and the difficult problem of 
filtration of the liquid sewage after separation of the 
sludge is dismissed in two short sentences: ‘‘ The 
settled liquor being run off,” and ‘“‘ The clear water 
is decanted off.” There is no description of any 
sprinkler or distributor, or to coke beds, the Dibdin 
slate bed, or other apparatus or material for dealing 
with the liquid sewage, or to the septic tank, 
the Travis hydrolytic tank, or other plant for 
the preliminary treatment of sewage in its crude 
form, or to the different treatment necessary in 
the case of sewage from purely residential districts 
and that from large cities, where wool-grease 
and other trade refuse yields a sewage of an entirely 
different character. Yet the chapter headed “ The 
Filtration of Sewage ” commences with the sentence, 


“The filtration of sewage by means of filter presses | 


is invariably undertaken in central feed-chamber 
presses of cast-iron.” From this it may be inferred 
that the authors deal only with apparatus for the 
treatment or disposal of sewage sludge, and this is 


actually the case, and no information is given as to | 
what engineers would understand as the filtration of 


sewage, viz., the treatment of the liquid effluent 
so as to render it innocuous. 

There is a brief description of an American plant 
for dealing with activated sludge, but here again 
the authors refer to the pressing or disposal of the 
sludge as “filtration,” and do not deal with the 
treatment by filtration of the liquid sewage remaining 


after separation, more or less incomplete, of the | 


solid matters in the form of sludge. 

In describing a process of dealing with sewage 
sludge heavily charged with wool-grease, the sludge 
pressing is again referred to as “filtration,” and 
it is unfortunate that no description whatever is 
given of the processes of actual filtration of the 
liquid employed by such cities as Leeds or Bradford, 
where the crude sewage is heavily charged with 
trade refuse. In such cases, elaborate filtration of 
the liquid is necessary after the most careful separa- 


tion of the sludge, which, in the case of Bradford. 
contains so much grease and other matter of 
commercial value that its treatment yields a profit 
which almost balances the working expenses of the 
whole process of disposal of the sewage of the city. 

There is a vast amount of literature on the 
subject of the filtration of water for domestic use 
and for public water supplies. Filters are used for 
dealing with waters from natural lakes, rivers, 
canals, and even for well waters when these are 
liable to contamination or require treatment for 
the removal of iron, &c. The authors seem to 
| ignore these sources of supply and appear to assume 
| that storage on a large scale is a preliminary opera- 
|tion to filtration in all cases, though they admit 
\that “‘the filtration of public water supplies for 
large cities is a very large-scale operation which 
partakes very much of the nature of civil engi- 
neering.” ‘‘In the first place, the rain water is 
collected or ‘impounded’ in large receiving reser- 
voirs or lakes, before entering which it undergoes, 
if necessary, a preliminary straining process to 
remove floating matter such as leaves and detritus, 
which would decay and give rise to colour and odour 
during storage.” ‘‘ The next operation is storage, 
or settling, during which all the coarser suspended 
|matter sinks to the bottom and the quantity of 
bacterial contamination is much diminished.” ‘‘ To 
quicken operations, sand filter-beds of coarse sand 
| have been employed for this duty, but are not satis- 
|factory and present great difficulties in cleaning.” 
| “‘ After storage the filtration proper is undertaken 
| either by the filter-bed, rapid sand filter, or mecha- 
nical filter. A filter bed consists merely of a large 
pond or reservoir provided with drainage channels 
over its bottom and filled with sand to a depth of 
some 4 to 6 ft.” “The depth of water on the 
top of the sand surface may be anything from 
10 ft. to zero, some filters, especially in France, 
operating at such a rate as to leave the upper surface 
continuously exposed to the air.” Sic! The 
latter remark, no doubt, applies to “sprinkler” 
filters, which have been experimented with in 
France and elsewhere and have been found to give 
results inferior to those obtained with submerged 
sand-filters. The question of the treatment of 
water antecedent to filtration was dealt with in 








|the columns of ENGINEERING more than twenty 


years ago, and various methods of cleaning and 


|operating roughing filters were illustrated and 


described.* The book contains a description of a 
filtration plant which was adopted in the case of a 
large English city for the purpose of removing 
colour and peaty acids from a moorland water. 
but the filters described are of the pressure type, 
which is never adopted for the filtration of waters 
requiring bacterial purification. 

With these criticisms it may be stated that, 
while the book gives little information regarding the 
various processes of filtration on a large scale which 
are familiar to civil and mechanical engineers, the 
authors have produced a carefully compiled cata- 
logue of machines and apparatus used in laboratories 
and factories for the treatment of fluids requiring 
clarification, and also in the cleansing of air and 
purification or “scrubbing ” of gases. 








| La Brique Armée Homogéne, dans la Construction Genérale. 


| Son Calcul Simplifié selon les Regles Applicables aux 


| Paris et 


Corps Homogenes. ATTHENONT. ; 
[Price 


Liége: Librairie Polytechnique Ch. Béranger. 

90 francs net. ] 
A REVIEW of this very interesting work involves. 
of necessity, some consideration of the method of 
‘construction advocated. Long before any attempt 
was made on definite principles to augment the 
tensile strength of building materials having ample 
resistance in compression though weak in other 
respects, means were adopted to overcome, in 
a measure, the defect indicated. In the case of 
brickwork, weakness in tension was modified by 
introducing hoop iron in the horizontal joints. 
An early example of this, on a large scale, was 
the experimental cantilevers constructed by Brunel 
in 1834, the shorter arm,which was counter-weighted. 
balanced an overhanging arm extending 60 ft. 





vol. Ixxxix, pages 117, 132 and 164 (1910) ; and vol. 
xci, pages 106, 139, and 217 (1911). 





* See ENGINEERING, vol. ]xxxvii, page 277 (1909) ; 
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from the bearing. This work, after standing for 
some time, failed by disturbances due to settlement. 
Again, in 1855, experiments were carried out in 
New York on brick and tie beams by Thaddeus 
Hyatt, further experimental work being later 
conducted in London for him by David Kirkaldy. 
For the last thirty years also, a special wire mesh 
reinforcement has been in use with brickwork, 
in place of hoop iron, it being claimed that walls 
so strengthened are less liable to develop cracks 
with uneven settlement. 


M. Atthenont, in addressing himself to a serious | 


consideration of the problem of adequately rein- 
forcing brick forms, in a book of some 400 pages, 
departs at the outset from earlier concepts of the 
matter by introducing special forms of hollow 
brick designed to house in the hollows the 
strengthening metal, commonly, though not always, 
of rectangular section, and supplemented in some 
cases by additional steel at the top and bottom 
of the beams. 

The book opens with a discussion of known 
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facts and principles as applied to reinforced concrete, 
making use of these so far as they are applicable 
to the calculation of armoured brickwork. Double 
reinforcement is in all cases used, steel in tension 
lying within the lower voids, being matched by 
similar steel within the upper spaces, there being 
also subsidiary reinforcements against shear. The 
space between the bars and the surrounding brick 
shell being filled with cement grout, results in 
what is considered to be a solid structure claimed 
|to be homogeneous. The proposal is of much 
ingenuity, and is adapted by the author to a great 
variety of structures, such as walls, beams, slabs, 
tanks, arches, chimneys, and other works. The 
simpler form of brick averages 8 < 15cm. in section, 
with three longitudinal holes, the length being 
from 22 to 30 cm. Special forms for particular 
cases are proposed, enabling the designer to make 
up beams of varying depths and sections. It 
should be noted that compressive stress is assumed, 
in the case of simple beams, to be resisted by the 
| metal introduced on the compression face, the 





function of the cement and brick being to keep the 
metal up to its work without crippling. The resist- 
ance of the encasing materials is, however, con- 
sidered as a part of the study. It is not quite clear 
how the cement grout is to be satisfactorily intro- 
duced into the very narrow spaces between the 
rods and the thin brick walls without trouble 
from air-lock ; evidently it would be a matter of 
great difficulty to ensure solidity. Neither is it clear 
that grip upon the rods can be assured in a sufficient 
degree to secure development of stress in the rods. 
In ordinary reinforced concrete, it may be noted, 
concrete cover is of much greater thickness than 
is here contemplated. The thinness of the brick 
walls, in some cases 8 mm, only, is also a feature 
open to question. 

Though many forms of construction are illustrated, 
no reference can be found to works executed 
under this system, but particulars are given of 15 
laboratory tests on simple beams, variously rein- 
forced, of from 3-50 m. to 4-18 m. span. These 
tests are of considerable interest, and will repay 
study, as giving a measure of the actual weight- 
carrying properties of such beams, which seem to 
be quite good. A section of the book is devoted 
to the practical construction of armoured brick- 
work. 

The calculations advanced by the author as 
applicable to armoured brickwork call for no 
special remark. They are commendably simple in 
form. Any doubts there may be as to their value 
will depend greatly upon the reliability of the 
constants introduced. The book ends with an 
inquiry into the resistance of armoured brick to 
the destructive effects of fire, in comparison with 
other materials. It is clear that this form of 
construction must, to have any chance of success, 
be carried out with the greatest care, care trans- 
cending even that required in ordinary reinforced 
work, 

The author’s endeavour is creditable to his 
industry and ingenuity, but it must be confessed 
that, though of much interest, is not very con- 
vincing as a method of construction for any but 
the simplest .cases. 








RUBBER MAKING MACHINERY. 
(Continued from page 98.) 


In our previous article describing some recently- 
installed hydraulic presses at the Manchester works 
of Messrs. Dunlop Rubber Company, Limited 
(Charles Macintosh and Company, Limited, Branch), 
mention was made of the fact that two different 
hydraulic pressures were used in the presses for the 
preliminary operations and during the curing 
processes, respectively. Hydraulic service is ob- 
tained in bulk supply from the mains of the Man- 
chester Corporation at a pressure of 1,120 lb. per 
square inch, and to utilise this efficiently in the 
manufacturing processes, plant to increase and also 
to decrease the pressure has been installed. The 
apparatus involved presents several interesting 
features and an account of this, illustrated by Figs. 20 
to 30, on this and the following pages, will now be 
given. The main factors determining the choice of 
apparatus, were limited floor space available, and the 
necessity for providing large reserve capacity to 
meet sudden peak loads. Reliability and complete 
accessibility to all working parts, were also impera- 
tive, and these considerations as well as those 
affecting packing and ram wear, determined the 
adoption. of what amount to vertical double-acting 
pumps, with accumulators to damp out pulsations, 

The general arrangement of the pumps, which are 
known as the intensifier and detensifier, respectively, 
is given, along with their accumulators, in Figs. 20 
and 21, annexed, while the photograph reproduced 
in Fig. 22, page 166, shows how compact the plant 
really is. Dealing with the intensifier first, Fig. 23, 
and Figs. 26 and 27, page 167, should be referred'to, 
the first-mentioned being a lettered diagram to assist 
in identifying the parts shown in more detail in the 
latter. In the centre of the apparatus is a pair of 
cylinders A, A,, with a deep projecting belt through 
which passes a steel column on each side. The pair 
of cylinders is attached to the columns which, 
moreover, also carry two other cylinders B, B, at 





their extremities, the whole four cylinders being 
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Fig. 22. 
thus arranged rigidly along one axis. All the 
cylinders are of cast steel. The rams in cylinders 
A, A, are 16} in. in diameter, and those in B, B, are 
14}in.in diameter. The rams for cylinders A and B 
are attached to a cast iron crosshead C, and those 
for A, and B, to a similar crosshead C,, the two 
crossheads being coupled together by a pair of steel 
bars. Movement of all four rams thus takes 
place together, the stroke being 15in. This set hasa 
reserve capacity of 16,000 galls. of water per hour at 
a delivery pressure of 1,680 lb. per square inch 
when supplied with service water at a pressure of 
1,120 ib. per square inch. The design will permit 
of rams suitable for a delivery pressure of 1 ton 
per square inch being fitted. 

The movement of the intensifier is automatic, 
and depends upon the demand for high-pressure 
water. Reversal of the stroke is effected by a 
tappet rod on the lower crosshead C,, which operates, 
through a right angle lever, a piston in the valve box 
D. This box is of forged steel and is shown in detail 
in Fig. 24. Its position is indicated in Fig. 26 from 
which figure, together with Fig. 27, the lead of the 
several pipes can be made out. Taking the upward 


stroke first, the sequence is as follows. Water from | 
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stroke of 10 ft., effectually damps out the pulsations 
in pressure due to the reciprocating action of the 
| intensifier. The exhaust of the service water from 
the power cylinders B and B, is delivered to a 
service tank. 

| The detensifier, which is illustrated in Figs. 25, 
above and 28, 29 and 30, page 167, is similar in 
general construction to the intensifier, but the 
principle on which it works is somewhat different 
from the fact that the two inner cylinders, A, and Ag, 
are power cylinders, the function of the two outer, 
| B, and B,, being that of delivering water at a lower 
| pressure than the service mains. These pressures 
| are respectively 300 lb. per square inch, and 1,120 lb. 
| per square inch. The requirements of the low- 
| pressure service are abolute reliability with constant 
| pressure, and capacity for dealing with a small 
the service mains at a pressure of } ton per square | average demand, the occasional high peak loads 
inch is admitted through the non-return valve E | being of short duration. When first dealing with the 
(Fig. 23) and, as will be seen from Fig. 26, is admitted problem, a multi-stage centrifugal pump was con- 
to both the cylinders A and A. i 





The operating | sidered, but in view of the large size of pump neces- 
valve D also admits water at the same pressure to | sary to meet the peak load and the loss of energy 
the cylinder B,, at the same time opening the consequent upon the churning of the pump during 
cylinder B to exhaust. There are then two lifting | the long periods of no load, it was decided to fit up 
forces on the crosshead system which result in | the apparatus under consideration, which is virtually 
moving it upwards, resulting in an increase of a water-driven double-acting pump. It has a 
pressure on the water in cylinder A. The non-| reserve capacity of 25,000 gallons of water at a 
return valve on the low-pressure pipe automatically | delivery pressure of 300 lb. per square inch when 
closes, and that on the high-pressure pipe opens, the | receiving its energy from the service mains at 1,120 
water from cylinder A entering the accumulator. | Ib. per square inch. The larger rams are 10 in. in 
The precise pressure reached depends upon the | diameter and the smaller 9} in. in diameter, with 
accumulator load, and, as stated on Fig. 20, this | a stroke of 15 in. 
may be anything up to 1 ton per square inch. | The operating cycle is as follows, the upward 
When the limit of the upward stroke is reached, the | stroke being, as before, first considered: Water 1s 
tappet gear reverses the valves D and admits the | admitted to the pressure cylinder A, from the service 
service water to the power cylinder B, at the same | main through the valve D (Fig. 25), which valve is 
time opening B, to exhaust. The water, which | actuated from the lower crosshead C, by tappet 
was doing work in the cylinder A, on the upward |rods. At the same time the cylinder A, is put to 
stroke now has its pressure intensified and delivered | exhaust. The pressure on the ram of cylinder A, 
to the accumulator under the combined loads of | causes an upward movement and delivers the water 
cylinders A and B. The accumulator, which is | from cylinder B, at any pressure up to 350 lb. per 
ballast-loaded and has a ram 6 in. in diameter and a| square inch, depending upon the loading of the 
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accumulator in series with the pumps. When the 
limit of the upward stroke is reached, the tappets 
reverse the valves in D, admitting water to cylinder 
A,, and opening A, to exhaust. The downward 
stroke then takes place with discharge of low- 
pressure water from the cylinder B,. The exhaust 






water from the power cylinders is delivered to a 
high level storage tank, which also receives the 
returned water from the presses and from which the 
supply to the pump cylinders B, and B, is drawn. 

The accumulator for the detensifier has a ram 


peicaenenioeied eniaartnigh tees kc eauecaessnsins suc ame 





15 in. in diameter and a stroke of 11 ft., and the 


Fig. 28. 
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action of the pumpisentirely automatic, starting and 
stopping according to the demands for water made 
upon it. As a safeguard against failure of the low- 
pressure hydraulic supply to the presses from any 
accidental stoppage of the pump, a connection to 
the delivery pipe is made in parallel from the service 
main through a reducing valve. This valve is 
indicated in Fig. 21, and at the right hand of Fig. 25. 
It is to be seen at the right-hand bottom corner of 
Fig. 22. This valve is controlled by the accumulator, 
and it is arranged to come into operation only when 
the accumulator has descended to a point within 
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12 in. of the stop blocks. The intensifying and 

detensifying plant above described was supplied by 

Messrs. John Shaw and Sons, Limited, Salford. 
(To be continued.) 








Dirset Enctne Users Assocration.—The Committee 
of the Diesel Engine Users’ Association has decided to 
offer a prize, comprising a medal and the sum of 25 
guineas, for the best paper (from the point of view of the 
Diesel engine user) contributed during 1931. The award 
will not be restricted to members of the Association. 
The office of the Association is at 307, Abbey House, 
London, 8.W.1. 
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THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 148.) 


AERODYNAMICS DEPARTMENT. 


Compressed - Air and Open-Jet Tunnels.—The 
value of the varied and still increasing work done 
in the wind tunnels was strikingly exemplified 
by the Schneider Trophy tests, in which the top 
speeds predicted were reached, and by the trials 
of the airship R 101. The drag of this airship in 
actual flight has been much lower than that of 
any previous ship, and the fins and control surfaces, 
to which we have referred in previous reports, 
have given the expected stability. The compressed- 
air tunnel, a model which was illustrated on page 6 
of our issue of July 5, 1929, while the actual con- 
struction was shown on page 808 of our issue of 
June 20 last, was designed, in particular, to settle 
certain scale-effect problems. That the fluctuations 
in the air currents are smaller in the compressed- 
air tunnel than in others was proved in model tests 
made with platinum hot-wire anemometers and an 
Einthoven string galvanometer. 

The set of main balances for the tunnel has now 
been constructed, like the whole tunnel, to the 
design of Mr. E. F. Relf, Superintendent of the 
Department. The usual method of suspending 


the model by wires was impracticable owing to | 


the difficulty of providing a fulcrum sufficiently 
strong to take the large forces. To locate the 
fulcrum within the thickness of the wing was 
likewise impracticable. It was, therefore, decided 
to attach the model under test rigidly to a ring 
encircling the jet and to measure the forces on the 
ring, the fulcra not being in the wind stream. As 
the balance was designed for a static load of | 
1,500 lb., which it actually measures to within 
0-001 lb., the construction of the fulcra was a 
very difficult matter. Knife edges were out of 
the question. The moving part of the fulcrum 
is a horizontal cylinder, connected with the upper 
(movable) and lower (fixed) parts of the framing 
by three short flat springs set at 120 deg. This 
fulcrum has a length of 4 in. The balance frame 
consists of two large horizontal triangular frames, 
connected at two corners by the two fulcra. The 





coils of the balance proper, which is actually 
an ampere balance, are connected with the upper | 
and the lower apex. 

The open-jet tunnel exists so far only in the form | 
of a one-eighth scale model. The open jet has the | 
advantage that models can easily be introduced | 
into the working section, t.e., the gap between | 
the two tunnel sections. This gap will probably | 
have a length of 10 ft. The one tunnel section | 
near the fan has a diameter of 8 ft. and opens 
out in trumpet fashion in order to collect the air 
stream from the other section. There are return 
ducts both above and below the tunnel. High 
wind speeds of 130 ft. per second are aimed at. 

In order to increase the stability of the balance 
indicator illustrated last year, the electromagnet 
has been given the shape explained by the diagram, 
Fig. 10. There is a lozenge-shaped armature 
between the jaws of the electromagnet, also of 
characteristic shape. The excited magnet-poles 
tend to hold the armature in the centre of the field 
and resist any perpendicular movement of the 
armature by a force which, for small displacements, 
is proportional to the movement. ‘The device 
thus behaves like a frictionless spring. The electric 
coil devices for the special balances for measuring 
yaw and rolling moments, in determining the 
effects of sideslip and cont:ols, are of a similar 
kind; these devices are in considerable demand. 
The multitube manometer, described in the report 
for 1926, is now made with longer tubes which are 
mounted in an inclinable frame. 

Fluid Motion. Boundary Layer. Skin Friction. 
—Mr. C. N. H. Lock has applied tensor notation 
to the equations of viscous flow, in order to make 
the equations applicable to any system of three- 
dimensional co-ordinates. When a cylinder is 
placed in a wind stream, the skin friction increases 
at a more or less uniform rate with the distance 
around the cylinder. Beyond the point of maximum 
negative pressure, Mr. A. Fage found, the intensity 





of skin friction was apparently small, and the| 


2 


skin friction differed considerably from that on a 
flat plate ; both these effects were expected. The 
contribution of the skin friction to the drag of the 
cylinder was very small. While an increase of wind 
speed from 22 ft. to 71-4 ft. per second decreased the 
drag coefficient of a cylinder, 8-9 in. diameter, 
from 0-639 to 0-224, the component due to skin 
friction remained sensibly constant at 0-006. In 
a turbulent stream, produced by placing square- 
meshed rope netting forward of the cylinder of 
6-09 in. diameter, the drag coefficient Kp increased 
with the turbulence, but at low values of VD/y, was 
independent of the wind speed. The cylinder surface 
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tunnel wall interference with drag was also studied, 
and, further, the effect of the boundaries of the 
tunnel on the flow in the neighbourhood of a sym- 
metrical body, either a cylinder having a plane 
of symmetry parallel to the axis, or a solid of 
revolution. 

An examination of the drag coefficients of flat 
plates towed edgewise through water showed 
considerable discrepancies in the values obtained by 
different experimenters with short plates, whilst 
long plates had a single curve the ordinate of which 
decreased slowly as the Reynolds’ number increased. 
It is assumed that the flow in the boundary layer 
is partly laminar and partly turbulent for low ranges 
of the number, and becomes completely turbulent 
at high Reynolds’ numbers, and it was expected 
that good streamline models (three of airship 
models and one of a torpedo) would show the same 
characteristics if tested in air at high Reynolds’ 
numbers. The wind speeds ranged from 20 ft. to 
100 ft. per second. Though the highest Reynolds’ 
number attained with the largest model (80 in. long 
and 14-5 in. in maximum diameter) was below that 
which the flow in water past flat plates becomes 
turbulent, the conditions of flow near the surface 
of good streamline models seemed to be as stated 
above. 

The previous -experiments of F. M. Burgers 
(Netherlands) had shown that skin friction along 
a plate held edgewise in a current of air varied with 
the distance from the leading edge. The surface 
traction had its maximum near the edge, and 


| decreased backwards to a minimum at a distance 

















Fies. 11 


was roughened by wrapping sheets of glass paper | 
round it ; the fall in Kp then occurred at lower Rey- | 


AND 12. 


depending upon the speed and the disturbances in 
the stream. Beyond that critical position, the 


nolds’ numbers, as if roughening retarded the | intensity increased and remained high over the rear 
boundary layer so that the separation region moved part of the plate. This indicated that, in the thin 
forward and the resistance of the cylinder was /|layer next to the surface, the flow was laminar for- 


increased. In a very rough surface with large | 
excrescences, the flow was not affected by a change | 
at large values of VD/v. This was further studied | 
by placing wires axially along the cylinder, very close | 


to it in the boundary layer, at the generator angle 
@ = + 65 deg. with the direction of the wind ; 
that is to say, at a point just forward of the region | 
where the boundary layer separated from the) 
surface. Even the finest wires, 0-001 in. in| 
diameter, then had a large effect on the drag | 
curve, and this effect decreased as the position of | 
the wire was shifted to @ = + 25 deg. Although 
easily affected by changes in VD/» and very sensitive | 
to extraneous agencies, the flow was not of a critical | 
nature. 

Further drag measurements were made on 
symmetrical Joukowski aerofoils of seven sections 
differing as to ratio of maximum thickness to chord, 
section 1 having a ratio 0-551, and section 7 a ratio 
0:4025. Thespan of each model was 6 ft., the maxi- | 
mum thickness 3 in. or 6 in., and the wind speed | 
21-6 ft. to 80-2 ft. persecond. These measurements | 
agreed closely with values obtained at Gottingen. 
The pressure distribution was determined by pro- | 
viding 22 holes both in the upper and the lower | 


surface at the median section of each model. The! 


ward of that section, and became turbulent close to 
it. The experiments of Mr. L. F. G. Simmons on 
the velocity distribution confirmed this for various 
sections of an airship model; the law of Blasius 
held for the laminar flow and Karman’s formula 
for the turbulent flow. In addition to speed 
measurements, the position in the boundary layer 
where the breakdown of flow occurred was also 
determined by the rate of cooling of a platinum 
wire heated to 300 deg. C., the small pulsations in 
the Einthoven galvanometer current of the bridge 


_ arrangement being magnified by a valve connected 


with a telephone or loud speaker. The breakdown 
near a flat plate did not appear to occur simul- 


‘taneously at all points in a normal section ; it was 
first observable at a point 0-2 or 0-3 in. from the 


surface and seemed to spread across the section as the 
speed increased. With the airship model, measure- 
ments made, for example, at 0-06 in. from the 
surface showed that no point at either the forward 
or rear end of the model was quite free from disturb- 
ances associated with unsteady flow, but there 
were marked differences in the form and period in 
the two cases. = 
Low-Speed Measurements. Pitot Tubes. Whirling 
Arm.—Mr. F. C. Johansen’s experiments on the flow 
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of water through an orifice mounted in a glass tube, 
illustrated in Figs. 11 and 12, are interesting on 
account of the low velocity of flow. In Fig. ll, a 
multiple stream of ink is used, the water speed is 0°03 
ft. per second, and the Reynolds’ number 100; in 
Fig. 12 the speed is 0-3 ft. per second, the Rey- 
nolds’ number is 1,000, and a periodic train of ring 
vortices is shed from the edges of the orifice. Pitot 
tubes for low speeds are calibrated in a ring tunnel ; 
that is to say, in a vertical annular slot, 3 ft. 
deep and about 6 ft. in diameter. The tube is 
lowered into this channel while attached to a whirling 
arm, which is rotated at a slow speed. The ordinary 
13-in. Chattock gauge admits of an accuracy of 
1 per cent. at a speed of 6 ft. per second ; the improved 
gauge obtains this accuracy at 2 ft. per second. 
The determination of rotary derivatives in con- 
tinuous rotation and oscillations, with the aid of 
the old large whirling arm, is disturbed by a radial 
swirl, representing an average yaw of 3 deg. at the 
outer end of the arm. In order to eliminate this 
swirl, a }-scale model of the whirling arm (inside 
diameter about 6 ft.) has been constructed ; it is 
placed under a hood which can be lifted. 





Fig. 13, 0-25 of the screw diameter was shielded, 
and the nose of the body (in front of the screw) 
rotated with the screw as a spinner. In the rear 
position, 0-46 of the screw was shielded, and the 
nose was stationary (being separately supported), 
whilst a section of 2 in. thickness rotated with the 
screw, the diameter of which was purposely made 
relatively small. Pressure observations were taken 
at holes situated in the rotating surfaces, and were 
transmitted to the manometer through a seal round 
the shaft of the motor driving the screw. Thrust 
and torque and drag were also determined under 
six working conditions starting from zero airscrew 
thrust. Large variations of pressure were observed 
over the rotating surfaces between adjacent propeller 
blades. The pressure curve of Fig. 13, taken in the 
absence of the airscrew, agreed with that at zero 
thrust. The change in pressure with thrust was 
negative in front of thescrew. On passing through the 
airscrew, the difference of pressure changed rapidly 
to a positive maximum which then decreased again 
until the maximum body section was reached. 
Downstream of that maximum section, the pressure 
difference due to the screw was mainly negative 
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General Interference Research. Slotted Wings. 
Spinning.—The study of the interference between a 
streamline body and objects attached or adjacent to it 
has been extended to flat rings, wires and cords fixed 
in various transverse sections. The flat annuli were 
made to have the same total area as the flat discs 
used last year, and were found to increase the drag 
less than the plates. As regards wings, it was 
confirmed that the interference drag decreased con- 
tinuously as the wing touching the body with its 
upper surface was moved forward on the body. 
With respect to slotted wings, the present practice 
is for slotting near the tip of the wing, but wings 
slotted all along the span are also under investiga- 
tion. Unslotted biplanes were found to be highly 
unstable in roll just after the stall, but tip slots 
reduced this instability to one-half for low rates of 
rolling, whilst with slots all along the span the 
biplane was stable up to 25 deg. incidence. The 
rolling and yawing moments due to side-slip at 
different angles of yaw were not much affected. 
The further researches on spinning* concern the 
behaviour of the tail unit, lengthened fuselage 
and increased fin surface. By means of a new 
rotation balance the centre of gravity of the model 
can be offset from the axis of rotation. It is ack- 
nowledged that little is known about the aero- 
dynamic forces and couples. 

Airscrews. Flutter. Noise.—Measurements have 
been taken of the pressure distribution over the 
whole surface of a combination of a tractor air- 
screw (3 ft. in diameter) and a streamline body of 
5-45 fineness ratio for two positions of the screw. 
In the forward position of the screw, indicated in 





* See ENGINEERING, vol. cxxix, pages 613 and 674 
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from Nose (Inches) 


and fairly constant. Owing to the larger area of 
nose in front of the airscrew when in the rear 
position, the region of negative change of pressure 
with thrust was much more important than in the 
forward position ; roughly, it cancelled the pressure 
increase behind the screw. Over the rear half of 
the body, the pressure distribution was practically 
the same for the two positions and represented 
suction. The mutual interference of a streamline 
body and a tractor screw housed in the nose did 
not appear to give rise to any loss of efficiency 
other than that represented by the effect of the 
slipstream on the skin friction and wake losses of 
the body. 

The continued researches of Messrs. R. A. Frazer 
and W. J. Duncan on flutter and the influence of 
the mobility of the fuselage upon wing flutter show 
that the general oscillation of body and wings of a 
monoplane is compounded of two oscillations, 
which are styled longitudinal (when the two wings 
with their ailerons move equally and in phase) and 
lateral (when the movements are in opposite phase). 
In this latter case, the mobility of the fuselage 
has a stabilising effect and the mobility never 
promotes flutter. The case of the biplane is more 
complicated. Mass balance of the ailerons is very 
essential to prevent flutter. Tail flutter can be 
avoided by suitable mass-loading of the rudder; 
increased torsional stiffness of the fuselage is not 
necessarily advantageous. For the further study of 
the effects of mass balance, experiments are being 
conducted with flexible airscrew blades, which 
when unbalanced, show flutter even at low speeds ; 
they are observed by a stroboscopic arrangement. 
The blade consists of a kind of back bone, an elastic 
metal bar, and an envelope of close silk texture 





(1930), : 


held in position by six or more wooden rings or 


ribs fixed transversely. This form of flexible blade is 
liable to flutter. When, however, each mass of 
wood is balanced by a small weight attached to the 
bar in that plane, no flutter occurs until the speed 
becomes high. The envelope is made air tight 
by being impregnated with a solution of vaseline 
in chloroform, the latter evaporating. 

The blade flutter at high tip speeds, which, so far, 
has been cured only by stiffening, i.e., by increasing 
the ratio of thickness to chord, is objectionable 
because it lowers the efficiency and may cause the 
destruction of the screw ; and, further, on account of 
the noise. Experiments made at Teddington and 
at Farnborough prove that the aeroplane noise is 
caused more by the airscrew than by the engine. 
An increase of 100 ft. per second in the tip speed 
produces a ten-fold increase in the sound. Blades 
of thin section are less noisy than thick blades, and 
the noise can be reduced by increasing the screw 
diameter and by providing four, instead of two, 
blades. Though this noise problem has to be studied 
with due regard to possible interferences, the ques- 
tion is not regarded as hopeless. The noise inside 
aeroplane cabins is estimated to be 1,000 times 
greater than that in an express train. 

Drag of Radial Engines——We mentioned in our 
account of last year’s work that Mr. H.C. H. Town- 
end reduces the drag of a radial aeroplane engine 
by attaching to it a large ring of aerofoil section. 
Thering partly surrounds the cylinders, and is partly 
in front of them. Subsequent tests show that the 
working of the airscrew has no deleterious effect on 
the action of this ring. Several aircraft firms have 
found the addition of the ring, which does not involve 
changes in the body, also advantageous in reducing 
the engine noise and in facilitating the cooling of 
the engine. The disposition of the ring with respect 
to the engine is, however, important. The reduction 
of the drag is due to the lift exerted by the aerofoil 
section of the ring. The radial engine inside the 
ring may be replaced by a flat disc ; the greatest 
reduction in drag was obtained with a ring 1-5 
times the diameter of the disc. This would 
suggest that suitably arranged aerofoils would reduce 
the resistance of wind screens. 

Experiments have also been made in the wind 
tunnel on a model of the Rock of Gibraltar to find 
areas in the bay where seaplanes can safely alight 
in east winds. Gibraltar peninsula extends like 
a finger north to south for a length of about 3 miles 
and a width of less than 0°6 mile, from the Spanish 
mainland to Europa Point. The Rock rises to 
over 1,300 ft. ; the model was on a 1/5,000 scale. 


(To be continued.) 








Exzotricity Suprpty Prosgect in CuHrna,—The 
National Reconstruction Commission of the Republic 
of China proposes to erect four large power stations at 
intervals along the Shanghai-Nanking Railway. It is 
stated in a recent issue of The Chinese Economic Bulletin 
that the generators would have a total capacity of 
140,000 kw., and that the high-tension transmission 
lines would extend over some 260 miles. In addition 
to supplying current for the operation of tramways 
in Nanking, Wusih and Soochow, the stations would 
supply power to various industrial undertakings, irriga- 
tion plants, and other public-utility services in the 
districts traversed by the railway. 





British STANDARD DIMENSIONS FOR OpTicaL APPA- 
RaTuS.—Among the publications issued recently by the 
British Engineering Standards Association is that 
entitled, ‘* British Standard Dimensions for Components 
of Optical Projection Apparatus.” The dimensions are 
primarily for use in connection with anterny taking 
slides measuring 3} in. by 3} in., although the Con- 
tinental and American sizes of slide can be used with 
an appropriate carrier. Two diameters of condenser 
lenses are recognised as standard, namely, 4 in. and 
4}-in., and the diameters of the condenser mount and 
housing tube are also specified. The height of the 
optical centre is specified, and in cases in which a lantern 
tray is used, the width of the tray is also standardised. 
The series of standard focal lengths of objective lenses, 
the diameter of the objective cylinder and jacket, and 
the height, thickness, and face opening of the lantern- 
slide carrier are also laid down. The dimensions of 
flanges for the lenses, to secure interchangeability, are 
given, and an appendix has been added giving the 
dimensions and tolerances for the inspection screw gauges 
suitable for controlling the manufacture of the screw 
threads. The specification was prepared by a repre- 
sentative committee set up at the request of the Optical 
Society. Copies of the new specification, which is 
designated No. 379—1930, may be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 





London, 8.W.1, price 2s. 2d., post free. 
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VERTICAL-TURRET AUTOMATIC LATHE. 


CONSTRUCTED BY MESSRS. A. MONTFORT’S MASCHINENFABRIK, ENGINEERS, MUNCHEN-GLADBACH, GERMANY. 


Fig. i, 
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VERTICAL-TURRET AUTOMATIC 
LATHE. 


Amone the machine tools shown at the Liége 
Exhibition are several which, though fairly well known 
on the Continent, embody principles of construction 
not generally adopted here. A case in point is the 
Montfort automatic lathe, which is characterised by the 
method of controlling the various feed motions by 
engaging the belt of the appropriate pulley = jockey- 
pulley tightening, and also by the fact that the turret 
revolves in a vertical plane instead of a horizontal 
one. The machine is made in two sizes by Messrs. 


A. Montfort’s Maschinenfabrik, Miinchen-Gladbach, 
Germany, the larger being illustrated by Figs. 1, 2 and 
3 on this page, and the smaller by Figs. 4 to 8 on 
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pages 171 and 174. It may be noted that the bed and 
headstock are cast in one piece, and that the cam-drum 
is outside the former, thus providing complete acces; 
sibility. The machine is driven by a motor with belt 
transmission, but the drive may also be made from line 
shafting. In describing the machine, the sectional 
views of Figs. 1, 2, and 3 on this page will probably 
be found the easiest to follow, and the first of these 
should now be referred to. The shaft on which the 
driving pulley is situated, seen on the left hand at the 
bottom of the figure, is rotated at a constant speed 
and carries a sprocket wheel and a four-stepped pulley 
atoneend. The driving pulley is connected to the shaft 
through a friction clutch for stopping and starting. 
The shaft at the top of the figure also carries a 
sprocket wheel and a four-stepped pulley, and receives 
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its motion through a chain and four belts from the 


driving shaft. The belts, as will be clear from Fig. 2, 
are put in tension for whichever drive is required by the 
jockey pulleys previously referred to. These are 
carried on the ends of L-shaped levers, which are 
moved by cams bolted to the rotating cam drum. In 
the figure, one of the belts is shown tightened, and the 
particular speed due to the pulley ratio is given to the 
top shaft as long as the finger of the upper arm of the 
lever remains in contact with the cam. The other 
belts remain loose, their jockey pulleys being kept off 
them by the tension spring shown. The chain drive is 
disconnected by the control lever, and, when in use, 
that is, when none of the cams is operating, it gives the 
lowest speed to the topshaft. In the machine illustrated 
in Figs. 1, 2 and 3, the top shaft drives the main spindle 
through a three-speed gear-box, the final transmission 
being by a pinion meshing with the internally cut teeth 
of the wheel to which the chuck is attached. As there 
are five speeds obtainable through the sprocket wheels 
and pulleys, and another three changes in the gear 
box, it follows that 15 different spindle speeds are 
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VERTICAL-TURRET 


AUTOMATIC LATHE. 


MESSRS. A. MONTFORT’S MASCHINENFABRIK, MUNCHEN-GLADBACH, GERMANY. 

















Fia. 5. GENERAL PLAN oF LATHE. 


obtainable. The smaller “machine has a two-speed 
gear-box and therefore 10 spindle speeds. The range 
of 5 speeds in the smaller machine is obtained by a 
selecting hand lever. The cam drum is rotated by 
the worm shaft in the lower part of the bed through 
a pair of helical gears and the diagonal shaft at the 
right of Fig. 2. 

It will be evident from Figs. 4, 5 and 6, on this page | 
and on page 174, that there are two cross slides as well | 
as the turret. The feed motion for all three is derived 
from the main spindle. This carries, at its outer end, | 
three sprocket wheels, shown in Fig. 4, which drive, by 
means of chains, the middle shaft at the left hand of 
Fig. 1. These chainsare tensioned by spring-actuated 
jockey sprockets, and any one of them may be caused to 
operate the intermediate shaft by means of a sliding key 
device. The intermediate shaft carries a three-stepped 
pulley and a sprocket wheel, which transmit the feed- 
motion drive to a sleeve running on the bottom shaft. 
The chain sprocket on this sleeve is connected by a fric- 
tion coupling, and the three belts are put into action, 
at the appropriate period of the cycle, by jockey-pulley 





levers worked from the cam drum. The seven levers 
seen below the drum in Fig. 6 are thus accounted for. 


at one end a three-threaded worm which engages with a 
worm wheel on a transverse camshaft. The camshaft is 
shown in Fig. 3 and carries on each end a large disc 
cam with heart-shaped grooves as shown in Fig. 1. 
The cam grooves actuate two longitudinal slides which 
are cross-connected at both ends in the manner shown 
in Fig. 6 to form a rigid frame. Their upper edges are 
provided with adjustable racks which mesh with the 
under side of large spur wheels. These, in turn, mesh, 
on their upper sides, with racks attached to the turret 
slide. It will be readily seen, from an examination of 
Fig. 1, that the cam grooves cause an oscillating move- 
ment to the slides which is transmitted to the turret 
slide through the intermediate spur wheels. 

The feed motion of the cross slides is also derived from 
the two rack slides, the sides of which carry two pawls. 
One of the pawls is seen in Fig. 6. These pawls engage 
periodically with nuts adjustable longitudinally on the 
screw shown. and transmit the motion of the slides to 
two racks with vertical teeth. These racks engage 
with pinions in the saddles of the cross slides, the motions 
being finally transmitted to the slides through a vertical 
shaft, pinion and rack at the top of the saddle. A 
rapid traverse motion is provided for accelerating the 


A knock-out cam disengages all working movements 
when the respective cycle of operations has been com- 
pleted. During one cycle, the cam drum and disc make 
one revolution, whilst the turret slide advances four 
times. 

The construction of the turret slide is seen in the 
upper part of Fig. 3. It is carried in a pair of broad 
V-grooves which effectually prevent any movement 
other than longitudinal. It is adjustable, as regards its 
position relative to the operating racks, to suit the 
particular work in hand. The turret revolves on ball 
bearings and has index bolts at both sides. Each 
face of the turret has one large hole and two smaller 
ones for carrying the tools, which are held in position 
by means of clamping jaws and hardened eccentrics of 
chrome-nickel steel. The turret indexes automatically 
for each face at the end of the return stroke. The 
sliding surfaces of the turret are well out of the way of 
the chips, which fall down into a tray and are removed 
through the chute seen in Fig. 4, at the back of the 
machine. The cross slides are independent of one 
another and may be swivelled horizontally, as will be 
evident from Fig. 5. They have a traverse of 7} in., 
and can be adjusted along the bed for a distance of 
10 in. The amount of traverse is adjusted by the 
spindles carrying the pawl nuts. The feed movement is 
independent of that of the turret. Stops are fitted 
and the direction of feed can be reversed by the button 
visible on the saddles. 

On the question of the general utility of the machine, 
it may be noted that as many as 12 tools can be used 
at atime. Parts up to 23 in. in diameter can be 
turned up toa length of 16 in. on the larger machine, 
and the hollow spindle permits bars up to 4 in. in 
diameter to be turned on both machincs. By the 
use of collapsible taps, holes up to 4} in. in diameter 
can be tapped. The chuck is 18 in. in diameter in 
the larger machine. The horse-power varies with 
the nature of the work, and ranges from 6 to 15. 
Two operations are shown in Figs. 7 and 8, page 174, 
from which the general nature of the work done 
may be gathered. A back facing attachment, not 
shown, makes it possible to finish the rear face of 
hubs, recesses, &c., while the front side is being 
machined by the turret and cross-slide tools. At the 
exhibition the machine is displayed on the stand of the 
maker’s Belgian agents, Messrs. Etablissements Jos. 
Vanhoff, 47 Boulevard Raymond Poincaré, Brussels. 








LAUNCHES AND TRIAL TRIPS. 


** Etse.”’—Single-screw cargo steamer; Lentz engine. 
Launch, July 19. Main dimensions, 266 ft. by 39 ft. 
by 17 ft. 8 in. Built by Messrs. Nakskov Shipyard, 
Limited, Nakskov, Denmark, for the Vesterhavet 
Steamship Company, Copenhagen. 

** CLAUGHTON.’’—Passenger ferry steamer. Trial trip, 
July 31. Built for the Corporation of Birkenhead by 
Messrs. Cammell Laird and Company, Limited, Bir- 
kenhead. 








PrersonaL.—Mr. W. L. Hichens, who accepted the 
chairmanship of Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
in October, 1927, as a temporary arrangement has 
resigned that office and retired from the board now 
that the reconstruction of the company has been com- 
pleted. Sir Holberry Mensforth has been elected to the 
board and appointed chairman of the company.—Messrs. 
Metropolitan—Vickers Electrical Company, Limited, have 
opened new offices in Manchester at Ship Canal House, 
King-street. A new depot has also been opened for the 
sale of their Cosmos lamps at 3, Victoria-bridge, Man- 
chester, to which address all inquiries and correspondence 
concerning Cosmos lamps should be addressed.—The 
original directors of Messrs. Lincolnshire Power Company, 
Limited, having resigned, Messrs. R. Borlase Matthews 
R. D. Morrison, and E. H. F. Reeves have been appointed 
in their stead. 





Tue British CHAMBER OF COMMERCE, Paris.—That 
the excessive French Customs barriers are not the only 
factors militating against British exports to France is 
the opinion of The British Chamber of Commerce, Paris. 
It is stated, in the Annual Report for 1929 of the Chamber, 
that two other factors are involved, namely, the high 
cost and sale prices of many classes of British manufac- 
tured goods, and an increased lack of interest, on the 
part of Great Britain, in the French market. French 
people, adds the report, still have a keen preference for 
our goods, yet we are allowing our competitors to 
monopolise the market. Even a cursory glance through 
the Report shows that the Chamber is doing its very 
utmost to promote and encourage Anglo-French trade ; 
it investigates and issues its findings on all manner of 
commercial questions, it handles inquiries on many 
diverse matters, it acquaints British firms with possible 
trade developments and opportunities in France, and it 
approaches French Government Departments, especially 








with regard to difficult fiscal questions, with a view to 
obtaining definite rulings. The Chamber is also quite 
at home, and therefore able to help on such involved 
questions as British rights under French residential laws, 
and foreigners’ identity cards and travelling permits. 
The Chamber was founded in 1873 and incorporated in 
1906, its offices are at 6, Rue Halévy, Paris, 9e, France. 


As there are four speeds on the intermediate shaft, | return of the turret and cross slides after the working 
which itself has three changes, it follows that there| feed of the tools has been finished. This motion 
is a total range of 12 automatic feeds available. | operates at constant speed and independently of the 

The pinion seen at the end of the sleeve on the bottom | working feeds. It is derived from the bottom driving 
shaft transmits motion through a set of speed-reducing | shaft, and is engaged and disengaged by cams attached 
planetary gears to the worm-shaft. This shaft carries | toa discseen in Fig. 6 at the right-hand of the cam drum. 
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LETTERS TO THE EDITOR. 


ee 


DETONATION AND LUBRICATING 
OILS. 
To Tue Eprror oF ENGINEERING. 


Srr,—With reference to the article on ‘‘ Detonation 
and Lubricating Oil,” contributed by Messrs. King and 
Moss, we notice that on page 100 of the issue of July 25 
of your Journal reference is made to the Armstrong- 
Vickers engine, and the probable effect of splash lubri- 
cation on test results. We presume that the Arm- 
strong-Whitworth variable compression fuel testing 
engine is in question, and should like to mention that 
repeated tests made on many A.W. engines, some of 
which have run for several hundred hours, show that 
the consumption of B.B. grade oil is less than 1 per cent. 
of the total fuel used. This is probably due to the use 
of two scraper rings, one below and one above the 
gudgeon pin. 

The oil level in the crankcase may vary }-in. without 
appreciable alteration to oil consumption, but under 
standard working conditions a difference of this amount 
could not occur, since it is made a matter of routine to 
fill to a definite level each day. 

This oil consumption does not exceed 14 per cent. 
of the total fuel used, even with a cylinder so badly 
worn that renewal is desirable, and since a new 
cylinder unit and piston unit costs less than 10J. there 
is obviously no excuse for these engines ever to be used 
under conditions which lead to variations in rating of 
fuels due to the effect of lubricants. 

We trust that the foregoing will clear up any doubts 
that may be felt in the matter. 


Yours faithfully, 
For Sir W. G. Armstrong, Whitworth and Company 
(Engineers), Limited, 
B. Irvina, 
Managing Director. 
Scotswood Works, Newcastle-upon-Tyne, 
August 1, 1930. 


ELECTRICITY TARIFFS. 
To THE Eprror oF ENGINEERING. 

Str,—The analysis of the cost of supplying elec- 
tricity into (a) fuel and (6) all other charges, was made 
by me in 1882 before the first Electric Lighting Act 
was passed. Had it been incorporated in that Act all 
the muddle and argument about tariffs would have 
been avoided. It was adopted by the Electricity 
Commissioners some years back but, unfortunately, 
they failed to adopt the strictly accurate tariff that 
it automatically provides. You express preference 
for a graduated flat rate. This is impossible because 
the charge is composed of two amounts, one fixed and 
the other variable according to the time in use. My 
tariff, really the standard tariff, does exactly what you 
wish by regulating the price according to time. As it 
is done automatically it is obvious that there has never 
been the slightest need for argument or for committees 
to discuss tariffs. I append its working if you wish to 
include it for the benefit of the public. 

Assume a cost (a) fuel, 0°5d. per unit, and (b) all 
other charges, 61. per annum, or 4d. per day per kilo- 
watt. 

One kilowatt for 

1 hour costs 4d. plus 0-5d. equals 4-5d. per hour. 
9 4 a 2-5 
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The big drop in the second and third hours respec- 
tively, exposes the folly of making a fuss about peak 
and off peak loads. If the customer can get a second 
hour’s use of any apparatus connected for 4d. he will 
be lavish with it. 

Yours faithfully, 
Ernest G. Prnx. 
31, Turner Road, Lee, 8.E.13, 
August 2, 1930. 








Tue British Woop PRESERViNG ASSOCIATION.—The 
first general meeting of the British Wood Preserving 
Association, which received its certificate of incorporation 
on June 4, was held on July 17 at the temporary offices 
of the Association, 166, Piccadilly, London, W.1. 
Sir Harold Boulton was elected president, Lord Clinton 
and Sir James Calder being elected vice-presidents, 
and Sir Peter Clutterbuck, honorary treasurer. To the 
Council of the Association were elected representatives 
of the Department of Scientific and Industrial Research, 
the Surveyors’ Institution, the Auctioneers’ and Estate 
Agents’ Institute of the United Kingdom, the railway 
companies, the Royal English Arboricultural Society, 
the Cambridge University School of Forestry, and the 
Imperial Forestry Institute, Oxford. A meeting to 
discuss the formation of the Association was reported in 
our issue of December 6, 1929, on page 744. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Centrifugal Pumps.—The supply and erection of two 
centrifugal four-stage, high-lift pumps, electric motors, 
and switchgear, for the waterworks extensions of the 
Paarl Municipality, South Africa ; August 23. (Ref. No. 
A.X. 9996.) 

Steam Harbour Crane.—The supply of a steam-driven 
crane for use at Windau Harbour. The Latvian Marine 
Department, Riga; August 20. (Ref. No. A.X. 9997.) 

Locomotive Boilers.—The supply of four boilers for 
G.C.A. locomotives. The South African Railways 
and Harbours Administration; September 22. (Ref. 
No. A.X. 9998.) 

Overhead Travelling Cranes.—The supply of three 
five-ton motor-driven overhead travelling cranes; 
September 15 (Ref. No. A.X. 10,008); and one six-ton 
electric overhead travelling crane for Salt River work- 
shops; also one ten-ton electric overhead travelling 
crane for Uitenhage workshops ; September 22 (Ref. No. 
A.X. 10,009). The South African Railways and Harbours 
Administration, Johannesburg. 

Pumping Set.—The supply and erection of a single or 
multi-stage horizontal centrifugal pump, slip-ring induc- 
tion motor, complete with starter, piping, and Venturi 
meter. The Indian Stores Department, Simla; August 
21. (Ref. No. A.X. 10,010.) 

Sterilising Outfits, d&c.—The supply of sterilising 
outfits and N,O-gas apparatus. The Egyptian Ministry 
of the Interior, Cairo, October 13. (Ref. No. A.X. 
10,018.) 

Railway Motor Coaches.—The supply of two 750-m.m. 
gauge railway motor coaches. The Latvian State Rail- 
way Administration, Riga, August 25. (Ref. No. A.X. 
10,025.) 








BOOKS RECEIVED. 


United States Geological Survey. Bulletin No. 788. 
Topographic Instructions of the United States Geo- 
graphical Survey. No. $11-A. The New World or 
Cooke City Mining District, Park County, Montana. 
By T. 8. Lovertne. [Price 50 cents.] No. 812-C, 
Geology and Coal Resources of the Meeker Quadrangle, 
Moffat and Rio Blanco Counties, Colorado. By E. T. 
Hancock and J. B. Ety. [Price 30 cents.] No. 812-D. 
Geology and Oil Resources along the Southern Border 
of San Joaquin Valley, California. By H. W. Hoors. 
[Price 50 cents.] No. 813-C. Mining in the Fortymile 
District, Alaska, By J. B. Merrie, Jun. [Price 5 
cents.] No. 816. Geology of the Eagle-Circle District, 
Alsaka. By J. B. Mertriz, Jun. [Price 50 cents.] 
Washington: Government Printing Office. 

Mines Department. Safety in Mines Research Board. 
Paper No. 60. Flame-proof Electrical Apparatus for 
Use in Coal Mines. Summarising Report. By 
I. C. F. Statnam and R. V. WHEELER. London: 
His Majesty’s Stationery Office. [Price 6d. net.] 

Department of Scientific and Industrial Research. Building 
Research. Bulletin No. 7. Hot Cement. By N. Dovey. 
London: His Majesty’s Stationery Office. [Price 
4d. net.] 

Definitions and Formule for Students. Electrical Work 
Installation. By F. Praxe Sexton. London: 
Sir Isaac Pitman and Sons, Limited. [Price 6d. 


net. 

Rubber. An Economic and Statistical Study. By Jost 
CarLtos DE Macepo Soarfts. London: Constable 
and Company, Limited. [Price 6s. net.] 

Motor Repair Manual. Fifth edition. London: Temple 
Press, Limited. [Price 2s. 6d. net.] 

Osterreichs zukiinftige Energiewirtschaft. 
HoruaieR. Vienna: Julius Springer. 
marks. ] 

Technical Data on Fuel. 
Second edition revised. 
Committee. World 
12s. 6d. net.] 

Henley’s Twentieth Century Formulas, Recipes and 
Processes. Edited by GARDNER D. Hiscox. London: 
Crosby Lockwood and Son. [Price 16s. net.] 

Geodesy, including Astronomicgl Observations, Gravity 
Measurements, and Method of Least Squares. By 
GreorcE L. Hosmer. Second edition. New York: 
John Wiley and Sons, Incorporated. London: 
Chapman and Hall, Limited. [Price 22s. 6d. net.] 

Flood Flows. A Study of Frequencies and Magnitudes. 
By Attey Hazen. New York: John Wiley and 
Sons, Incorporated. London: Chapman and Hall, 
Limited. [Price 20s. net.] 

The Spirit of Chemistry. 
London: Longmans, Green and Company. 
10s. 6d. net.] 

Prufanstalt fiir Feuerfeste Materialien. By L. Litrnsxy. 
Leipzig: Otto Spamer. [Price 7 marks. ] 

Lehre vom Knicken auf neuer Grundlage. By Dr.-Ine. 
H. ZIMMERMANN. Berlin: Wilhelm Ernst und Sohn. 
{Price 11 marks.] 

Department of Overseas Trade. 


By RicHarRD 
[Price 2-80 


Edited by H. M. Sprers. 


London: British National 
Power Conference. [Price 


By ALEXANDER FINDLAY. 
[Price 


Economic Conditions in 





Portugal. March, 1930. Report. By A. H. W. Kina. 
London: His Majesty’s Stationery Office. [Price 
2s. net.] 

Statik. Vol. I. Die Grundlagen der Statik starrer 
Kérper. By Dr.-Inc. Ferp. SCHLEICHER. Berlin: 
Walter de Gruyter & Co. [Price 1°80 marks.] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MiIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade,—Little new is ascertainable 
concerning the Cleveland pig-iron trade. Output is 
little in excess of current needs, stocks are not incon- 
veniently large, and makers adhere to the following 
fixed minimum figures that have ruled for some time 
ast. No. 1 grade, 70s.; No. 3, g.m.b., 67s. 6d. ; No. 4, 
oundry, 66s. 6d.; and No. 4, forge, 66s. Much of the 
limited output continues to be absorbed at producers’ 
own consuming departments, and the surplus that 
comes on the market is fairly well taken up in small lots 
for home use. Obstacles to export business are as 
great as ever, and sales to overseas firms are on quite a 
trifling scale. Merchants have little opportunity of 
dealing in Cleveland pig, but continue to arrange a few 
contracts in Midland pig and Continental iron with 
customers here and elsewhere. 


Hematite.—Sales of East Coast hematite pig are still 
few and small, but producers are in a somewhat better 
position than of late and are inclined to take a rather 
firm stand. Make has been reduced almost to the level 
of current needs, and while stocks are estimated to total 
almost 100,000 tons, a great deal of the iron stored is 
sold. Customers with running contracts have, of late, 
been unable to take up iron as deliveries have fallen due, 
and if they shortly find themselves in a position to accept 
supplies, the statistical situation will quickly change for 
the better. Makers quote on the basis of ordinary 
qualities at 7ls., but second hands are selling at rather 
less, and Continental competitors are accepting com- 
paratively low figures for orders abroad. 

Foreign Ore.—There is no market for foreign ore. 
Consumers have large quantities to hand, and long 
contracts against which to draw. Falling off of imports 
is due to users refusing to accept full deliveries against 
contracts. The nominal price of best rubio remains at 
20s., c.i.f., Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke 
remains plentiful, and prompt parcels of good average 
qualities are still obtainable at 16s. 6d., delivered to 
works in this district, but for forward contracts sellers 
hold out for much higher terms. 

Manufactured Iron and Steel.—Business matures very 
slowly, and while in certain departments tonnage output 
is fairly heavy, other branches are not so fortunately 
placed, and producers of all descriptions of material are 
keen to secure orders to keep machinery in motion. 
Among the principal market quotations are: Common 
iron bars, 101. 15s. ; best bars, 11/7. 5s. ; double best bars, 
1ll. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 117. 10s. ; 
packing (parallel), 87.; packing (tapered), 10/.; steel 
rivets, 11/. 5s.; steel ship plates, 8/. 15s.; steel angles, 
81. 7s. 6d.; steel joists, 8/. 10s.; heavy sections of steel 
rails, 8/. 10s., for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 127. 10s. ; black sheets (No. 
24 gauge), 9/. 12s. 6d.; and galvanised’corrugated sheets 
(No. 24 gauge), 117. 17s. 6d. 

Shipments of Iron and Steel.—July shipments of iron 
and steel from the Tees totalled 71,346 tons, comprising 
16,796 tons of pig iron, 3,613 tons of manufactured iron, 
and 50,937 tons of steel. Of the pig iron loaded 7,542 
tons went to foreign destinations, and 9,254 tons coast- 
wise. Scotland took 5,392 tons; South Wales, 1,750 
tons; Italy, 2,020 tons; and France, 1,055 tons. The 
chief customer for manufactured iron was the Straits 
Settlements with an import of 1,105 tons. The effect of 
the higher Australian tariff, and the despatch of the last 
of the steel for the Sydney Harbour bridge from Middles- 
brough is apparent in the returns of steel shipments. 
Australia took only 935 tons last month. South Africa 
with 9,556 tons was the chief customer, other principal 
importers being: Argentina, 7,489 tons; India, 4,326 
tons; Tanganyika, 3,071 tons; and Nigeria, 1,149 tons. 








Triats oF H.M.S. ‘ DorsetsHrReE.”’—H.M. Cruiser 
Dorsetshire, the second to be completed of the two 
10,000-ton class A warships ordered under the 1926 
Naval programme, has recently carried out a highly 
satisfactory series of steam trials in the English Channel. 
The vessel has been built by H.M. Dockyard, Portsmouth, 
and the boilers and 80,000 shaft-horse-power turbine 
machinery have been constructed and installed by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head. The Dorsetshire has an extreme length of 633 ft., 
a beam of 66 ft., and a depth of 17 ft.; her oil-fuel 
capacity is 3,200 tons, and her speed 32} knots. Her 
armament includes eight 8-in. and four 4-in, anti- 
aircraft guns. The ship, which will have a complement 
of 685, is now being got ready for commissioning. 





THe AUSTRALIAN State RAILways AND Roap Com- 
PETITION.—The Commissioners of the Victorian Govern- 
ment Railways, Australia, have been given authority, by 
a recent Order-in-Council, to withhold the reduced railway 
rates, hitherto imposed on such goods as firewood and 
hardwood, manure, coal, agricultural produce and fresh 
fruit, from consignees who habitually utilise road trans- 
port for higher-rated goods. The railway authorities 
have been given power to demand, after reasonable 
inquiry, a higher rate upon the goods enumerated above 
and also to increase the freight rates for the conveyance 
of starving stock and for the carriage of fodder in times 
of drought. It is anticipated that the measure will be 
the source of a substantial increase in railway revenue, 
either by causing a return to the railways of goods now 
conveyed by road, or by entailing a wider application 
of the higher rate schedule. We understand that the 
Queensland Government Railways took a similar step 
some time ago. ‘ 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Sufficient time has not elapsed to 
gauge whether conditions are likely to be better than 
before the holiday. Inquiries in considerable number 
are being received from buyers of steel and steel 
products, but difficulty is found in satisfying many 
customers on the price factor, especially as foreign 
rivals are pushing sales with renewed vigour, often 
at prices below actual manufacturing cost in this 
country. A few of the better-placed businesses have 
resumed full operations, but the majority have not 
regained their pre-holiday swing, while in important 
instances in the heavy trades, production will not be 
recommenced until next week, when, however, large 
outputs will probably be accounted for. Steelmakers 
do not admit the suggestions that are frequently made, 
often on incomplete information, of inefficiency of 
management and failure to economise. A Chamber of 
Commerce report says steelmakers have since the war, 
as before the war, been the pioneers in the real economy 
line. More inventions and new processes, the report 
adds, stand to their credit than to that of all foreigners 
put together. Since the war they have instituted many 
modernisation schemes. Furnaces have been made to 
produce iron and steel with less fuel and other materials, 
with less waste of heat and gas and by-products, and 
to yield improved quality of product. “It is no 
exaggeration to say that wonders have been performed 
within the four corners of the steel industry.’ There is, 
however, widespread admission that the trade is suffering 
from intensified competition. Continental prices are 
very low and tend to fall still further, while despite 
renewed cuts in production costs, South Yorkshire 
steelmakers—and engineers, too—are more or less 
strangled by a weight of charges over which they have 
little or no direct control. There is little activity in 
armaments, and a striking insufficiency of merchant 
shipbuilding and naval work. More orders have been 
booked by railway engineers from South Africa and 
elsewhere, but producers are convinced that if the trade 
is to be rehabilitated on anything approaching economic 
lines a further serious overhaul of costs is imperative, 
involving mutual sacrifices by employers and workers. 
There is a fair amount of automobile work in circulation, 
but sales of agricultural, mining and textile steel are 
somewhat meagre, owing to the prevailing depression 
in those basic industries. The tool trades are suffering 
from diminished purchasing capacity, both at home 
and abroad, though it is satisfactory to note that the 
better quality products are fully holding their own. 

South Yorkshire Coal Trade—A decidedly healthier 
tone is manifest in house coal, which for long has 
apparently been suffering from lethargic buying and 
over-production. With the advent of winter, users 
are showing practical interest in the laying-in of stocks. 
Supplies are ample, but prices are noticeably firmer. 
The holidays have depressed the demand for industrial 
fuel, but judging from the latest inquiries sales are 
likely to be maintained at least at the recent average 
when production in the basic trades resumes pre-holiday 
swing. A difficult problem is the abundance of washed 
descriptions. The export position is not too encouraging ; 
current demand is moderate, while forward business 
is capable of considerable improvement. Coke suffers 
from a further diminution in pig-iron production, but 
prices are fairly steady. Quotations: Best branch 
hand-picked, 24s. to 25s. 6d.; Derbyshire best bright 
house coal, 19s. to 21s. ; best house coal, 18s. to 19s. 6d. ; 
screened house coal, 16s. to 17s. ; screened house nuts, 
14s. to 16s.; Yorkshire hards and Derbyshire hards, 
each 14s. to 15s. 6d.; rough slacks, 8s. 6d. to 9s. ; 
nutty slacks, 7s. to 8s.; smalls, 3s. to 5s. 








Triats oF H.M.S. ‘ ScarsoroucH.’’—H.M. Sloop 
Scarborough has been delivered to the British Admiralty 
after a series of successful power and speed trials at sea 
off the mouth of the Tyne, the last of which was held on 
July 31. The vessel was built at the Wallsend shipyard 
of Messrs. Swan, Hunter, and Wigham Richardson, 
Limited. She is a sister ship of H.M.S. Folkestone, which 
was delivered in June. Both ships were engined and 
boilered by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne. The main 
propelling machinery consists of two sets of steam turbines 
with single-reduction gearing, steam being supplied by 
oil-fired water-tube boilers. After the trials, Scarborough 
left for Chatham. 





British Guass CONVENTION.—As already announced 
in our columns, the second British Glass Convention will 
take place in Buxton from September 17 to 20 next. 
On the morning of September 17 there will be a meeting 
of the Council of the ora of Glass Technology. This 
will be followed in the afternoon by a general meeting 
of the Society. On the morning of September 18 the 
members of the Convention will be welcomed at the 
Peak Buildings by the Mayor and Corporation of Buxton, 
after which Mr. W. Chance will deliver his presidential 
address. A conference on ‘‘ Elimination of Waste in 
the Glass Industry,”’ to be introduced by Dr. Miles, will 
then take place. On the morning of September 19, 
conferences will take place on “‘ Marketing Methods in 
the Glass Industry,” introduced by Sir F. Goodenough, 
and on “ Publicity and Propaganda in the Glass In- 
dustry,” introduced by Mr. i. Gordon Selfridge. On 
the morning of the last day, September 20, a general 
discussion has been arranged on ‘“‘ The Convention— 
Present and Future.’”’ A preliminary brochure, giving 
the programme in full and other useful information, 
may be obtained from the honorary secretary of the 
Glass Convention, Mr. G. Marchand, Aldwych House, 
Aldwych, London, W.C.2. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—With the re-opening of the steel 
works this week the makers are faced with considerable 
uncertainty as to the trend of business during the re- 
maining five months of the year. The past seven 
months have been far from good, and although a few 
establishments have had a fair run, others have only 
had spasmodic turns of activity. During the holidays 
there has not been much evidence of any desire on the 
part of buyers to place many new orders, and reports 
show that the accumulation of specifications against 
contracts does not amount to anything excessive in the 
way of tonnage. Inquiries, on the other hand, are, 
perhaps, a little better, but the outlook is not very 
bright. The black-sheet makers are fairly well employed 
on light sheets, but the heavy and galvanised sorts are still 
moving very slowly. Prices all round remain firm, and it 
would almost appear that rock bottom had now been 
reached, and that when any change comes along it will 
be towards firmness. The current quotations are as 
follow :—Boiler plates, 10/. 10s. per ton; ship plates, 
8/. 15s. per ton ; sections, 8/. 7s. 6d. per ton; black steel 
sheets, $ in., 92. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 127. 15s. per ton, all delivered at 
Glasgow stations. 


Malleable Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade are practically unchanged, 
and while a fair number of orders have been gathered 
up during the holiday period, the future prospects are 
none too cheery. General trade all round will require 
to improve considerably before the bar iron trade can 
be called busy. The re-rollers of steel bars are still 
quiet. Prices are as follow :—‘‘ Crown” bars, 10. 5s. 
per ton for home delivery and 9/. 15s. per ton for 
export ; re-rolled steel bars, 7/. 12s, 6d, per ton for home 
or export delivery. 


Scottish Pig-Iron Trade.—The Scottish pig-iron makers 
report little change in the state of the trade, as bookings 
have not been heavy. It is estimated that stocks on 
hand, plus the output of the twelve blast furnaces now 
in operation, are quite ample for current requirements, 
and that a decided improvement in the demand will be 
necessary before any of the thirteen furnaces recently 
blown out are re-kindled. The following are the market 
quotations :—Hematite, 79s. 6d. per ton, delivered at 
the steel works ; foundry iron No. 1, 79s. per ton; and 
No. 3, 76s. 6d. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 2, amounted to 430 tons. 
Of that total 420 tons went overseas, and 10 tons coast- 
wise. During the corresponding week of last year the 
figures were 796 tons overseas, and 91 tons coastwise, 
making a total shipment of 887 tons. 


Scottish Shipbuilding—The Scottish shipbuilding 
industry is moving slowly at the present time, and after 
the large output during the month of June it was not 
expected that the past month would show a very big 
launching tonnage. The total for July—the holiday 
month—was 17 vessels, making 34,598 tons, and of that 
total the Clyde yards claimed 9 vessels, of 31,852 tons. 
The following are the figures for the different districts :— 





Vessels. Tons, 

The Clyde ... aed sca 31,852 

The Forth ... ae aw 2,086 
The Tay ... ron —- -- 

The Dee and Moray Firth 2 660 

17 34,598 


The output was very much of an average for July, 
and the Clyde total for the year to date is now 125 vessels, 
of 325,018 tons. That tonnage is just over 1,000 tons 
above the total for the corresponding period of last year, 
and ranks ninth highest (for the same seven months) 
during the past quarter of a century. While output has 
been good this year, the fixing of new contracts has been 
poor, and during the past month few were reported. 








LEICESTER COLLEGE OF TECHNOLOGY.—Members of 
the Leicester and District Engineering and Allied 
Employers’ Association have recently handed over 
to the Leicester College of Technology the handsome 
sum of 1,145l. 15s. 10d. towards the cost of the 100-ton 
universal testing machine, recently installed in the 
Department of Engineering. It is satisfactory to note 
that the machine is proving a valuable adjunct to the 
equipment of the College, and, moreover, is proving a 
boon to local firms, inasmuch as large-size steel bars, 
cement slabs, concrete pillars, girders, and the like can 
now be tested locally. Hitherto, such work had to be 
sent elsewhere. 





CHROMITE IN THE UNITED StatTes.—The Department 
of Commerce, Washington, informs us that the United 
States Bureau of Mines reports that the commercial 
production of home chromite totalled 180 long tons 
in 1929, valued at 6457. This figure may be compared 
with that of 660 tons, valued at 2,961/., in 1928. The 
1929 production was confined to California. Sample 
lots from Georgia and Montana were examined, but 
did not prove of commercial value. The total imports 
of chromite into the United States in 1929 esta- 
blished a new record and amounted to 317,630 long 
tons, valued at 533,298/., compared with 216,592 tons in 
1928, and 222,360 tons in 1927, the previous record 
year. Of the imports in 1929, 184,926 tons are credited 
to Africa, 52,949 tons to Cuba, 26,846 tons to French 
Oceania, and 26,647 tons to Greece. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The holidays, as was to be expected, 
exercised an adverse influence on foreign coal shipments, 
which in the past week amounted to only 296,890 tons, 
compared with 397,690 tons in the preceding week. 
At Cardiff clearances were lowered from 208,930 tons 
to 145,760 tons, at Newport from 82,640 tons to 
50,230 tons, and at Port Talbot from 43,000 tons to 
29,050 tons; but at Swansea they were actually raised 
from 60,070 tons to 65,900 tons, and at Llanelly from 
3,050 tons to 5,950 tons, the improvement being due 
to the poor quantities despatched in the preceding six 
days. Exports to France fell from 140,260 tons to 
68,930 tons, and to Italy from 49,690 tons to 31,620 tons. 
The pits have been idle for half the week, and coal 
loading was suspended on Monday and Tuesday, and 
to-day only two short shifts were worked at the docks 
by the trimmers and tippers. With the outlook still 
discouraging and most collieries in need of new business, 
it is more than likely that many of the pits in the Welsh 
coalfield will not resume operations until next week, 
though the official holidays of the miners terminated 
to-night. Usually before a holiday there is a rush for 
coal supplies in order to get vessels loaded and away, 
but the customary speeding-up was conspicuous by its 
absence on this occasion because coal was in plentiful 
supply and tonnage available for loading was insufficient 
to clear loaded wagons with the rapidity necessary 
to enable collieries to obtain enough empty trucks to 
avoid temporary stoppages. All classes of large and 
small coal were readily available on the basis of the 
minimum price of 20s. for best Admiralty large, and 
13s. 6d. for best bunker smalls. Sized products were 
rather patchy, for while some of the dry varieties were 
booked up and able to command about 3s. above the 
schedule, in other cases sellers were in need of business 
and were prepared to book orders at 6d. to ls. per ton 
over the minima, which was also the case in respect 
to bituminous sized coals. Whaling steamers have 
commenced the seasonal shipment of Welsh coal, 
amounting to about 100,000 tons, which is taken in 
vessels ranging from 3,000 tons to 12,000 tons. 


United States Ban on Russian Cargoes.—The raising 
of the United States ban on the import of Russian 
cargoes of pulpwood has caused satisfaction amongst 
Cardiff owners, who have chartered some 20 vessels 
to the Russians on voyage and time-charter basis for 
the transport of Soviet commodities, and expeditions 
to the Kara Sea. One of the vessels affected by the 
embargo was the Grelisle belonging to the Derwen 
Shipping Company, Limited, while it is a coincidence 
that a Cardiff ship was also affected by the American 
ban on Russian lumber, the Crandon belonging to the 
Crandon Shipping Company, Limited, being held up 
for a few days. While the lifting of the ban has caused 
satisfaction amongst Welsh shipowners it has been a 
disappointment to coal owners and exporters, in view 
of the fact that large quantities of Russian anthracite 
coal are being shipped to Canada and sold at about 
half the price commanded for Welsh anthracite. This 
means a grave menace to the 500,000 tons of Welsh 
anthracite shipped to Canada during the summer 
months. 








County or Lonpon Etrctric SuppLy ComPpany.— 
The annual report of the directors of the County of 
London Electric Supply Company, Limited, shows that 
nearly 375 million units were sold during the year ending 
December 31, 1929, as against 323,462,637 units during 
the previous twelve months. The total number of 
consumers supplied increased by 40,000 during the year, 
and is now 162,000. 


British Economic Mission to Souta Arrica.—The 
secretary of the Overseas Trade Development Council 
informs us that the Economic Mission to South Africa, 
which is due to leave this country to-day, to visit 
Southern and Northern Rhodesia as well as the Union 
of South Africa, will comprise Lord Kirkley (Chairman), 
Sir Francis l’Estrange Joseph, and Messrs. John Morgan, 
R. Waddington, and J. W. Brigden. The latter, who 
is H.M. Trade Commissioner at Johannesburg, will act 
as secretary to the Mission. 





Conracts.—-A firm of London shipowners has recently 
placed an order with Messrs. James Pollock, Sons and 
Company, Limited, 3, Lloyd’s-avenue, London, E.C.3, 
for a motor coaster having a length of 104 ft., a breadth 
of 21 ft. 6 in., and a draught, loaded with 200 tons to 
250 tons, of 7 ft. 8 in. The main propelling machinery 
will consist of a 150-b.h.p. Bolinder heavy-oil engine.— 
Messrs. East Ferry Road Engineering Works Company, 
Limited, Millwall, London, E.14, have received from the 
Port of London Authority an order for a set of hydraulic- 
pressure pumping engines having a capacity of 350 galls. 
per minute at a working pressure of 800 Ib. per sq. in., 
with a steam pressure of 145 lb. per sq. in. at the engine 
stop valve and a speed of 30 r.p.m, The engines are 
of the horizontal, tandem, compound, condensing type, 
and are to replace a set of engines supplied by the same 
company to the old Millwall Dock Company no less than 
forty-four years ago.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have received an order from the County Borough 
of Walsall for two A.E.C.-English Electric double-deck, 
low-loading trolley omnibuses, each seating 60 passengers. 
The chassis will be built by Messrs. Associated Equip- 
ment Company, Limited, and the body and electrical 





equipment by Messrs. The English Electric Company, 
Limited. 
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'RATIONALISATION 1 IN THE EMPIRE. 


| SrEvenson’s child stated a profound truth when 
he said that ‘‘ the world is full of a number of things, 
and we all of us ought to be happy as kings.” The 
statement would be no less true of the British 
Empire, but unfortunately neither in the world nor 
|in the Empire are the things so arranged as to make 
us as happy as we ought to be. All countries are 
aware of this fact, and are being driven back to 
first principles to find an explanation and a remedy. 
At the present time the most popular of the 
remedies is rationalisation. The term indeed is 
not very precise, and has more than a suspicion 
of trying to beg the question. Perhaps its most 
serviceable meaning may be best expressed in a 
venerable formula. Individuals, firms, and industries 
are adopting rationalisation in connection with their 
operations since they are beginning to recognise that 
they are every one members one of another, and, 
alternatively, that they have many members in one 
body and all members have not the same office. The 
resources of the Empire are abundantly sufficient 
for all the needs of its citizens if they could be 
used to the best advantage, but experience shows 
that such use cannot be made without organisation. 
Each part of the community must discharge the 
function which it can do most efficiently, and still 
more, the operations of all parts must be so co- 
ordinated that they can proceed without interrup- 
tion. It is not enough that the instruments of 
trade shall be efficient and be worked efficiently. 
The traffic must also be so regulated that it can 


| proceed without congestion. 


These are among the reflections suggested by the 


| Sixth Trade Survey, which has just been published 


by the Economic and Statistical Department of 
the British Electrical and Allied Manufacturers’ 
Association, reviewing the course of events since 
1928 in international trade, and in particular in the 
electrical industry. The British electrical industry 
is conspicuous among those which have been success- 
ful in the export trade, and with its highly efficient 
| economic service it js in a particularly good position 





to assess the situation of international trade. The 
conclusion which is arrived at in this review comes 
therefore with some authority. It is noted that the 
depression which, previously to 1930 was confined 
largely to this country, has now become a world 
phenomenon. Practically all the wholesale prices 
of primary commodities have, since the end of 
1928, undergone what is described as a catastrophic 
fall, and manufacturing costs, selling prices and 
wages have been correspondingly dislocated. The 
circumstances which have led to this position are 
largely political and financial, and, in the Associa- 
tion’s view, the depression will almost certainly 
continue through 1931, while the recovery to 
be expected in 1932 may only be temporary until 
the political and other questions have found a final 
adjustment. So far as this country is concerned, 
the impression is said to be general that the prices 
of finished articles are now definitely on an inter- 
national level, and, if anything, are rather lower 
than those ruling in other industrial countries. 
No more striking example of progress in efficient 
production can be given than that of the electrical 
industry itself. In the six years between 1923 and 
1929, the capital cost per kilowatt capacity for 
new generating plant and machinery fell on the 
face of it to three-fourths of what it was in 1923, 
and when certain other corrections are made, for 
which the survey gives sufficient warrant, the true 
figure was little more than three-fifths of the 1923 
price. This estimate is without making allowance 
for the unquestionable increase in the efficiency of 
the plant supplied, and has to be compared with a 
reduction of the wholesale prices of all commodities, 
during the same period, amounting to only 15 per 
cent. In this industry, moreover, the prospect of 
further rapid development is better in this country 
than elsewhere, for a much smaller proportion of its 
machinery is driven electrically. Nevertheless, the 
effect of tariffs, and of the national feelings of which 
tariffs are a sign, has been to neutralise the remark- 
able reduction which has been made in British 
prices of finished goods, and to prevent British 
export trade from increasing. 

The main obstacle in the way of the expansion 
of British export trade is, of course, the increasing 
obstruction by tariffs, and the survey urges that 
amongst other measures which would help British 
export trade is the appropriate use of counter 
tariffs. The arguments for and against such 
measures are well-known, and all that need be said 
about them at the moment is that opinion is un- 
doubtedly strengthening in favour of their use. 
Another course, however, is also recommended, 
which, if it can be carried out, should have even 
more far-reaching advantages. Foreign industrial 
markets are already more or less highly developed, 
and except to such relatively small extent as they will 
grow still further, business can be obtained from 
them only by the strenuous process of taking it 
away from the present suppliers. Other markets, 
however, of which those within the Empire are 
conspicuous examples, are ready for economic 
developments which should be not only much more 
rapid but also greater and more permanent. 

Accordingly the Survey renews the appeal for the 
institution of a service of rationalisation within the 
Empire. It is not every course that has been called 
rationalisation which would meet the circumstances 
of the case. In the United States, for example, the 
process has tended to take the form of great capital 
amalgamations, which on the one hand may be 
accompanied by, and made to serve the purpose of, 
speculation instead of industry, and on the other 
hand may lead to excessive and sometimes ineffi- 
cient production. In Germany, again, great 
attention has been paid to the technical perfection 
of plants, but for the most part they have been 
designed with capacities in excess of what are 
normally required. On either system they run the 
risk not only of leading to over-production, but 
also of exceeding the limit of size at which adminis- 
trative expenses and the effects of control may out- 
weigh the benefit to be derived from the reorgani- 
sation. As the Survey points out, the present dis- 
position of opinion in the choice between a super- 
power station and a medium sized station of modern 
design, efficiently operated, appears to be dis- 
tinctly in favour of the medium sized station, and, 
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similarly, the service of rationalisation suggested for 
Empire does not regard size as the chief object. 
It is concerned very much more with efficiency on 
the one hand and balance on the other. Its object 
is to promote the development in each part of the 
Empire of the various industries, both primary and 
secondary, which that part can conduct to advan- 
tage, and to use all the resources of the Empire 
for that single purpose. 

At the present time it must be recognised that 
the Dominions have to consider their secondary 
industries, but this does not alter the fact that their 
great natural resources must always lend a special 
importance to their primary industries. On the 
other hand their enormous capacity for develop- 
ment makes their market of special interest to 
British manufacturers. It could hardly fail to 
be of mutual advantage that the development of 
the respective resources of the Mother-country and 
the Dominions should be concerted in common. 
Each side has much that it can give to the other, 
and both sides will gain more if they consider 
matters of mutual interest in common than if their 
deliberations are confined to a single aspect. To 
invite either this country or the Dominions to 
stereotype a system of conference by which decisions 
affecting Imperial industrial interests could be 
regulated would be premature before the mechanism 
to be adopted had itself been discussed. It is not, 
however, premature to discuss what mechanism 
would be acceptable and sufficient, and to what 
extent it might be expected to work. This indeed 
is the least that can be expected of the next 
Imperial Conference, and the decision may have a 
critical bearing on the future. 





THE PROSPERITY OF BELGIUM. 


At the best of times an international exhibition 
is a considerable undertaking for any nation, and 
it must be seldom that a country can hold two 
such exhibitions successfully at the same time. 
This, however, is what Belgium is doing as part 
of the centenary celebrations of her independence. 
An international exhibition is in the nature of a 
stocktaking of the resources of all the countries that 
take part in it, but it happens naturally that it 
displays most fully the position of the country in 
which it isheld. So, at least, it is with the present 
exhibition at Antwerp, and still more at Liége. Many 
countries have joined in giving a splendid display of 
their industrial products, but none are represented 
as completely as those of Belgium herself. When it 
is remembered that only twelve years ago Belgium’s 
industries had to be wholly reconstructed, and that 
the country had to face the gravest financial 
difficulties, the prosperity of which these exhibitions 
are only a sign, indicates a remarkable achievement. 
It would, indeed, doubtless have been impossible 
without the support, political and economical, 
which the country has received from other nations, 
our own not least among them. Without, however, 
disparaging the value of that support, which no- 
where is recognised more fully than in Belgium itself, 
two circumstances must be remembered in connec- 
tion with the present fortunate results. On the one 
hand, the Belgian nation has amply earned all the 
support it has received, and on the other hand, the 
full measure of that support is quite inadequate to 
explain the recovery by which it has been followed. 
The co-operation of other countries may, indeed, 
have given Belgium the chance of recovery. That 
it should have turned the chance to such brilliant 
account is its own doing. It did not need the events 
of recent years to show that Belgians were shrewd, 
industrious, and, in the eng‘neering sense of the 
term, good tradesmen. The process of their re- 
covery has proved, however, that they are masters 
of the arts which underlie their industries, and of 
the sciences on which those arts are based. 

Belgium is so close to this country that.we do 
not always recognise it as the relatively small com- 
munity it is. With an area of little more than an 
eighth of that of Great Britain, its population, all 
told, is about the same as that of Greater London. 
lt is, moreover, very largely an industrial country. 
Its industries are centuries old, and even in modern 
times were based on its own raw materials. Its 
iron trade, for example, began with the collocation 








of ore, timber, and water-power, and then shifted 
to the district in which its coal-mines were developed. 
The zine with which it supplied the world came from 
its own deposits. These resources, however, are 
becoming, or have become, exhausted. The ores 
on which the present Belgian iron and steel indus- 
tries work are derived mainly from France and 
from Luxembourg, to which some of its great works 
are shifting. Its rich zinc deposits are wholly 
worked out, and though its coal-mines in the Liége 
district are employing some 40,000 men, and, 
indeed, are clamouring for more, it is recognised 
that the seams on which they are working are 
becoming exhausted, and it is only a question of 
time when work will have to be found in other 
occupations for the army of men now employed in 
mining. Nevertheless, not only the country as a 
whole, but its metallurgical industries, have never 
been more prosperous. Both in the iron and steel 
industries, and in that of zinc, the depletion of raw 
materials has been more than met by advances made 
in the plant for working up imported ore, and the 
scientific and technical knowledge in which the 
workers have been trained. Side by side, too, 
with the exhaustion of special ores, industries have 
been built up on more common and abundant 
materials, Lime, cement, brick, refractories and 
glass from common rocks and clays, nitrogenous 
products from the air, carbide of calcium from 
lime and coal, which, with oxygen from the air 
and hydrogen from water makes possible acetylene 
welding, are all thriving industries. It has been 
said, indeed, on high authority that in Belgium 
acetylene welding alone employs twice as many work- 
men as the works of Messrs. John Cockerill. It is 
easy to talk of the wonders of modern science, and 
of the great results that should flow from their 
introduction into industry. It may well be that, 
in the words of King Albert, the laboratories are 
working out the foundations of future industry. 
Experience has shown, however, that, in itself, labor- 
atory work may not be sufficient to shape manu- 
facturing practice. It requires the co-operation of 
men who, in addition to their scientific knowledge 
and training, are familiar with the circumstances 
of works and with economic conditions. The 
success of Belgian engineers, metallurgists and 
chemists, in maintaining the prosperity of their 
old industries and laying the foundations of new, 
can be explained only by recognising that they 
have applied this combination to the conduct of 
their industries, and are training those who are 
employed in them to use it to the best advantage. 
In the last ten years there have been abundant 
signs of the intention of Belgian industry to extend 
its already not insignificant use of science. It 
cannot well be doubted that when, in 1919, Mr. 
Hoover and his colleagues of the Commission for 
Relief in Belgium instituted the Fondation Univer- 
sitaire, they had informed themselves of the anxiety 
of Belgian industry to provide means for young 
Belgians to enter institutions of higher education, 
and, in addition to grants made for laboratories 
and otherwise, this fund for the last four years has 
been devoting about a million francs a year to assist- 
ing some hundreds of students to attain this higher 
university training. Only two years ago, again, 
not far short of three-quarter of a million pounds 
sterling were raised by public subscription to a 
Fonds National de la Recherche Scientifique, for 
the purpose of assisting scientific research in 
Belgium. How far these indications of an intense 
belief in the value of scientific development corre- 
spond with the results that have been obtained in 
practice, may be seen a posteriori from the recent 
course of the highly technical Belgian industries. 
The latest information on them is given in a report 
on Economic Conditions in Belgium in 1929, 
made to the Department of Overseas Trade, by 
Mr. N. 8S. Reyntiens, Commercial Secretary to the 
British Embassy at Brussels (H.M. Stationery 
Office; 3s. 6d. net). The year 1929 was very 
bad in some branches of agriculture, and the 
textile industries as well as diamond cutting have 
been depressed. With these exceptions, nearly 


every industry experienced notable prosperity. The 
average unemployment in the metal industries and 
the wood and furniture trade, in which not much 
less than 200,000 hands were engaged, was under 





1 per cent. for most of the year, and in the chemical 
trades still less. Wages had increased in practically 
every industry, and while the National Debt was 
being steadily reduced, the Budget results made it 
possible to provide for reduced taxation in the 
following year. The value both of exports and of 
imports showed some increase over the figures of 
1928. The demand for industrial coal almost always 
exceeded the supply, a circumstance which is 
probably reflected in the fact that British exports 
of coal to Belgium were more than half as large 
again as in the previous year. The coal-mines 


‘were conspicuous among the industries that suffered 


from shortage of labour, and had to engage recruits 
from Poland, Italy and Czechoslovakia, paying 
their travelling expenses. The improvements which 
have been introduced in the last few years into all 
branches of the iron and steel industry have brought 
its capacity to more than the market can at present 
absorb, but though similar improvements have 
been made in blast-furnace plant, the number of 
blast furnaces continues to increase. The output 
per man engaged on them averaged in 1927 nearly 
a fifth more than in 1913, though the hours of labour 
had been reduced by more than a fifth. Taking 
iron and steel works as a whole, the average annual 
output per man had become in 1928 nearly three- 
eighths more than what it was in 1913. 

The constructional engineering business and 
similar trades, which also have shown great pros- 
perity, have suffered like other industries from a 
difficulty in obtaining sufficient skilled workers, 
and have introduced women to an increasing extent 
with eminently satisfactory results, as, for example, 
in operating travelling cranes. The average hourly 
wage for skilled workers of about 9d. per hour at 
the beginning of the year, increased by 10 per cent. 
in the course of it, in addition to family allowances. 
In the electrical engineering trade the average wage 
for fully qualified workers is said to be about 7d. 
an hour, and for apprentices, under 2d. 

The list of prosperous industries could be extended 
much further, and would show generally a similarly 
remarkable improvement in plants and methods. 
Apparently a prime factor not only in the progress 
of the several trades, but in their ability to stand 
up to emergencies of competition, is to be found 
in what seems to be the national genius for voluntary 
co-operation. To a greater or less extent it is 
seen in all the principal industries, and when, as 
in the motor industry, foreign competition has 
threatened the trade, a loose arrangement between 
manufacturers for pooling technical and engineering 
services has been tightened up. Perhaps the most 
remarkable example of voluntary co-operation on 
a far-reaching scale is to be found in the electrifica- 
tion of the Belgian provinces. The total production 
of electricity is at the rate of over 500 kw. per head 
of population, and the current is distributed over 
more than 90 per cent. of the Belgian communes, 
with the prospect that the remainder will soon be 
supplied from existing distribution services. By 
an apparently intricate, but powerful and effective, 
system of combination, power stations have grouped 
themselves together for mutual supply, and by inter- 
connecting lines are making their supplies, together 
with those of the larger private works, practically a 
single enterprise so far as concerns the supply of 
current, all apparently without any State mechanism 
for effecting the co-ordination. The situation of 
Belgium, in conducting great industries successfully 
after having exhausted or exceeded the capacity of 
the natural resources on which they were based, 
suggests, naturally, the experience of our own 
country. It may be that we may study with 
profit as well as with interest the means by which 
the industrial community of Belgium has sur- 
mounted the difficulties and dangers with which 
it has had to deal. 








THE EuyptiaN MARKET FOR INTERNAL-COMBUSTION 
ENGINES AND Pumps.—A confidential report on the 
market for internal-combustion engines and pumps in 
Egypt has been prepared by the Department of Over- 
seas Trade from information furnished by the Commer- 
cial Secretary to the Residency, Cairo, Egypt. United 
Kingdom firms desirous of receiving a copy of this report 
should communicate with the Department at 35, Old 
Queen-street, London, 8.W.1, quoting Reference No. 
A.X. 9616, 
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NOTE. 
BuriLpiInG LEGISLATION. 


On July 30 last, a deputation composed of 
Members of Parliament and representatives of 
various interested associations waited upon the 
Minister of Health in order to draw attention to the 
restrictions imposed under existing building legis- 
lation. It was pointed out that, in London par- 
ticularly, the control of building had become a serious 
menace to enterprise and employment in the building 
and ancillary trades, and that it far exceeded the 
limits necessary to safeguard public health and 
safety. The control, especially in connection with 
commercial and industrial buildings, was exercised 
under Acts many of which dated back to the last 
century, and imposed very serious restrictions on the 
use of modern materials and methods of construc- 
tion. The deputation suggested, as a first essential, 
that the law in London should be susceptible to 
constant revision, as in the provinces, pointing out 
that only by the co-ordination of the law for the 
whole country would the necessary reorganisation 
and readjustment of the building industry be 
possible. The bodies represented on the deputation, 
it was mentioned, had set up a Central Committee to 
co-ordinate the reports and recommendations at 
their disposal and were prepared, in conference with 
the Ministry, to suggest lines on which a solution of 
the existing - difficulties and anomalies might be 
found. Finally, the deputation urged that building 
legislation should now be considered on a national 
basis and should be confined, so far as possible, 
to broad questions of principle. If the Government 
was in agreement with this suggestion, the building 
industry would be prepared to set up a Technical 
and Economic Advisory Council, which would 
review and report on all aspects of building con- 
struction and control deemed necessary to meet the 
constantly changing conditions. Such a council 
would make full use of the research, technical and 
standardisation institutes, and would maintain 
constant touch with the Ministry with a view to 
giving every assistance in maintaining a flexible, 
and up-to-date code. In the course of his reply, 
the Minister of Health stated that he gathered that 
the difficulties referred to by the deputation related 
chiefly to London, and were therefore matters for 
the consideration of the London County Council. 
He would himself undertake to discuss the position 
with that body. He was aware that a technical 
committee of the Department of Scientific and 
Industrial Research was about to issue an interim 
report on the technique of steel construction, and 
he hoped that this would facilitate the standardisa- 
tion of building practice throughout the country. 








THE CALCULATION OF CONVECTION 
HEAT TRANSFER.* 


By Marearet FisHENDEN, D.Sc., F.Inst.P. 
and O. A. SaunpErs, M.A., M.Sc., 


Tue transmission of heat in a fluid is usually 
complicated by relative motion of the different 
parts. Actually the heat transmission takes place 
by conduction ; but the effect upon the heat flow 
of the modifications in the temperature and 
velocity distributions brought about by the move- 
ments of the fluid must be taken into account. 
The whole process is generally termed convection. 
A distinction is usually drawn between natural 
convection and forced convection, according to 
whether the motion is caused by buoyancy forces 
arising from differences in density due to tempera- 
ture differences in the fluid itself, or by external 
mechanical means. Natural convection is the pro- 
cess by which a warm surface loses heat to 
otherwise still surrounding air, while a common 
example of forced convection is the case of a hot 
gas drawn at a high velocity through a cool tube, 
a high velocity being stipulated because, although 
natural convection forces are always present, if the 
velocity of flow is sufficiently great their influence 
becomes negligible. 

The actual process by which heat is transmitted 
to or from a surface by convection is, in most cases, 





too complicated for detailed analysis, and the 


* Communication from the Fuel Research Division, | 
Department of Scientific and Industrial Research. 





mathematician has been able to progress little further 
than writing down the general equations determining 
the problem ; solutions to the equations have been 
obtained only for very restricted conditions with the 
aid of simplifying assumptions. Since in most 
practical cases the fluid is in a turbulent state of 
motion, it may be doubted whether much progress 
will ever be made in this direction, at any rate by 
the conventional methods of hydrodynamics em- 
ployed in solving problems of streamline motion. 

From a practical point of view, the heat trans- 
mission may depend upon a large number of factors, 
some of which, such as shape, size, and position, are 
capable of almost unlimited variation, and in the 
absence of a mathematical theory to guide us, we 
are dependent entirely upon direct experimental 
methods for information about the laws and coeffi- 
cients applicable. The lack of a safe theoretical basis 
for the interpretation of experimental results renders 
the task of the investigator a very laborious one. 
One of the difficulties is that many experimenters 
have expressed their results in different empirical 
formulz which are troublesome to compare. In the 
entire absence of any guiding theory, it would be 
necessary to study experimentally the dependence of 
convection heat transfer upon all possible variables. 
Fortunately, by means of a method of correlation 
of experimental results based upon the so-called 
principle of similarity, the necessary labour may be 
considerably reduced and deductions drawn for a 
much wider range of variable factors than are in- 
cluded in the actual experimental work. 


APPLICATION OF THE PRINCIPLE OF SIMILARITY TO 
CoNVECTION. 


For example, a preliminary study suggests that 
the forced convection heat transfer per unit area 
per unit time H to or from a body in a fluid 
stream, might be expected to depend upon the 
linear size of the body /, the temperature difference 
between the body and the convecting stream 6, 
the thermal conductivity 4, the specific heat per 
unit volume c, the kinematic viscosity v, and 
the velocity V, of the streaming fluid, as well 
as upon the shape and position of the body. 
This is confirmed by experiment. By application of 
the principle of similarity it can further be deduced 


that the value of a for any particular geometrical 


system (7.e., for bodies of similar shape, similarly 
orientated with respect to the oncoming stream), 


depends only upon the values of es ! and °". It 


follows that the effects of V, @, c, 1, k, v, upon H need 
not all be determined experimentally ; in the case of 


a gas, for which > is practically constant, it is 

indeed theoretically sufficient to vary one of them, 
ee Vv 

provided that the range of variation of ~! thus 


obtainable is sufficiently wide. 

In other words, the principle of similarity tells us 
that, for this particular type of problem, the number 
of variables originally postulated was unnecessarily 
great, which is not altogether surprising when it is 
remembered that these were defined by physicists 
for describing many other phenomena besides forced 
convection. 

Determination of Similarity Groups.——The im- 
portant feature of the similarity groups, or criteria 
as they are sometimes called, is that provided they 
remain unaltered as a whole, whatever the variations 
in their individual members, the distributions of 
temperature and velocity throughout the fluid, 
upon which the heat transfer depends, do not alter. 
Obviously, the distributions of temperature, velocity, 
&c., and, therefore, also the value of the similarity 
groups, are independent of the system of funda- 
mental units adopted in expressing the secondary 
units. In other words, the similarity groups, assum- 
ing the above property, must be dimensionless. The 
way in which the variables chosen in any particular 
case must be grouped in order to fulfil this condition 
is conveniently determined by the familiar method 
of indices. The following brief account of the use of 
this method to determine the dimensionless groups 
for convection, is included for the sake of complete- 
ness, although it is realised that this aspect of the 


| problem is more widely familiar. In order to keep 


the account short, the reasons for including the 





different factors have been omitted, but it is in the 
selection of these factors that the essence of the 
application of the principle of similarity lies. 

Including both forced and natural convection, the 
heat transfer per unit area per unit time H, may 
depend upon the factors set out below, the dimen- 
sions of which are given in Table I in terms of the 
fundamental units of length, time, temperature, and 
heat. 





























TaBLe I, 
Dimension in terms of 
Factor. Symbol. 
L T 6 | H 
Linear size “ Pe l gy 6 0 
Temperature difference () 0 0 1 0 
Velocity of stream... aa Vv 1 |-1 0 0 
Thermal conductivity of fluid & 6[=8 8 Fa 1 
Specific heat per unit volume 
of fluid <a ti as ¢ —3 0 |-1 
Kinematic viscosity of fluid. . v 2 |-1 0 0 
Coefficient of thermal expan- 
sion of fluid .. as wa a 0 0 |-1 0 
Acceleration due to gravity .. q 1 —2 0 








Since the influence of the coefficient of thermal 
expansion is only supposed to be appreciable in so 
far as it gives rise to buoyancy forces, it is to be 
expected that a and g will occur only as the 
product ag. 

If H be imagined to be expressed as a series of 
terms of the form 

lx, Ov, V2, kp, cv, v" (a@ g)s, 
where 2, ¥, 2, P, , 7, $ are indices to be determined, 
then since H has dimensions — 2 in L, — 1 in T 
and 1 in H, equating the dimensions in each of the 
four fundamental units gives 





—2=2 +z—p—3q+2r+s8 
—l= =a = — —-r—28 
“= # <n’ =—s 
I= p+q 
Whence 
y=l1l+s 
p=1l—2e—r—z 
= 2s+r+z 
z= —-1+38+2 
Hence H consists of terms of the form 
k6 (“27 cyv\r (ag@Pc?\s 
r’ E)° (F)" (“a “) 

Be . 3 Vel cv 
and, therefore, ke 8 8 function of ae 
ag@Bc3 

@ 


For natural convection, since V = 0, the first 
group vanishes and iis a function only of oe and 


3 2 
- — “. For forced convection, the effects of gravity 
buoyancy forces are supposed to be negligible, and, 
therefore, the last group containing ag may be omitted, 
Hl 


k 
°. For gaseous media, 
than a few per cent. for different gases or tempera- 
tures, and may be omitted. 

It must be borne in mind that the success of the 
application of the principle of similarity to any 
particular problem depends not upon the method of 
indices, which is merely a convenient algebraic dodge, 
but upon the initial selection of the variables, and in 
the manner in which their dimensions are expressed 
in terms of fundamental units. For instance, heat 
might be expressed as energy in terms of mass, 
length and time, according to the dynamical theory 
of heat, but in convection this is unnecessary, and 
heat may be treated as a fundamental unit so:long 
as there is no appreciable conversion of heat energy 
into dynamic energy or vice versa. If, for example, 
an appreciable amount of heat were developed in 
the convecting medium, owing to frictional dissipa- 
tion of mechanical energy of movement, the deduc- 
tions drawn above by means of the principle of 
similarity would no longer remain valid. 

Advantages of the Similarity Method of Correlation. 
The principle of similarity affords a very valuable 
means of correlating and comparing experimental 
convection data obtained under different conditions. 
In the case of forced convection, for instance, by 


in this case being a function only of vet and 


does not vary more 


, . Vv , , 
plotting a against ~e! all the available experi- 


mental data for any particular geometrical arrange- 
ment, say, for a cylinder at right angles to an 
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ForceD CONVECTION. 
For forced convection, as already shown, the prin- 


oncoming gas stream, or for a pipe through which a 
gas is flowing, can be embodied in a single curve. 
Data for different sizes, different velocities, different | . 
temperatures, and different kinds of gases, may | © 
all be included and should fall on the curve, but | Vel cy 
it follows from what has already been said that | "PO? “k Ok 
separate curves must be constructed for different | relative to the fluid stream of the body losing or 
geometrical arrangements. Natural convection | gaining heat, the symbols having the meanings 
can be dealt with in the same way, but, of course, | given in Table I. The geometrical arrangements 
the dimensionless groups, or criteria, are not the | most commonly investigated have been those either 
same. ‘of a fluid streaming through a tube or of a fluid 
The ranges over which the values of the groups | streaming perpendicularly past the outer surface of 
vary are usually very wide, and it is necessary to | a single tube or bundle of tubes. Although a limited 
plot logarithmic values in order to include all the | amount of information is also available for flow past 
results. The general appearance of the points on | plane surfaces or spheres, the data are insufficient 
the graphs given on this and the opposite pages is | for the construction of similarity curves. 
thus rather better than would be the case if linear} Before dealing with the geometrical arrangements 
scales were employed. mentioned, it may be remarked that, for forced con- 
One of the main advantages of the similarity | vection, it is well established, both by]experiment 
method of correlation is that, whereas the data | and theory, that the heat transfer is directly pro- 
available are seldom sufficient for constructing curves | portional to the temperature difference. This rela- 
showing the dependence of the heat transfer upon | tion is, in fact, deducible from the definition of forced 
each of the variables individually, there is more often | convection, which may be stated in the form that the 
enough information to construct a single curve | fluid motion is the same as it would be if there were 


ple of similarity indicates that _ depends only 


and the shape, size, and orientation 





Fig.1. FORCED CONVECTION. CORRELATED DATA FOR 
PERPENDICULAR FLOW OF AIR PAST A CYLINDER. 
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no heat flow, being determined solely by mechanical 
considerations. Hence, the velocity distribution, and 
therefore also the temperature distribution, since @ 
occurs linearly in the equation of conduction, is in- 
dependent of the temperature difference. If the body 
surface temperature, for instance, is altered in any 
ratio, the temperatures everywhere, and, conse- 
quently, also the rate of heat transfer, alter in the 
same ratio. 

Perpendicular Flow Past a Cylinder.—Fig. 1 has 
been constructed by the authors from the original 
results of the investigators indicated experimenting 
upon forced convection from cylinders of diameters 
from 0-001 in. to 6 in. in streams of air, the linear 
dimension in the similarity criteria in this case re- 


showing the relation between the two appropriate 
groups. Such a curve may frequently be used to 
calculate the heat transfer for values of the individual 
variables outside those to which the actual experi- 
mental points refer, provided only that the values 
of the criteria come within the range of the 
curve. 

The similarity groups, being dimensionless, have 
the same numerical values whatever the system of 
units employed, provided only that consistency is 
maintained. For example, V must not be measured 
in feet per minute if k is measured in British units 
per foot per hour. Provided that the same funda- 
mental units are adhered to throughout, it is imma- 
terial whether C.G.S. or British or any other con- 
sistent units are used. In view of the multiplicity of 
different units encountered in technical publications, 
this property of the similarity curves is frequently a 
considerable practical advantage. 

Some difficulty is introduced by uncertainty as to 
the exact values which should be chosen for the 
constants of the convecting medium, such as ¢, k, 
which vary considerably with temperature. There 
are some grounds for believing that it is best to take 
these at the logarithmic mean of the surface and 
medium temperatures, but in the curves reproduced 
they have been taken at the arithmetic mean, since 
this entails less calculation and has been found to | 
give equally good results, and since, after all, the 
most convincing test of the similarity method of 
correlation lies in the precision with which it inter- 
prets the experimental results. 


ferring to the diameter (d), and - being plotted 
against : ; 4 The method of similarity is only 
strictly applicable to one shape of body at a time, 
and it is immaterial which dimension is taken so long 
as theshape remains the same. This means that, in 
the case of cylinders, the ratio of diameter to length 
should theoretically be kept constant as d is varied, 
but actually the cylinders have been supposed to be 
| sufficiently long for end effects to be neglected, and 
the heat transfer per unit area has been assumed to 
be independent of the length. For the larger dia- 
meters, the data of Hughes, working with a cylinder 
at 212 deg. F. in a cool stream of air, agree well with 
those of Reiher, who experimented with hot air 
streaming over a cool cylinder. For smaller diameters 
the agreement between different investigators is not 











05 





quite so good, perhaps because the range of tempera- 
ture investigated is much higher (up to 1,800 deg. F. 
for small wires), and any flaw in the method adopted 
for determining the temperatures at which to take 
the constants in the similarity criteria will therefore 
become more conspicuous. The three highest points 
plotted (due to Hughes) were obtained from short 
cylinders, and this may account for their lying some- 
what off the mean curve which has been drawn to 
represent what are considered to be the best values. 
This curve may, of course, be used to compute the 
heat transfer for air under any given conditions of 
size, velocity and temperature ; it may also be used 
for gases other than air, provided that the necessary 
thermal constants are known, even though no direct 
experimental data may be available for such gases. 

Further, the curve provides a means of deducing 
the laws of variation of H with each of the variables 
6, V, d, c, and k, and the results thus obtained are in 
satisfactory agreement with those of individual 
investigators who varied one factor at a time. Since 
the graph has been drawn on logarithmic scales, the 
slope of the curve represents the power of the velo- 
city according to which the heat transfer increases, 


Fig.2. FORCED CONVECTION. CURVE SHOWING HEAT 
TRANSFER FOR DIFFERENT DIAMETERS, 
VELOCITIES AND GASES FOR PERPENDICULAR 


FLOW PAST A CYLINDER. 
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and it is seen that this varies from 0-5 for very small 
c 


k 
greatest values of =s¢ (large cylinders). Most 


values of lll (fine wires), up to about 0-7 for the 


workers on the subject have studied the law of varia- 
tions of the heat transfer with velocity. Boussinesq 
and Russell found theoretically that H is proportional 
to ./V,and experiments on fine wires have confirmed 
this law ; but for larger cylinders (diameters 0-18 in. 
to 1-1 in.) Reiher found H proportional to V5, 
while Hughes obtained for diameter 0-17 in. V°-55, 
and for diameter 6-0 in. V7. The law of varia- 
tion with diameter is, according to the principle of 
similarity, determined when the law of variation 
with velocity is known, since if H is proportional to 
This has 


been verified by most of the experimental work, H 


V" it must also be proportional to = 


having been found not far from proportional to co 


for fine wires and to about —, for wider cylinders. 


qos 

The data in Fig. 1 refer to isolated circular 
cylinders in air. Reiher found that a grid consisting 
of two parallel rows of staggered tubes placed in the 
oncoming stream at a short distance from the experi- 
mental tubes caused a 50 per cent. increase in the 
heat transfer, presumably owing to turbulence 
created thereby, and Hughes similarly found that the 
heat transfer was increased by a thin }-in. metallic 
strip placed in the air stream in front of a cylinder. 
Hughes also investigated the case of a cylinder with 
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a streamline section, and found rather greater heat 
transfer per unit area than for a circular tube. The 
heat, transfer between a stream of air and a body 
has commonly been regarded as closely related to the 
mechanical force opposing the relative motion, but 
it appears that, whereas the mechanical resistance is 
made up of two parts, namely, skin friction and 
normal resistance force due to the creation of eddies, 
&c., the heat transfer is directly related only to the 
skin friction. The relative magnitude of the two 
factors depends upon the shape of the body, the skin 
friction being relatively greater for a streamline than 
for a circular section, and the heat transfer, in con- 
sequence, being much higher in proportion to the 
total resistance. 

The smaller resistance to relative motion of short 
cylinders than of long cylinders is combined with 
greater heat loss, according to Hughes ; this is pre- 
sumably due to skin friction playing a relatively 
greater part in the mechanical resistance for the 
short cylinders than for the long. 

The curves in Fig. 2 have been constructed from 
the mean curve in Fig. 1 to show the variation of 


Fig.3. FORCED CONVECTION. CORRELATED DATA FOR 
FLOW OF GAS THROUGH ATUBE. 
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the heat loss per unit length of cylinder per degree 
temperature difference (ie., = 5) with Vd. By 
substituting the appropriate values of c and &k, the 
curves for hydrogen and carbon dioxide have been 
added for comparison. It is found that the that 
transfer is much the same for nitrogen, oxygen, 
carbon monoxide and carbon dioxide as for air, but 
is considerably greater for hydrogen; since no 
actual experiments have been carried out with gases 
other than air these conclusions are based purely 
upon theory. 

The data for forced convection due to the flow 
of a liquid past a cylinder are scanty, and relate 
only to wires, no experiments having been done for 
cylinders of large diameter. The results can, how- 
ever, be correlated by the principle of similarity, 
but will not be dealt with in the present paper, 
beyond mentioning that the heat transfer is of 
the order of 10 to 100 times as great as that in 
a gas. 

Many experiments have been done upon the 
important case of forced convection due to per- 
pendicular gas flow past bundles of tubes, but space 
does not permit of their being included here. Strictly 
speaking, a separate similarity curve should be con- 
structed for each geometrical arrangement of the 
tubes, but although there are insufficient data for 
treatment along such systematic lines, the data of 
Reiher, Rietschel, Thoma, and others may be 
correlated approximately by similarity methods. 

Flow Through a Tube.—The heat transfer between 
a fluid and a tube through which it flows has im- 
portant practical applications and has been the 
subject of much experimental work ; air, steam, and 
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other gases, as well as water and a few other liquids, 
have beenJused by different investigators as the 
convecting fluid. 

The results of many of the earlier investigators, 
though of great value as pioneer work, are less reli- 
able than more recent experiments in which such 
refinements as electrical measurement of tempera- 
ture could be taken advantage of. For this reason, 
early data obtained by Joule, Ser, Nicolson and 
others, have not been included in Fig. 3, which has 
been constructed by the present authors from the 
original sources and shows the results of various 
experimenters with gases, including superheated 
steam (Poensgen), in turbulent flow. The constants 
c and k& have been taken at the mean between the 
fluid and tube-wall temperatures. Nusselt, Rietschel 
and Josse experimented with hot tubes traversed by 
cool gases, while Groeber, Jordan, Poensgen and 
Schulze forced hot gases through cool tubes. Riet- 
schel (d = 0-85 in. to 4-7 in.), Poensgen (d = 1-55 
in. and 3-75 in.), Jordan (d = 0-5 in. to 2-0 in.) and 
Schulze (d = 1-5 in. to 5-9 in.) studied the relation 
between tube diameter and heat transfer. Josse 
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worked with pressures down to approximately 1/10th 
of an atmosphere, while Nusselt employed pressures 
up to 16 atmospheres and also experimented with 
carbon dioxide and illuminating gas, and Poensgen 
used pressures up to about 9 atmospheres. Schulze, 
whose experiments were conducted under conditions 
more nearly resembling those encountered in tech- 
nical applications, made an extensive investigation 
of the influence of velocity, diameter, temperature, 
tube length, and other factors upon the heat trans- 
fer; he experimented both with air and with waste 
gas, and some of his conclusions are not in good 
agreement with other experimenters. 

The mean results of the various observers have 
been represented by lines in the graph in order that 
they may better be distinguished. There is a 
tendency for points corresponding to different tube 
diameters to arrange themselves on parallel lines 
instead of all falling on a single line as they should 
if the correlation by means of the principle of simi- 
larity were entirely successful. Each line represents 
the mean of the results of one experimenter, except 
in the case of Jordan and Schulze, whose experi- 
ments with tubes of different diameters are repre- 
sented by separate lines. The observers agree well 
in regard to the law of variation with velocity, the 
slope of the lines in all cases being approximately 
0-8, indicating that the heat transfer is proportional 
to V°8, although for superheated steam, according 
to Poensgen, the power of V is nearer 0-9. The 
correlation of results for different diameters is not 
quite so satisfactory, and Schulze and Jordan are 
hot in agreement, Schulze finding bigger values of 


Hd sor the smaller diameters and Jordan bigger 


k@ 





V - Velocity in Ft.per 
0- Temperature 








values of aS for the larger diameters. The law of 


variation with diameter is, however, complicated by 
the fact that, as already explained in discussing flow 
past cylinders, for strict similarity the ratio of 
length to diameter should be kept constant while 
the diameter is varied. This condition was not 
fulfilled in the various experiments, but although the 
influence of length has not been studied sufficiently 
systematically to decide just what allowance should 
be made, it is known, from the work of Rietschel, 
Nusselt, Schulze, &c., to be a small one when the 
ratio of length to diameter is big, as it usually was 
in the experiments. Leaving out of account this 
slight uncertainty, therefore, the curves indicate 


that H is proportional to ae although Schulze, 


working both with hot air and with waste gas flow- 
ing through tubes of length from 6 ft. to 36 ft., 


obtained powers of ; equal to 0-40 or 0-33, accord- 


ing to whether or not the introductory part of the 
tube was included in the experiment. 


Fig. 4. FORCED CONVECTION. CURVE SHOWING HEAT 
TRANSFER FOR DIFFERENT DIAMETERS AND 
DIFFERENT GASES FOR FLOW THROUGH A TUBE. 
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Fig. 3 may, of course, be employed directly to 
calculate the heat transfer under any given condi- 
tions provided the necessary thermal constants of 
the convecting gas are known. In Fig. 4, drawn 
from the mean values of Fig. 3, the heat transfer for 
air and other gases is shown for different values of 
the tube diameter, the heat transfer being assumed 
to be proportional to V°-* in all cases; this curve 
represents the best data available, presented in a 
form suitable for practical calculations. The curve 
is drawn in British units, but Fig. 3, in which the 
co-ordinates are dimensionless, may be equally 
easily employed to deduce the heat transfer in any 
other units, simply by substituting the values of 
d, c, k, 9, in the appropriate units. 

In this case, unlike that of flow past tubes, there 
is some experimental evidence for gases other than 
air. This, on the whole, substantiates the correlation 
by means of the principle of similarity as represented 
by the curves in Fig. 3, but Schulze’s results with 
waste gases are not in very good agreement with 
these. More systematic information is wanted, but 
the results given are sufficiently reliable for most 
practical purposes. 

The insertion of an obstacle in the entrance to a 
tube, so as to increase the degree of turbulence in 
the air stream, has been shown to increase the heat 
transfer. Rietschel, for instance, found increases 
up to 75 per cent., according to the shape and posi- 
tion of the obstacle. Obviously, the magnitude of 
the effect produced must depend somewhat upon the 
degree of turbulence already existing; it would be 
anticipated that the relatively greatest increase would 
occur when the original motion was streamline, 
becoming turbulent owing to the obstacle inserted. 
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The heat transfer in a bent tube is greater than in 
a similar straight tube. For instance, Jeschke found 
experimentally that hot air flowing through a tube 
of diameter d, bent into a circle of diameter D, loses 
heat 1-2 and 1-6 times as quickly as in a similar 
straight tube at the same velocity for values of > 


equal to 18 and 6, respectively. 


Streamline Motion.—For air at 60 deg. F. travers- | 


ing a 1-in. diameter tube, the critical velocity, taking 
Reynolds’ number as 2,000, is about 250 ft. a minute. 
The heat transfer for streamline motion has been 
investigated by Josse using air at 1/10th atmos- 
pheric pressure, the critical velocity under such con- 
ditions being, roughly, 10 times as great as at 
atmospheric pressure. Theory indicates that the 
heat transfer for streamline motion should be inde- 
pendent of velocity, and Josse’s results approxi- 
mately confirm this. 

With liquids flowing through tubes, the motion is 
often streamline in practice, particularly with oils, 
but data for liquids will not be dealt with in the 
present paper. 

Comparison of Forced Convection due to Flow Past 
a Cylinder, Flow Past a Plane Surface, and Flow 
Through a Tube.—It is interesting to compare the 
heat transfer per unit area per degree temperature 
difference in each of these three types of forced 
convection. The comparison depends to some extent 
on the velocity, since the laws of variation of H 
with V are not quite the same in all three cases, but 
Table II, below, has been constructed for a velocity of 
150,000 ft. per hour and a mean temperature 100 
deg. F. 

TaBLE II.—Comparative Values of H/@ wn B.Th.U. per 


square foot per hour per deg. F. for Different Types 
of Forced Convection. 





Diameter in feet .. 0-1 | 0-2 | 1-0 | 5-0 |10-0 


a for flow past a cylinder 14 11 | 6-5 | 4:0 | 3-3 
H 
3 for flow through a tube 10 | 8-5 | 6-2 | 4:5 | 3-9 
H 
> for flow past a plane surface 

(Nusselt and Jiirges) .. 9-1 





These values have been read off from Figs. 2 
and 4, the last two columns (in italics) being extra- 


polated values since no experiments have been | 


done with such large diameters. 
It will be seen that the heat transfer for flow 


past a 1-ft. diameter cylinder is about the same as | 


for flow through a 1-ft. internal diameter tube, for | 
the same temperature and velocities. The plane | 
surface value is equal to that for a tube of internal | 
diameter about 2 in., or to that for a cylinder of 
external diameter about 6 in. It might be expected | 
from first principles that. with increasing diameter, | 
the tube values would tend to the plane surface 
value, but instead the tube values decrease much 
lower than the plane surface value as the diameter is 
increased above 2 in. The explanation probably 
lies in the particular velocity distribution across the 
air stream employed in Nusselt and Jiirges’ experi- 
mental apparatus, which may have differed consi- 
derably from that across the section of a wide tube. 
Remembering that for diameters above a foot the 
values in the above table are extrapolations, it is 





_ DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRIOES OF METALS. 


| _ (Specially Compiled from Official Reports of London Metal Markets.) 
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Norg.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “‘ standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 


THE MANUFACTURE OF PAPER FROM CEREAL STRAW 


CoNVERSION TABLES.—The British Engineering Stan- 
IN AUSTRALIA.—A committee appointed in May of last 











possible that such low figures are not actually |dards Association has recently issued, neatly printed. 
reached, and that the tube heat transfer tends to a| comprehensive tables of conversions of inches to milli- 
limit with increasing diameter, the value of which |metres, and of millimetres to inches, covering both 
is not far below 6-0 | fractional and decimal subdivisions of an inch, and giving 
i 4 | the conversions to cee — degrees of Remap sage — 
° used in the classes of work coming within the scope o 

(To be continued.) the Association. The tables of inches and Pace ste 

subdivisions of an inch give the conversion of every 








_ British STANDARD SPECIFICATION FOR Brass TUBES 
AND GtLanps.—The British Engineering Standards 
Association has recently published a specification dealing 
with brass tubes and screwed glands, for condensers for 
land purposes, upon lines similar to those of the specifica- 
tion issued in 1921 for tubes and glands for marine 
purposes. The present specification, however, provides 
for eight sizes of screwed glands, from § in. to 1} in., 
inclusive, and has, as in the case of the specification for 
marine purposes, clauses covering the quality of the 
material, the dimensions of the tubes and the glands 
and mechanical and hydraulic tests. Copies of the new 


specification, which is designated No. 378—1930, may 
be obtained, price 2s, 2d. post free, from the B.E.S.A. 
Publications Department, 28, Victoria-street, Westminster, 
London, S8.W.1. 


,,th of an inch up to, and including, 12 inches, whilst 
those for inch measurements in the decimal system give 
the conversions of every ,,';,th of an inch up to 1 inch. 
The table of conversions of millimetres to inches gives 
the conversion of every millimetre from 1 to 1,000. A 
table is included giving conversion factors for linear, 
square, and cubic measures, weights, stresses, pressures, 
and weights per unit length, for various measures 
common in engineering. The greatest care has been 
taken to ensure accuracy in the published figures. They 
have been checked by the National Physical Laboratory, 
and the publication is printed from stereotyped plates, 
so that there may be no risk of errors resulting from 
displacement of type. Copies of the tables, designated 
No. 350—1930, may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, Westminster, 
London, S.W.1, price 2s. 2d. post free. 








year by Mr. H. V. C. Thorby, Minister of Agriculture 
in the Government of New South Wales, to inquire into 
the possibility of manufacturing, upon a commercial 
scale, finished paper from wheaten and rice straw, recently 
issued its report. The Committee concludes that an 
extensive and profitable paper-making industry could 
be established in New South Wales. The members 
calculate that 1,500,000 tons of straw are left annually 
after the grain has been removed, and assume that 
about half this quantity is now a waste product and 
would be available for paper-making. According to 
their findings, this 750,000 tons of straw would produce 
333,000 tons of paper, the value of which would be in 
the neighbourhood. of 11,000,000. This is a much 
greater quantity than could possibly be utilised in 
Australia and the surplus would be exported. The 
capital required for the establishment of the requisite 
paper mills would not apparently constitute a very 
large sum, and the fact that the price paid for the straw 
at the mill would be about 4/. 8s. per ton should render 
the scheme highly attractive to farmers. The Committee 
is of the opinion that a good cartridge apg! could be 
manufactured from rice straw. The bulk of this would 
be exported. 
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ELECTRICITY SUPPLY IN THE 
AYLESBURY DISTRICT. 


On Wednesday, July 23, members of the Overhead 
Lines Association had an opportunity of inspecting the 
work that is being carried out by the Aylesbury Corpora- 
tion, under the superintendence of the Borough Electri- 
cal Engineer, Mr. W. A. Turnbull, to increase the use of 
electricity for all purposes in the rural districts immedi- 
ately surrounding the town. The area in question, 
which covers about 250 sq. miles, is shown on the 
accompanying map (Fig. 3). Its population is nearly 
60,000, of whom 12,000 are resident in Aylesbury itself, 
and a considerable proportion of the remainder live in 
other small towns, such as Tring, Wendover, Princes 
Risborough and Thame. Other parts are exceedingly 
sparsely inhabited, the density of population being in 
some cases as low as 105 persons per square mile. 

Electricity is generated at Aylesbury by plant of 
2,900 kw. capacity, employing steam turbines, gas 
and Diesel engines. The system is three-phase at 6,600 
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| volts and the frequenoy 50, but 460 volts direct-current 


supply is used in the centre of the town. Current is 
transmitted at 11,000 volts three-phase to the rural 
districts by the routes shown on the map, and is stepped 
down to 380/220 volts for local distribution in kiosk or 
pole sub-stations of varying capacities. This distribu- 
tion is effected both on the three-phase and single-phase 
system according to the size of the consumer’s load. . 

To provide a supply economically in such a district it 
is obvious that the transmission lines must be erected as 
cheaply as possible. In the case of the 11,000-volt feeders, 
this has been effected by reducing the height of the 
poles to 17 ft., by using longer spindles on the insulators 
instead of unsightly and costly bird guards, and by 
employing galvanised steel wire instead of copper 
for the conductors. This has not only enabled the 
cost per mile to be reduced from 600/. to 300/., but 
owing to the greater strength of the steel has allowed 
the span to be increased from 300 to 400 ft., thus 
reducing the number of poles required and meeting the 
views of those critics who object to the unsightliness of 








this form of construction. A typical 11,000-volt line 
is shown in Fig. 1, which illustrates the feeder to Brill. 
The conductors are of 7/12 S.W.G. wire, the earth 
wire being 7/16 S.W.G. Such a line is capable of 
carrying 300 kw. for three miles, the voltage drop 
being about 5 per cent. 

Objections with regard to unsightliness have also 
led to the adoption of a special type of pole for 
the low tension distributors, an illustration of 
which is given in Fig. 3. This was designed by Mr. 
Turnbull, and its essential feature is that the con- 
ductors pass centrally through the poles, the holes 
being bushed with screw-in porcelain insulators, the 
faces of which are corrugated so as to throw off the rain 
from the centre. The simple V guard carried by this 
pole is constructed of No. 5 galvanised iron-wire, 
which is bound to the neutral on each side, and is 
clamped to, but insulated from, the apex of the pole 
itself. About 56 miles of line have been erected in this 
way. A reduction in cost has also been effected on the 
sub-station switchgear. This consists essentially of 
silver-wire explosion type fuses and air-break isolating 
switches, the *bus bars being built up on a simple 
tubular frame work. The total cost of this equipment 
is only 130/., compared with the 1,000/. required for 
truck type oil switches. 

On the occasion of the visit mentioned above the 
members of the Overhead Lines Association first made 
a tour of the north-western part of the area between 
Aylesbury and Waddeson Manor, where they were 
able to see the various types of construction we 
have described. After lunch they proceeded to Brill 
by way of Wendover, Dunsmore, Coombe Hill, 
“Chequers,” Longwick, Thame and Chilton. The 
first of these places is a small agricultural town, to 
which the supply was formally switched on by Mr. 
Hunt, the chairman of the Parish Council. In inviting 
him to perform this ceremony Councillor Standing, 
the deputy-chairman of the Aylesbury Electricity 
Committee, said that he hoped the advent of electricity 
would bring people back from the towns to the 
countryside. 








British STANDARD SPECIFICATION FOR WNICKEL- 
Correr AND NickeL.—The British Engineering Standards 
Association recently issued two specifications, the one 
for nickel-copper (cupro-nickel) sheets and strip, and the 
other for refined nickel (grade A). The first, which is 
designated No. 374—1930, standardises sheets and strip 
of four different chemical compositions. In this specifica- 
tion the physical properties of the material are laid down, 
tensile and bend tests being prescribed, whilst tolerances 
on thickness are specified for sheets and strips of various 
widths and gauges. The second specification, designated 
No. 375—1930, provides for a nickel of 99 per cent. 
purity. The desirability of preparing specifications for 
other non-ferrous nickel alloys is shortly to receive the 
attention of the appropriate committee of the Association. 
Copies of the two new specifications may be obtained 
from the B.E.S.A. Publications Department, 28, Victoria- 





street, London, 8.W.1, price 28, 2d. each, post free. 


182 


ENGINEERING. 





[AuG. 8, 1930. 








LABOUR NOTES. 


Tue writer of the editorial.notes in the August issue 
of Man and Metal, the journal of the Iron and Steel 
Trades Confederation, discusses the question of labour 
costs. A recently published document states, he says, 
that wages in the iron and steel trades of France, 
Belgium, Luxemburg, Czechoslovakia and Germany, 
are lower than they are in this country, and tke hours 
worked, longer. That he regards as “‘ very complimen- 
tary to the organisations which regulate industrial 
relations in Great Britain.” ‘‘ The workmen and their 
employers have,” he says, “‘ been able to arrange their 
differences amicably and to the advantage... of 
both parties. There has not been anything like the 
industrial friction in the iron and steel trades that there 
has been in many other industries in this country. 
It is a noteworthy matter that this industry, up to 
recently, has been exceptionally successful, and we hope 
that this good feeling will continue to exist.’’ There 
are, however, the writer continues, disturbing elements 
which threaten the future. “‘ The employers are tending 
to follow the bad example of their foreign competitors, 
are paying less cheerfully than their predecessors did, 
and are invoking the interference of outside political 
forces which can only lead to disagreements and turmoil, 
and may not meet the particular difficulties of the 
trade.” 





The document, to which Man and Metal's contributor 
alludes, is a report of a deputation which went abroad 
to obtain certain information and ‘failed in its mission.” 
It endeavoured to find out the labour cost of producing 
iron and steel, and in not a single instance, found it. In 
none of the foreign countries visited were the employers 
able or willing to give the information sought, In 
Great Britain, the deputation met with the same fate. 
No one appeared to be able to find out what the labour 
cost of doing anything in this country was. Therefore, 
from this point of view, the writer declares, ‘ the 
report is worthless.’’ ‘‘ The employers, in this country 
ought now,”’ he says, ‘to cease for ever to make 
assertions that British labour is more costly than 
Belgian labour, because they cannot prove it. We 
believe that British labour, given equal conditions, is 
the most productive labour in the world, and if it be 
true that British workers, do more, even though they 


work fewer hours—if they turn out more wealth than | 


their competitors in other countries—then they ought 
to have higher pay. This higher pay ought, moreover, 
to be paid willingly and cheerfully by those who get the 
advantage of the skill and training and ability of their 
workpeople. British labour, being more efficient 
actually costs less per unit of output than lower paid 
foreign labour.” 





Replying to a question in the House of Commons 
last week, Miss Bondfield, the Minister of Labour, 


| the completeness of its results has already been called 
in question. In any case the method of a house-to-house 
canvass to be repeated every quarter is too cumbersome 
and too expensive to be adopted, and the Government 
is accordingly left with nothing but the statistical 
methods of the Department of Labour, which, according 
|to President Hoover, have been long recognised as 
| inadequate. 





| A new scheme for encouraging trade union branches 
| to take an active interest in maintaining the efficiency 
of their organisations has been devised by the Trades 
Union Congress General Council. Such substantial 
gains have been obtained by the Congress Award, 
which stimulated the efforts of individual trade 
unionists in recruiting new members, that the General 
Council has now decided to institute a ‘‘ Congress 
Efficiency Award” for union branches which maintain 
| the highest degree of efficiency in organisation. In 
|a@ circular to the affiliated trade unions, the General 
Council suggested that if recognition of branch 
| efficiency were granted on these lines, the unions 
| might also welcome some form of annual competition 
among their branches for a suitable trophy, banner or 
| shield, which the union executive would provide, to 
| be held for twelve months by the branch which the 
|executive considers to have been most efficient in 
its conduct of its affairs. 





A number of unions have agreed to adopt this 
| form of competition for their branches. The method 
| of deciding the competition and awarding the trophy 
|is now under discussion. The Congress Efficiency 


treaties of commerce, the amendment of the Act 
relating to work councils and the representation of 
trade unions on such bodies as the Economic Council. 
It criticised the raising of agricultural customs duties, 
and demanded the removal of obstacles to international 
exchange, and the application of the principles laid 
down by the Geneva Conferences. As regards 
rationalisation, the Congress, while recognising the 
utility of technical progress, declared against any 
application of rationalisation which would be to the 
advantage of employers only, and demanded the 
reduction of hours of work and the extension of paid 
holidays, and also an increase of the period of notice 
of dismissal and the institution of compensation for 
dismissal. It also demanded legislation on cartels, 
for the protection of consumers and employees. Finally, 
it protested against the high level of taxes on con- 
sumption, and demanded the abolition of the tax on 
turnover. 





A French Decree of May 24, 1930, applies to the 
Departments of the Upper Rhine, the Lower Rhine 
and the Moselle, the provisions of the Decree of April 2, 
1926, amending the Decree of August 9, 1920, contain- 
ing administrative regulations for the application of 
the Act of April 23, 1919, relating to the 8-hour day 
in the metal industries. In Alsace-Lorraine, the Act 
was not applied in metallurgy, as it was in other 
regions of France. The widest exceptions were 
admitted, giving rise to continual protests by the 
trade union organisations. This position received 
the attention of the delegates at the last Congress of 
the Federation of Metal Workers, and instructions were 





Award may be operated in connecting with the | 
| branches’ competition for the Union Trophy, as| 
the General Council will present its award to the | 
| individual member of the branch who is nominated | 
by the union executive as the person to whom, in its | 
opinion, the Congress award should be presented in | 
recognition of his work in helping his branck to win | 
the Union Trophy. 


| 
All the “freemen ”’ belonging to the Amalgamated | 
Union of Building Trade Workers, to the number of 500, 
have been invited to pay a three days’ visit to London 
next week as guests of the organisation. ‘‘ Freemen” 
are holders of the union’s card of life membership, 
granted to those who have 50 years’ consecutive 
membership of the union. On August 15 they will 
be entertained to dinner by the executive. 


| 








The weekly official organ of the International Labour | 
Office states that at a meeting in Rome of the Italian | 
National Committee of Corporations, under the| 


given to the Secretariat to demand the application of 
the Act in Alsace-Lorraine as in other regions of 
France. The Decree of May 24, 1930, meets the de- 
mands of the metal workers of this region. 


The half-yearly report of the National Union of 
Boot and Shoe Operatives states that the membership 





| of the organisation has increased during the first six 


months of the current year and is now close upon 
80,000. The total funds are more than 472,0001. The 
investments of the superannuation fund exceed 235,0001. 
The Union has paid in the last half year in out-of-work 
benefit alone, no less than 37,490/. Having regard to 


| the abnormal period of bad trade, the report says, 


the finances of the Union have stood the strain put 
upon them in a remarkable way, and the help given 
to the members during the long-continued and excessive 
unemployment has been of incalculable benefit. 





In its latest news bulletin, the Empire Industries 
Association says :—‘‘ It is the practice of the present 





presidency of the Head of the Government, reports| Free Trade Government to attribute the enormous 
were submitted by the Ministers of Corporations and growth of unemployment in this country to world 
Finance on the application of the income-tax to workers’ | causes. This statement can now be tested by the infor- 





stated that it was estimated on the basis of such 
information as was available that weekly full-time 
rates of wages for similar classes of workers were | 
between 70 per cent. and 75 per cent. higher on the | 
average in 1929 than in July, 1914. The official | 
cost-of-living index number, which indicated the | 
average increase in the cost of maintaining unchanged | 
the pre-war standard of living of working-class families, | 
showed an average increase of 64 per cent. over the 
same period. On this basis it would appear, Miss 
Bondfield said, that on average real wages for a 
full week were about 5 per cent. higher in 1929 than 
in July, 1914. Separate figures for adult men were 
not available. The working week in 1929 was shorter 
than in 1914. Comparable information was not 
available regarding the actual earnings (as distinct 
from rates of wages) for similar classes of workers in 
1913 or 1914 and 1929. 





The eight-loom question was again discussed by 
representatives of the Northern Textile Federation 
and the committee of the Spinners’ and Manufacturers’ 
Association, at a meeting in Manchester, on Friday 
last week. The deliberations lasted for practically 
the whole day, and at their close it was officially 
intimated that proceedings had been adjourned until 
to-day. 





The Times correspondent a‘ Washington states 
that President Hoover has appointed a Committee 
“to advise Government Departments on methods 
for the revision of the statistical services for the 
determination of unemployment,’ which will be 
representative of the American Federation of Labour, 
the United States Chamber of Commerce, the Manu- 
facturers’ Association, the Industrial Conference Board, 
railway employees, and other local organisations, the 
National Bureau of Economic Research, the Committee 
on Economic Changes and other economic bodies, 
and will have the Director of the Census as an ex officio 
member. The scope of the recent decennial census 


was enlarged to include for the first time a set of 
questions on the subject of unemployment, though 


wages. After examining them, the Committee declared | mation contained in the Ministry of Labour Gazette 
itself of opinion that income tax should not apply to | for July, according to which unemployment in Germany 
workers’ wages, and expressed the desire that when | decreased slightly in May ; in France continued slight 
the Act was amended the legal principle might be! during April; in Holland decreased during May; in 
abolished. The application in question is governed | Denmark decreased by one-sixth during May; in 
by the Act of 1877, and the administrative regulation | Norway decreased by one-tenth during April; in 
of the same year, which govern the income tax. The Sweden decreased by more than a quarter during May ; 
Act of 1877 makes no distinction between income|in Austria decreased by one-sixth during May; in 
derived from wages and other earnings such as salaries. | Italy decreased slightly in May ; in Switzerland, on the 
The provisions of this Act have consequently been whole, was satisfactory in May, though not quite so 
invoked to justify an attempt to make wages liable | good as in April; in Canada unemployment showed a 


to income tax when they do not fall below the | 
minimum earned income of 2,000 lire, established | 
by the Act as the standard of liability to taxation. 


Lavoro Fascista of July 2, remarks that the question 
of the application of income tax to the wages of workers 
has been raised several times, but only last year did it 
| take on a serious and even threatening aspect. It was 
| then proposed that a tax amounting to as much as 
| 9 per cent. of the wage should be imposed on workers 
| in the hotel industry, and there was no concealment of 
| the expectation that this might lead gradually to the 
|extension of income tax to other classes of workers. 
|The newspaper adds that the reasoning on which the 
| exemptions allowed by the Military Conscription Act 
| are based, relating to the impossibility of going below 
| certain limits of strength and capacity for labour 








further improvement at the beginning of June. Only 
from the United States of America does there come a 
report of any really adverse change, where there was a 
definite decline in manufacturing industries, though a 
slight increase in other industries. German unemploy- 
ment reached its maximum in February, when the total 
was 3,529,000. At the end of May this total had been 
reduced to 2,691,000, a decrease of 838,000. In Great 
Britain, during the same period, unemployment in- 
creased from 1,539,000 to 1,770,000.” 





According to the annual report of the Chief Inspector 
of Factories and Workshops, a managing director of a 
large firm of constructional engineers in an outlying 
suburb of North London stated recently that the five- 
day week had been worked in their factory at the men’s 
request since the general strike. He said that in con- 





‘should be applied also to the taxation of the wages 
| by means of which Italian workers, after so many | 
| sacrifices and renunciations, now provide themselves | 
with the necessaries of life. This is what the Fascist | 


sequence the output had gone up 22-6 per cent. and 
the overhead charges were decreased by 6 to 7 per cent. 
On no account would they return to the old arrange- 
ment. The largest engineering firm in North-East 


Government has done in deciding to exempt wages | London stated that carefully kept figures of production 


from income tax. The decision is regarded as a 


| victory for modern trade unionism, and a clear proof | was not economical. 


of the way in which Fascism appreciates the value of 
| all elements of the nation. 





At a Congress in Prague of the Czechoslovak National 
Association of Salaried Employees, a resolution adopted 
called for the co-operation of the trade unions in the 
solution of economic questions, and the negotiation of 


| 


showed that employment beyond 43 hours per week 








Motor Omnisus SERVICES IN PoLanD.—A report on 
the motor omnibus services in Poland has been prepared 
by the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W 1. United Kingdom firms desirous 
of receiving a copy of the report should communicate 
with the Department, at the address given, quoting 
Reference No. A.X. 9954. 
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THE BILLINGHAM POWER PLANT OF 
IMPERIAL CHEMICAL INDUSTRIES. 
(Continued from page 121.) 

A SECTIONAL view of one of the high-pressure turbines 
is given in Fig. 9. These machines are of the single 
cylinder type with sixteen stages. The cylinder and 
the two steam chests are of forged steel, the design of 
the latter, owing to the very large quantity of steam 


spring-loaded relief valve which is set to operate at 
320 lb. per square inch, is attached to one of the 
exhaust steam chests. Fig. 10 illustrates the laby- 
rinth packing between the diaphragms. This consists 
of a number of projections A, which are cut on the boss 
and almost touch a number of projections B on the 
packing piece, which fits into a slot. The clearance space 
behind the packing piece is taken up by a spring E. 
As during expansion the diaphragm projections lengthen 











passed at a high pressure and temperature, necessitating | and the packing piece projections assume the shape 


from the clearance space so that the latter becomes 
larger instead of smaller. This design enables a large 
number of throttling joints to be provided in a given 
gland length, while the fitting on an adjustable thrust 
block of the Michell type permits the gland clearance 
to be accurately adjusted to a working minimum, 
while the set is in operation. The glands at the low- 
pressure ends are of the standard radial comb type, 
while external to the labyrinth glands on both the 
high-pressure and low-pressure ends are water-sealed 


SECTION OF BOILER FEED-PUMP FOR LISOLB. PRESSURE. 
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a departure from the usual practice. Each turbine | shown in Fig. 10, the clearance is always preserved. One 
has two steam chests in parallel, one on each side | of these projections is placed between the diaphragms, 
of theinlet end. Each of these chests is supplied through | and eight are placed together at the exhaust end of the 
two 9-in. pipes and stop valves. Steam passes from | turbine. The glands, both at the high- and low- 
the chests to the admission belt through four 9-in. | pressure ends, are designed, so that if rubbing should 
bends, so as to give a greater pipe flexibility than would | Occur the resulting distortion of the parts will cause 
be possible if one or even two pipes of larger diameter | the clearance to be increased automatically. The 
were employed. The exhaust end is similarly equipped | glands used at the high-pressure end are of the special 
with two chests, which are connected to the cylinder by | axial clearance type and are shown in Fig. 11. The 
four 12-in. pipes. Two of the inlet and two of the outlet | projections A were made solid with the sleeve, which is 
pipes are arched above and below the turbine, respec- | keyed to the main shaft, similar projections being 


tively, thus eliminating unbalanced expansion thrusts cut on the packing piece B, which is fitted into the 


| glands to prevent steam leakage to the turbine room. 
These also tend to cool the shaft near the bends. The 
governors, which control the steam admission, have a 
responsiveness about ten times that of the ordinary 
| pattern, owing to the duty imposed on them when the 
| alternator suddenly throws off a heavy load. This is 
| due to the rotor inertia in these machines being small, 
| compared with the power output. The governor is 
| of the vertical type, and there are no mechanical connec- 
| tions between it and the steam admission valves. 

| Control is effected by an oil relay system, a valve 
|/mounted on the governor spindle controlling the 
| admission of oil under pressure to pistons on the steam 
| valves. The feed heating and condensing turbines 
| and the alternators are of standard design, the latter 
| being equipped with closed-circuit air cooling and direct- 
| coupled exciters. The steam consumption at unity 
power factor and the service rating is 45-07, 24-04 
and 10-01 lb. per kilowatt-hour for the primary, feed 
heating and condensing turbines respectively. The 
working conditions of the feed heating turbine are as 
follows: Steam to turbine, 1,310 tonnes per day, 
electrical output 4,750 kw., input of raw water 1,256 
tonnes per day, gained distillate 1,138 tonnes per day, 
condensate input to No. 3 heater 4,650 tonnes per 
day, condensate to boilers 5,950 tonnes per day, and 
| steam pressure after governor valve 220 lb. per square 
inch absolute. 

The feed water, after being re-aerated and evaporated 
passes through No. 3 heater at a pressure of about 
50 lb. per square inch and a temperature of 197 deg. F. 
It then enters a two-stage rotary pump, shown at C in 














on the cylinder. The two inlet chests are also con- | turbine casing. Clearance is thus maintained, since Fig. 2, page 119 ante. This discharges at a pressure 
nected by an arched 8-in. balance pipe and a 12-in. ithe projections on expansion tend to curve outwards | of 130 lb. per square inch through No. 4 and No. 5 
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heaters. It next enters a five-stage rotary pump, 
which is shown at B, whence it is discharged at a 
pressure of from 200 lb. to 450 lb. per square inch 
through No. 6 and No. 7. heaters to the suction 
omnibus main, from which the high-pressure final 
boiler feed pumps A are supplied. These pumps 
are of the eight-stage rotary type and boost the pressure 
up to a normal value of 820 lb. per square inch. Each 
pump is capable of delivering 660,000 lb. of water 
per hour, and is driven by a 9,000-h.p., 6,600-volt 
three-phase motor running at 1,500 r.p.m. The two 
intermediate pumps are driven by a common 
450-h.p. 6,600-volt three-phase motor, the speed of 
which can be varied between 400 r.p.m. and 1,200 
r.p.m. by a liquid rheostat. 

Fig. 8, which is a section through one of the final 
feed pumps, shows the means adopted to allow for 
expansion. In this drawing A are vapour plugs for 
the bearing, B the water-cooled stuffing boxes, C the 
cool water leak-off, and D the cool water seal. The 
balance water inlet to the suction is shown at E. 
At F are labyrinth type packing rings, which permit 
of relatively large clearances without impairing the 
efficiency. The special high-temperature cocks, which 
are fitted with asbestos covered handles, are shown 
at G. At H it will be seen that sufficient clearance 
has been allowed between the guide passage and 
the impeller to allow for differential expansion. The 
impellers J are a shrink fit on the spindle to, ensure 
tightness at the maximum temperature while. The 
clearances of the impeller hubs and necks at the 
points K, were determined from conditions of differen- 
tial expansion to ensure correct conditions at the 
working temperature. The bearing bushes which 
are spigotted at the centre, to allow free expansion, 
are shown at L, the diameter of the spindle and 
the bore of the bush being arranged to allow free 
running under all conditions. The bush tightens in 
the housing with an increase in temperature. The 
relative expansion of the spindle and the coupling 
M also produces a tightening effect on the shaft, 
the bush N of the latter being made suitable for 
operating at high temperatures. As shown at O 
there is sufficient clearance above normal to take up 
the axial expansion, the shaft floating and being 
consequently free to expand longitudinally. The 
bearing pedestal P is registered with the pump 
casing to ensure correct alignment during expansion. 
Relative expansion causes the sleeve Q to tighten 
on the spindle, thus obviating leakage. The relative 
expansion between the sleeve R and its bush ensures 
sufficient clearance under all conditions. The main 
body bolts S, are enclosed in an air space, and so 
allow a rapid transfer of heat from the bodies to 
the bolts. This minimises differential temperature 
stress in the latter during a rise in temperature in 
the pump and obviates leakage between the bodies 
during a fall in temperature. The balance valve and 
its seating are shown at T. The relative position 
of the two remains constant at all. temperatures, 
while the relative expansion between the rotor and 
casing is determined from this point. The axial 
clearances between the impeller and casing are arranged 
to obviate fouling at any temperature. The water- 
cooled bearings are shown at U. These, like those 
on the intermediate feed pumps, are of the pedestal 
type with oiler rings. Two six-stage sealing water 
pumps with a capacity of 25 tons per hour supply 
de-aerated water at 95 deg. F. to the suction and 
delivery end sleeves and bushes of all the feed and 
extraction pumps, the sealing water being returned 
to the process condensate tanks in the distillation 
bay. 

The distillation plant, which is necessary to keep 
the solids in the make-up down to three parts in 100,000, 
has an output of 3,000 tonnes per day under normal 
operating conditions. Of this amount three-quarters 
is obtained from the quadruple effect distillation sets, 
and the remainder from the sextuple effect distillation 
sets mentioned above. The raw water for this plant is 
obtained from a reservoir in Billingham Beck, and the 
steam from the feed-heating turbines. Each quadruple- 
effect distillation plant consists of six evaporators, 
two of which form the first and two the second effect. 
The first effect is heated by exhaust steam, and the 
vapour from it passes to the steam space of the next 
effect, where the same process s repeated. Some of 
the vapour from the second effect is used for heating 
the raw water before it enters the first and second 
effects. Another portion is passed to No. 2 heater, 
while the remainder is passed to the third, and finally 
to the fourth effect in the same way. The vapour 
from the latter goes to the raw water de-aerator and 
the process condensate aerator. 
from the evaporators is flashed back to either the 
process condensate heater or the de-aerator from two 
flash boxes. The evaporators are of the horizontal tube 
type, steam passing on the inside of the copper tubes 
and water on the outside. The raw water supply is 
stored in two 30-ton tanks, and the condensate in 
three tanks with a combined capacity of 135 tons. 


The drainage water | - 





This quantity can maintain the normal supply for 
nearly three hours. The evaporators comprising the 
sextuple-effect distillation plant are similar to those 
just described. 

(To be continued.) 








MODEL EXPERIMENTS ON THE 
WIND RESISTANCE OF SHIPS.* 
By G. Huaues, B.Sc. 

1. Introduction.—Investigation of the effect of wind 
on ship performance at sea has been part of the general 
research programme of the William Froude National 
Tank for some time past. The problem has so far 
been attacked by making observations of actual per- 
formance at sea under all conditions of weather, and 
some results of this investigation have already been 
presented before this Institution by Mr. Kent in 1924 
and 1927.t Meanwhile, the approach to the problem 
by model experiment has been under consideration, 
and this paper is an account of some systematic model 
tests made at the Tank to measure the force due to 
wind in magnitude, direction and location. 

2. The Law of Comparison.—The theoretical law of 
comparison for the resistance of similar bodies applic- 


able to these experiments is :— R = pV? L? f (=*) , 


where R is the resistance to motion, p is the fluid 
density, V is the velocity, L is a typical linear dimen- 
sion, yv is the kinematic viscosity coefficient. This law 
assumes that no other factor influences the flow, and, in 
particular, that there is no effect dependent on gravity, 
such as wave-making. The experiments recorded in 
this paper have been made with water as the fluid 
medium. The value of » for air is about 13 times 
value in 


that for water; hence for the same = 


air and water the V L product in water is only about 
one-thirteenth that in air. Much larger models can 
be used in the Tank than in the wind tunnels of the 
Laboratory, especially so for direction of flow broad- 
side on to the models, and hence, despite the much 
smaller speeds to be obtained in the Tank compared 
with the wind tunnels, it is possible to reach higher 


L : : 
values of = by using water as the medium of 


experiment. 

3. Description of Models.—Three ships now in service 
have been reproduced as models for test. These are :— 
Models 970 and 970a—the Eagle Oil Transport Com- 
pany’s tanker San Gerardo; Models 1057 and 10574 
—the Furness-Withy Company’s express cargo steamer 
London Mariner; and Models 1086 and 1086a—the 
Cunard Steamship Company’s liner Mauretania. These 
forms were chosen as being fairly representative of 
different types of superstructure for which sea data 
are available. The models 970, 1057 and 1086 
represent the above-water portions of the ship hulls 
from the load water-line to the uppermost complete 
deck, i.e, the parts of the main hulls exposed to 
wind resistance. The models 9704, 10574 and 1086a 
represent the complete above-water portions of the 
ships from the load water-line, including all super- 
structure likely to contribute materially to the wind 
resistance and omitting only those items such as 
stanchions, rails, small ventilators and rigging, of 
which the effect would be small in both ship and 
model, and likely to be exaggerated in the model tests 
because of scale effect. It was thought desirable to 
test each form in the two stages without and with 
superstructure, with a view to obtaining some indica- 
tion of the relative importance of hull and super- 
structure. Each main hull was made in wax as a 
shell, with sides and deck, that could be floated upside 
down and ballasted to the required water-line, leaving 
a few inches freeboard, the under-water part then 
corresponding to the above-water part of the ship at 
sea. To facilitate making the models, the round of 
deck was omitted. After completion of the tests with 
these main hulls, the superstructures were built up in 
varnished wood and enamelled tin plate, and further 
tests made with the complete models. 

Photographs of the models are reproduced in Figs. 
6, 7, and 8, on page 186. The principal model 
dimensions are given in Table I. 

4. Method of Experiment.—Each model was tested 
for its resistance in water by towing it down the tank 
at various steady angles of relative wind, and over 
as great a range of speed as was possible. The models 
were ballasted to their correct water-line, and through- 
out the experiments were maintained level both 
longitudinally and transversely. Any moment causing 





* Paper read before the Institution of Naval Architects 
at Liverpool on Wednesday, July 16, 1930. Abridged. 


+ Trans., I.N.A., vol. lxvi, page 188, and vol. Ixix, 
page 144. 

t Throughout the paper where relevant the term 
‘*wind”’ is used instead of water, to suggest what is 
represented by the experiments. Similarly. wind velocity 
is used in place of water velocity. 





list due to the towing force and water resistance being 
in different horizontal planes was counteracted by 
moving the ballast in the model. A set of experiments 
was made for each model for a relative wind acting 
at each point of the compass, i.e., at every 11} deg., 
and at half this angle to the bow and stern for models 
1057, 10574, 1086 and 10864, when it was realised 
from the analysis of the tests with models 970 and 9704 
that there was a rapid variation of wind effect, especially 
of direction of the resultant wind force, around these 
small angles. For motion directly ahead or astern, 
the usual method of towing was adopted, the resistance 
being measured on the carriage dynamometer by 
application of a single force in the line of tow. For 
wind at an angle to the bow or stern, the model was 


TaBLe I.—Model Dimensions. 





Main Hull and 


Main Hull Only. Superstructure. 





Model .. 


970. | 1057. | 1086. | 970A. 





10574.|10864. 





Length, overall ft. | 17-05] 17-37] 16-34] 17-05] 17-37) 16-34 


Breadth, overall ft. 2-15) 2-14) 1-81) 2-15) 2-14] 1-81 
Depth, overall ft. 1-04) 0-58) 0-74) 2-57) 2-43) 2-60 
Volume cub. ft.| 24-25] 16-2 | 13-02} 27-25) 21-35} 22-4 











constrained to move through the water at the required 
angle by application of three forces F, A and T, which, 
for any given angle of wind, were fixed in position and 
direction relatively to the model. On reaching steady 
carriage speed, the forces were adjusted to hold the 
model in equilibrium against the water resistance ; the 
resultant RK of the three forces then gave the total 
towing force. 

__ 5. Analysis and Presentation of Experiment Data.— 
For convenience, a list of the terms used in the 
analysis and presentation is here given :—V = relative 
wind velocity, in ft./sec. g = direction of relative 
wind to middle line of model, in degrees (measured 
from the bow, or stern, as convenient). R = resultant 
wind force, in Ib. a =direction of resultant wind 
force to middle line of model (measured from the bow 
or stern, as convenient), in degrees. p = fore and 
aft position of centre of wind pressure, defined as the 
intersection of the line of the resultant wind force 
with the middle line of the model. P= 2 
being the fore and aft ends of the immersed model 
length. A = longitudinal (or broadside) projected 
area of model above water-line. B, = transverse (or 
ahead or astern) projected area of model from water- 
line to uppermost complete deck. B, = transverse 
(or ahead or astern) projected area of complete model 
above water-line. B= transverse (or ahead or 
astern) projected equivalent area of model above 
water-line, 

| For motion directly ahead or astern, the single 
| towing force gave the equilibrant of the resultant 
| wind force acting along the middle line of the model, 
the centre of pressure being indeterminate. For wind 
| at an angle to the bow or stern, the three forces F, A 
| and T for any one speed were combined graphically to 
| give the resultant force R. The graphical work for each 
| angle of relative wind @ was done for all the speeds 
on the same diagram. A band of lines of resultant 
\force, each representing one speed, was obiatned, 
from which a mean angle « of the direction of the 
resultant force and a mean centre of pressure p were 
obtained to correspond to the particular angle of 
wind ¢. For each angle @, the separate resultant 
forces R were recorded with their corresponding 
velocities V. The range of experiment speed was 
limited, at the lower end of the scale, by the forces 
becoming too small to permit of accurate measurement, 
and at the upper end of the scale by wave-making 
becoming appreciable. It was essential, of course, 
from the method of experiment with surface models, 
that the resistance due to wave-making should be 
negligible. The test data were first plotted as model 
d For all the 
smaller angles of wind, the plotting showed a constant 


, a and b 





on a base of Reynolds number = 


A over a fair range of = and it was easily seen 
by the rise in the curve when wave-making became 
appreciable, Difficulty was experienced at the larger 
angles of wind, from about 9 = 56} deg. (to bow or 
stern), to 90 deg. (wind abeam), owing to wave-making 
commencing at such low speeds as to mask what flat 
oe curve. 
what were considered to be limits within which the 


portion there might be of the In such cases, 


R . . 
true \3 value must lie were taken to represent their 


particular series of experiments. These limits showed 
a variation (out to out) seldom greater than 10 per cent. 
of the mean value, and often much less than this 
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MODEL EXPERIMENTS ON THE WIND 


g.1. CURVES OF MODEL"? AND FORCE DIRECTION a. 
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Plotting on a 


base of 6, it was pos- 
sible to draw in what 
is believed to be a 
close representation of 


ears R 
the variation of ve 


with @. These curves 
are given in Fig. 1. 
It will be seen that 
the spots lie very fair 
at the smaller angles 
of wind, and that 
the employment for 
the larger angles of 
the limits referred 
to above enables the 
curves to be com- 
pleted. On the same 





a 
poe Ratio 


Ahead (0=0°) te os 


Broadside (9-90°) Resistance per Unit Velocity “ENGINEERING” 


base are given the 
values of the resultant 


, ” 


figure. It may be advisable to emphasise that these | force direction «, and in Fig. 2 are given curves of 


limits are not limits of possible variation in = ( 


| centre of pressure. 


6. The Resistance Coefficient—In presenting the 


far as wind resistance is concerned), but that owing | data in a form suitable for use, the endeavour has 
to model wave-making it was not possible to assess| been to find a method whereby it shall be a fairly 


the correct value except by these limits. 


simple matter to define the wind effect on a given ship 


Model 970a 
MOGTO cccmmns 4 








———— x 








Wind tn Degrees off 3 
60 50, 4% 3m WW oO 
Degrees ofF Stern 


“ENGINEERING” 


for a given relative wind. With a broadside wind, 
there will be practically head and eddy resistance only, 
the whole broadside area presented to the wind contri- 
buting fairly equally to this resistance. With a wind 
directly ahead or directly astern, the hull from water- 
line to shelter deck will contribute less proportionately 
to the area it presents to the wind than will the super- 
structure. 

To separate the effects of hull and super-structure 
for ahead and astern motion, it has been assumed 
that the resistance of the superstructure alone is 
given approximately by the difference of the resist- 
ances of the complete model and of the main hull, 
neglecting any interference between the latter and the 
superstructure in the complete model; it has further 
been assumed that the area contributing to this super- 
structure resistance is the corresponding difference of 
the transverse projected areas. 

Using the areas A and B as the criteria for broadside 
and ahead or astern resistance respectively, the non- 
dimensional resistance coefficient 

R cos (a — @) 
o V2(A sin? @ + B cos? 6) 
has been evaluated for each complete model (970a, 
10574 and 1086a), and plotted on a base of @. The 
curves are given in Fig. 3. This coefficient is.empirical 
in the choice of the area term (A sin? 6 + B cos® 6). 
The resultant wind force R acting at angle « has 


K= 
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been resolved in the wind direction, but the area term | 
appears to have no direct relation with this direction. 
Before deciding to use the above resistance coefficient 
for the final presentation, a number of methods were 
investigated. The longitudinal area A is obviously 
suitable to use for broadside winds, and the transverse 
equivalent area B appears to be reasonable for ahead 
and astern winds. Also, for these extreme directions 
of wind, the resultant force acts in the wind direction 
for ahead and astern because of symmetry, and very 
nearly so for broadside on, because of the large ratio 
of length to breadth of the models, this latter case 
being analogous to wind acting normally on a flat 
plate. For intermediate angles of wind, the resultant 
force was no longer in the same direction as the wind, 
and various areas suggested themselves as suitable for 
resistance 
area x velocity? 
tried as the projected area in the direction of the wind, 
the projected area in the direction of the resultant 
force, the sum of the resolutes in the wind direction 
and the sum of the resolutes in the direction of the 
resultant force of the areas A and B, but the resistance 
coefficient adopted gives a practical presentation 
better than any of the above methods. 

7. The Resultant Wind Force Direction.—The curves 
of direction « of the resultant wind force, as directly 
measured in the experiments (see Section 5 and Fig. 1) 
can conveniently be converted intoa more useful form 
by taking cross-curves, For each experiment, wind 
direction (i.e., @ = constant) the values of « have 
been plotted on a base of the ratio 


use in the term Such areas were 


Broadside resistance (at @ = 90°) per unit velocity 
Ahead (or astern) (at 6 = 0°) resistance per unit velocity 
for each model. These curves are shown in Fig. 4. 
Similar curves for any wind direction may be obtained 
by cross-plotting from Fig. 1. Except for the larger 
values of 6, the curves have been drawn to the zero 
when the resistance ratio is zero (i.e., in effect, when the 
broadside 





area ratio - 
ahead or astern 


mines this to be so for all values of @ and flat-plate 
experiments bear out the theory, except for winds nearly 
tangential to the plate (corresponding here to @ = 
70 deg. to 90 deg.). Similarly, at infinite resistance 


is zero), since theory deter- 





s broadside , , 
ratios (i.e., in effect, when the area 
ahead or astern 
, broadside ee | 
ratio is infinite) the curves tend to |} 


ahead or astern 
90 deg. 

The resistance ratios have been used rather than 
the corresponding projected-area ratios, since they 
are exact, by experiment, and can be expected to 
give an indication of the direction in which the re- 
sultant force acts with a wind not directly ahead or 
broadside. Even if the transverse equivalent areas 
be used, these are dependent on estimation. It will 
be seen that the spots lie fair on the whole, especially 
for ahead motion. It will be realised that these curves | 
can be used for an untried form only by using an area | 
ratio. This point is considered in Section 10 in con. | 
nection with the use of the experiment data as a whole. | 

8. The Centre of Pressure.—The centre of pressure | 
curves already referred to (Section 5 and Fig. 2), in| 
which the position is defined by the distance ratio | 
from the bow, do not offer any more convenient | 
presentation. Except for winds from 0 deg. to 30 deg. | 
ahead or astern (where it became difficult to define | 
with any exactness the centre of pressure) the curves 
are definite, and do not differ greatly from each other, 
especially so for the complete models 970A, 10574, 
and 1086a, with winds forward of the beam. There 
appears to be no definite order in which the curves can 
be arranged on a basis of some model function so as 
to suit all directions of wind. 

9. Wind Resistance to Motion Ahead or Astern.—An 
interesting feature is revealed by finding the resistance 
to motion ahead or astern due to winds at various 
Curves of ae for the three complete 

es 

models are given in Fig. 5, for wind directions 0 deg. to 
45 deg. ahead and astern. It will be seen that all 
models have the greatest resistance to motion ahead 
and astern, with winds at about 30 deg. off the bow 
and stern, respectively. In th's connection, it is 
interesting to compare with data obtained on the 
Hamburg,* in which it was found, during progressive 
trials made to investigate the influence of wind upon 
ship speed, that the greatest loss of speed occurred 
with wind acting at about 25 deg. to the bow. 

10. Application of Data.—In the following remarks, 
the practical aspect of wind resistance in its measure- 
ment and in its effect on ship performance has been 
kept in view. In general, it will be impossible to 
assess wind velocity and direction relative to the ship 
with great accuracy, and at sea their values will be 
changing continually. On trials, more definite measure- 





angles. 





* “ Probefahrtsmessungen,’’ Kempf und _ Sottorf, 


Werft Reederei Hafen, June 22, 1928. 
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ments may be made, but in any case it is unwise to | 
apply the data without regard to these practical | 
limitations. Again, a fairly large percentage error in | 
the estimation of the wind effect may mean, if the| 
wind velocity is not high, only a small error in the whole | 
ship performance estimation. The model data have 
been correlated for final presentation without the use 


VL . . | 
of the Reynolds number basis of comparison. In 
> 
other words, the law R = k p V? L? has proved sufficient 
over the experiment range. The mean speed of the 


ag \ 
model tests was about 3 ft. per sec., giving a value 


Mopet 1086 A. 


of about 4 x 10°, L being the immersed model length. 
For a 20-knot relative wind on a 400-ft. ship, the 


value would be 83 x 10°. 

Whether the data given can be applied without scale 
correction can be judged only by comparison with other 
experiment data and observations on ships. A list of the 
resistance coefficients obtained in experiments on flat 
plates in air is given in The Naval Architect's, Ship- 
builder's, and Marine Engineer's Pocket-Book (Mackrow 
and Wollard), by A. W. Johns. The coefficient given 
is for motion normal to the surface and for units in Ib., 
square feet, and miles per hour in the formula 
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R=kAV?*. 
in this paper a mean resistance coefficient of 0-60 
(Fig. 3), and converting to the above units, the value 
of & obtained is 0-0031. Some experiments were made 
by Féttinger* on a model of the York in a wind tunnel. 
The ahead resistance was measured on the complete 
form above the water-line and a resistance coefficient 
obtained, using the whole projected area above water- 
line, giving a corresponding non-dimensional coefficient 
of 0-475. Observations of wind effect made on the 
Hamburg (see Section 9) gave corresponding non- 
dimensional coefficients of 0-53 and 0-52, respectively, 
for a following wind, and for the mean effect of wind 
ahead and astern. Also some data obtained from 
trials of the Chinese Princef gave coefficients ranging 
from 0-49 to 0:51. In both these ships, the whole 
projected area above water-line was used in obtaining 
the coefficient, as in the York. If the data for models 
970a, 10574 and 1086a be put into this form by using 
the whole projected area above water-line, instead of 
the equivalent area B, we obtain the resistance coeffi- 
cients given in the following Table II. 











TaBLe IT. 
Model. Ahead Coefficient. | Astern Coefficient. 
| | 
970A 0-41 0-34 
10574 0-47 0-40 
10864 0-34 0°32 





It is to be expected that these coefficients should 
show greater variation than given by the resistance 
coefficient adopted in Fig. 3, because of the varying 
proportions of superstructure to main hull area, but 
they make interesting comparison with the ship data 
quoted above. 

The whole of the model experiment data in this 
paper are contained in Figs. 2, 3 and 4, and where a 
ship form is such as to make the data directly applicable, 
the curves in these figures are sufficient to define with 
fair accuracy the effect of wind in magnitude, direction 
and location, if it be assumed that scale correction is 
unimportant. ‘To illustrate the use of these data, an 
example is worked out, assuming that any correction 
due to scale effect is negligible. Using units of pounds, 
square feet, and knots, the resistance coefficient K 
given in Fig. 3 must be multiplied by 0-0068, and the 
expression for resistance becomes 


A sin? 0 + B cos? @ 


= Q- 2 
b= (Ms 





> 


where R is in Ib., A and B are in square feet, and 
V is in knots. 

Suppose that A = 15,000 sq. ft., B, = 1,500 sq. ft., 
B, = 3,500 sq. ft., relative wind V = 30 knots, and 
6 = 30 deg. to bow. 

Taking the equivalent area of main hull to be 0-3 
of its actual projected area, the transverse equivalent 
area for the complete form becomes B = (3,500 —1,500) 
+ (0-3 x 1,500) = 2,450 sq.ft. Assuming the form to 


be fairly square ended, the ratio * may be taken as 


equal to the resistance ratio broadside to ahead. (If 
the form be more like model 1086a, a little judgment 
on this point may be exercised, using the ahead 
resistance coefficients for the three models as a guide.) 
: = _ = 6-12. From the curves in Fig. 4, for a 
resistance ratio 6-12 and 6 = 30 deg. ahead, we find 
a = 64deg. Taking K = 0-60, we have 


R = 0-0068 x 0-60 x 


15,000 x (4)? + 2,450 x (2)") 


cos (64 — 30) | 
5,590 _ 
0°829 
The total wind force is then 24,750 Ib., acting at 64 deg. 
to the bow. The resistance to motion ahead is 24,750 
cos 64 = 10,850 lb. The centre of pressure (Fig. 2), 
is 0-32 of the length from the bow. 

In still air, i.e., with the relative wind speed equal to 
the ship speed, the air resistance from model data is 
given in Table III for ahead motion in comparison 
with the hull water resistance for the three ships corre- 
sponding to the model tests. Again, scale effect has 
been considered negligible. 

In conclusion, it may be said that the resistance 
coefficient 0-60 (giving 0-0041 for units of pounds, 
square feet and knots) may be used as a practical figure 
for all directions of wind for forms having more or less 
square-ended structure. The figure will be generally 
a little greater and a little less for ahead and astern 





= 0-0068 x 0-60 x 900 x 24,750 lb. 





* Fottinger, Jahrbuch der Schiffbautechnischen Gesell- 
schaft, 1924. 

t Weingart, Werft Reederei Hafen, March 22, 1927, 
page 122, 





Taking from the model experiment data | motion, respectively, and lower still for both ahead 


and astern motion for easier forms, such as model 
10864. The two methods of finding the transverse 
equivalent area given in Section 6 will generally give 
much the same figure. It would appear that the first 
method is more liable to error when the sheer of deck 


Taste III. 
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| 








| 
Model 6 970A. | 10574. | 1086:. 
| | 
; } ) 
Ship oul San | London Maure- 
; | Gerardo | Mariner tania 
Displacement . tons 16,000 | 14,800 38,000 
Speed ae knots 10 } 14 25 
Hull water resistance Ib. 29,300 | 65,500 456,000 
Air resistance Ib. | 1,070 | 1,740 9,650 
Percentage— | 
Air resistance | | 
ee eee iE 2-7 2-7 2-1 
Hull water resistance | | 








is large, there being a large main hull area in which 
to introduce inaccuracy in determining its equivalent. 
The second method is probably less accurate with very 
small sheer of deck in that the contribution of the deck 
edge to resistance may be under-estimated. This is 
probably so for model 10574. Strictly speaking, the 
equivalent area ratios should be reduced for ship 
compared with model on account of the frictional scale 
effect on the main hull (as on under-water forms). 
This correction would be of the order 1 per cent. to 
2 per cent., but in view of the impossibility of making 
very accurate assessment of wind effect, such correction 
may be neglected. Application of the data to broad 


shallow-draught vessels, in which the ratio . is small, 


B 
would possibly be in error for wind directions from 
about 25 deg. to 65 deg. It is hoped the data may 
prove particularly useful in the more accurate analysis 
of trials in which there is often a good wind and not 
much seaway. Further research is to be made, 
including some experiments in air corresponding 
exactly with some of those already made in water to 
give a check upon the data given in this paper. Model 
experiments have been made on the ship under-water 
forms corresponding to the models tested for wind 
resistance, and it is hoped to investigate the effects of 
wind on steering and engine power and revolutions. 








INSTITUTION OF PETROLEUM TECHNOLOGISTS.—The 
Fellowship of the Institution of Petroleum Technologists 
for 1930-31, which has a value of 300/. per annum, has 
been awarded to Dr. H. R. Lang, for a further period 
of one year, to continue his researches on the determina- 
tion of the variation with temperature of the specific 
heat of typical crude oil. The Fellowship is granted 
for research work in technical and scientific problems 
having a direct bearing on the petroleum industry, and 
applications for the 1931-32 award should be made on 
a form obtainable from the secretary of the Institution, 
Aldine House, Bedford-street, Strand, London, W.C.2. 
The completed form should be returned not later than 
June 1, 1931. 





Tue YEAR Book or THE British West INDIES.— 
The total land area of the islands held by Great Britain 
in the West Indies is about 12,227 square miles, while 
our possessions on the mainland, namely, British Guiana 
and British Honduras, amount to a further 98,072 sq. 
miles. The governments of these areas and islands are 
generally of the Crown-Colony type, 7.e., they are under 
the direct control of the British Dominions Office. The 
formation of a Federation or Commonwealth of the 
British West Indies has been suggested from time to 
time, and it is thought by some that this would solve 
many problems and would enhance the commercial and 
industrial position, especially of the small and scattered 
British islands of the archipelago. This question, and 
many others relating to the trade and industry of our 
possessions in the Caribbean Sea region, are discussed 
at length in The Year Book of The Bermudas, The 
Bahamas, British Guiana, British Honduras, and The 
British West Indies, 1930. Although this book has been 
printed in Great Britain, the publishers are Messrs. 
Thomas Skinner of Canada, Limited, Castle Building, 
Montreal, and the Canadian influence is evident through- 
out the work. The main body of the book comprises a 
detailed historical and statistical summary covering the 
whole field under consideration; then follow chapters 
dealing with the Bermudas ; the Bahamas; the British 
West Indies, in which each island or group of islands 
is treated in turn; British Guiana; and British Hon- 
duras. Cuba, Porto Rico, the Virgin Islands, Haiti, 
Santo Domingo, Guadeloupe, Martinique, and Curacao 
are more briefly dealt with in an appendix. The book 
is a veritable encyclopedia of information regarding the 
Government, trade and commerce, means of communica- 
tion, education questions, principal towns, customs 
tariffs, flora, &c., of each colony, while many statistical 
tables and directories of the chief business firms are 
appended. The volume comprises 440 pages, and is 
profusely illustrated; a large folding, coloured map of 
the Central American States and of the West Indies is 
included. The price is 7s. 6d. net, and it is obtainable 
from Messrs. Thomas Skinner and Company, 330, 
Gresham House, Old Broad-street, London, E.C.2. 





THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 158.) 


WE continue below our abstracts of selected papers 
presented to the recent World Power Conference at 
Berlin, the section taken this week being No.'X, 
dealing with turbines and reciprocating engines. 


TURBINES AND RECIPROCATING ENGINES. 


Dealing now with Section X, the full title of 
which was “Steam Turbines, Gas Turbines and Re- 
ciprocating Engines,” one of ,the important papers 
was by Professor Dr. A. Stodola on “ Technisch- 
wirtschaftliche Fortschritte auf dem Gebiete des 
Dampfkraft-Maschinenbaues in der Schweiz.” In 
this it was stated that Swiss manufacturers of prime 
movers had endeavoured to obtain greater economy 
by the use of higher pressures and regenerative feed 
heating, by improving and simplifying the construc- 
tional details, and thus raising the reliability, and 
by increasing the size of the units, especially those 
running at 3,000 r.p.m. Examples of the first 
development included the plant in the Langerbrugge 
and Mannheim stations. Investigations into economy 
had led to the conclusion that, as far as heat con- 
sumption was concerned, the use of pressures over 
100 kg. per square centimetre (1,422 lb. per sq. in.) was 
justified for outputs of 30,000 kw. and upwards, and 
that the employment of these pressures was advan- 
tageous, both in back pressure and condensing plant. 
In fact, if the back pressure was high it was evident 
that, even under the conditions obtaining in Switzerland, 
a kilowatt-hour might be produced more cheaply in 
a thermal power station than in a hydro-electric 
power station. 

As regards reliability, steps had been taken to 
prevent premature wear by the use of better blading 
material, by removing the water condensed in the 
last stages, by avoiding vibration and by permitting 
free expansion. Simplicity was being achieved by the 
employment of single-cylinder turbines, the efficiency 
of which was satisfactory owing to the use of multi- 
stage feed-water heating. That economy could be 
improved by increasing the size of the units was shown 
by the satisfactory performance of the 160,000-kw. set 
at Hell Gate, New York. The output of 3,000 r.p.m. 
machines had been increased to 50,000 kw. by the use 
of aluminium for the exciter windings. One machine 
of this kind was supplied with steam at a pressure of 
525 lb. per square inch and a temperature of 450 
deg. C, (842 deg. F.) It had only 12 stages in the 
high-pressure and twice three stages in the low-pressure 
section. The employment of suitably arranged radiating 
surfaces enabled the specific loading of boilers to be 
reduced to an extent not hitherto considered possible 
without the efficiency falling below an economi¢al value. 
Satisfactory progress in the employment of steam 
turbines on locomotives had also been made. 

Messrs. W. R. Felix and W. G. Noak presented 
a paper on “ Der Einfluss der Turbinenleistung, der 
Dampftemperatur, der Zwischeriiberhitzung, der Ent- 
wasserung und der Dampfentnahme (zwecks Vor- 
warmung der Speisewassers) auf die Héhe des wirtschaft- 
lichsten Dampfdruckes unter ausschliesslicher Beriick- 
sichtigung wirtschaftlich ausfiihrbarer Turbinenmodelle 
der Uberdruckbauart.” In this it was pointed out 
that, in modern stations equipped with large units, the 
use of pressures exceeding 40 atmospheres (580 Ib. per 
sq. in.) was advantageous. If, however, a theoretical 
installation was discovered in which the total adiabatic 
drop of the steam could be converted into mechanical 
power, and the thermal efficiency increased with the 
pressure, it must not be assumed that in practice it was 
necessary to increase the pressure to the maximum 
value in order to obtain the optimum efficiency. In 
certain cases, in fact, the most economical pressure 
was much lower than the critical pressure, its value 
depending on a number of factors, such as the type 
and output of the turbine, the admission temperature, 
the elimination of the condensate, and the extraction 
of steam for feed heating. Investigations showed that, 
for a 50,000 kw. unit, a pressure of from 120 to 130 
atmospheres (1.740 to 1,885 lb. per sq. in.) was the 
optimum, and that to increase it further would harm- 
fully affect the thermal economy. The lowest heat 
consumption was 2,785 kilocalories (11,140 B.Th.U.) 
per kilowatt-hour, which corresponded to a thermal 
efficiency of 30-9 per cent. : 

In a r on “Recent and Possible Future 
Developments Affecting the Economies of Large Steam 
Turbine Practice in the United States,” Mr. G. B. 
Warren said that, at the moment, the following definite 
trends were clearly observable : Increased unit capacity 
with resultant concentration of floor space and reduced 
turbine and building costs ; increased output per square 
foot of last-stage blade area with resultant higher 
leaving losses, but lower turbine costs; design and 
operation on more efficient heat cycles; and increased 
efficiency of the turbo-alternator, as the result both of 
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better design and higher output. In a large number | exceeded 21-5 sq. ft. in the largest types of single-flow 
of American installations, the large single-cylinder | turbine, with a speed of 3,000 r.pm. The highest 
turbine, working at a pressure of 28 atmospheres (400 lb. | mean blade and exhaust velocities were 900 ft. and 
per sq. in.), was the most economical, but there were | 820 ft. per second, respectively, so that the limiting 
others in which the use of two or three cylinders and | capacity of the single-flow 3,000 r.p.m. turbine was of 
higher pressures was an advantage. Thetwosteamcon-/the order of 20,000-kw. Intermediate superheating 
ditions most generally employed were 28 atmospheres, | was still unusual. It was not economical to exhaust 
without intermediate superheating, when both the fuel | pre-heated steam at more than two stages, unless the 
cost and load factor were low, and 88 atmospheres | output of the set exceeded 50,000 kw. Back-pressure, 
(1,276 Ib. per sq. in.) with intermediate superheating | non-condensing and bleeder turbines were now in 
to the original temperature, when they were high. | general use. In contradistinction to generally-ex- 
Generally speaking, the maximum temperature was | pressed opinion, the efficiency of the former was of 
400 deg. C. (752 deg. F.), though a tendency to increase | less importance than in the case of the condensing 
it to 455 deg. C. (850 deg. F.) was noticeable. If high| turbine. Accumulator turbines should be provided 


temperatures were used, it was possible that pressures 
from 28 to 50 atmospheres (400 to 725 Ib. per sq. in.) | 
might be adopted without intermediate superheating. 
Careful investigations had shown that 176 atmospheres | 
(2,552 Ib. per sq. in.) was about the upper limit of | 
pressure that could be used in condensing power stations | 
having regard to economical fuel consumption, taking 
into account the present limits of temperatures and 
assuming two-stage intermediate superheating. If 
further experience with boilers without drums led to a 
reduction in capital costs, a saving in fuel of 3 per cent. 
to 34 per cent. might be possibie in the 42 to 50 
atmosphere (600 to 725 lb. per sq. in.) range. A 
further important step in the effort to obtain lower 
fuel consumption might be found in the use of the 
mercury heat cycle. 

A paper on ‘‘ Economic Considerations in the 
Application of Modern Steam Turbines to Power 
Generation ”’ was presented by Professor A. G. Christie, 
who said that, so far, turbines had not been em- 
ployed in America for the exclusive purpose of taking 
peak loads. Recent practice was, however, tending 
towards designing the turbine to work with its maxi- 
mum economy at 60 per cent. of its maximum load, 
in order to have a margin for dealing with peaks. 
This arrangement, in combination with increased 
boiler output, provided an economical method of 
dealing with that problem. A 115,000-kw. set, which 
was now under construction, would be supplied with 
steam at a pressure of 675 lb. per square inch and a 
temperature of 400 deg. C. (752 deg. F.) with inter- 
mediate superheating. It was designed so that the 
heat consumption would be uniform for all outputs 
between 60,000 and 115,000 kw. Turbines were largely 
used for driving the more important auxiliaries, and 
gave good economy under favourable load factor and 
fuel cost conditions. There was a noticeable tendency 
towards the use of higher steam pressures in industrial 
plants. 

In a paper on ‘“ The Use in Power Stations of Steam 
Turbines Having with their Auxiliaries Large Overload 
Capacities,’ by the Hon. Sir Charles A. Parsons and 
Mr. R. Dowson, the authors pointed out that, even on 
electricity supply systems, the load factor of which 
was from 60 to 70 per cent., it was possible for sudden 
demands to occur at different times of the day, to meet 
which special steps had to be taken, resulting in in- 
creased capital expenditure and running costs. With 
such load factors and a good daily load curve, it was, 
however, possible to meet the maximum demand 
with turbines of an overload capacity of 10 to 25 per 
cent., and without any great expenditure on auxiliary 
plant. There were other cases, especially in isolated 
plants, the load factor of which was only of the order 
of 25 per cent., where the peak, though of short dura- 
tion, was highly important. If it were possible in such 
stations to instal boilers and turbines with a short- 
period overload capacity of as much as 65 to 70 per 
cent., the saving in fuel and running costs necessary 
for dealing with the peak could be greatly reduced. 


with extraction stages, the number of which depended 
on the frequency and duration of the peak. The 


| utilisation factor and number of working hours had 


caused a distinction to be drawn between base and 
peak load turbines, though the justification for this 
was only apparent in certain cases. No rules regard- 
ing the increase in consumption with the age of the 
machine could be deduced from existing observations, 
i.e., nothing definite could be said regarding the 
relationship between the increase in steam consumption 
and the design. 

In a paper entitled ‘“‘ Dampfturbinen,”’ Professor Dr. 
F. Lésel said that the rapid rise in pressures up to 110 
atmospheres (1,600 Ib. per sq. in.) and above, neces- 
sitated the employment of low steam velocities, so that 
the efficiency could be increased. These low velocities 
prevented local increases in pressure in the pipe bends 
and in the velocity and guide blading, and allowed the 
wheel diameter to be reduced with a corresponding 
decrease in the friction and eddy losses. In fact, the 
higher the initial pressure the lower must be the steam 
velocity, a point which had been fully taken into con- 
sideration in the 1,800 lb., 18,000 kw., 3,000 r.p.m. unit, 
which had recently been built at the Erste Brunner 
works. In this machine, the steam was first expanded 
from 100 to 55 atmospheres (1,450 to 800 Ib. per sq. in.) 
in 30 stages and then to 15 atmospheres (217 lb. per 
sq. in.) in a further 30 stages. It was next reduced to 
1-6 atmospheres abs. (37-5 lb. per sq. in.) in a third 
casing, which was equipped with three bleeding points 
for feed-water heating and for giving a supply for 
heating. This low-pressure casing was of the double 
flow type and had four outlets to the condenser. The 
internal efficiency at the outlet of the two first cylinders 
was 85 per cent., the corresponding figures at the 
outlet of the third and low-pressure cylinders being 89. 
Steam was admitted through six valves at a velocity of 
64-5 m. (211-5 ft.) per second. 

A paper entitled ‘* Doppelte, durch den Regulator 
gesteuerte, Anzapf-Turbinenregulierung ’’ was presented 
by Mr. J. C. Milborn, in which he drew attention to the 
increasing use of the back-pressure turbine in factories 
where both power and process steam were required. 
This type of machine, though the simplest and best, 
was not always the most suitable, since the quantity of 
steam required did not invariably correspond with the 
power demand. This disadvantage could be overcome 
by the employment of a bleeder turbine, the regulation 
of which was simple so long as an absolutely constant 
speed and parallel operation were unnecessary. If, 
however, both the speed and amount of steam bled 
had to be controlled, matters became more complicated, 
and the same was even more true when the steam had 
to be supplied at more than one pressure. Nevertheless, 
automatic control gear was available which enabled 
the conditions to be designed and worked satisfactorily. 
This had been applied to a 15,000-kw. turbine working 
in a large Dutch paper mill. This set was supplied 
with steam at a pressure of 525 lb. per square inch and 
a temperature 380 deg. C. (716 deg. F.). Under 
normal conditions, 44 tons of steam per hour were with- 





In Great Britain, attempts had recently been made to 
devise means of securing a high fuel economy at 


| drawn at 120 Ib. per square inch, 36 tons at 15 lb. per 


partial loads, while retaining an overload capacity of | square inch, while 40 tons were exhausted to the 
25 per cent. On the other hand, in the United States | condenser. 

the economic load was not much more than half} Mr. A. Demmer presented a paper on ‘“ Technische 
the momentary demand, the heat-consumption curve lund wirtschaftliche Ergebnisse der Héchstdruchkolb- 
being approximately flat over this range. In this | maschine in Floridsdorf,’’ in which he stated that, in 
connection, perhaps, the most important factor was | view of the successful results obtained with the Léffler 
the turbo-alternator, the loading of which was controlled | boiler, the Vienna Locomotive Works had been using 
by the permissible increase in the temperature of the | that method of steam raising in their power station since 
insulation. It might, however, be possible to raise this | 1924. Steam was generated at a pressure of 1,165 lb. 
limit by using a salt solution at a temperature of — 12| per square inch and a temperature of 480 deg. C. (896 
deg. C. (10-4 deg. F.), which cirevlated in an enclosed | deg. F.) and was utilised in a double-acting single- 
air-cooled system, and thus to deal with short-period | cylinder engine in which it was expanded to 210 Ib. 
loads. Comparing the costs of turbine installations | per square inch. It was then passed into a condensing 
with 25 and 75 per cent. overload capacity, respectively, | engine. The output of the back-pressure engine was 
it appeared that a saving of 49-5 per cent. was possible | 450 kw. at a speed of 300 r.p.m., and, by utilising the 
by using the latter, even when the higher fuel con-| steam in the way described, it had been possible to 
sumption which they necessitated was taken into| reduce its weight. Tests showed that the mechanical 


account. 

Professor Dr.-Ing. E. A. Kraft presented a paper on 
‘** Die wirtschaftlichen Grundlagen fiir die Beurteilung 
neuzeitlichen Dampfkraftmaschinen,” in which he 
said that condensing turbines were being built for 
pressures up to 710 lb. per square inch, and that higher 


|and thermodynamic efticiencies of the two sets were 
over 90 per cent. and about 80 per cent., respectively, 
| the steam consumption being 8-25 lb. per kw.-hour at 
fullload. Experience indicated that, by using steam at 
a pressure of 130 atmospheres (1,885 lb. per sq. in.) 
and a pressure of 470 deg. C. (878 deg. F.), a saving in 


values might be found economical for sets supplying | fuel of almost 40 per cent. was obtained when com- 
process steam. The cross section of the exhaust! pared with the consumption at 12 atmospheres (174 Ib. 


| per sq. in.) and 300 deg. C. (572 deg. F.). The initial 


costs, moreover, were no higher than at the lower 
pressure. 

Ina paper entitled “‘ Die neueste Entwicklung und die 
Aussichten der Grossgasmaschinen und der Gasturbine,”’ 
Professor P. Langer said the utilisation of exhaust 
gases in waste-heat boilers had improved the efficiency 
of the large gas engine. These were now made with 
outputs up to 10,000 h.p., and were equipped with 
scavenging and supercharging devices, so that the overall 
efficiency was about 26 per cent. Further economies 
were being sought byincreasing thespeed. Nevertheless, 
gas engines only competed with difficulty with steam 
plant, which was some 30 per cent. cheaper to instal. 
At the end of 1929, the output of the gas engines in use 
was 4,400,000 h.p., of which 1,000,000 h.p. were 
installed in America. The solution of the gas-turbine 
problem had been brought nearer by the Brown-Boveri 
exhaust gas unit, the Biichi system of supercharging and 
Holzwarth’s latest machine, in which an explosion 
turbine formed the high pressure and an equal-pressure 
turbine the low-pressure stage. Waste gas was used 
as a fuel. Holzwarth and Brown-Boveri were manu- 
facturing a 2,000-kw. machine consisting of a gas 
turbine, steam turbine, air compressor and generator, 
the object being to produce combustion under pressure 
and to secure a combination in which either the gas or 
steam turbine acted as the main generator, depending 
on the heat distribution. The overall efficiency should 
be equal to that of a large waste-heat gas engine, but 
depended chiefly on the steam turbine, which was 
operated by exhaust steam and performed the work of 
pre-compression. The total heat of combustion could 
be regarded as consisting of two parts, the cooler of 
which performed work in the gas turbine while the 
hotter was used for generating steam. If the latter 
was only just sufficient to perform the work of com- 
pression, the steam turbine simply drove the compressor 
and the gas turbine the generator. If, however, the 
combustion temperatures rose there might be an excess 
of steam, which could be employed for driving the 
generator, while if the temperature limit of the gas 
turbine was reduced, the functions of the two units 
were intercharged and the combustion chambers 
functioned as a steam generator in which the fuel was 
burnt under pressure. This pressure was produced by 
the turbo-compressor, which would be driven by the 
gas and not by the steam turbine. 

Dr.-Ing. E. Koenemann presented a paper entitled 
‘* Ein neues Zweistoffverfahren zur Krafterzeugung,”’ in 
which he said that the high thermal efficiency postu- 
lated by a high initial temperature could be obtained 
by the evaporation and re-condensation of some primary 
medium ppévious to the steam process, or that medium 
could be evaporated from a solution and then re- 
absorbed. In the Koenmann process, ammonium 
acetate was used, from which ammonia was evolved 
by decomposition and recombined after it had per- 
formed work. With an initial pressure of 99-5 Ib. 
per square inch in the ammonia stage and 295 lb. per 
square inch in the steam stage it was possible to obtain 
savings of 29-5 and 41 per cent. in the fuel and cooling 
water, respectively, compared with an ordinary steam 
plant working at the same pressure. The efficiency of 
fuel utilisation in relation to the output at the turbine 
shaft was 32-4 per cent. 


(To be continued.) 








British STANDARD SPECIFICATION FOR MINE ELEc- 
TRICAL APPARATUS.—In continuance of the programme 
of work in their colliery section, the British Engineering 
Standards Association has just issued specifications 
for electric motors and generators for mines, and for 
miners’ handlamp bulbs. The specification for electric 
motors and generators for use in mines, designated 
No. 270-1930, applies to machines of 1 b.h.p., kw., or 
kv.-a., and upwards, per 1,000 r.p.m., having windings 
insulated with class A material, and wound for pressures 
not exceeding 7,000 volts. The specification has been 
drawn up to comply with the general electric regulations 
made under the Coal Mines Act and, in its preparation, 
due regard has been paid to the explanatory notes made 
in Mines and Quarries Form No. 11 (August, 1924). 
The specification does not apply to turbo-type machines, 
rotary converters, motors for traction purposes, neither 
does it apply to motors embodied in coal cutters, drills 
and conveyors, for which another specification will be 
prepared. Two classes of machines are provided for by 
the specification, namely, those for use in places where 
flame-proofness is not required, and those for use in 
places where General Regulations 127 (V) and 132 of the 
Coal Mines Act are applicable. The miners’ handlamp 
bulbs specification, which is designated No. 377-1930, 
provides for the ordinary class of 2-volt bulb with a 
nominal rating of 2 watts, used underground in collieries. 
The terms of the specification have been determined after 
a long series of tests, and the data obtained from both 
laboratory tests and experience in mines have been used 
in framing the specification. Its utility in defining a 
lamp satisfactory to the mining industry is thereby 
guaranteed. Copies of the two new specifications may 
be obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, S8.W.1, price 2s. 2d. each, 
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33,000-36,000-VOLT TURBO-GENERAT- 
OR AT BRIMSDOWN POWER 
STATION. 


THE generating plant in the new power house 
at Brimsdown of the North Metropolitan Electric 
Power Supply Company consists of two turbo- 
generators running at 3,000 r.p.m., and each 
developing, at full load, 25,000 kw., the maximum 
economical rating being 20,000 kw. The plant 
in question was supplied by Messrs. C. A. 
Parsons and Company, Limited, Heaton Works, 
Newcastle-on-Tyne. As originally installed, the 
two units were duplicates, but, with the consent 
of Captain J. M. Donaldson, M.C., the engineer 
to the power company, the builders were given 
the opportunity of adding one more to the remark- 
able list of pioneering achievements which already 
stand to the credit of the firm. This new departure 
consists in replacing one of the original generators, 
which was designed for a voltage of 11,000, by 
a “spare,” fitting on to the same bedplate, but 





generating current at 33,000 volts, which is that 
of the transmission lines. High-voltage alternators 
had, it is true, been constructed by Messrs. Ganz 
as far back as 1905, but these were slow-running 
water-driven machines of what would now be 
considered moderate ratings, the demand for 


Brimsdown generator is, therefore, the first to be 
designed for modern speeds and outputs. It formed 


of Electrical Engineers on March 21, 1929, and met 





29-1 in. of mercury, and on one occasion, at partial 
load, a back pressure of 0-78 in. was recorded 
on the kenotometer. At this back pressure, 1 Ib. of 
dry-saturated steam has, it may be noted, a specific 
volume of no less than 824 cub. ft. per pound. 
That of the exhaust steam will be, perhaps, some 
10 per cent. less, but it is obvious that very ample 
area must be provided if reasonable advantage is 
to be taken of the high vacua now possible. 

Whilst the generator forms the chief item of 
interest in the Brimsdown plant, it will be convenient 
to deal first with the steam end of the unit. 

The turbine was designed to work with steam 
supplied to the stop valve at a gauge pressure 
of 290 Ib. per square inch and a temperature of 
700 deg. F., and with a vacuum of 29 in. The 
lay-out is clearly shown in Fig. 3. 

There is, it will be seen, a double-flow low-pressure 
turbine in tandem with a high-pressure machine, 
but an important departure from the prior practice 
of the builders is that this low-pressure turbine takes 





any axial thrust eliminated. The aggregate cooling 
surface provided is 21,500 sq. ft. 

At normal full load, the steam is expanded in 
the high-pressure section of the turbine down to 
a pressure of 9 lb. absolute, thus ensuring a reason- 
able blade height for the first rows of the low- 
pressure section. Particulars of the blading, which 
is of stainless iron throughout, are given in Figs. 7 
and 8, Plate XI. There are 27 moving rows in 
the high-pressure section, ranging in height from 
1} in. at the first row, to 6-648 in. at the last. 
About five-eighths of the total useful work of the 
steam is done in this high-pressure blading, which is 
wholly of the end-tightened type. The low-pres- 
sure blading has radial clearances, and the tip 
speed at the last row is 897 ft. per second. A view 
of the low-pressure rotor mounted in the lathe is 
reproduced in Fig. 10, page 191. 

The value of 
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only two-thirds of the total exhaust steam, the! for the whole turbine is about 391,000. 
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remainder being passed through low-pressure 


‘blading mounted on an extension of the shaft 
| of the high-pressure turbine. This innovation not 
only simplifies the problem of providing adequate 
| steam way for the exhaust, but has the incidental 
| advantage that, for a given terminal pressure at 
which disappeared with changing conditions. The | the high-pressure section, smaller connecting pipes 
|are required between the high-pressure and low- 


pressure turbines. Moreover, it reduces by one-third 


the subject of a paper read before the Institution | the height otherwise required for the last row of the 


low-pressure blading, thus greatly diminishing any 


with some adverse criticism in the ensuing discus- | tendency towards the development of blade vibra- 
sion. It appears, however, that certain of the firms | tion, and rendering possible a reasonable proportion 
responsible for these protests have, during the suc- | between the length of the last row of blades and 


at home and on the Continent, developing 33,000- 
volt generators to their own designs. 

General views of one of the two units are 
reproduced in Figs. 1 and 2, above and on page 190, 
whilst a longitudinal section through the high-volt- 
age Brimsdown set is reproduced in Fig. 3, Plate XI. 
It will be seen that the steam end also embodies 
some novelties, the turbine being provided with 
a triple exhaust, an innovation which is justified 
by the extraordinary improvement that has been 
effected of late years in the design and operation 


| between the two is 





ceeding twelve months, found it desirable to keep at! the corresponding overall diameter. 


least within protesting distance, and are now, both | 


In the case of the Brimsdown turbines, the ratio 
ae so that but a moderate 
twist is required in order to secure favourable con- 
ditions for the entry of the steam at both the roots 
and tips of the blades. Two surface condensers 
are provided, of which one has twice the cooling 
surface of the other, and takes the exhaust from the 
high-pressure turbine and from the forward end of 
the double-flow low-pressure turbine. The other 
end of this latter turbine exhausts into the smaller 
condenser. The condensers are connected by a large 


of surface condensers. The vacuum at Brimsdown | balance pipe, so as to ensure that the two ends of 
during the past winter has, we learn, averaged! the double-flow turbine are always balanced, and 


TURBINE CYLINDER UNDER WATER TEST. 
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The high-pressure rotor has been machined from 
a solid forging bored axially from end to end, 
so as to permit examination of the interior. The 
discs carrying the low-pressure blading are butted 
together at both hubs and rims, thus rendering disc 
vibration impossible. A thrust block of the pivoted- 
pad type is fitted to both the high-pressure and the 
low-pressure turbines. The drive between the suc- 
cessive elements constituting the complete plant is 
transmitted through the makers’ standard pattern 
of flexible coupling. 

As has already been noted, the most economical 
load is 20,000 kw., but the maximum continuous 
rating is 25,000 kw., which is obtained by short 
circuiting the first group of high-pressure blading. 
The by-pass valve opens automatically when the 
load exceeds the limit stated. The arrangement 
adopted will be understood on reference to Figs. 4 
and 5. In Fig. 4, the emergency valve is shown 
on the left, and this valve closes automatically 
when tripped either by the run-away governor or 
by hand. 

The ordinary governor valve is shown on the right, 
and also at a in Fig. 5. It is of the double-beat 
type, and is coupled up by the links shown in Fig. 4 
to the crosshead of a spring-loaded piston; which 
is raised by admitting below it oil under pressure. 
The piston valve which controls the flow of the oil 
is shown at b, Fig. 5, and is connected up to the 
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33,000—36,000-VOLT TURBO-GENERATOR AT BRIMSDOWN. 
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governor as indicated. The by-pass valve is shown 
at c, just on the point of opening. At any load 
of less than 20,000 kw., the roller d stands clear of 
the top of the rod e of the relay piston, and the 
main governor valve a can thus move up and 
down without affecting the by-pass valve. At any 
load above the limit stated, however, the top of 


CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY—V. 
By Enarnerr-Captain Epa@ar C. Situ, O.B.E., 
R.N. 
| SIMULTANEOUSLY with the inauguration of trans- 
atlantic steam navigation and the construction of 





the rod e engages with d, opening the by-pass valve, | paddle-wheel fighting fleets, to which the two pre- 
which then takes control of the speed. The steam | ceding articles have been devoted, came the intro- 
supply to this by-pass valve is derived from the duction of the screw propeller, the greatest of all 
main steam belt, is cleerly shown on the left in| innovations in the propulsion of ships by mechanical 
Fig. 3, Plate XI. power. Though generally connected with the name 
Another section through the pilot valve of the | of the great geometer, Archimedes, who lived in 
governor-valve relay is reproduced in Fig. 6, and | the Third Century B.c., we dre told that the screw 
shows, to the right, an oil relief valve, through | was probably used for various purposes even before 
which there is a constant leak off. By this device, | his time. But in spite of its antiquity, it remained 
the oil is kept always in motion, so that it has not | for modern inventors to adapt the screw for driving 
to be accelerated-from rest at each adjustment | vessels. 
made by the governor. This governor, asshownin| Of such inventors, however, there have been 
Fig. 5, is mounted on a horizontal shaft, driven from | many. Bourne in his work on the screw propeller, 
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engineering corps of the empire was arrayed in 
opposition to it, alleging that it was constructed 
on erroneous principles and full of practical 
defects.” The pioneers assuredly had many 
difficult problems to solve, for they not only had 
to discover the best form of screw and where it 
should be placed, but they had to devise means 
of driving it fast enough. They had to find out 
how to take the thrust, how to construct the 
under-water stern bearing, how to lift or feather the 
screw, and how to diminish as far as possible the 
vibration which proved so injurious to wooden ships. 

The first British ship ever propelled by a screw 
was the Government transport Doncaster. In 
June, 1802, the Doncaster left England for 
Gibraltar, having on board a shaft and screw 
propeller and some rope pulleys. The propeller 
was the “ perpetual sculling machine” of Edward 


|Shorter, of London. Arrived at Gibraltar, the 
/necessary framing and pulleys were placed in 











cae tes 


eres 


the main turbine spindle by a worm and worm-|in 1867, enumerates some 470 names associated | position, the propeller was shipped, the ropes 
wheel, and carrying at its other end a bevel wheel. | with the invention. It may be recalled that} were rove, and with eight men walking the capstan 
This wheel drives a vertical shaft fitted with a| Watt, when writing to his friend Dr. Small, in| around, the Doncaster was moved up and down 
tachometer at its upper end, and coupled up below | 1770, on the subject of propelling canal boats,| Gibraltar Bay at about 14 knots. The feat 
to the main oil pump. asked, “Have you ever considered a spiral oar | attracted considerable attention among the naval 

Carbon glands have been fitted throughout, a for that purpose?” Mathematicians, like D. Ber- | officers at Gibraltar and again at Malta, where 
section through one being shown in Fig. 9. They | nouilli and Paucton, wrote on the screw, but the|the “ perpetual sculling machine” enabled the 


have only to pack against the pressure of the atmos- | earliest experiments date from the beginning of | 
phere. The sealing steam required to prevent the |the Nineteenth Century, and the first important 
entry of air into the condensers is admitted at the | trials from the ’thirties. Critics and pessimists 
branch f, Fig. 9. | were not slow in foretelling failure, and one writer, 


(To be continued.) |speaking of the screw propeller, said ‘‘ the whole 











ship to enter harbour in a calm. The trials at 
Malta were witnessed by Admiral Sir R. Bickerton, 


whose certificate, with that of Captains Aylmer 
and Keats, is preserved in the Kelvingrove Museum, 


Glasgow. ‘‘ Having been on board the Doncaster 
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transport,” wrote Admiral Bickerton to John 
Shout, the master, “and examined the working 
of the propeller while the ship was under way, 
I have to inform you that I think the plan a good 
one, and that it may, in many instances, be found 
useful.” 

The Doncaster was, of course, a sailing vessel, 
but in March, 1803, we are told the French organ 
builder, Charles Dallery (1754-1835) propelled a 
steam boat by means of a screw, on the river 
Seine near Bercy. Of this experiment, however, 
we have little information. The credit of con- 
structing the first screw steamboat is usually 
accorded to Colonel John Stevens of America. 
Into a boat about 24 ft. in length, Stevens fitted 
a multitubular boiler and a high-pressure, single- 
cylinder non-condensing engine, which, by means 
of two connecting rods drove two shafts carrying 
the twin screws. In 1804, the boat was navigated 
in New York Harbour, but defects arose in the 
machinery, and Stevens abandoned the use of the 
screw for the paddle wheel. His boiler and engine 
are preserved at Washington, and the failure 
of his machinery is attributable more to the back- 


ward state of mechanical engineering in the | 


country at that time than to any want of ingenuity 
on the part of the inventor. 

In the succeeding quarter of a century many 
patents for screw propellers were taken out, but 
until the “thirties there were few practical demon- 
strations. Among the more important inventors were 


Trevithick (1815), Millington (1816), Delisle (1823), | 


Perkins (1824), Samuel Brown (1825), Ressel (1827), 
Cummerow (1828), Wilson, Woodcroft, Sauvage, 
Berthon, Blaxland, Smith, Ericsson and Lowe. 
Of these, Robert Wilson (1803-1882), in 1827, drove 
a model boat with a screw and his success was 
acknowledged by the award of a medal by the 
Scottish Society of Arts, who brought the invention 
to the notice of the Admiralty. On the Continent, 
credit is given to the unfortunate French inventor, 
Pierre Louis Fréderic Sauvage (1786-1857), and to 
Josef Ressel (1793-1857). Sauvage’s patent is 
dated 1832, but apparently, through lack of money. 


Fie. 10. LowePREssurE Rotor. 


he was unable to put his ideas into practice. Before 
his death, he became insane, but his merits had 
been recognised by Louis Philippe, and his statue 
now adorns Boulogne. Ressel’s patent was taken 
out in 1827, and it was while he held a government 
post at Trieste that, in 1829, he fitted out the 
smail vessel Civitta with an engine and propeller, 
which are described and illustrated in a centenary 
notice in Schiffbau for September 4, 1929. Ressel 
was a man of many parts, and he, too, is comme- 
morated by monuments, one at Vienna and the other 
at his birthplace, Chrudin, in Czechoslovakia. 
Without detracting in any way from the work 
of these and other ingenious pioneers, it may, 
however, be said that the adoption on a wide 
scale of the screw propeller was due to the five 





inventors, Bennet Woodcroft (1803-1879), Francis 
Pettit Smith (1808-1874), George Blaxland, James | 
Lowe (1798-1866), and John Ericsson (1803-1889), | 


vessel steer.” Symonds’ attitude towards screw 
propulsion was uncompromising, and his remark 
recalls the Admiralty reply to the Rev. E. L. Berthon 
that ‘“‘the screw was a pretty toy, which never 
would and never could propel a ship.” Ericsson’s 
second vessel, the Robert F. Stockton, launched on 
the Mersey in 1838, was an iron vessel 70 ft. in 
length. Both at Liverpool and London she carried 
out trials which The Times described as “ quite 
conclusive as to the success of this important 
improvement in steam navigation,” but Ericsson 
on November 1, 1839, sailed for America in the 
Great Western, and it was in the United States 
that he built his next ships with screws, among them 
being the Princeton, of the United States Navy. 
The only vessel in the British Navy fitted with 
Ericsson’s screw was the Amphion. 

Of the work of Smith many accounts have been 
given. For twenty years he devoted himself 





|while in Smith’s Francis Smith and Archimedes, | almost entirely to the subject of screw propulsion ; 
and in Ericsson’s Francis B. Ogden and Robert F.|it was mainly through his persistent efforts that 
Stockton, the world became possessed of its first | the screw was introduced into both the naval and 
practical screw-driven vessels. Smith’s patent, the | mercantile fleets of Great Britain, and his work 
}most important of all, was taken out on May 31, | won for him a world-wide reputation, the designa- 
1836, and Ericsson’s six weeks later. Their screws | tion of “Screw ”’ Smith, and finally a knighthood. 
‘were of quite different construction. Ericsson’s | How completely his contemporaries connected him 
consisted of a short drum, like a belt pulley, with | with the adoption of screw propulsion was shown 
blades around the circumference. He used two | at a dinner in London on June 2, 1858, over which 
| propellers, a right-handed and a left-handed, one, | Robert Stephenson presided, when he was presented 
‘the outer, being fixed to the propeller shaft, re- | with an address containing the names of practically 
| volving in a sleeve, which carried the inner pro-|all the most prominent shipbuilders and marine 
peller. The sleeve was driven by bevel gearing | engineers, and a fine silver vase and salver, which 
|and the propellers revolved in opposite directions | he eventually bequeathed to the Patent Office 
|as they do in a modern torpedo. Though Ericsson | Museum, now the Science Museum. These objects, 
\with the Francis B. Ogden, 45 ft. long, in 1837,| which are preserved in the Marine Engineering 
towed the Admiralty barge, with a distinguished | Collection, have an additional interest for the 
party of naval officers aboard, from Somerset House | student of history, for around the salver is a list 
|to Seaward’s Works at Millwall, he received no | of the names of all Her Majesty’s vessels fitted with 
|encouragement, and a little later Captain Symonds, | the screw up till 1858. 

ithe Surveyor of the Navy, expressed the opinion| Smith was born on February 9, 1808, at 31, High- 
that “ even if the propeller had the power of propel- | street, Hythe, a house which now bears a com- 
ling a vessel, it would be found altogether useless | memorative tablet, and died in South Kensington, 
in practice because the power being applied in the | February 12, 1874. He was buried in the Brompton 
stern, it would be absolutely impossible to make the! cemetery. As a boy, he was fond of making working 
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models, and he continued his hobby while a farmer 
at Romney Marsh, and then-at Hendon, and in 
1835 he made a model screw-driven boat, which 
crossed the pond on his farm at the latter place. 
His patent of 1836 stated his invention to “ consist 
of a sort of screw or worm, made to revolve rapidly 
under water, in a recess or open space formed in 
that part of the after-part of the vessel, commonly 
called the dead rising, or dead wood of the run,” 
while ‘“‘the propeller might be of wood, sheet iron 
or other suitable material, and with a greater 
number of threads or worms, and set at various 
angles with the central line of the screw,” and also 
that ‘it might be arranged singly in an open space, 
as there shown, or in duplicate with one on each 
side of the deadwood, or otherwise placed more 
forward or more aft, or more or less deep in the 
water.” Three years later he limited his claims 
to a single propeller, as “‘ I find that the dead wood 
or run of the vessel, is the only place in which the 
said propeller can be advantageously placed, and 
that a screw of one turn, or two half turns as a 
propeller will be sufficient for every purpose.” 

In the Francis Smith, a steam boat of six tons, 
built at Wapping in 1836, Smith had a wooden 
screw of one thread. but two complete turns. During 
a trip on the Paddington Canal, a portion of the 
screw was broken off, but the speed of the boat 
increased rather than diminished. In 1837, this 
boat was fitted with a metal screw, and Smith 
made a trip from.London to Ramsgate and Folke- 
stone in rather rough weather. This success raised 
the hope of introducing the screw into naval vessels, 
and a syndicate was therefore formed called the 
Ship Propeller Company, to experiment with a larger 
vessel. Smith’s patents were purchased, Henry 
Wimshurst (1804-1884) was given an order for the 
vessel, while the Rennies were to supply the 
machinery. 

It was under these circumstances that the 
Propeller, as the vessel was called at first, or the 
Archimedes as she was afterwards rechristened, 
came into existence. This historic vessel was 106 ft. 
long between perpendiculars, of 22} ft. beam and 
of 240 tons. Her draught was from 9 ft. to 10 ft. 
The engines, of about 80 h.p., had two cylinders, 
37 in. diameter and 3 ft. stroke, and drove the 
propeller shaft through gearing, an engine speed 
of 26 r.p.m. giving a propeller speed of 140 r.p.m. 
The boiler pressure was 6 lb. per square inch. 
Ready for trials in the spring of 1839, the Archi- 
medes went from the Thames to Dover, Portsmouth 
and Plymouth, and then to Bristol, where Brunel 
was constructing the iron vessel Great Britain, and 
afterwards visited the principal home ports and 
made a voyage to Oporto. At Bristol, Brunel 
conducted trials with the Archimedes, and soon 
came to the decision that the screw was preferable 
to the paddle-wheel, and without hesitation he 
abandoned paddle-wheel propulsion for the Great 
Britain, which ultimately became the first screw 
steamer to cross the Atlantic. When at Dover, 
the Archimedes had been pitted against the paddle- 
vessel H.M.S. Widgeon, the fastest boat on the 
Dover station, and the records of their respective 
performances, signed on May 2, 1840, by Captain E. 
Chappell, R.N., and Thomas Lloyd, was the first 
official report made to the Board of Admiralty on 
screw propulsion. Though the report stated that 
the power of the screw is equal, if not superior to 
that of the ordinary paddle-wheel, and that the 
operation of the screw facilitated the steering, it 
called attention to the rapid wear and undesirable 
noise of the gear wheels, which, however, Smith 
proposed to get over by the substitution of spiral 
gearing. 

The subsequent career of the Archimedes, after 
the conclusion of these trials was a somewhat 
chequered one. She had already had a boiler 
explosion and a broken crankshaft when, in 1840, 
she went ashore off Beachy Head. Originally, she 
had been classed only 9 Al at Lloyd’s on account 
of having Baltic fir in her bottom. Her owners 
declining to carry out the repairs required by 
Lloyd’s surveyors, her class was deleted from the 
Register Book. In 1845 she disappeared from the 
Register, only to reappear again in 1847, being 
classed 3 Al after being overhauled. At Sunder- 
land, her machinery was removed, and she became 








a sailing ship. Surveyed again in August, 1852, 
she was given new sails and rigging, but a year or 
two later her class lapsed and her further history 
is unknown. Her original cost had been 10,5001, 
and according to Woodcroft, her spirited proprietors’ 
lost some 50,0001. in the venture. There appears 
to be no model of her in any nautical museum, but 
she nevertheless has a place in history beside such 
vessels as the Clermont, Comet and Turbinia. 

The building of the Archimedes was speedily 
followed by the construction of other screw vessels, 
and no sooner was she ready for sea than Wimshurst 
built the Novelty, a somewhat larger vesse), which, 
by her voyages from Liverpool to Constantinople 
with a cargo of 420 tons, became the parent 
of the screw-driven cargo boat. Other vessels 
built shortly afterwards were the Great Northern, 
constructed at Londonderry, the Margaret and 
Senator, built at Hull, and the Princess Royal, 
built on the Tyne. The Princess Royal was a 
pleasure boat for the South Coast traffic, and her 
first trip from Brighton to Arundel was made in 
June, 1841. 

Another early screw vessel was the Mermaid, 
of 164 tons, built at Blackwall and engined by 
Rennies. Fulfilling the condition that she should 
steam 12 m.p.h., she was taken over by the 
Admiralty, and, as H.M.S. Dwarf, became the first 
screw-propelled vessel in the Navy. The second 


screw vessel in the Navy was H.M.S. Bee, a craft | 5 


of 42 tons, built at Chatham in 1842, and fitted 
with a single-cylinder side-lever engine of 10 h.p., 
driving both paddle wheels and a screw. Attached 
for many years to the Royal Naval College, 
Portsmouth, she was used for instructional purposes, 
and many curious experiments were made with 
her, some of which were even mentioned by Rennie 
in his Presidential Address to the Institution of 
Civil Engineers. On the opening of the Royal 
Naval College, Greenwich, in 1873, the machinery 
of the Bee was re-erected there, but at some time 
later it has passed to the scrap-heap. In the 
beautiful little iron yacht H.M.S. Fairy, with 
Penn’s oscillating engines, the Navy also possessed 
an interesting early screw vessel. 

Neither the Dwarf nor the Bee were fighting 
vessels, and the history of screw propulsion in 
warships begins with the construction of the 
Princeton for the United States Navy, of the 
Napoleon for the French Navy, and of the Rattler 
for our own Navy. Ericsson was responsible for 
the machinery of the Princeton ; and Barnes for the 
machinery of the Napoleon, which was built at 
Havre by Normand, while the Rattler’s engines 
were by Maudslay. Laid down at Sheerness in 
1842 as the paddle vessel Ardent, the Rattler was 
altered for screw propulsion while on the stocks. 
No great haste was displayed in completing her, 
and she was turned over to Maudslays in the roughest 
possible state. Brunel, whom the Admiralty re- 
garded as their adviser, gave an amusing account 
of an interview he had with Admiral Cockburn 
about the Rattler, which illustrates the opposition 
Smith and his fellows had to contend with. A 
sloop of 1,078 tons displacement, the Rattler had 
a Maudslay Siamese engine of 437 i.h.p., driving 
the propeller shaft throngh gearing. Launched in 
the spring of 1843, she began her trials in October 
of that year, and these lasted till April, 1845, when 
the famous tug of war took place. Her chief com- 
petitor was the paddle sloop Alecto of 800 tons 
and 200 n.h.p. They had raced each other in the 
Thames and off the East Coast until, on April 3, 
1845, the two ships were lashed stern to stern. 
With the Rattler’s engines stopped, the Alecto was 
allowed to go full speed ahead, but on the Rattler 
going ahead the Alecto was brought to a standstill, 
and finally was towed astern at the rate of two miles 
and a-half an hour, “in spite of all her attempts to 
run away.” Though lacking all the exactness of 
modern trials, and possessing little scientific value, 
this demonstration caught the general fancy more 
than many columns of figures and sheets of curves, 
and from that trial dates the decision to adopt the 
screw for all classes of naval vessels. 

‘As regards mercantile vessels, opinion on the 
relative merits of paddle and screw differed for 
some considerable time, but the superior advantages 
of the screw for naval vessels were acknowledged at 





once. The machinery could be placed below the 
water line and out of reach of shot ; the decks would 
again be left clear for the armament; boarding 
enemy vessels again became ‘an easier matter; the 
screw itself was not exposed to shot and the heeling 
of the ship when using steam alone, or steam and 
sail combined, did not affect the working of the 
screw as it did the paddle. Objections were raised 
on various minor points, but the trials of the 
Rattler definitely turned the scale, and though a 
few paddle frigates were afterwards constructed, 
screw propulsion was recognised as the most 
suitable plan for all classes of fighting vessels. 
By 1850, the Navy List included the names of about 
fifty screw vessels, particulars of a few of the 
larger of which are given in the accompanying 
table. Some of these vessels were old sailing ships 
converted to screw ships, the Agamemnon being 
the first line-of-battleship designed as a screw ship. 


Screw Ships in Navy List January 1850. 





Displace- 


Engine 
ment, | Guns. |N.H.P. LEP: roa 





Tons. 

Agamemnon ..| 3,750 91 600 | 1,838 | Penn. 
Ajax .. --| 38,090 56 450 846 | Maudslay. 
Amphion ois 2,025 34 300 592 | Miller. 
Arrogant --| 2,615 46 360 774 | Penn. 
Blenheim -.| 2,790 60 450 938 | Seaward. 
Dauntless «| 2,150 33 580 | 1,347 | Napier 
Highflyer sel ageee 21 250 702 | Maudslay. 

ogue 3,054 60 450 792 | Seaward. 
James Watt .. 4,950 91 600 | 1,543 “— Watt & 

















0. 
Sans Pareil ..| 3,800 70 400 | 1,471 bie Watt & 
0. 








Effective as had been the trials of the Archimedes 
and Rattler, it was soon found that the new means 
of propulsion brought with it some perplexing 
problems. No easy road was found to the design 
of propellers, and tedious and expensive trials 
had to be made. Both Archimedes and Rattler 
had been fitted with various screws; in 1845 the 
Dwarf was tried with 24 different screws, and a 
little later other trials were made in the gunboat 
Minx. Other screws than those of Smith were 
experimented with. Woodcroft had patented an 
increasing pitch propeller; Lowe had patented the 
use of segments of screws and Blaxland’s screw was 
tried in a little craft called the Jane. Up till 1850, 
Smith worked under the Admiralty, and he and his 
contemporaries had been involved in long litigation. 
This, however, was brought to an end with an 
action in 1850, during the course of which Wood- 
croft declared: “The parties having patents for 
the screw propeller have united ; they are Messrs. 
Smith, Lowe, Ericsson, Blaxland, and myself. 
After fighting each other for many years, we have 
got tired of it and want to be amicable.” 

Of no less importance than the trials of propellers 
were the trials of ships with different forms of 
stern. To carry the heavy guns placed forward 
and aft, steam vessels had been built with full 
bows and sterns. In many vessels the bluff stern 
prevented the free flow of water to the propeller 
with resulting inefficiency. Scott Russell it was 
who once remarked that horse-power was not 
everything, and that shape largely determined 
speed. In the Dwarf, it was found that by altering 
the stern, the speed could be reduced from 9 knots 
to 4 knots. By altering the stern of the sloop 
Rifleman the speed was increased from 8 knots to 
9} knots, while in the gunboat Teazer, by improving 
the stern it was found possible to obtain the neces- 
sary speed with far less horse-power. 

When engine power was comparatively small, 
and the screw shaft was separate from the crank- 
shaft, the thrust was usually taken by a plate 
opposed to the end of the shaft. The Rattler’s 
thrust was of this description, and by a system of 
levers, a record of the variation in thrust was 
obtained. In the Great Britain, a gunmetal end 
to the shaft pressed against an iron plate 2 ft. in 
diameter over which played a copious stream of 
water. With direct-acting engines the propeller 
shaft was in direct line with the crankshaft, and 
the thrust was transmitted through the cranks. 
In the drawings of the arrangement in the Ajax 
there is a stout “‘ pushing post” placed vertically, 
and fixed to keel and deck to take the thrust. 
Sometimes the thrust was taken on the stern 
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post. Difficulties with such arrangements were 
bound to occur, and these led to the introduction 
of the multi-collar thrust placed between propeller 
and engine, which has been used exclusively until 
the introduction of the Michell thrust bearing. 

Still more difficult of solution was the design of 
the underwater stern bearing, and the stern gland 
fittings were long a source of great anxiety. The 
copper sheathing and the iron shafts set up galvanic 
action ; if shafts stood idle for any time there was 
rust ; wooden ships worked in a seaway, and the 
shafts frequently were out of line. The early stern 
bearing was generally a long brass bush, and in 
vessels with copper sheathing the shaft had a brass 
sleeve. Bearing pressures were kept very low, 
but for all that the wear was abnormal, and in the 
sloop Malacca the brass of the stern tube wore 
away at the rate of 5 lb. a day. In the Life of 
Admiral W. R. Mends is found a striking account 
of the voyage of the Royal Albert line-of-battleship, 
from the Dardanelles, when she had to be run 
ashore on the Island of Zea to prevent her sinking 
through the flow of water through the stern tube. 
She was kept with her bow ashore for four days, 
the engine slowly revolving to pump out the water, 
while the carpenters built a cofferdam round the 
stern gland. This completed, the ship was towed 
off and then proceeded to Malta under sail. 

The introduction of the lignum-vitae stern bearing 
was due to Penn, who was assisted by Smith, and 
this highly successful invention was the outcome of 
experimental research. On a shaft running in a 
tank of water, Penn fitted bearings of various 
metals, alloys and wood, and he found that with 
iron working on lignum-vitae under water the 
bearing pressure could be carried up to 8,000 lb. 
per square inch. The invention, which is described 
in the Proceedings of the Institution of Mechanical 
Engineers, 1854 and 1856, came at a critical time ; 
there was little delay in adopting it, and within 
two years 200 ships or more had exchanged their 
brass tubes for the new lignum-vitae bearings. 

Two other important problems which occupied 
inventors were connected with the appliances for 
lifting the screw out of the water or for feathering 
the blades when a ship was sailing. Such fittings 
have long since become obsolete for vessels of any 
size, but in the ’fifties it was still generally thought 
that very long steam passages would be impossible, 
while for warships steam was long regarded as an 
auxiliary to sails and not a substitute for them. 
These views are reflected in the report of a paper 
**On the Application of the Screw Propeller to the 
Larger Class of Sailing Vessels,” read before the Insti- 
tution of Civil Engineers in 1855 by R. A. Robinson. 
The following year the Admiralty called the atten- 
tion of commanding officers to the need for ensuring 
the efficiency of screw ships as sailing ships, and 
directed that steam power was not to be resorted 
to when the service on which the vessel was em- 
ployed could be satisfactorily performed without it. 
The high fuel consumption had something to do 
with the issue of these orders, but there was an 
ever present lack of confidence in the reliability 
of machinery, and the naval Seamanship Manual, 
in 1861, said ‘‘ Engines and Machinery, liable to 
many accidents may fail at any moment, and there 
is no greater fallacy than to suppose that ships can 
be navigated on long voyages without masts and 
sails, or safely commanded by officers who have 
not a sound knowledge of seamanship,” a statement 
a part of which is still another example of the failure 
of men of one generation to visualise what will 
be done by the men of the next. 








THE CALCULATION OF CONVECTION 
HEAT TRANSFER.* 

By Maraaret FIisHENDEN, D.Sc., F.Inst.P. 
and O. A. SaunpERS, M.A., M.Sc. 
(Concluded from page 180.) 

NaTURAL CONVECTION. 


The principle of similarity when applied to natural 

convection indicates that, for similar geometrical 
3 

conditions, depends only upon * £ — 


for meanings of the symbols see Table I, page 177 
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* Communication from the Fuel Research Division, 
Department of Scientific and Industrial Research. 





ante. For gases, since - does not vary more than a 
few per cent. with either nature or temperature, the 


results may be correlated by plotting against 


2 
os oe . For liquids it has been found that corre- 
lation may be effected by plotting au against the 
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will not be dealt with in the present paper. As already 
explained in the case of forced convection, the 
constants have been taken at a temperature mid- 
way between that of the surface and that of the 
surrounding medium, except that, for reasons which 
need not be entered into here, a is better taken at 
the temperature of the fluid. 

Experimenters on natural convection have devoted 
their attention mainly to measurements of the 
cooling in air of planes and horizontal and vertical 
cylinders of various sizes ; for spheres, inclined and 
horizontal planes, &c., although a limited amount 
of information has been obtained, there are not suffi- 





For the same temperatures of the surface and 
medium, and therefore for a fixed value of dda , the 


heat transfer per unit area, H, depends upon the 
diameter, d, of the cylinder according to a law 
determined by the slope of the curve in Fig. 5. 
As the abscissa is increased, the curve becomes 
flattened, and there is reason to believe that for 
3 
values of osnee above about 10° (ie. log << 
above 6) the slope is very nearly constant, and 
appears to tend towards the value + as oreee 


Hence, beyond this point, since loga- 





increases. 
rithmic scales have been employed, > is propor- 
tional to (@ as), or to eed ; and 7 therefore _be- 


comes independent of d. At ordinary temperatures, 
this independence of size is reached at a diameter of 
about 6in. The actual value of the limiting diameter 
is not critical and is not accurately known; Fig. 5 
indicates that it is probably rather less than 6 in. 


Fig.5. NATURAL CONVECTION. CORRELATED DATA FOR A 
HORIZONTAL CYLINDER IN A GASEOUS MEDIUM. 
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cient data for the-construction of similarity curves. | 


A few investigators have studied the problem for 
gases other than air, and for water, oils, &c. 
Horizontal Cylinders.—The similarity curve for 
freely exposed horizontal cylinders constructed 
from the original experimental results is given in 
Fig. 5. Data for cylinders of diameters varying 
from fine wires to 10-in. pipes and for tempera- 
ture differences up to 2,000 deg. F. for wires, and 
500 deg. F. for large cylinders, have been included, 
but the number of points plotted from the results 
of individual observers has been determined both 
by the number and thoroughness of the experi- 
ments, and by whether the points fell upon a 
thinly or thickly populated part of the curve. 
The majority of the investigations were carried 
out in air, but results obtained by Petavel 
with wires in carbon dioxide and hydrogen are also 


included. The agreement of Ph for equal values 


of — , referring in one case to a wire in hydrogen 


at a high pressure and in the other to a relatively 
large cylinder in air at atmospheric pressure, is a 
remarkable confirmation of the method of correlation; 
and considering the diversity of their sources, the 
departure of individual points from the mean curve 
is, on the whole, satisfactorily small. Generally 
speaking, the points towards the smaller co-ordinates 
are from experiments on wires, while the bigger co- 
ordinates come from larger cylinders, such as steam 
pipes. This is because the investigations cover a 


very wide range of size, and hence, especially since d 
ad : 2 - ag Od? 2% 
occurs cubed, its influence is predominant in rs oa 
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for higher temperatures, which might be expected 
from a theoretical point of view since turbulent con- 
ditions are reached at a lower level in a rising stream 
of air at high temperatures than at low temperatures. 


3 2 
For values of sees © below about 108 (ie. log 
3 2 
aT hd — below 6) the curve departs from a straight 
line and from the changing slope it can be deduced 
that H increases more and more rapidly as the 
diameter d diminishes ; thus, for very fine wires, the 
heat loss per unit area may reach fifty or more times 


that from a large cylinder at the same temperature. 
Owing to the dependence of the value of aoe 





upon temperature, the law of variation of convection 
with temperature difference cannot be obtained 
directly from the slope of the curve in Fig. 5, except 
on the assumption that the mean of the surface 
and medium temperatures is constant; in these 
circumstances, to which practical problems do 
not usually conform, a power of 9 gradually decreas- 
ing from 1:33 for the large diameters to little 
more than 1-0 for fine wires is indicated. The 
modification effected by temperature variations 
in a, c, and & depends upon whether the varying 
temperature is that of the surface, the air, or both. 
For the case of an increasing surface temperature 
in air at constant temperature it can be deduced 
from the curve that approximate proportionality 
to 9° is followed over a wide range of size, say, 
from 1-in. upwards, and this conclusion is in agree- 
ment with systematic experiments carried out under 
these conditions. 
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A simple curve derived from Fig. 5, and illustrating 
the dependence of the heat loss per unit area for 
horizontal cylinders upon their diameter, is given in 
Fig. 6 for an air temperature of 65 deg. F. The 


ordinates show = the abscisse the linear dimen- 
6 


sions, the abscisse being plotted on a logarithmic 
scale. The calculated coefficients do not vary 
much with absolute surface temperature, in spite 
of the variation in the thermal constants, and the 
curve may be used at any rate up to 1,000 deg. F. 
For strict similarity, as in the case of forced convec- 
tion, the length of the cylinder should always bear 
the same ratio to the diameter, but since for the 
cylinders investigated the ratio of length to diameter 
was in all cases high, the end effects can be left 
out of account and the convection-current system 
regarded as two-dimensional, 7.e., the heat transfer 
considered to be independent of length. 

Vertical Planes.—For comparison, the information 
available for vertical planes, for which the similarity 
curve has been compiled by the authors and is 
given in Fig. 7, has been included on Fig. 6, the 
linear dimension referred to in this case being 
height. The remarks made about the law of 
variation of heat transfer with temperature difference 
for horizontal cylinders apply also to vertical planes, 
and direct experimental evidence again favours 
a 5/4 power law for surfaces of all heights, possibly 
with a lower limit. 

The size at which natural convection begins to 
increase as the linear dimensions are decreased is 
rather larger for vertical planes (height) than for 
horizontal cylinders (diameter), and a small vertical 
plane loses heat rather more rapidly than a 
horizontal cylinder of diameter equal to the height 
of the plane. The limiting value of the convection 
coefficient for large sizes appears to be slightly 
greater for horizontal cylinders than for vertical 
planes (Fig. 6 gives 0-35 for cylinders and 0-31 for 
planes), but there is scarcely sufficient evidence to 
justify distinguishing between the two, as the largest 
cylinder investigated had a diameter 1 ft., while 
vertical planes several feet in height have been 
studied, and it is possible that cylinders several 
feet in diameter would yield still lower results. 

Effects of Shape and Position on Natural Convec- 
tion.—Only limited information is available in 
regard to the effects of shape and position upon 
natural convection heat loss. In the case of plane 
surfaces, it has been shown that the convection 
loss is greatest for a horizontal surface facing 
upwards, least for a horizontal surface facing 
downwards, and about mid-way between these 
two values for a vertical surface, but different 
experimenters have obtained somewhat. divergent 
values. Griffiths and Davis, using a 4-ft. square 
plate, gave values for a horizontal surface facing 
upwards about 27 per cent. greater than for a 
vertical surface, and for a horizontal surface facing 
downwards values about 33 per cent. less than for 
a vertical surface. Langmuir, with a 7}-in. disc, 
gave, respectively, 10 per cent. greater and 50 per 
cent. less; Kirpitscheff, using a plate about 2 ft. 
square, values averaging about 55 per cent. greater 
and 20 per cent. less, respectively ; P. Rosin, 12 per 
cent. greater and 9 per cent. less; while Nusselt 
and Hencky, working with plates 1} ft. square, 
agree with Griffiths and Davis in giving results for 
a horizontal surface facing upwards about 27 per 
cent. higher than for vertical surfaces, but give no 
figures for a horizontal surface facing downwards. 
As some of the above observers have pointed out, 
the ratios quoted probably depend upon the size, 
and possibly also upon the temperature, of the 
surface. In the absence of sufficient systematic 
data, it is probably best for practical purposes 
to conclude that horizontal surfaces facing upwards 
and downwards lose, respectively, about 30 per 
cent. more and 35 per cent. less heat per square 
foot per hour than a vertical surface under the 
same conditions. Hence the vertical-surface value 


may be applied in practical calculations of heat 
losses from large bodies, since in most cases roughly 
as much of the surface faces upwards as down- 
wards. 

In this connection, an interesting point may be 
noted, namely, that, from first principles, it is 
evident that the process of heat loss by natural 





convection from a hot horizontal surface facing 
upwards is identical with that of the gain of 
heat by a cold horizontal surface facing down- 
wards, the temperature difference between surface 
and convecting medium being the same in magnitude 
in each case, although opposite in sign, provided 
only that the absolute temperatures do not differ 
sufficiently in the two cases to cause appreciable 
variation in the thermal constants of the medium 
a, c, k. The coefficient of convection loss for a 
hot surface facing upwards must, therefore, be 
used in calculating the heat transfer to a cool 
surface facing downwards. Similarly, the coefficient 
for a hot surface facing downwards is to be applied 
to a cool surface facing upwards. More generally, 
the heat loss from a surface of any shape is the 
same as the gain of heat by the same surface turned 


Fig.6. NATURAL CONVECTION. CURVE SHOWING 
HEAT LOSS IN AIR FOR DIFFERENT SIZES. 
22 





% 





12 
me 
ay 10 
& 
6 
¢ 
2 
o 
00001 0001 001 01 +0 100 
l in Feet 
~~ 2 =F a. ae 
(2060.F.) Lod, L “ENGINEERING” 


Fig.7.NATURAL CONVECTION. CORRELATED 
DATA FOR VERTICAL PLANES IN AIR. 
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upside down, the surface being, of course, as much 
warmer than the medium in the first case as it is 
cooler than the medium in the second case. 

The convection from a ceiling or top internal 
surface of a rectangular box is certainly less than 
from a freely exposed horizontal surface facing 
downwards. Theoretically it would be possible for 
an equilibrium to be established in such a case, 
the temperature decreasing continuously from top 
to bottom, and there being no air movement at all, 
in which case heat transfer would be confined to 
conduction and radiation, and the conduction 
would be extremely small compared with the 
convection from a freely-exposed surface. In 
practice, however, draughts and other disturbances 
would set up eddies; and a certain amount of 
convection is inevitable. The National Radiator 
Company found that a ceiling lost about 50 per 
cent. as much heat by natural convection as a 
freely-exposed horizontal surface facing down- 
wards. 

It is not possible to lay down general rules as to 
the effect of complications in shape upon the con- 
vection from a surface. Neither can the effect of 





the presence of other surfaces which may baffle 
or divert the convection currents be definitely 
ascertained except by actual experiment. It has 
been found experimentally that the air streams 
in the proximity of a vertical surface cooling by 
natural convection are practically confined to 
within an inch or so of the surface. Consequently, 
the convection heat transfer is unaffected by the 
presence of a second surface parallel to the first 
at a distance away greater than, say, an inch, but 
if the{surfaces are closer than this it is consider- 
ably reduced. 
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History of the Canterbury and Whitstable Railway. By the 
Rev. R. B. FeEtLtows. Canterbury: J. A. Jennings, 
Limited. [Price 6s. net.] 

Wir the writings of Warren, Dendy Marshall, 

Ahrons, Forward, Young, and others to consult, 

students of railway history are well supplied with 

information of our early railways and locomotives, 
and, thanks to these writers, there can now be few 
facts of importance not recorded. Especially so 
is this the case with the Stockton and Darlington 

Railway, and the Liverpool and Manchester Railway. 

Of less importance than either of these lines, but 

yet of considerable antiquarian interest is the 

Canterbury and Whitstable Railway, the opening 

of which, on May 3, 1830, preceded the opening 

of the Liverpool and Manchester Railway by four 
months. At first sight, it might appear strange 
that there should have been any more need for 

a line between Canterbury and Whitstable than 

between any other two towns. By 1830, of course, 

a number of railways were at work in various parts 

of the country, and others had been projected, and 

a good deal of the interest in the Canterbury and 

Whitstable line lies in the fact that it was the 

first public railway in the South of England, and 

the first to use steam for its passenger traffic. It 
is, therefore, a line which deserves a history, and in 
his book on the Canterbury and Whitstable Railway, 

the Rev. R. B. Fellows has gathered together a 

series of documents and illustrations and the essential 

particulars bearing upon its inception, construction 
and working. 

Like most of the early railways, that between 
Canterbury and Whitstable was originally connected 
with the question of the transport of coal. For 
a long period, cargoes reached Canterbury by way 
of the Stour, which was navigable to within a short 
distance of the city. The river silting up, coal 
was then carted from Whitstable, but at great ex- 
pense. Schemes were proposed for a canal to the 
southward but these came to nothing, and in the 
end, largely through William James, the great 
advocate of “engine railroads,” an Act of Parlia- 
ment for a railway was obtained, and through the 
joint efforts of Dixon, George and Robert Stephen- 
son and Locke, the line was built without much 
difficulty, although it had one unique feature, 
namely, a long incline with a tunnel 828 yards in 
length with a gradient of 1 in 56. 

Though only about six miles long, for working 
it was divided into five sections. From Canterbury 
there was the long incline to the top of Tyler Hill. 
where the first stationary engine was placed. 
From Tyler Hill to Clowes Wood was a fairly level 
stretch worked by another stationary engine and 
rope haulage. From Clowes Wood the line dipped 
again to Bogshole. From Bogshole to near South 
Street there was another level stretch on which the 
historic locomotive Invicta worked; while the 
last section of the line, to Whitstable Harbour, 
had various gradients over which the trains were 
drawn by horses. In the combined use of loco- 
motive, stationary engines and horses, the line 
followed somewhat the example of the Stockton 
and Darlington line, where horses were used for 
passenger traffic till 1833. 

Only a single track was laid, but there was a 
passing place at Clowes Wood. With all the neces- 
sary connecting and disconnecting, the journey 
was a slow one, and a traveller in 1832 tells us the 
passage from Canterbury to Whitstable took him 
1 hour 45 minutes, and that from Whitstable to 
Canterbury 1 hour 10 minutes ; stoppages on the 
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two journeys accounted for 50 minutes and 14 
minutes respectively. 

Mr. Fellows gives many details of the construc- 
tion, finances, management, charges, fares, tickets, 
rolling stock, signalling, and the like. From the 
first, the tunnel was an object of great curiosity, 
and many persons came to view it. It was worked 
from both ends, and on May 17, 1827, the Kent 
Herald stated: “‘On Sunday morning, last, about 
half past two o’clock, the workmen employed in 
the tunnel ... effected a communication with 
the north and south ends by means of cutting an 
aperture about sixty-five yards in length. The 
situation of the excavators has been truly distressing 
for some time, in consequence of the stagnated 
state of the air, but the great rush of the purer 
element has entirely cleared the tunnel. It appears 
so nice was the calculation of the engineer that 
although the line of rail is more than 2,400 ft. 
in length, it has been preserved to within an 
inch.” 

While traffic through the tunnel was worked by 
rope haulage, passengers in the open cars experi- 
enced nothing worse than a draughty passage in 
complete darkness, but when locomotives were 
used, in 1846, they were nearly suffocated. One 
individual who travelled to Whitstable, returned 
on foot and sent his return ticket back to the com- 
pany. His complaints found their way into the 
local paper, where he wrote: “It is quite enough 
for nervous persons to pass through tunnels at all, 
but this is a new and unexpected horror that I have 
been made acquainted with for the first time.” 
It was on this incline and in the tunnel that Brunel 
experimented, when faced with objections to the 
construction of the Box Tunnel on the Great Western 
Railway. Various relics of the railway are preserved 
at Canterbury, where, in the Dane John Gardens, 
is the locomotive Invicta, built by R. Stephenson 
and Company. 





Steam and Gas Engineering. By Tuomas E. Burter- 
FIELD. London: Macmillan & Co., Ltd, [Price 18s. 
net. ] 

In this book, as the title implies, the author covers 

a very wide field. It is intended as an introductory 

text for students and engineers, and includes a 

large amount of descriptive matter. This, as the 

author rightly remarks, makes the effort of the 
student in his studies far more effective. 

The arrangement of the chapters follows a natural 
order. Chapters I and II on fuels and combustion 
are followed by chapters on boiler furnaces, grates 
and stokers and pulverised fuel. Then follows a 
section devoted to heat and work, properties of 
steam, boilers and accessories. The chapter on 
laws of gases leads to sections on gas cycles and 
steam cycles, the various types of steam engines, 
valve gears and governing. Then steam turbines, 
with nozzle and blade calculations, are dealt with, 
and after a chapter on the gas producer, the remain- 
ing three chapters are devoted to the various 
types of internal-combustion engines. 

The criticism we should make on the general 
arrangement is that too little space has been devoted 
to the internal-combustion engine. We can hardly 
agree with the author that ‘‘ steam engineering 
is of greater engineering interest”? because “ the 
steam power plant has become the accepted unit 
used in large central stations.” Actually, the large 
internal-combustion engine appears to be gaining 
ground, and is now to be found in large central 
stations, especially as a standby plant for peak loads. 
There are other statements in this book to which 
we feel impelled to take exception. In dealing, on 
page 6, with the use of the higher and lower heating 
values of a fuel, the author gives the impression 
that the latter is universally used in Europe. This is 
hardly true. On page 33, an example is given of a 
natural gas which has the same composition as a 
blast-furnace gas quoted on page 41. Statements 
made also on pages 294 and 306 are misleading. One, 
for instance, is to the effect that the maximum speed 
of a locomotive corresponds to maximum valve 
travel, and another that increase of area in the first 
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watt is required than to say simply that it is a 
power unit equal to about 1-34 h.p. 

In the chapter on the properties of steam, Marks 
and Davis’s steam tables are referred to, but it is 
necessary to turn to page 328 to find abstracted 
tables sandwiched in the chapter on turbine blade 
calculations. This is hardly a defensible arrange- 
ment. The place for the tables, to which reference 
is made in many of the chapters, is at the end of the 
book, where they are most easily found. One other 
criticism which must be levelled at the tables is 
the extremely haphazard manner in which they 
appear to have been abstracted. In the first 
table, for instance, successive entries, taken at 
random, are for temperatures of 140, 141, 150, 159, 
160, 161 and 169. Although not quite so inexplicably 
arbitrary, the pressure and superheated steam 
tables are similar. 

The author states in the preface that calculus is 
not used until nearly the middle of the book, so that 
the student who starts the two subjects together 
will not find any difficulty in following the simple 
derivations given. In view of this, it is unfortunate 
that no limits are indicated for the integration in 
many of the equations derived in connection with 
the laws of gases ; the integral sign is even written | 
thus, S, in one case. 

The laws corresponding to change of state of a | 
gas at constant volume, constant pressure, constant 
temperature and constant entropy are shown on the | 
PV diagram, Fig. 118, and on the T-¢ diagram, | 
Fig. 119. Unfortunately for the student, the two | 
figures are not consistent. The constant volume | 
line on the PV diagram corresponds to rejection of | 
heat, whereas on the T-? diagram it corresponds 
to supply of heat. In a similar way, the adiabatic 


and as a compression the T-¢ diagram. 
The arrangement of the book is fairly good, and 
the illustrations, on the whole, are excellent. There 


crude to convey a correct impression. 
that a little greater care on the part of the author 
would have made a considerable difference to the 
value of the book. 


Mining of Alluvial Deposits by Dredging and Hydraulicking. 
By W. E. TuHorne and A. W. Hooker. London; 
Mining Publications, Ltd. [Price 20s. net.] 

Tue recovery of gold, tin and other minerals from 
alluvial deposits is one of the oldest forms of 
mining, so old that its origin cannot be traced 
to any definite age or race. 
workings in the Andes are said to have been 
worked 5,000 years ago, whilst others in Rhodesia 
are credited with having supplied King Solomon 
with gold. 

To-day alluvial mining continues to be an 
important branch of the mining industry, particu- 
larly in the recovery of gold, tin, platinum and 
precious stones. Present-day economic conditions, 
however, demand large-scale operations and a 
high degree of efficiency so as to enable deposits 
of comparatively low grade to be exploited at 
a profit. The development of modern dredging 
plant and improved methods in hydraulicking 
have been the main factors in the attainment of 
these ends. 

Thus a branch of mining, which was formerly 
dealt with by an odd chapter in a general mining 
treatise, now requires more comprehensive and 
effective treatment. Engineers engaged in alluvial 
mining usually specialise in this branch, and since 
it presents peculiar problems of its own, which 
for the most part are only remotely related to 
other forms of mining, no apology is needed for 
the appearance of a book which deals with the 
practical side of the exploration, prospecting and 
management of alluvial propositions. The above- 
named work is in the form of a handy but com- 
prehensive little volume, and is written by two 
engineers who have had wide experience in this 
class of work in all parts of the world. 

Part I of this excellent little work deals with 
such matters as prospecting and valuation, water 
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these are of essential importance to the alluvial 
miner. Instructive and interesting examples from 
practice are given. 

Part II covers about 50 pages, and is devoted 
to the various aspects of dredging practice. The 
volume contains an unusually large number of 
photographic reproductions, which not only assist 
the reader in obtaining a clear conception of the 
methods and plant described in the text, but also 
add very considerably to the general interest of 
the work. It is interesting to compare an old 
example of the “‘spoon”’ dredger used in New Zealand 
in 1869, with the modern giants of the present day 
which have a capacity of anything between 50,000 
cubic yards and 350,000 cubic yards per month. 
Many types of dredgers had been tried such as 
the old spoon, or scoop type, dragline, clam-shell, 
suction and other forms, but the bucket dredger 
is the only type which has been uniformly successful 
from the time of its introduction. Costs for running 
a modern dredger have been reduced as low as 
1}d. (24 cents) per cubic yard under ideal conditions 
in California, and in tin dredging in the Malay 
States at 2d. Although these figures are excep- 
tional, they serve to give some idea of what can 
be done when conditions are favourable. 








A Study of the Economic Height of Modern Office Buildings, 
By W. C. Crark and J. L. Kineston. New York: 
American Institute of Steel Construction, Inc. [Price 
2.00 dols.] 


In this work a study of the skyscraper is given 


| from its economic side, as the sub-title indicates, 


but the indictments that have been drawn up 
| against it are also considered. In the United States 
there are 5,000 buildings of ten storeys or more in 
height. Some of these buildings have too many 
floors to be profitable; others have too few. The 
question arises, at what height does the skyscraper 
cease to be a profitable investment ? This may be 
of somewhat academic interest to British engi- 
neers, but it is of vital importance to. American 
investors. 

Such is the chief question dealt with in the 
volume under review, the authors being, respec- 
tively, vice-president of Messrs. S. W. Strauss 
and Company, and member of the firm of Messrs. 
Sloan and Robertson, architects. To arrive at 
conclusions, the authors of the book chose a 
plot of land, 200 ft. by 405 ft., with an assumed 
| value of 200 dols. per square foot, and designs 
'were made for eight different buildings varying 
in height from 8 to 75 storeys. The drastic set- 
| back requirements of the New York City Zoning 
| Ordinance were followed. Engineers, architects, 
' builders and rental agents, each recognised authori- 
| ties in their respective fields, were consulted. The 
| normal computed percentage return upon investment 
| was found to vary from 4-23 per cent. for an 8-storey 
| building to a maximum of 10-25 per cent. for a 
63-storey building. It should be noted that with a 
| plot of the size chosen the conditions for economic 
|return upon investment are ideal. For a building 
on a plot of one-half the size and the same land 
value, the economic height would be reduced to 
about 40 storeys. For buildings on irregular-shaped 
plots and low land values, the economic height would 
be correspondingly reduced. As stated, “true 
economic height is the resultant of a great many 
variable factors, of which the two most important 
are the size of the plot and the value of the land. 
Such economic height must be determined as an 
individual problem for each particular site.” In 
the strategic centres of metropolitan cities in the 
United States, where land values are high, the 
private owner of an office building, to receive the 
most profitable return upon his investment, must 
build a skyscraper ; the higher the value of the land 
the higher he must build. 

The variablefactors entering into a tall office build- 
ing are many. One of the largest single items is the 
structural steel frame, varying in value between 8 per 
cent. and 15 per cent. of the total cost (exclusive of 
the cost of land). The item of elevators is a close 
second. “It is interesting to note how nearly the 
curve for structural steel which made the skyscraper 
possible, is matched by the curve for elevator equip- 
ment which made the skyscraper practicable.” 
This quotation refers to the authors’ chart showing 
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THE RARITAN RIVER BRIDGE, NEW JERSEY, U.S.A. 
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in this instance imposed the limiting conditions 
of 100 feet under-clearance above the level of 
mean high water, and 200 ft. horizontal clearance in 
the main channel span. The State engineers further 
decided upon a fixed high-level structure in order 
to avoid any check to traffic. Taking these govern- 
ing factors into account, with the natural topo- 
graphy of the site, a design was worked out which 
resulted in a notable bridge, eminently satisfactory 
in appearance, complying with the demands of 
modern bridge economics. 

The total length of the bridge, of which elevation 
and plan are given in Figs. 1 and 2, page 196, is 
1,902 ft., measured between abutments. It carries 
a roadway of 50 ft. between curbs, as well as two 
footpaths, each 6 ft. wide, as will be seen in Figs. 
3, 4, 7 and 8. The main structure, of which two 
good views are given in Figs. 14 and 15, page 204, 
is composed of six equal spans, each of 202 ft. clear. 
There are five equal spans in the southern approach 
and four similar spans in the northern approach, all 
these being spans of 40 ft. clear. 

All pier and abutment foundations were carried 
down to rock, which is shaley in character. The 
maximum imposed pressure on the rock surface was 
designed at 10 short tons per square foot. All main 
piers were faced with granite ashlar masonry to a 
height of 14 ft. in order to afford protection against 
the action of tidal water, ice and factory effluents. 
The two piers flanking the navigable channel were 
carried down to 25 ft. below datum in order to allow 
for possible future dredging of the river. 

The arch ribs, details of which are given in Figs. 5, 
6 and 7, annexed, were designed for a uniform load 
of 150 lb. per square foot on the roadway and 75 Ib. 
per square foot on the footpaths, without any addi- 
tional allowance for impact. The superstructure 
above the ribs was proportioned for carrying moving 
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loads resulting from 20-ton lorries, each occupying 
a 10-ft. traffic lane; 80 per cent. of the gross load 
of each lorry was apportioned to the rear axle, and 
a further allowance of 30 per cent. was added for 
impact. 

The ribs were designed on the elastic theory, 
ignoring any restraining action on the part of the 
superstructure. A celluloid model of the rib was 
made, and the design was checked by the application 
of suitable loading, all measurements of deforma- 
tion being taken by gauges, on the method developed 
by Professor Beggs, and familiar to readers of 
ENGINEERING.* 

A decision was then made to construct and test 
in a similar way a celluloid model of a complete 
main span, including the superstructure. These 
tests revealed notable reductions in the calculated 
moments, thrusts and shears in the rib as designed. 
It was, however, decided to ignore these reductions 
owing to the fact that the dead load stress, which 
is aReragee: the greater stress, was not applied 
to the rib until after the centreing had been struck, 
and furthermore, that any restraining action on the 
part of the superstructure is of use only in relieving 
live load stresses in the rib. Unit stresses in the rein- 
forcing steel were taken at 16,000 lb. per square inch ; 
for concrete under dead and live loads, 650 lb. per 
square inch; for maximum allowable stress in con- 
crete under influence of dead and live loading, tem- 
perature, and rib-shortening, 800 lb. per square inch. 

Each rib was poured in seven voussoir blocks, as 
shown in Fig. 10, symmetrically located about the 
arch crown, each block being temporarily separated 
from its neighbour by a 4-ft. gap. The gaps were 
later filled by pouring key-blocks which took the 
form shown in Fig. 9. The reinforcement was lapped 
in these key sections, in order to permit of the 
free longitudinal movement of the bars under the 
influence of voussoir-shrinkage and deformation of 
the centreing. 

The question of the number and placing of ex- 
pansion joints in the floors of open spandrel arches 
has long been a subject of discussion among bridge 
engineers. Tests were applied to the model, referred 
to above, to assist in the solving of this problem. 
To simulate the action of the arch under temperature 
changes, horizontal motion was given to one of the 
abutments of the model after suitable joints had 
been cut in the superstructure. By applying proper 
factors for coefficient of expansion, temperature 
changes and length of structure, and measuring the 
openings of the joints under given conditions, it 
became possible to pre-determine conditions that 
would exist in the completed structure. Similar 
determinations were made of the vertical move- 
ments to be expected in the floor, arising from 
temperature changes. The results of these tests led 
to the use of two expansion joints in each main span, 
one being placed in each end-panel adjacent to the 
piers. These are shown in Fig. 5. 

For the concrete used in the structure, the follow- 
ing classification, composition and unit strength was 
specified :—For piers, up to springing lines—Class 
“D”—1:3: 5 mixture, giving 2,600 lb. per square 
inch ; ribs, barrels and superstructure—Class ‘“‘ B ” 
—1: 2:4 mixture, giving 3,000 lb. per square inch ; 
balustrades and pylons—1 : 2 : 3°5 mixture, and 3,000 
Ib. per square inch. 

In the construction of the bridge the most unusual 
and interesting feature was the use of two travelling 
towers for the placing of concrete. One of these 
towers was placed on each side of the river, and ran 
on a track of 30-ft. gauge. The towers were 160 ft. 
in height, and the two of them commanded practic- 
ally the entire structure. Each tower had its own 
concrete mixing plant, concrete bei1g delivered from 
these to the towers by means of a narrow-gauge 
railway. This construction plant permitted rapid 
and economical work. The contract was awarded 
in April, 1928, and the bridge opened to traffic in 
December, 1929. 

The centreing for the main spans consisted of 
three hinged steel ribs, each composed of six trusses. 
These trusses were erected in half-sections by a 
cantilever system based on the piers, with the assist- 
ance of 3-h.p. electric hoisting motors. Altogether 
three sets of these centres were used in the con- 
struction of the 18 ribs. The erection of the centreing 





* See vol. cxxvi, page 31 (1928). 








and the placing of forms and reinforcing steel for a 
complete rib occupied about five days. Practically 
all construction equipment using power was equipped 
with electric motors. 

As a matter of interest, the contract price for the 
completed bridge was 1,509,473 dols. Some of the 
principal quantities in the contract were :—Founda- 
tion excavation, 23,000 cubic yards; concrete, 
74,000 cubic yards ; granite facing, 1,500 cubic yards ; 
reinforcing steel, 2,400 tons. 

An interesting and instructive series of field-tests 
has now been proceeding for a year upon one of the 
ribs, in order to obtain data on the behaviour of a 
fixed elastic concrete arch, as erected, to compare 
with the calculated results derived from the applica- 
tion of the elastic theory, now in common use. The 
test instruments include electrical and mechanical 
strain gauges, electrical temperature coils, clino- 
meters and vertical deflection wires. Tests are also 
being applied to check the vertical movements in 
the bridge-floors, arising from temperature changes. 
At present these tests have not been completed, but 
it is hoped that the data, when finally available, 
will be of considerable interest and of value to the 
profession. 

The ornamentation has been restricted to a 
minimum, with excellent effect. The piers and ribs 
are merely finished with plain relief mouldings. 
The balustrading is of concrete, with 6-in. square 
posts and rail 9 in. wide by 6 in. deep. At the two 
ends of the length of five main spans the abutment 
piers are surmounted by pylons, as will be seen in 
Fig. 14, page 204. Details of these are given in 
Figs. 11, 12 and 13. In such structures there can 
be no standard form or design, and much must be 
left to good judgment and good taste. The engineers 
responsible for the Raritan River bridge, as will be 
seen from the illustrations, can leave themselves with 
some confidence to the verdict of the public and the 
members of their profession. 

The bridge was designed by Mr. Morris Goodkind, 
M.Am.S.C.E., Bridge Engineer to the State Highway 
Commission of New Jersey, working under the 
general direction of Major W. G. Sloan, M.Am.S.C.E., 
late Chief Engineer to the Commission. It may be 
mentioned in conclusion that the announcement 
was made at the July convention of the American 
Society of Civil Engineers, that the First of three 
awards had been made to Mr. Goodkind for the de- 
sign of this bridge. The honour is one of the Phebe 
Hobson Fowler Awards, of which three were then 
given in connection with the betterment of the 
Status of the Engineering Profession, and three for 
works of outstanding merit in engineering architec- 
ture. The first of the latter, as stated, was bestowed 
upon the designer of the Raritan Bridge. This is 
the second occasion on which these awards have 
been presented since their founding. 








THE LATE MR. ALBERT EDWARD 
SEATON. 


Ir is with great regret that we record the death of 
Mr. Albert Edward Seaton, the eminent marine 
engineer, who died on August 8, at Hemel Hemp- 
stead, in his eighty-third year. From almost the 
beginning of his career, Seaton was associated with 
men who rose to high positions in their profession, 
and with whom he enjoyed lifelong friendships. The 
majority of his contemporaries have already passed 
away, and his own death severs one of the few re- 
maining links with a most interesting period in the 
history of the steamship. Liberally endowed by 
nature with imagination, great powers of application 
and memory, he belonged to a small group of men 
whose services to a great industry and to the 
nation can scarcely be over-estimated, and whose 
work enabled us to maintain that supremacy at sea 
which proved the Nation’s salvation in the day 
of need. 

The son of a Cornish shipowner, Seaton was born 
at Padstow in 1848, and as a boy attended Probus 
School. Desirous of joining the Navy, at the age 
of 16 he entered Devonport Dockyard as an engineer- 
student. For many years the engineering branch 
of the Navy had been recruited from engineer boys 
trained in one or other of the Dockyards, but just 
prior to Seaton’s time their rank had been changed 
to that of engineer-students. Generally speaking 








there was little to distinguish the students from the 
ordinary Dockyard apprentices, but among the 
treasured possessions of Seaton was the original 
petition sent from Devonport to the Admiralty in 
1865, requesting that the students might be allowed 
to wear uniform, as cadets and midshipmen did. 
Living at home or in lodgings, they worked much 
the same hours as the apprentices ; these extended 
from 6 a.m. to 6 p.m. two days a week and from 
6 a.m. to 8 p.m. on school days and lecture nights. 
On Saturdays, work did not cease till 3.40 p.m., 
and there were but four days’ holiday in the year. 
But, however long the hours, the practical work in 
Keyham factory and afloat, combined with the 
excellent instruction in the Dockyard schools, 
provided the students with a sound experience from 
which the country afterwards benefited. 

Ever since the Crimea War had led to a great 
extension of the engineering branch, there had 
been a demand for a higher training of con- 
structors and engineers, and in 1864 the Admiralty, 
largely through the representations of the Institution 
of Naval Architects, opened the Royal School of 
Naval Architecture and Marine Engineering, at 
South Kensington. To this engineer-students and 
shipwright apprentices gained admission by a 
severe competitive examination. The school was 
located in a house in the Cromwell-road, on a site 
now occupied by the Victoria and Albert Museum, 
wooden huts being erected for lecture rooms, 
while the kitchen became the chemical laboratory 
and the larder the “stink”? room. Among the 
successful candidates for admission, in 1868, were 
Chilcott from Portsmouth, Corner from Sheerness, 
and Butler and Seaton from Keyham. Pratten, 
Hearson, Durston, Sennett, and Morcom were 
already members of the school, the courses at which 
extended over four years. In Seaton’s time Dr. 
Woolley was the inspector-general, Merrifield, the 
mathematician the principal, and Professor Cotterill 
the vice-principal; while Dr. Unwin—still, happily, 
with us—was the instructor in engineering. The 
curriculum, no less than the examination papers, 
show that the standard aimed at was a very high 
one, the text-books in use being those of Boole, 
Besant, Todhunter, Routh, and Rankine. 

During its career of nine years, the ‘school 
published several “‘ annuals” of technical papers 
and one “sessional almanac” in lighter vein. 
For both of these Seaton wrote. In the former 
is to be found what was probably his first contribu- 
tion to engineering literature, a paper on “ The 
Marine Cylinder as fitted in the Navy,” while in 
the latter are some of his sketches of his contem- 
poraries. Of the sketch of Farley, a private student, 
and his ‘“‘ Kensington Tractrix Valve ” nothing need 
be said, but Seaton’s sketch of Alfred Morcom still 
remains of interest. Morcom, like Seaton, came 
from Cornwall. During their studentship they 
lodged together; they both left the Service for 
private enterprise, and on Morcom’s early death 
in 1905, Seaton succeeded him as Chairman of the 
well-known Birmingham firm of Belliss & Morcom. 
The sketch, too, has more than a personal interest, 
for it recalls an almost forgotten incident in the 
history of the Whitworth Scholarships. Sennett, 
Hearson, Yeo, and Seaton all took Whitworth 
Prizes, but while Morcom was studying for one, 
regulations were apparently issued debarring the 
members of the South Kensington school from the 
competition. Seaton therefore depicted his friend 
Alfred as studying in the kitchen, a burning cake on 
the hearth, while on the wall hung a petition against 
the recent rule. The sketch, it may be added, 
was taken from life by Seaton unknown to Morcom. 
Of his other friends, Corner and Chilcott, Seaton 
was destined to be at the bedside of Corner when 
he died at Bad Nauheim in 1912, and to be a fellow 
prisoner with Chilcott in Germany in 1914. Chilcott 
also died in Germany, and was buried beside Corner. 
Both had had long and distinguished careers in the 
Navy and had attained the rank of Engineer-Rear- 
Admiral. Sennett, who also came from Cornwall, 
and who died in 1891, was Engineer-in-Chief of 
the Fleet from 1887 to 1889, while Durston, who 
came from Plymouth, held that distinguished 
position from the latter year until 1897, being the 
first officer to attain the rank of Engineer Vice- 
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After a four-year course Seaton left the school in 
1872 without obtaining a fellowship, and almost 
immediately abandoned the idea of a naval career, 
He had seen the engineering branch at the Admi- 
ralty subordinated to the constructive branch ; 
he had realised the inferior position accorded 
engineer officers in the Navy, and he had further 
come into contact with Mr. Reed (afterward Sir 
Edward Reed, K.C.B.), who in 1870 had, at the age 
of 40, resigned his position as Chief Constructor 
at Whitehall. Reed, at that time, occupied a pro- 
minent position in shipbuilding circles, and to 
him Seaton became, as he himself said, “‘a sort 
of technical secretary and remembrancer.” Through 
this appointment Seaton established connection 
with Messrs. Earle’s Shipbuilding and Engineering 
Company, Hull, with which Pratten was also asso- 
ciated, and after acting as chief designer, assistant 
manager and manager of the engine works, finally 
rose, in 1885, to be general manager and director, 
a post he held till 1901. His first task was to report 
on the Perkin’s water-tube boiler; then he was 
engaged on work for the once-famous cross-Channel 





Tur Late Mr. A. E. Sraton. 


saloon steamer Bessemer ; after which he was respon- 
sible for the design and construction of a long list 
of merchant ships, warships and express cross- 
Channel steamers. His naval work began with the 
machinery for the composite corvette Ruby of 2,120 
tons, and about 2,000 i.h.p. He was one of the first 
to construct triple-expansion engines for ships, 
engining the Draco in 1882, the Rosario in 1883, 
and the Dynamo, Electro, Finland and Martello 
in 1884, The last vessel had cylinders 31 in., 50 in. 
and 82 in. in diameter, a stroke of 4 ft. 9 in., and 
worked with steam at 150 lb. pressure. Among the 
vessels built at that time at Hull were the iron ships 
Grecian Monarch and St. Ronans of 4,364 and 4,484 
gross tonnage, respectively. He finally severed his 
connection with Earle’s in 1901 and set up in 
Westminster as a consulting engineer, occupying 
offices at 32, Victoria-street. 

Mr. Seaton was a member of the Institution of 
Naval Architects, the Institution of Civil Engineers, 
the Institution of Mechanical Engineers and the 
Institute of Marine Engineers, though it was 
naturally at the meetings of the first, of which he 
was latterly an honorary vice-president that he was 
most often to be seen. His contributions to this body 
included Haxperiences with Triple-Compound En- 
gines, 1885; Progress in Marine Engineering in 
the Mercantile Marine, 1891 ; Causes of Fractures in 
Steel as Revealed by the Microscope, 1896; Factors 





of Safety and their Influence on Marine Design, 1905 ; 
Research Designs in Marine Engineering, 1918 ; and 
The Work of the British Marine Engineering Design 
and Construction Committee, 1919. He was elected 
a member of the Council in 1888, and served as a 
representative on Lloyd’s Technical Sub-Committee, 
the Consultative Committee of the Board of Trade, 
of both of which he was chairman, and on the 
Engineering Standards Sectional Committee, while 
in 1919, was elected a Vice-President. He was also 
Chairman of the British Marine Design and Con- 
struction Committee, and of the Iron Trades Em- 
ployers’ Insurance Association, as well as an Hon- 
orary Fellow of the Institute of Metals. 

His interest in the history of marine engineering 
was frequently shown by his remarks during dis- 
cussions, and in 1921 he read a paper before the 
Institute of Marine Engineers on Marine Engin- 
eering Curiosities in Practice and Experiences. He 
was the author of several text books and there 
must be few who are unacquainted with his valu- 
able Manual of Marine Engineering. Published 
first in 1883, a year after Sennett had written The 
Marine Steam Engine, he stated his aim to be to 
assist in some degree ‘‘ the application of scientific 
investigation to those problems which the marine 
engineer is called upon, day by day, to solve.” It 
appeared at a time when such a work was urgently 
needed, and before the end of the century it had 
passed through no fewer than fourteen editions. 
His Manual of Engineering Rules and Tables was 
written jointly with Mr. H. M. Rounthwaite, who 
had worked with Seaton at Hull and again in West- 
minster. He was also responsible for a book on 
Screw and Other Propellers. He was one of the 
earliest lecturers at the Royal College, Greenwich, 
and acted in the same capacity at the Engineering 
School, Cambridge University. 

After his removal to London, Seaton lived for 
many years at Hemel Hempstead, Herts, where he 
took a part in public affairs. He became a county 
councillor for Hertfordshire and a Justice of the 
Peace. To the end he retained lively recollections 
of his early contemporaries, and of the help he had 
received from some of those under whom he was 
trained, while he himself was always ready to place 
at the disposal of others some of that vast fund of 
information he had accumulated in his long and 
honourable career. 








THE LATE DR. P. C. COWAN. 


Dr. PETER CHALMERS CowAN, whose death occurred 
at Fleet, Hampshire, on Saturday, August 9, at the 
age of 71, was for many years responsible for carrying 
out a number of important civil engineering works in 
Ireland, and since his retirement from the active 
list has been a valued contributor to our columns. 

Dr. Cowan was born in Scotland on March 20, 
1859, and was educated at the High School, Dundee, 
and at the University of Edinburgh. He gained 
admission to the latter institution by winning the 
Baxter Engineering Scholarship, and studied under 
Professor Fleeming Jenkin, obtaining first medals in 
engineering, senior natural philosophy and surveying. 
He subsequently acted as assistant to the Professor 
of Engineering and was awarded the Vans Dunlop 
Engineering Scholarship in 1882. For a few months 
in that year he served under Mr. T. G. Smith, the 
city surveyor of New York, and for an equally short 
time was city surveyor himself. From 1882 to 1884, 
he was assistant engineer on the construction of the 
New York, West Shore and Buffalo Railway. He 
read a paper on this subject before the Students 
Section of the Institution of Civil Engineers, the 
merits of which were such that he was awarded a 
Miller Prize. From February to October, 1884, he 
was an assistant engineer on the Canadian Pacific 
Railway, being responsible for the construction of a 
section of line, but soon returned to this country, where, 
for two years, he acted as second engineer of the North- 
Eastern Sanitary Association. 

In 1886, he began his long connection with Ireland, 
by being appointed county surveyor of South Mayo. 
While holding this position, in addition to being res- 

nsible for the roads, bridges, piers and court-houses in 

is district, he undertook important duties in con- 
nection with the construction of new railways, and 
was employed by the Sanitary Authority in the lay- 
out of water-supply systems, filter beds and sewers. 
He also acted as consulting engineer to the Piers and 
Roads Commission, while other important works 
for which he was responsible included the Achill 
swing bridge and viaduct and the Moy Bridge. In 








1890, he was appointed surveyor of County Down, 
in which position he had charge, inter alia, of some 
2,800 miles of roads. Ten years later, he became chief 
engineering inspector of the Irish Local Government 
Board, a position he held for twenty years, during which 
his activities were many and varied and were increased 
by the growing prosperity of the country. In 1919, 
he was appointed Chairman of the Housing Committee 
of the Irish Local Government Board, retiring in 1923 
as a consequence of the change in régime. 

Dr. Cowan became a full member of the Institution 
of Civil Engineers in 1892, and served a term on the 
Council as Irish representative. He was also a 
member of the Sanitary Institute and of the Engineering 
Committee of the Road Board, as well as being an 
honorary member of the Royal Institute of the Archi- 
tects of Ireland, of the Institution of Water Engineers, 
and of the Institution of Municipal and County Engi- 
neers. He was the author of a number of pamphlets 
on roads, bridges, public health and housing. He was 
a Doctor of Science of the University of Edinburgh. 








THE LATE MR. C. C. WHARTON. 


On July 30 last, the British Thomson-Houston 
Company lost a distinguished member of its staff in 
Mr. Charles Courtenay Wharton, a loss which will also 
be felt by electrical engineering in general. He had 
been connected with the firm since its earliest days and 
had played a great part in bringing it to its present 
leading position in the electrical world. 

Mr. Wharton, who was born at Bushey, Hertford- 
shire, on June 7, 1871, began his electrical career 
in the United States, where he was assistant to Mr. 
E. E. Boyer in the testing department of the Lynn 
works of the General Electric Company, and joined 
the British Thomson-Houston Company in 1897, 
the year of its formation. He was first engaged 
in the testing of transformers and other apparatus, 
which at that time were manufactured in a small 
factory at Bankside. Later he joined the technical 
department, which was formed by Mr. H. M. Hobart, 
who was then in charge of the design work of the 
company. When the well-known Rugby works were 
started in 1901, Mr. Wharton received an appointment 
on the staff of the chief engineer, Mr. J. S. Conover, 
among the more important of his duties being the 
compilation of technical data and the establishment 
of a Data Department, over which he continued to 
exercise a guiding hand throughout his career, in spite 
of the pressure of other work. 

Five years later, he was placed in control of the 
drawing office, and occupied this position until 1919, 
when he was appointed assistant chief engineer. While 
holding the latter post, in addition to what may be 
called his routine duties, he was closely concerned 
with the work of the British Engineering Standards 
Association and the International Electrotechnical 
Commission. He acted as joint editor of the British 
Standard Glossary of Terms used in Electrical Engi- 
neering, which was published a few years ago, and 
was also actively engaged at the time of his death 
on an International Vocabulary of Electrical Terms. 
He was a member of the Committee of the British 
Association, which has been formed to clarify electrical 
nomenclature and definitions, and of a similar body 
set up by the British Engineering Standards Associa- 
tion to undertake the co-relation of the symbols used 
in engineering. As chairman of the Terminal Markings 
Co-Ordinating Committee of the British Electrical 
and Allied Manufacturers’ Association, he did valuable 
work in the development of a comprehensive system 
of markings. 

Besides his technical work, Mr. Wharton took a 
great interest in the educational and social activities 
of the company, with which he was connected for thirty- 
three years. He had long been a member of the Appren- 
ticeship Committee, and was its vice-chairman for the 
past eleven years. He became president of the social 
club in 1911, and was a member of the council of the 
recreation club into which it was ultimately merged. 
He was also a member of the Rugby Rural District 
Council. 








British Emprre TRADE EXHIBITION, BUENOS AIRES, 
1931.—Owing to the greatly increased importance now 
assumed by the British Empire Trade Exhibition, 
to be held at Buenos Aires on March and April, 1931, 
H.M. Government has decided to treble the sum to be 
expended on their official participation in the enterprise. 
This additional sum will allow a considerable portion of 
the impressive British Government exhibits, now being 
shown in the Antwerp Exhibition, to be sent out and 
adequately displayed at Buenos Aires. One of the finest 
buildings in the exhibition —_— has been placed at 
the disposal of the British Government and the decora- 
tions and arrangements will be in the hands of the Depart- 
ment of Overseas Trade. In the trade section the 
exhibition it has been found necessary to provide more 
than double the covered space originally designed, and 
although the grounds and buildings cover Be sp of 
25 acres, it will be difficult to accommodate all who wish 
to participate. 
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THE SCOTT-PAINE RACING MOTOR BOAT. 


CONSTRUCTED BY MESSRS. THE BRITISH POWER BOAT COMPANY, ENGINEERS, SOUTHAMPTON. 











Fie. 1. View Saowine Framina. 





THE SCOTT-PAINE RACING 
MOTOR BOAT. 


Tue production of a successful racing motor boat 
calls for an exceptional degree of technical knowledge 
combined with great constructional ability, and it is a 
matter of considerable satisfaction that British designers 
have now regained the pre-eminent position in this field 
which they relinquished to the United States a few years 
ago. The success of the late Sir Henry Segrave in 
securing the world’s speed record has been followed by 
the construction of a challenger for the Detroit News 
International Trophy. This race is for vessels in the 
5}-litre class fitted with a standard engine as sold to ) 
the public, and is therefore of particular importance 
to the motor-boat industry as a whole. 

The challenger, which we illustrate in Figs. 1 to 3 on 
this page, has been built by Messrs. The British Power 
Boat Company, of Hythe, Southampton, to the designs 
of Mr. H. Scott-Paine, who was closely associated with 
the design of ** Miss England ” and many other success- 
ful racing boats. The boat illustrated has been named 
‘Miss Britain I,” and is equipped with a single six- | 
cylinder Scripps Gold Cup engine weighing approxi- | 
mately 900 lb., and developing about 120 brake horse- | 
power. The boat incorporates a number of "tthe / 








features, of which perhaps the most striking is the 
exceptional strength of the hull bottom in conjunction | 
with a superstructure which forms a light, but deep and 
rigid, centre girder designed on the accepted seatice | 
for aeroplane fuselages. The hull bottom is built | 
mahogany and is $ in. thick. The general construction | 

| 


2:36 B 


Fie. 2, 120-B.H.P. Stx-Cy.tinper {Scripps ENGINE. 
of the superstructure will be clear from the figures, but 
it may be mentioned that the inter-girder frames are 
also of mahogany, 2} in. by 3$ in. The main fore and 
aft structure is built up from 1 in. by 1 in. spruce, held 
together by three-ply gussets. The sides of the boat 





are } in. thick. 

The boat is fitted with the Scott-Paine dual rudder 
control, the fore rudder being controlled by a rudder bar | 
actuated by the feet. The stern rudder embodies a new | 
feature in racing boat design, in that it is offset on the 
starboard side, and the blade is sev at an angle instead 
of vertically. It is thus removed from the propeller 
slip stream when the vessel is running straight. In a| 
turn to port, however, the blade is turned into the 
slipstream, and its effectiveness for a turn in this 
direction is further enhanced by its being set at an 
angle, so that the water from the rudder is deflected 
downwards instead of remaining near the surface, | 
as with a vertical rudder. These factors enable a | 
more rapid turn to port to be made, and this is | 
of importance in the race for which the boat has been 
designed, since all turns must be made in this direction. | Sen le : os 
The fore end of the propeller shaft bracket is a hollow : ee pase Engenge give 
casting, the leading edge of the strut forming an orifice 
through which the cooling water for the motor enters, 
thus eliminating the resistance of a separate water 














Fie. 3. Boat AFLOAT. 
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THE RIGHTING OF THE SKEGNESS WATER TOWER. 


Plumb-bob suspended 
110:0' above Floor 


Fig. 1. 
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scoop. The petrol tank has been placed on the port side 
to assist in turning the boat, and is hung in straps in 
such a way that the hull can distort without affecting 
the tank. The latter weighs less than ? lb. per gallon 
capacity. The petrol is conveyed through Petroflex 
tubing to dual autopulse fuel pumps controlled by a 
dual switch, so that in the event of one pump being 
damaged the other can be immediately brought into 
action. The engine is mounted aft with an exception- 
ally short propeller shaft. The gear box is stated to 
be exceptionally quiet running, and is water cooled. 
There are three thermometers on the dashboard to 
show the temperature of the cooling water for the 
engine, gear box and stern gland, respectively, together 
with the usual instruments. The centre of the board is 
cut away to give a view of the interior of the hull for- 
ward, and the cockpit is arranged to give the pilot 
adequate protection from windage and spray. 

The vessel is 20 ft. 03 in. long on the water line, and 
has a beam of 5 ft. 8 in. The height of the super- 
structure amidships is 1 ft. 9 in., and the width 1 ft. 
9} in. The boat has practically no freeboard, and is 
awash aft when at rest. The head resistance is said to 
be negligible, and the actual side area is less than that 
offered with conventional methods of construction. It 
is stated that the vessel has proved exceedingly sea- 
worthy, with good stability in any kind of seaway, and 
that there is no wash fore and aft of any sort. 








DIESEL-ENGINED DREDGER FOR 
THE ST. LAWRENCE. 


Ix a recent article, mention was made of the adoption 
of Diesel engines on some of the more modern canal 
boats plying on the St. Lawrence waterway. Another 
interesting application is now reported from Montreal. 
Messrs. General Dredging Contractors, Limited, of Mon- 
treal, who recently secured a contract for the dredging 
to a depth of 35 ft. of the St. Lawrence ship channel, 
is applying Diesel-engine power to the generation of 
electricity for the operation of its new hydraulic dredger. 
The new vessel is being built at Sorel by Messrs. Manseau 
Shipyards, Limited, and will be equipped with a plant 
consisting of four 700 h.p., eight-cylinder M.A.N. 
Diesel engines, each of which is directly connected to a 
400 kw., 250-volt direct-current generator. There will 
also be an auxiliary generator set of 95 h.p. 
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The hull and house of this dredger are being con- 
structed of steel, the principal dimensions being 150 ft. 
long, 40 ft. beam, and 12 ft. deep, with a 12-ft. by 16-ft. 
well for the reception of the ladder. This ladder 
carries the necessary shafting for the cutter or agitator, 
as well as the suction pipe. The main pump is driven 
by a 1,500-h.p. motor, and will deliver up to a limit 
of nearly two miles. Circular steel anchor spuds, 
36 in. in diameter and 90 ft. long, are used. The ladder 
is 75 ft. long, and is constructed of two 30-in. beams 
weighing 240 lb. per foot. 

The company has been operating this type of dredger 
on the St. Lawrence river, on the Saguenay river, and 
on the Pacific coast for a number of years, and the 
present vessel embodies the experience obtained, the 
design being by their engineering ‘staff. The whole of 
the electrical equipment of the new dredger is being 
constructed at Peterborough, Ontario, by Messrs. The 
Canadian General Electric Company, Limited, and 
the rest of the equipment, with the exception of the 
Diesel engines, is being manufactured in Canadian shops. 


THE RIGHTING OF THE SKEGNESS 
WATER TOWER. 


A very successful piece of work has recently been 
carried out on Skegness Water Tower, 110 ft. high, 
which had become tilted to a considerable degree. 
The work of righting and stabilising this structure has 
been carried out on unusual lines by the use of bore- 
holes, as is explained below, with the aid of Figs. 1 to 3, 
annexed. 

It should be mentioned that the tower, which had 
stood perfectly vertical when empty, upon being filled 
with water, developed a bad list. This, in course of 
time, increased until the centre point of the roof was 
more than 2 ft. off the centre of the base. Subsequent 
investigation proved that the trouble was due to the 
presence in the subsoil (which consisted for the most 
part of black and brown sandy clay, with much water 
in the lower beds) of patches of spongy peat. While 
the subsoil down to the glacial clay at 32 ft. was 
certainly compressible at a load of 10 cwt. per square 
foot, and some settlement was anticipated and provided 
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for, the tilt was unexpected, and could only be rectified 
by removing subsoil from under the high side of the 
base. 

With this object in view, a complete circle of inter- 
locking steel sheet-piling was driven around the base 
of the tower, the piling on the low side of the tower 
being driven much farther down than that on the 
high side. A series of fifteen 12-in. holes was 
then bored immediately outside the piling on the 
high side, the positions being shown in Fig. 3. 
Each boring was 14 ft. deep, and the lower portion 
was unlined. 

The high side of the tower base having been. loaded, 
as indicated in Fig. 2, with sandbags, &c., extrusion of 
the subsoil immediately commenced and continued for 
a period of about six weeks. During this time the 
extruded material was continually removed from the 
borings, and the tower gradually regained its vertical 
position. The movement was readily controlled by 
shelling from the borehole towards which movement 
was desired. On attaining the vertical, the piles 
on the side which had originally been high were 
driven to the full depth, and since that time no 
appreciable movement of the tower has occurred. 

An interesting feature of the case was that, while the 
extrusion naturally had the effect of converting the 
circumference of each borehole from a circle into an 
ellipse, the major axis of each ellipse was observed to 
be radial to the piling-circle, instead of tangential to 
it, as might have been expected. This phenomenon 
is being examined with a view to determining the 
cause. 

The boring work was carried out by Messrs. Le 
Grand, Sutcliffe and Gell, Limited, of Southall, W.., 
under the joint direction of Sir Cyril Kirkpatrick, 
V.P.Inst.C.E., and Mr. Percy Griffith, M.Inst.C.E. 








THE MARKET FOR WEIGHING MACHINES IN TRINIDAD. 
—aA confidential report on the market for counter scales 
and platform weighing machines in Trinidad has been 
prepared by the Department of Overseas Trade. United 
Kingdom firms desirous of securing a copy of the report 
should communicate with the Department at 35, 
Old Queen-street, London, 8.W.1, quoting Reference No 
A.X. 9949. 
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SYDNEY HARBOUR BRIDGE. 
Tue work of closing the arch of the Sydney Harbour 
Bridge is rapidly nearing completion. It was reported 
in the daily Press last week that the gap remaining 
amounted then only to about 42in., across which tem- 
porary staging had been placed, and over which Mr. L. 
Ennis, Director of Construction of Messrs. Dorman, 
Long and Company, was the first to pass. Prepara- 
tions were then being made to effect the closure by 
the lengthening of the supporting cables. 

It may be recalled that tenders for the main bridge 
of 1,650 ft. span, and steel approaches on plans and 
specifications prepared by Dr. J. J. C. Bradfield 
as Chief Engineer, Sydney Harbour Bridge, New 
South Wales Government, were asked for, and that 
Messrs. Dorman, Long and Company’s tender of 
4,217,7211. 11s. 10d. was accepted in general accord 
therewith. The remainder of the work is being 
carried out by day labour by the Public Works Depart- 
ment of New South Wales. The total cost of the 
bridge and approaches when completed will be 
6,500,0001. The fabricating shops were designed and 
erected by Mr. L. Ennis, O.B.E., Messrs. Dorman, 
Long and Company’s Director of Construction, on 
land made available by the Chief Engineer’s Specifica- 
tion, and the erection scheme was prepared by him 
and Messrs. Dorman, Long’s consulting engineers, and 
approved by Dr. Bradfield before their tender was 
accepted. Associated with Messrs. Dorman, Long and 
Company as architects, is the firm of Messrs. Sir John 
Burnet and Partners; and, as engineers, Mr. Ralph 
Freeman, of Messrs. Sir Douglas Fox and Partners, 
and Mr. G. Imbault, formerly chief engineer of the 
Cleveland Bridge and Engineering Company, of 
Darlington. 

Dr. Bradfield is the Chief Engineer for the New South 
Wales Government, and designed the scheme and 
prepared the general plans and specifications for 
tenders, which closed in January, 1924. The Chief 
Engineer supervises the fabrication and erection of 
the bridge, under Messrs. Dorman, Long and Company’s 
contract, and is carrying out the construction of the 
approaches by day labour. 

We put the facts in the two preceding paragraphs 
on record at Dr. Bradfield’s request, although they 
were embodied in the first of several articles we have 
had on the actual work on the bridge, viz., that 
published on page 467 of vol. cxxv, on April 20, 1928, 
Having been given then, in accordance with practice, it 
was not thought necessary to repeat the information in 
later issues, more especially because in the latter refer- 
ence was made back to the particular article indicated. 








LAUNCHES AND TRIAL TRIPS. 


‘** HoLMSIDE.’’—Cargo steamer; quadruple-expansion 
engines installed by Messrs. North Eastern Marine 
Engineering Company, Limited, Wallsend. Trial trip, 
August 6. Main dimensions, length 350 ft. 3 in., beam 
48 ft., deadweight carrying capacity, 5,550 tons. Built 
by Messrs. Cowpen Dry Docks and Shipbuilding Company, 
Limited, Blyth, for Messrs. The Burnett Steamship 
Company, Limited, Newcastle-upon-Tyne. 

** Marat.”’—Twin-screw lighthouse and general service 
steamer, also designed to serve as the official yacht of 
the Governor General of New Zealand ; triple-expansion 
engines. ‘Trial trip, August 8. Main dimensions, length 
228 ft., beam 35 ft. Built by Messrs. R. & W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, to the 
order of H.M. Government of New Zealand. 

‘* HARPALYCE.”’-—Grain-carrying and _ general-cargo 
steamer ; triple-expansion engines. Launch, August 12. 
Main dimensions, 409 ft. by 54 ft. 3 in. by 27 ft. 2 in. 
Built by Messrs. John Readhead and Sons, Limited, 
South Shields, for Messrs. J. and C. Harrison, Limited, 
London. 

“TayRBANK.”’—Twin-screw cargo motorship; five- 
cylinder Sulzer-type Diesel engines. Trial trip, August 
12. Main dimensions, 440 ft. by 57 ft. by 38 ft. 7 in. 
Built by Messrs. Workman Clark (1928) Limited, Belfast, 
for Messrs. Andrew Weir and Company, Bank Line, 
Limited, London. 

“‘ Srecc.”—Single-screw oil-tank motorship;  six- 
cylinder, two-stroke, single-acting Armstrong-Sulzer 
Diesel engine. Launch, August 12. Main dimensions, 
408 ft. by 54 ft. 9 in. by 32 ft. Bui't by Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Shipbuilders) 
Limited, Tyne Iron Shipyard, Willington i for 
Messrs. Stephansen & Torgersen, Oslo, Norway. 








ImporTED IRON AND STEEL Botts, Nuts AND RIVETs. 
—An Order in Council, made on July 28 and entitled 
‘*The Merchandise Marks (Imported Goods) No. 6 
Order, 1930,” requires imported bolts, nuts, rivets, 
set screws, coach screws, and _ boiler-makers’ and 
engineers’ studs of iron and steel to bear an indication 
of origin at the time of sale or exposure for sale in the 
United Kingdom, The Order will come into force on 
October 28 next. It is being published, and copies 
will shortly be available from H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2. Any 





communication in regard to the Order should be 
addressed to the Assistant Secretary, General Depart- 
ment, Board of Trade, London, §. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Locomotive Boilers.—The supply and delivery of 10 
class-H locomotive boilers for classes 6D, 6H, and 6J 
engines, fitted with copper fireboxes, The South African 
Railways and Harbours Administration, Johannesburg ; 
September 29. (Ref. No. A.X. 10,034.) 

Electric Pumping Sets.—The supply and delivery of 
four electric centrifugal pumping sets, direct-coupled to 
three-phase motors, 220 volts, 50 cycles; 12 electric 
pumping sets deep-well type ; 7 three-phase oil-immersed 
transformers; 4,000 metres of underground cable; 
and other equipment and materials. The National 
Sanitation Works Department, Buenos Aires, Argentina ; 
September 30. (Ref. No. A.X. 10,035.) 

Electric Portal Cranes.—The supply of two four-ton 
electric portal cranes. The South African Railways 
and Harbours Administration, Johannesburg; Sep- 
tember 29. (Ref. No. A.X. 10,041.) 

Oven Thermometers.—A firm of electric stove manu- 
facturers in Ontario, Canada, is desirous of importing 
oven thermometers. (Ref. No. B.X. 6700.) 

Gauge Glasses, &c.—The supply of gauge glasses, 
lubricator glasses, &c. The South African Railways 
and Harbours Administration; September 12. (Ref. 
No. B.X. 6701.) 

Pier Extension Works,—The lengthening of the pier at 
Funchal, Madeira, at the entrance to the City. Junta 
Autonoma das Obras do Porto do Funchal, Madeira ; 
October 30. (Ref. No. A.X. 10,066.) 








BOOKS RECEIVED. 


United States Geological Survey. Water Supply Paper 
No. 606. Surface Water Supply of the United States. 
1925—Part VI. Missouri River Basin. [Price 30 cents. ] 
No. 619. Geology and Water Resources of the Mokelumne 
Area, Californa. By H. T. Stearns and Others. 
[Price 1 dol. 25 cents.] No. 624. Surface Water Supply 
of the United States, 1926—Part 1V. St. Lawrence 
River Basin. [Price 20 cents.] No. 625. 1926—Part V. 
Hudson Bay and Upper Mississippi River Basins. 
[Price 20 cents.] No. 626. 1926—Part VI. Missouri 
River Basin. [Price 25 cents.] No. 627. 1926. Part 
VII. Lower Mississippi River Basin. [Price 15 cents. ] 
No. 636—F. Water Power Resources of the Umpqua 
River and its Tributaries, Oregon. By B. E. Jones and 
H. T. Stearns. [Price 40 cents.] No. 637—A. Surface 
Water Supply of Minor San Francisco Bay, Northern 
Pacific and Great Basins in California. 1895-1927. 
By H. D. McGuasHan. [Price 10 cents.] Washington : 
Government Printing Office. 

Grundbegriffe der Chemie. By Dr. E. Rasrnowrtscn. 


Berlin: Walter de Gruyter and Company. [Price 
1-80 marks. ] 
Berechnung und Konstruktion der Dampfturbinen. Fiir 


Prazis. C. ZIETEMANN. 


das Studium und die 
[Price 33 marks.] 


Berlin: Julius Springer. 


Cours d’Analyse. Professé a l’Ecole Polytechnique. Vol. 
II. By J. Hapamarp. Paris: Hermann et Cie. 
[Price 140 francs. ] 

L’ Electro-Acoustique. By Pierre Davip. Paris: Her- 


mann et Cie. [Price 5 francs.] 

Les Ondes Electriques de trés Courtes Longueurs et Leurs 
Applications. By C. Gutton. Paris: Hermann et 
Cie. [Price 7 francs.] 

Overhead Expense in Relation to Costs, Sales, and Profits. 
By A. Hamitton CuHurcH. London: McGraw-Hill 
Publishing Company, Limited. [Price 25s. net.] 

Intermediate Mechanics. Dynamics. By D. HumMpHREy. 


London: Longmans, Green and Company. [Price 
10s. 6d. net.] 

Department of Overseas Trade. Economic Conditions in 
Canada. May, 1930. Report. By F. W. Frexp. 
London: His Majesty’s Stationery Office. [Price 
3s. 6d. net.] 


Department of Overseas Trade. Economic Conditions in 
Italy. April, 1930. Report. By E. C. Donatpson 
Rawtrws and H. C. A. CARPENTER. London: His 
Majesty’s Stationery Office. [Price 3s. 6d. net.] 

Overstrain of Metals and its Application to the Auto- 
Frettage Process of Cylinder and Gun Construction. By 
Maron A. E. Macrae. London: His Majesty’s 
Stationery Office. [Price 1l. ls. net.] 

The Mechanics of Buildings. By ArtHuR D. TURNER. 
London: Sir Isaac Pitman & Sons, Limited. [Price 
5s. net.] 

Department of Scientific and Industrial Research. Food 
Investigation. Special Report No. 39. The Prevention 
of Wastage in New Zealand Apples. By J. BARKER. 
a: His Majesty’s Stationery Office. [Price 

. net.) 

Forty Years of Electrical Progress. The Story of the 
G.E.C. By Apams Gowans WuyTE. London: Ernest 
Benn, Limited. [Price 5s. net.] 

Department of Scientific and Industrial Research. Sum- 
mary of Progress of the Geological Survey of Great 
Britain and the Museum of Practical Geology for the 
Year 1929. PartI. London: His Majesty’s Station- 
ery Office. [Price 2s. net.] 

Department of Overseas Trade. Economic Conditions in 
Turkey. April, 1930. Report. By Cot, H. Woops. 
Together with an Annexe on the Economic Situation in 
the Adana District. By B. J. Catron. London: 

His Majesty’s Stationery Office. [Price ls. 9d. net.] 





ENGINEERING TRAINING AND 
EDUCATION. 


The Royal Sanitary Institute——The autumn session 
of training courses, held under the auspices of The 
Royal Sanitary Institute, for preparing candidates for 
examinations for sanitary inspectors, meat and food 
inspectors, smoke inspectors, the associateship of the 
Institute in general hygiene and sanitation and in food 
hygiene, and the sanitary science certificate, will 
commence on Monday, September 29. A pamphlet 
containing syllabuses of the lectures and full particulars 
of the various examinations, has been issued, and is 
obtainable from the secretary of the Institute, 90, 
Buckingham Palace-road, London, S.W.1. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—Little new is ascertainable 
concerning the Cleveland pig-iron trade. Stocks are 
not large, but continue gradually to increase, and the 
fact that the restricted output is still more than ample 
for current requirements is rather disquieting. Iron- 
masters manage, however, to dispose of most of their 
surplus make, after they have made provision for their 
own consuming departments, by direct small sales to 
local and other home customers. Export demand is 
quite trifling. Second hands have very little Cleveland 
pig to offer, but continue to do a little business in 
Midland products and foreign iron with firms here and 
elsewhere. Makers’ fixed minimum prices for Cleveland 
pig remain: No. 1 grade, 70s.; No. 3 g.m.b., 67s. 6d. ; 
No. 4 foundry, 66s. 6d. ; and No. 4 forge, 66s. 

Hematite.—There is just a slightly better feeling in the 
East Coast hematite department. The statistical situa- 
tion is unsatisfactory, total stocks being estimated at 
approximately 100,000 tons, much of which, however, is 
understood to be sold. Customers with running contracts 
have been unable to take up supplies as they have fallen 
due, but arrears of delivery may be accepted more readily 
before long. Producers are less keen to book orders 
on terms taken of late, now that output has been brought 
almost into line with current needs, but merchants have 
still command of rather considerable quantities, and 
do not hesitate to unload their holdings at rather lower 
figures than makers are inclined to hold out for. Pro- 
ducers name 71s. for ordinary qualities, and 71s. 6d. 
for No. 1 iron. 

Foreign Ore.—There is no new feature in the foreign 
ore trade. Consumers are off the market, as they have 
substantial quantities on hand and are well bought 
ahead. Sellers fully realise the futility of attempting to 
put through business at present, and quotations are 
purely nominal. The price of best rubio is put at 20s. 
c.f. Tees, 

Blast-Furnace Coke.—-Durham blast-furnace coke 
continues plentiful. Sellers are still prepared to take 
16s. 6d, for prompt delivery of good average qualities, 
but will not enter into forward contracts except on 
considerably higher terms. 

Manufactured Iron and Steel.—New business in finished 
iron and steel is difficult to put through, but, while in 
all branches producers are urgently in need of orders to 
follow on fast-expiring contracts, they are not disposed 
to make price concessions. Constructional steel manu- 
facturers and producers of railway material continue to 
turn out a fair amount of work, and sheet makers have 
moderate orders to execute, producers of shipbuilding re- 
quisites, however, look for specifications coming forward 
a little more freely. Common iron bars are 101. 15s. ; 
best bars, 11l. 5s.; double best bars, 11. 15s.; treble 
best bars, 12/7. 5s.; iron rivets, 112. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 15s. ; steel billets (medium), 7/7. 12s. 6d. ; steel 
billets (hard), 87. 2s. 6d. ; steel rivets, 11/. 5s. ; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 
81. 10s.; heavy sections of steel rails, 8/. 10s. for parcels 
of 500 tons and over and 9J. for smaller lots; fish plates, 


127. 10s.; black sheets (No. 24 gauge), 9/. 12s. 
and galvanised corrugated sheets (No. 24 gauge), 
lll. 17s. 6d. 


Scrap.—Scrap is very slow of sale and quotations are 
weak. Borings are 35s. ; turnings, 40s. ; heavy ordinary 
cast-iron, 56s. 6d.; heavy machinery metal, 57s. 6d. ; 
and heavy steel scrap, 47s. 








ImPoRTED AIR AND GAs COMPRESSORS, PNEUMATIC 
Toots, AND Exectriciry Meters.—The Board of Trade 
has referred to the Standing Committee, appointed 
under the Merchandise Marks Act, 1926, an application 
for an Order in Council to require certain classes of 
imported goods to bear an indication of origin. These 
comprise air and gas compressors and exhausters and 
their parts, including beds, casings, cylinders, rotors and 
heads; pneumatic tools and appliances, including 
mining coal cutters operated by compressed air, together 
with their cylinders, heads, pistons and valves; elec- 
tricity meters, which register by integration over a 
period of time, the quantity used in an electric circuit, 
and the case, rotor, shunt system and series system of 
such meters. Representatives of any interests sub- 
stantially affected by the application, who desire to be 
heard in opposition at the public inquiry, which will 
be held at a future date by the Committee, should com- 
municate with the Secretary, Mr. E. W. Reardon, at 
the Board of Trade Offices, Great George-street, London, 
S.W.1, as early as possible, and in any case not later than 
August 31 next. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Among local manufacturers, especially 
in the heavy trades, there appeared to be a considerable 
body of opinion that after the August Bank Holiday 
signs of a general improvement would be manifest. Up 
till now this expectation has not been realised. On the 
contrary, evidence exists of a decided slackening in 
several branches. It is doubtful whether the irregularity 
of conditions was ever more pronounced. Pointers are 
scarcely reliable from week to week. Thus, at least one 
big firm that worked overtime throughout the holiday 
has since been largely idle. Orders are subject to a 
sharp ebb and flow, and what the early future may 
produce seems to be a matter of intensely unreliable 
speculation. In heavy steel and engineering products 
contracts are obtainable only at rates that have been 
cut to the point of allowing a bare margin of profit, 
foreign competition being so keen—an observation which 
applies both to home and export business. Occasionally 
superior quality will determine the issue in favour of 
South Yorkshire firms, but, generally, quantities are 
restricted to immediate requirements, and relate to 
comparatively small tonnages of varied description. 
In these circumstances the market for raw and semi- 
finished materials is far from active. In most cases 
supplies appear to be well ahead of needs. Only a 
moderate turnover is recorded in forge and foundry 
iron, despite recent reductions in price, while conditions 
in ferro-alloys and — are described as patchy. Current 
quotations are as follow :—Siemens’ acid-steel billets, 
91. 10s.; hard basic billets, 97. 2s. 6d. to 91. 12s. 6d. ; 
medium hard billets, 7/7. 12s. 6d. to 8l. 2s. 6d.; soft 
basic billets, 67. 10s.; Derbyshire foundry pig iron, 
68s. 6d.; Derbyshire forge iron, 64s. 6d.; Crown iron 
bars, 102. 10s. ; iron hoops, 117. 10s. ; steel hoops, 97. 10s. ; 
basic-steel scrap, 50s. Electrical and automobile require- 
ments are still on a considerable scale, and there is 
moderate movement in mining and agricultural steel. 
More consistent is the progress in the specialised branches, 
particularly those relating to cold-rolled strip, acid- 
resisting and heat-resisting steels, high-speed cutting 
implements, best-quality machine tools, and precision 
implements for high-class engineering purposes. 


South Yorkshire Coal Trade.——Hope of improved 
business in house coal is supported by a slightly better 
inquiry for best qualities—an inquiry that is expected 
to develop steadily during the coming weeks. Having 
regard to the heavy stocks that existed before the 
holiday, collieries have no difficulty in meeting require- 
ments. Inland deliveries of industrial fuel are steady, 
but export business is capable of substantial improve- 
ment, though values, on the whole, are fully maintained. 
Washed descriptions are freely offered. Furnace and 
foundry coke represent a quiet market. Quotations :— 
Best hand-picked branch, 24s. to 25s. 6d.; Derbyshire 
best bright house coal, 19s. to 21s.; best house coal, 
18s, to 19s. 6d.; screened house coal, 16s. to 17s.; 
screened house nuts, 14s. to 16s. ; Yorkshire and Derby- 
shire hards, each 14s. to 15s. 6d.; rough slacks, 8s. 6d. 
to 9s. ; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 





THE NEwcoMEN Socrety.—The summer meeting of 
the Newcomen Society is taking place in Liverpool from 
September 14 to 17. The Society is, in fact, taking 
part in the centenary commemoration of the opening of 
the Liverpool and Manchester railway, which takes 
place from September 13 to 20. London and district 
members will leave Euston station at 12.35 p.m., on 
September 14, and, on the following morning a reception 
will be held by Mr. R. Gladstone, Chairman of the Railway 
Exhibition Committee, on the occasion of the opening of 
the Exhibition at St. George’s Hall. The afternoon will 
be spent at the Railway Display and Pageant of Transport 
at Wavertree Park. Visits to various works and places 
of historic interest in Liverpool and district have been 
arranged for Tuesday, September 16, and Wednesday, 
September 17. The annual dinner will be held at the 
Angel Hotel, Liverpool, at 7.30 p.m. on September 16, 
after which a short paper will be read by Mr. E. F. S. 
Lang. The honorary secretary of the Society is Mr, 
H. W. Dickinson, The Science Museum, South Kensing- 
ton, London, 8.W.7. 





GENERAL MECHANICS INTERNATIONAL CONGRESS, 
Li&ce.—In our issue of January 31 last, on page 143, 
we gave particulars of the International Congress on 
General pF ets to be held at Liége from August 31 
to September 6. A detailed programme of the function 
has now been issued. The inaugural session of the 
Congress will take place at 10.30 a.m. on Monday, 
September 1, and the first technical session will be held 
at 2.30 in the afternoon. On the morning of September 2 
excursions to works have been arranged, and a technical 
session will take place in the afternoon. The whole of 
September 3 and the morning of September 4 will be 
devoted to technical meetings, and the closing session 
will be held at 4.30 p.m. on September 5; this will be 
followed by a banquet at 7.30. The afternoon of 
September 4, the morning of September 5, and the whole 
of September 6 will be devoted to works’ visits, recep- 
tions, and excursions. As stated in our previous article, 
the work of the Congress is divided into six sections. 
Some 100 papers have been received for presentation 
at the Congress, and 22 countries, including Great 
Britain, Canada, and the Union of South Africa, are 
either to be officially represented at the Congress or 
have established an organising committee at home. All 
communications regarding the Congress should be 
addressed to Le Secrétariat du Con de Mécanique 
Générale, 4, place Saint-Lambert, Liége, Belgium. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade are not too encouraging this week, and the restart 
after the holidays failed to come up to expectations. 
While there was quite a number of specifications awaiting 
attention, the tonnage overall was not heavy, but makers 
are hopeful that more business will be forthcoming when 
the holidays in the South are over. Export is only fair, 
and inquiries, although slightly better, are not of great 
volume. A steady trade is going through in black steel 
sheets of light gauge, but the heavier grades are in poor 
request. Business in galvanised sorts is no better, and is 
indeed rather unsatisfactory. Prices are unchanged, and 
while there would seem to be no prospect of any imme- 
diate advance, there would also seem little possibility 
of any further easing off at the present time. The follow- 
ing are the current market quotations :—Boiler plates, 
10/. 10s, per ton; ship plates, 8/. 15s. per ton; sections, 
81. 7s. 6d. per ton; black steel sheets, }-in., 97. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 127. 15s. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The state of the malleable-iron 
trade of the West of Scotland shows no sign of improve- 
ment, and business is very dull. New orders are exceed- 
ingly difficult to pick up and the outlook is rather gloomy. 
The re-rollers of steel bars are also very quiet and the 
Continental competition is as keen as ever. Current 
prices are as follow :—‘‘ Crown ”’ bars, 10/. 5s. per ton 
for home delivery and 9/. 15s. per ton for export; and 
re-rolled steel bars 7/. 12s, 6d. per ton for home delivery 
and for export. 

Scottish Pig-Iron Trade.—No change of any kind falls 
to be reported in connection with the Scottish pig-iron 
trade, and the demand is of very small dimensions. 
Deliveries to the steelmakers are rather limited at the 
moment, and consumers of foundry iron are only placing 
orders for their more immediate requirements, and these 
are not heavy. The export trade is exceedingly poor at 
present, and this is mostly due to the world-wide depres- 
sion. Market quotations show no change, and are as 
follow :—Hematite, 79s. 6d. per ton, delivered at the 
steel works ; foundry iron No. 1, 79s. per ton, and No. 3, 
76s. 6d, per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour continues on small lines, 
and for the week ending last Saturday, August 9, only 
amounted to 409 tons. Of that total, 373 tons went over- 
seas and 36 tons coastwise. For the corresponding week 
of last year the figures were 813 tons to foreign destina- 
tions and 40 tons coastwise, making a total shipment of 
853 tons. 








AUSTRALIA—-NEW GUINEA AIR SERVICE.—On March 31 
last a daily mail and passenger service between Brisbane 
and Townsville, in North Queensland, was instituted by 
Messrs. Queensland Air Navigation, Limited. The route 
is 750 miles in length, and during the month of May some 
180,000 miles were flown and 1,400 passengers carried. 
We now learn that a regular aerial service is to be 
established, by the same company, between Townsville 
and New Guinea in 1931. Captain J. H. A. Treacy, 
chief pilot and technical supervisor of Messrs. Queensland 
Air Navigation, Limited, is, we understand, shortly to 
sail for Great Britain to purchase triple-engined amphi- 
bian aeroplanes, capable of carrying 10 passengers, for 
use on the proposed service. 





CHARING Cross Bripce.—We are asked to announce 
that definite and practical proposals, bearing upon the 
terms of reference to the Advisory Committee appointed 
by the London County Council in connection with the 
Charing Cross Bridge Scheme, will be considered by the 
Committee. Such proposals should be accompanied by 
sufficient explanations and plans, and should be addressed 
to the Clerk to the Council, The County Hall, Westminster 
Bridge, London, 8.E.1, to be received by August 30, if 
possible, but in any event not later than September 10, 
next. The terms of reference to the Advisory Committee 
are: that an Advisory Committee be appointed by the 
Council for the purpose of preparing and submitting to 
the Council an agreed scheme for a road bridge and 
approaches at Charing Cross, within a net cost of 
12,500,0001. 





ContRacts.—Messrs. Brown Bayley’s Steel Works, 
Limited, Leeds-road, Sheffield, have placed an, order with 
Messrs. The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, for the whole of the 
electrical plant required to drive their existing 27-in. 
reversing rolling mill. The equipment will include a 
single direct-current motor having a maximum output 
of 6,000 b.h.p., and a converting set, consisting of an 
11,000-volt, 2,000-h.p. motor driving a large direct- 
current generator interposed between the municipal 
supply mains and the mill motor.—Messrs. James Pollock, 
Sons and Company, Limited, 3, Lloyd’s-avenue, London, 
E.C.3, are building a powerful twin-screw motor tug 
for service in South American waters. She will be fitted 
with two 120-b.h.p. Bolinder engines.—Messrs. Hudswell, 
Clarke and Company, Limited, Railway Foundry, Leeds, 
have recently supplied a 300-b.h.p., 2-6-2 tyne, 2-ft. 6-in. 
gauge Diesel locomotive to the Compania de Salitres y 
Ferrocarril de Junin, Chile. The engine is of the cold- 
starting, airless-injection McLaren-Benz type. The 
locomotive was put into service on June 1, and is operating 
very satisfactorily—The Central Electricity Board has 
placed contracts for pen cables and pilot cables 
in connection with the Central England Electricity Scheme 
with Messrs. Siemens Brothers and Company, Limited, 
Woolwich, London, S.E.18, and with Messrs. Pirelli- 


SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—-The outlook is anything but bright. 
The Coal Mines Bill having gone through Parliament, 
there is still the question of a new agreement to cover the 
conditions of employment to be negotiated. The Miners’ 
Federation are holding their annual conference at 
Weston-super-Mare this week, and make no secret of 
their disappointment at the inclusion of the hours spread 
over clause, and the fact that they regard the present 
Bill as a stepping-stone to eventual control by the workers. 
So far as the present new ageement is concerned, every- 
thing will depend on the spirit in which it is approached 
by both sides. On the one hand, the prospect of increased 
working costs, as a result of shorter hours and the fact 
that selling prices are not on an economic basis, makes 
it inevitable that the colliery owners will ask for a reduc- 
tion in wages, and probably the withdrawal of the bonus 
turn, by which night men are paid six turns for five 
worked. On the other hand, the men complain that their 
wages are too low, and it is pretty well certain that they 
will ask for an increase and also for an advance in the 
piece-work rate to make up for the reduced working hours. 
The outcome of these requests will be followed with keen 
interest, for it is felt that the collieries will have no alter- 
native but to face a stoppage if the men persist in their 
demands, for the keenness of foreign competition is too 
strong successfully to advance selling prices, while the 
financial burdens which they have had to bear since the 
war have already depleted their reserves to vanishing 
point. Meanwhile, the general demand for coal is insuffi- 
cient to keep pits working anything like regularly, with 
the result, that stoppages are of frequent occurrence, 
and most of the men are only able to work three or four 
days a week. The question for the men is whether they 
will accept lower rates of pay and the probability of more 
regular work, or endeavour to secure higher rates and the 
certainty of increased stoppages. Already stocks run 
into over a million tons and prices for all classes of large 
and small are on the basis of the minimum schedule of 
20s. per ton f.o.b. for best Admiralty large and 13s. 6d. 
for best bunker smalls. Some of the sized products are 
in seasonal demand and scarce, owing to the reduced make 
because of the lessened production of large in con- 
sequence of irregular working at the pits, but this does 
not make up for the lack of demand for other varieties. 

Kara Sea Expeditivn.—Cardiff shipowners are especi- 
ally concerned with this year’s Kara Sea Expedition, as 
a number of the 50 vessels to go to these little-known ports 
are locally owned. Mr. Frederick Jones, managing owner 
of the Abbey Line, Limited, and a member of the Cardiff 
City Corporation, is making the expedition on one of his 
own vessels, the Neath Abbey, while Mr. Walter Blandy, 
of J. S. Stranaghan and Company, Limited, managers 
of. the Ridge Steamship Company, Limited, is also making 
the voyage on the Menin Ridge. The vessels, which 
will carry cargoes of miscellaneous machinery, copper and 
other metals, usually bunker on the north-east coast and 
proceed to the Arctic regions in convoys of six, preceded 
by powerful ice breakers, which crush a passage through 
the ice floes. Before starting on the voyage the vessels 
are dry-docked and examined so as to assess any damage 
that might be sustained in the course of the expedition. 
The homeward cargoes will consist of skins, grain, flax 
and timber, which are brought down rivers from the 
centre of Siberia in lighters, over distances of 1,000 miles, 
in regions which are ice-bound, except from July to 
September. The Kara Sea is bordered by mountains 
peopled by Russians, Buriats, Tungus and other tribes. 
Nine years ago only two vessels went into the Kara Sea, 
but last year there were 28 and this year 50 will make 
the journey. 


NOTES FROM THE 








THe British InpustRIEs Farr, 1931.—Some four- 
fifths of the space available at the British Industries Fair, 
to be held at Olympia, London, and at Castle Bromwich, 
Birmingham, from February 16 to 27, 1931, has already 
been let. The total area booked in the two sections up till 
August 1, amounted to more than 400,000 sq. ft. In the 
London section, the area available totals 300,000 sq. ft., 
and up till August 4 the bookings aggregated 236,000 
sq. ft., which is greater than the amount booked at this 
time of the year for any previous fair. 





SmMokE ABATEMENT CONFERENCE.—The annual con- 
ference of the National Smoke Abatement Society will 
be held at Leicester from September 26 to 28. A paper 
will be given by Dr. Margaret Fishenden on “ Fuel 
Research and Smoke Abatement.” Other papers will 
deal with ‘“‘ Smoke and the Weather,” and “‘ The Smoke 
Nuisance as the Airman sees it.’’ The special and difficult 
questions arising from smoke in the iron and steel 
industries has recently been examined by the Sheffield 
Manufacturers’ Smoke Abatement Research Committee, 
and the Report, by Messrs. F. J. Bailey and E. C. Evans, 
will be fully discussed. The central offices of the Society 
are at 23, King-street, Manchester. 





PeRsoNAL.—-Owing to the increased demand for 
Knowles cells, Messrs. The International Electrolytic 
Plant Company, New Crane-street, Chester, have taken 
over the works formerly occupied by Messrs. The Sandy- 
croft Foundry Company, Limited, Sandycroft, near 
Chester. In the near future the factory and offices will 
be transferred to the new premises.—Messrs. Metro- 
politan-Vickers Electrical Company, Limited, have 
opened a new depot for the sale of their Cosmos lamps, 
at 53, Aire-street, Leeds. The general engineering 
business, however, will continue to be dealt with from 
their Leeds office, at Permanent House, The Headrow, 








General Cable Works, Limited, Southampton. 
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THE ORGANISATION OF WORLD- 
POWER CONFERENCES. 


AN assembly in which 3,900 people, drawn from 
55 countries, participate, to which over 400 papers 
are presented, and during which some 430 persons 
take part in discussions on a great variety of sub- 
jects, deserves at least a word of retrospect and, if 
necessary, of criticism. These figures, it is almost 
superfluous to say, refer to the World Power Con- 
ference in Berlin; and as we have, perhaps with 
greater thoroughness than most of our contem- 
poraries, attempted the lengthy, and not altogether 
easy, task of providing the readers of ENGINEERING 
with a concise account of the different points 
raised in the numerous communications presented, 
we may by way of valediction advance some 
views on the organisation of this gathering, as well 
as make some suggestions, which might with advan- 
tage be examined by those whose task it will be to 
arrange future meetings. 

A conference of this kind must be judged by the 
measure of success it achieves in advancing the 
objects for which it has been brought into being. 
For while the oft-quoted dictum of R. L. Stevenson, 
to the effect that it is better to travel cheerfully 
than to arrive, may be encouraging to those engaged 
in the spheres of literature or art, where recogni- 
tion, though virtually evergreen, is frequently a 
plant of slow growth, it can hardly be applied to so 
ephemeral a thing as a conference, which must make 
its mark at once or not at all. Regarding the great 
assembly at Berlin from every possible aspect, 
we incline to say that it was a complete success 
within the particular framework which has grown 





up since the first World Power Conference’ at 
Wembley. The German organisers for months 
had striven manfully to collect papers covering the 
whole field of power generation and supply. The 
same is true of the National Committees, whose 
business it was both to stimulate and to restrain 
the authors of those papers. Berlin, however, 
was but the second Plenary Conference, and it can 
hardly be supposed that nothing can be learned to 
make the third even better. The Conference, having 
started off in one direction, may find it difficult to 
change its course, and to do this it may be necessary, 
in some way, perhaps, to modify the framework. 
For this reason it was, therefore, a pity that members 
were not give an opportunity of putting forward 
their views at the Closing Meeting. The Inter- 
national Executive Council and the various National 
Committees might thereby have obtained some useful 
guidance. 

The chief problem, to which attention must at 
once be directed, undoubtedly concerns the papers. 
In the first place something should be done to reduce 
their quantity. Though it may be impressive to 
be able to record that these communications num- 
bered over 400, it is obviously impossible that more 
than a few of them can have been, or will be, 
studied by the members of the Conference as 


,|a whole. To this the answer will undoubtedly 


be that this is an age of specialisation, and that if 
each participant reads those papers which deal with 
the subject in which he is primarily interested, 
nothing more can be expected. This reply, however, 
raises the whole question of the object of the 
Conference. Specialised societies exist in plenty 
in every country, and the object of the Conference 
must be something apart from theirs. Instead of 
recapitulating work already dealt with, the Confer- 
ence should work on broader lines. This is an 
easy thing to say, but when arranging a programme, 
not so easy to carry out. It is fair to say, however, 
that many of the papers, which were brought 
forward in Berlin, certainly did not fit into such a 
programme. 

If the object of the World Power Conference 
is to be achieved, it is evident that the fields 
of science, technics, commerce and _ economics, 
must all be encroached upon to a greater or less 
extent, and that the ways in which problems, 
which are common to all countries, are being dealt 
with by individual nations must be collated. This 
is of the greatest international interest, and should 
obviously form the basis of the Conference’s work. 
Clearly, it would not always be possible to provide 
this information without at times entering into 
considerable detail, trespassing in this way on 
the specialised field which we have just said is 
best avoided. At least the repetition of what 
is already common knowledge should be avoided, 
and National Committees should see that detailed 
descriptions have the merits of novelty and general 
value before they are admitted to the proceedings. 
It is by quality rather than by quantity that the 
success of each country’s contribution to the general 
fund of information must be judged. 

The limitations on the freedom of individual 
authors, which we have suggested, should be 
accompanied by an encouragement to the General 
Reporters to make greater use of their opportunities. 
At Berlin, the General Reports closely followed the 
lines with which we were made familiar in London, 
two years ago, that is, they comprised a summary 
of the various papers, which had been grouped 
under particular subject headings, as well as a short 
critical statement, whose scope will be sufficiently 
indicated by saying that it was headed “‘ Trend of 
Development.” Like the papers, they varied in 
both quality and quantity. As a rule the sum- 
maries were informative, but the critical state- 
ment was often too brief to be of any real value. 
This was perhaps due to a desire not to multiply 
the amount of paper consumed, but it was also 
partly the result of the short time which was 
available for their preparation, owing to the late 
arrival of some of the papers. If, as we hope, it 
may be found possible in future to reduce the number 
of Sectional Conferences, and to concentrate on the 
Plenary Assemblies at intervals of six years or so, 
these drawbacks might be overcome by arranging 
for the publication of the papers some time before 
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the Conference meets, thus allowing the General 
Reporters more leisure and greater scope to compile 
their criticisms. Discussion might then be confined 
to the general documents and not extended to the 
papers themselves. This would assist concentration 
on the more important points raised. 

As regards the discussions at the actual meetings, 
it is more difficult to write. At Berlin, the actual 
handling of the discussions in three languages was a 
remarkable technical achievement, but the ultimate 
value of any discussion must lie with the speakers 
themselves. To achieve real usefulness, the latter 
must confine their remarks either to definite 
criticism of some point that has already been 
raised or to the illumination of some new facet 
of the problem that is being dealt with. As it 
was, on too many occasions, speakers at the 
recent Conference were the authors of the papers 
under discussion, and simply repeated what they 
had already written. Others were more concerned 
to advertise the products of their firms than to 
impart useful information. When time is so 
limited and the field to be covered is so wide, this 
is a most uneconomic procedure, and speakers 
should in future have the good sense to realise 
that in such ways they are not making the best use 
of their opportunities, and are treating their audi- 
ences unfairly. Some speakers again laid themselves 
open to criticism from apparently failing to allow 
for the fact that their remarks were being directly 
translated into other languages as they were made. 
Allowing for the difficulties involved, the three 
language system worked surprisingly well, and 
enabled many participants to appreciate the trend 
of the discussions in a way which would not otherwise 
have been possible. 

From conversations since the Conference, with 
many who were present, a common impression 
appears to be that it was altogether too big—there 
were too many people present. This, however, 
we believe to be an unconscious misinterpretation 
of feeling. No one would suggest that attendance 
should be restricted, or would hope that the next 
Plenary Conference will be less successful in this 
respect. What was really the trouble was probably 
that engineers found it difficult at times to get into 
touch with confréres interested in like subjects to 
themselves. At Berlin, one evening was given up 
to “ meetings of experts,’’ when all members inter- 
ested in specific subjects dined together. This 
idea might be usefully extended expressly to 
encourage intercourse among men of like interests. 
Though the World Power Conference is doing good 
work, there is considerable justification for the 
suggestion that its detailed organisation requires 
investigation. Neither its “efficiency” nor its 
“load factor” are so high as they might be, and 
the fact that the meetings themselves are of con- 
siderable value in bringing about the informal 
interchange of views between the representatives 
of various nations should not be allowed to obscure 
this. There are certain broad technical, economic 
and statistical data, whose collection, collation and 
examination would be of the very greatest use 
in all circles, which are concerned with the great 
problem of power supply, and the World Power 
Conference might primarily direct its activities to 
ensuring that this information is made generally 
available. This in itself would be a sufficient 
achievement for one body. 








FACTORIES AND WORKSHOPS. 


THE Home Office report* issued last week is 
primarily concerned with the safety and well being 
of factory workers, but the reports of the inspectors 
often include, incidentally, interesting notes on new 
technical developments. The movement towards 
the replacement of workshops by factories continues. 
The number of the latter has now risen to 152,453, 
an increase of 2,921 within the year, whilst the 
number of the workshops has fallen by 3,726 to 
108,323. The departmental distinction between the 
two is that the factory uses power, and a main 
motive in the change of status has been an ever 
increasing appreciation of the virtues of the electric 





* Annual Report of the Chief Inspector of Factories and 
Workshops for the Year 1929. H.M. Stationery Office, 
1930. Price 2s, 6d. net. Cmd. 3633. 


motor. This, however, it is noted, is not the only 
factor tending to diminish the number of workshops. 
In the country districts in particular, the small 
tradesman has found it more profitable to work 
without assistance than to pay the wages now 
demanded. When he ceases to employ hired help 
his premises also cease to be classed as a workshop. 

Whilst the smaller undertakings are increasingly 
finding it advantageous to buy electricity rather 
than generate power on their premises, the chief 
electrical inspector notes a contrary tendency in the 
case of larger establishments, which, it appears, quite 
frequently find it cheaper to install their own oil- 
driven generating plant than to take a supply of 
electricity from the public mains. 

The report states that, during 1929, employment 
was less bad than in the preceding year. As a 
natural consequence, the accident rate has increased 
from 154,319 in 1928 to 161,269 in the year under 
review. The respective fatalities were 953 and 
982. Only about 20 per cent. of the total casualties 
were due to machinery, and of the remaining 80 per 
cent. the most part could not, it is stated, be 
prevented by physical safeguards. Rather more 
than 10 per cent. of the accidents reported were 
due to sepsis, which some 30 to 40 years ago would 
hardly have been regarded as reportable save in the 
case of a fatal result. In general it is the worker 
who is to blame for these cases of sepsis, the initial 
injury being regarded as trivial, as no doubt it would 
prove to be in at least nine cases out of ten. The 
view urged in the report is that every injury, however 
slight, should be regarded as possibly septic and 
receive first-aid treatment accordingly. One firm, 
it is stated, had during the year a record of 40,000 
first-aid treatments, though its total number of 
reportable accidents was only 640. 

Although, taking the country as a whole, trade 
was far from satisfactory, it is of interest to note 
that in the London area there have actually been 
instances of shortage of labour. It is certain of the 
staple trades which have suffered most heavily from 
the persistent depression, but there has been a 
great growth in the Home Counties of a number 
of miscellaneous trades. This has led to the build- 
ing of many new factories, and it is of some 
interest to note that in selecting sites for these, 
railway and canal facilities have, in many cases, 
been deemed of but minor importance and the 
factory has been located on one or other of the new 
arterial roads. 

The report draws attention to the fact that factory 
workers have shown a certain degree of adaptability, 
and have changed over from one trade to another. 
This should prove increasingly feasible in the future, 
owing to the more and more extended adoption of 
machinery, which seldom requires a long apprentice- 
ship from its tenders. Thus, during the war period, 
after a few weeks training, girls produced heavy shells 
much more cheaply and quickly than experienced 
Sheffield turners, who, however, it must, in justice, 
be added, were restricted to traditional methods of 
operating, whilst their more effective rivals used 
special machines of an entirely novel type, and 
were provided with exceptional facilities for the 
handling of their materials. 

Old factories are also being put to new uses, and 
many of the munitions shops erected during the 
war have since been adapted to new trades. Some of 
the buildings erected for the Wembley Exhibition 
are now also operated as factories. In many of 
the older established trades, however, factories 
have been closed down, sometimes without much 
blame to the proprietors or the management. Thus, 
rubber soles for boots have diminished the demand 
for leather, whilst jute bag makers have been hard 
hit by the growing popularity of paper containers, 
which, moreover, in many cases now also replace 
stoneware jars. The report also notes that the intro- 
duction of electric motors and of oil and _ petrol 
engines has led to the definite shutting down of 
works making steam engines and boilers. In these 
latter instances, however, it is difficult to absolve 
the proprietors from blame. 

Far too many so-called engineering firms are, in 
point of fact, merely manufacturers, happy only 
when they can copy what they have done before, or 
at best something that has been done by someone else. 





The drawing office, in some cases, is regarded as 





“‘non-productive ”’ experimental work of any kind 
as anathema. It should in justice be added that, for 
generations past, enterprise has always been penalised 
by Parliament. The firm which scraps its existing 
machinery in order to install better receives scant 
consideration from the Treasury, which also gives no 
incentive to undertakings to devote profits to the 
extension and improvement of their works, in place 
of distributing them completely. 

Marked advance is being effected in reducing 
the risks of the more dangerous trades. Thus in 
the larger factories engaged in accumulator making, 
the conditions are reported as generally satisfactory, 
and in some instances the precautions taken against 
lead poisoning are in excess of the official require- 
ments. One large firm, in fact, has not, for two 
years, had a single case of lead poisoning. There 
is still, however, a difficulty with the smaller works, 
especially if there is a seasonal variation in the 
output, and proceedings have had to be taken in 
several instances. In the potteries, the lead-poison- 
ing problem seems to have been solved, and is now 
less serious than that of silicosis. This latter disease 
was formerly rife in the grinding trades, and this 
fact has led to a general replacement of the grind- 
stone by artificial abrasive wheels. In 1926, there 
were over 1,540 grindstones at work in Sheffield, 
whilst, at the end of 1929, there were only 654. 
In Birmingham, only 30 grindstones are now in use, 
and in Walsall, where 150 stones were running a few 
years back, there are now only 7. 

New industries involve new risks which, in 
general, could hardly have been foreseen. Thus, 
a recently recognised disease is asbestosis, to which 
workers in asbestos factories are liable. The 
symptoms are somewhat similar to those of silicosis, 
but are more difficult to detect. The fibrosis 
produced is much more diffuse, a fine web being, as 
it were, spun criss-cross throughout the lung, so 
that the damage done is less easily detected than 
the isolated foci observable in X-ray photographs 
of subjects suffering from silicosis. The manufacture 
of artificial silk, again, has led to a number of cases 
of poisoning by carbon bisulphide, and to a certain 
amount of eye trouble. 

The standard 47-hour to 48-hour week is now 
basic in most industries, but in some there is not 
a little overtime. This is particularly the case in 
the cycle trade, where two hours a day overtime 
for four or even five days a week is common in the 
Midlands, from February to August. On the other 
hand, a few additional firms have resorted to the 
five-day week, especially in cases where those 
employed have to travel long distances to their 
work. In other instances, the system has been 
adopted because it has definitely been found to be 
economically advantageous. Thus a large firm 
of constructional engineers in an outlying suburb 
of North London adopted the system immediately 
after the general strike in 1926, and report that 
their output has gone up by 22 per cent. to 26 per 
cent., whilst overhead charges have been lessened 
by 6 per cent. to 7 percent. Another case mentioned 
is that of the largest engineering firm in North-East 
London which a few years back reduced their 
working week from six days to five days. Their 
experience has been that, after the first few weeks, 
production increased not only in the output per 
hour, but in the total output per week, and their 
figures are said to show quite definitely that 
employment beyond 43 hours per week is not 
economical. The two-shift system is but sparingly 
adopted. It was authorised in 113 cases during 
the year, and, as is customary, every application 
has been carefully examined on its merits, and 
not approved unless proper provision was made 
for the transport and feeding of the night-shift 
workers. Since 1921, 852 orders authorising the 
two-shift day have been granted, but only about 
one-third continue in use, and for the most part 
but intermittently. Only 142 are, it appears, 
in more or less continuous use. 

It is of interest to recall that, in previous reports, 
it has been stated that thorough inquiry, extending 
over several years, had adduced no evidence that 
the two-shift system had any deleterious effect 
on the health of the operatives. The contrary 
was recently stated by a medical Member of 
Parliament, who, when confronted with these facts, 
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refused to be convinced, stating very definitely 
that deductions from theory were, in such cases, to 
be preferred to the teachings of experience. The 
whole incident is curiously reminiscent of the 
attitude of Dr. Sangrado when Gil Blas ventured 
to suggest that, as that practician’s panacea of 
blood-letting was proving singularly fatal, some less 
drastic alternative might be tried. His employer 
was most indignant because he had demonstrated 
in a theoretical thesis the efficacy of his procedure. 

This is not the only instance in which doctors 
and others trained in the purely observational 
sciences have proved seriously inept when they 
have ventured outside of their speciality. We 
have had, for instance, a prominent biologist 
expound exceedingly curious views as to the 
mechanics of lubrication. Another, also an F.R.S., 
invented and still maintains the theory that the 
thermal efficiency of a heat engine cannot exceed 


Ti — . aia 
2 ci} quite oblivious of the fact that this 


2T 
limit ‘is daily exceeded in every up-to-date power 
station; whilst the medical section of the 
Committee on Industrial Fatigue distinguished 
itself a few years back by a wholly illegitimate 
application of the laws of probability to the 
discussion of industrial accidents, not recognising 
that the data available were very far from 
adequate to this end. 

Again, in this, as in previous reports, the medical 
inspector quotes with approval Professor Cathcart’s 
assumption that weight-lifting capacity is directly 
proportional to the body-weight of the operative. 
This is certainly untrue, or an ant would not be 
able to handle, without distress, masses much in 
excess of its own avoirdupois. Moreover, it is 
common experience that an equality of body weights 
does not necessarily imply an exact similarity of 
muscular development. Where a medical man’s 
opinion would be of advantage in this connection 
would be to prevent applicants with an unsuitable 
physique from entering trades involving much 
handling of heavy weights. 

It is interesting to note that the reporter states 
that, in general, injuries sustained through weight- 
lifting are few, especially amongst women. Most of 
the mishaps arise through loss of balance, and the 
most common injury is a strained back, only about 
one-sixth of the total being cases of hernia. 

In the jute trade, the stowers, who are men of 
exceptional physique, handle, it is stated, bales 
weighing 400 Ib. Other men lift loads of 150 Ib. 
The maximum lifted by women is about 64 lb. 
Cases of injury were relatively most frequent 
amongst youths. This was to be expected, since 
some, no doubt, were physically ill-built for weight 
lifting, though possibly of average fitness otherwise. 
Moreover, youths are ever ambitious to emulate 
the feats of the full-grown man, and take, accor- 
dingly, unnecessary risks. 

The limits recommended by the medical inspector 
in the report under review are that loads for con- 
tinual lifting should not exceed 35 Ib. in the case of 
young persons under 16, and 40 lb. for young females 
between 16 and 18, with a maximum of 65 Ib. for 
grown women. For men it is recommended that, 
save in the case of exceptional physique, the 
weights to be handled should not exceed the body 
weight. 

Whilst we heartily disagree with the ostensible 
grounds of these recommendations, we are strongly 





in favour of limiting to a minimum the practice of | satisfactory development is ascribed, in great part, 
Occasionally | to the demands of large consumers in the Niagara 
it is unavoidable, but where the work is continuous | peninsula, though it was general throughout the 
it can undoubtedly be done more economically and | Commission’s area, except on the Georgian Bay 
effectively by mechanism, if the management will| system. The reduction there was, however, slight, 
and was due to special conditions arising out of the 

In the electrical section of the report, attention | lower yield of the western grain crop, the result being 
is again drawn to the dangerous character of low- | that the load on the elevators, which form a consider- 
None of the shocks | able proportion of the connections, was less than 
recorded with direct current of less than 250 volts | usual. On the Central Ontario and Trent system, on 
proved fatal, whilst 14 deaths resulted from similar | the other hand, the increase was 6 per cent., on the 
The high-tension | Ottawa system 9 per cent., on the Nipissing system 
12 per cent., on the St. Lawrence and Ridean system 
part of presumably skilled persons. Many could | 20 per cent., and on the Thunder Bay system no 
have been avoided by appropriate interlocking | less than 46 per cent. 


handling weights by human muscle. 


take the trouble to thrash the matter out. 


tension alternating currents. 


shocks from alternating currents. 
accidents were mostly due to carelessness on the 


arrangements, such as would prevent access to 


danger spots when alive, whilst making it im-| systems took place during the year, and these now 


made safe. Some accidents have occurred due to 
the brittleness of bakelite, which is stated to be 
unsuitable for use in thin sections for fittings liable 
to rough usage. There has been a steady improve- 
ment in designs, and it is of interest to note that 
mercury rectifiers of 3,000 kv.-a. capacity and of 
home manufacture are now available. More atten- 
tion is being paid to the design of switchgear suitable 
for the high energies which have now to be con- 
trolled. The technical difficulties have, we believe, 
been largely solved, and circuit breakers with a 
rupturing capacity of 1,500,000 kv.-a. have already 
been constructed in this country. 

A new item in the report of the engineering 
inspector is the following table, which gives some 
indication of the relative importance of various 
causes of accidents arising in the execution of civil 
engineering works. Returns for these are not 
legally imperative, and the figures below have been 
supplied voluntarily by a few firms and some public 
authorities :— 


Falls of persons ous es wae 13 
Falls of earth, sand, &e. ... oe oe 75 
Falls of material or plant aes aaa 10 
Cranes and pile drivers ... was ees 8! 
Carrying, strains, splinters “re wae 6 
Use of hand tools... Gas a9 12 
Handling materials aie ae ere 4 
Striking against objects ... wee aes 2 
Scaffolding collapse tes re sea 1 
Gassed (carbon monoxide) ea sue 1 
658 


The raised figures indicate fatal cases. 


Another new return shows the relative number 
of male and female operatives in our factories. 
The grand total is 3,315,000 males and 1,391,483 
females. The female workers predominate in 
the textile trades, where they number 657,638, 
which is 64 per cent. of the total. In the other 
trades the corresponding figure is 28-6 per cent. 
In the engineering trades, other than machine 
making, 53,910 females are employed as compared 
with 295,280 men. In marine engineering the 
percentage is 1-9, in locomotive building 0-6, 
in boiler-making 0-8, and in constructional engi- 
neering 2-4 per cent. In electrical engineering, 
however, 30-5 per cent. of the workers are females. 
In shipbuilding man predominates, constituting 
984 per cent. of the total. The number of women 
employed in aircraft is somewhat surprisingly low, 
forming but 6-4 per cent. of the total. 








HYDRO-ELECTRIC POWER IN 
ONTARIO. 


A sHorT time ago the Electricity Commissioners 
announced that the electricity generated in this 
country during 1928-29 showed an increase of 
9°58 per cent. over the 1927-28 figures. Unlike 
the pessimists, we have always argued that, if 
such development can take place during a period 
of acute trade depression, the progress that will 
occur in times of industrial activity should 
be very much greater. This contention is borne 
out by some figures which are published in the 
twenty-second annual report of the Hydro-Electric 
Power Commission of Ontario for the year ending 
October 31, 1929. These show that, in that province 
of our great Dominion, the electricity generated 
during the year under review was 23 per cent. 
greater than in 1927-28, the normal rate of increase 
being of the order of 10 per cent. This highly 


It may be noted that some reorganisation of the 





possible to restore the current until all was again 





number six, viz., the Niagara system, which embraces 


all the territory lying between Niagara Falls, 
Hamilton and Toronto on the east, and Windsor, 
Sarnia and Goderich on the west; the Georgian 
Bay system, which serves that portion of the area 
lying to the north of the Niagara system, and to the 
west of the Eastern Ontario system ; the Eastern 
Ontario system, which combines the three systems 
previously known as the Central Ontario and Trent, 
the St. Lawrence and the Ridean ; the Madawaska 
system, which until this year was in private owner- 
ship, and serves an area to the north-west of Ottawa ; 
the Ottawa system, which serves the city of that 
name, and the surrounding neighbourhood ; and the 
Thunder Bay system, which serves the cities of 
Port Arthur and Fort William at the head of the 
Great Lakes in the north-west of the province. The 
new eastern system extends from Whitby on the 
west to Cornwall on the east, and from Lindsay to 
Ottawa on the north, and covers a territory 25 to 45 
miles wide and about 240 miles long. It, therefore, 
approaches the Niagara system in extent, though 
not in population or load. 

During the year under review, the number of 
generating stations operated by the Commission 
increased by ten. These included two new semi- 
automatic remote-controlled plants at Trethewy 
Falls and Elliott Chute, respectively, while the 
remainder were acquired as the result of the pur- 
chase of other undertakings. In contradistinction 
to the conditions during the previous twelve months, 
a water shortage was experienced in most of the 
districts, and this had to be relieved by the pur- 
chase of power. Investigations were also under- 
taken into a number of power sites, so as to keep 
pace with the ever-increasing demand. These in- 
cluded the Chats Falls on the Ottawa River, 
where a possible 200,000 h.p. can be developed, 
and the Ragged Rapids on the Muskoka River. 
As regards construction, it was decided to erect 
a tenth and final unit in the Queenston station. 
This will have a rated capacity of 58,000 h.p. at a 
head of 294 ft., and will provide much needed spare 
plant for maintenance purposes. The installation 
of this set will necessitate an extension of the 
forebay at a slightly higher level, and its penstock 
will be 16 ft. in diameter. The turbine governor 
will be of the Morris-Pelton type, with motor- 
driven fly balls, and will be the first of its kind to 
be employed at Niagara Falls. The Trethewy 
Falls station forms, with the Hanna Chute and 
South Falls stations, a group of three plants on 
the South Muskoka River, where a head of 170 ft. 
is developed. All three stations are controlled from 
the last-named plant. The Elliott Chute station has 
a capacity of 1,800 h.p., under a 39-ft. head, and is 
remotely controlled from Bingham Chute. 

The Alexander station on the Nipigon River is 
now nearing completion. This river drains an 
area of 9,000 sq. miles, about one-sixth of which is 
made up of the lake of the same name. The outflow 
from this lake is remarkably uniform, and averages 
7,000 cub. ft. per second, control being obtained 
by a dam. The total fall between the lake and 
Lake Superior is 248 ft.. Of this, 60 ft. will be 
utilised at the station, which is located at a point 
where the river makes a sharp S bend. The head 
is nearly all artificial, and has been created by the 
construction of an earth-fill dam, so that the head- 
water level will be raised to that of the tailwater 
of the station at Cameron Falls, which lies higher 
up the river. The main dam is being constructed 
by the semi hydraulic-fill method, and the power 
house will contain three 18,000-h.p. units. 
During the year, the conservation dam at Ear 
Falls was completed, thus enabling a portion of the 
spring flood to be stored in Lake Seul. This lake 
has a capacity of 145,000,000,000 cub. ft., while 
Lake Nipigon, which is in the same part of the 
country, has twice that capacity and the Lake of 
the Woods is also very large. The dam at Ear 
Falls incorporates a single-unit power-house with 
a capacity of 5,000 h.p. under a load of 36 ft., 
though provision has been made for an ultimate 
capacity of 36,000 h.p. 

On the transmission side, a second 220-kv. cir- 
cuit between the Gatineau river and Toronto was 
completed, and extensive additions were made to the 
110-kv. lines on the Niagara system. A consider- 








able mileage of lower tension and telephone lines 
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were also constructed. As in previous years, satis- 
factory, and indeed remarkable, progress in the 
giving of supplies to rural districts is recorded. 
At the date of the report, the mileage of rural lines 
was 4,835, of which 1,044 miles had been added 
during the year. The number of consumers served 
was 37,000, making an increase of 6,277 in the 
twelve months. Arrangements have been made to 
construct about 1,500 miles of additional rural line 
during the present year. This development is 
undoubtedly due to the extensive propaganda 
which has been undertaken, and to the fact that 
the service is given almost at cost price. 

Some interesting work was carried out in the 
Commission’s laboratories. This included a com- 
parison between blue-bulb and clear-bulb lamps, 
which indicated that the use of the former does not 
lead to a reduction in life; and between different 
brands of glassware, which showed that large 
differences in efficiency exist between patterns that 
appear equal in all other respects. An important 
activity was the study of the behaviour of structures 
in service. This enabled one case of incipient 
alkali attack to be detected, while the observations 
upon the corrosive action of certain types of waters 
showed the need for determining the exact chemical 
characteristics of the various waters which the 
concrete structures of the Commission have to resist. 
Weekly samples were taken from fifteen different 
rivers and tested, while the closely related problem of 
the changes brought about in both the concrete and 
the water when the latter seeps through the former is 
being studied. Tests, which have been in progress 
for two years, showed that none of the clear and 
colourless liquid waterproofing materials used for 
preserving stone, brick and concrete is of any 
permanent value when applied to the latter material. 
An apparatus was developed for overcoming the 
time difficulty in estimating the weathering quality 
of paints. Usually at least two years exposure is 
required for this purpose, but this has been reduced 
by the employment of a slowly-revolving cylindrical 
drum, on which test panels are mounted. Inside this 
drum is an are lamp, the light from which closely 
approaches the sun’s rays in actinic quality. The 
panels are sprayed with water for a short time 
during each revolution. It has been found that 
paints tested by this method fail in the same way 
as those in service, and that this failure occurs at 
mostly in from forty to fifty hours. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 169.) 
THe WiLiiaM FrovpEe NationaL TANK. 
THERE have been changes in the committee and 
staff of the Tank. Sir Aubrey Brocklebank has 


died and Sir James Jeans has retired; Mr. A. C. F. 
Henderson, of the Cunard Line, and Professor G. I. 


Taylor, of Cambridge, have been appointed members 


in their places. Miss E. M. Keary, who came to 
Teddington in 1915 and has been mainly connected 
with the aeroplane and propeller-thrust researches, 
has retired, and Mr. J. F. C. Conn and two juniors 
have joined the staff. The extension of the shops 
and offices and the longer hours of work have been 


insufficient to meet the ever increasing demands | 
upon the capacity and time of the Tank Department, | 
and the construction of a new tank has been decided 


upon. Mr. G. 8. Baker, Superintendent of the 
Department, visited the American tanks and allied 
institutions during the course of the year. The 
new tank will form an L with the present tank, 


running westward from the north end, and will, 
on the whole, be built on the same lines. The | 


dimensions of the new tank, viz., 675 ft. by 20 ft. 
by 9 ft. (as compared with 549 ft. by 30 ft. by 
11-6 ft.), had to be adapted to the grant of 45,0001. 
The travelling carriage of the new tank will admit 
of high-speed work. In the present tank, the 
carriage has given some trouble lately owing to 
age, after 18 years of service, and the repairs and 
alterations have altogether involved a loss of 
21 working days in the past year. 

The 71 tests of ships’ models and_ propellers 
made, concerned 51 designs, all of which (with two 
exceptions) were tested with their propellers, and 





16 analyses of trial and log data were also carried 
out, the Tank having been represented on eight 
of the trials. Four of the designs were im- 
proved by more than 20 per cent. on hull and 
propeller ; in four cases the lines were modified to a 
considerable extent before commencing the tests. 
As regards the type of hull, 2 per cent. of the work 
was done on destroyers, 14 per cent. on cross- 
Channel steamers, 2 per cent. on liners, 15 per cent. 
on intermediate liners, 59 per cent. on cargo vessels, 
7 per cent. on river craft and 11 per cent. on yachts 
and other craft. Steering tests were made with 
three types of hull. 

Aeronautical Work.—The comparison of the 
resistance of streamline-shaped forms in air and 
water, on which Mr. W. C. 8. Wigley has reported 
to the Air Ministry, has advanced considerably. The 
earlier tests with a model, 2-25 ft. long, were 
unsatisfactory, because the comparison had to be 
made at low Reynolds’ numbers in order to over- 
lap the speeds possible in the wind tunnel. When 
the model had been lengthened by 2 ft., stable 
results were obtained in water at all but the low 
speeds ; the tests indicated that for such a form, 
having 2 ft. of parallel body, experiments at 
Reynolds’ numbers below 1-8 x 10° were worthless 
for estimating purposes. The corrected air results 
were 8 per cent. above the water results for numbers 
up to 2-1 x 10°, the highest obtained in the wind 
tunnel. The correction for the drop of pressure 
in the wind tunnel may, however, amount to a 
quarter of the observed value and requires further 
investigation. Particulars of the research on the 
air resistance of a ship’s hull and upper works as 
deduced from tank experiments, will be found on 
page 184 ante. 

Propeller Immersion. Wake and Friction Research. 
—A report on the effects of fullness on the manceuvr- 
ability of twin-screw ships with unbalanced rudders 
is to be presented to the Glasgow meeting of the 
Institution of Naval Architects this autumn. 
As regards the effect of the immersion of propellers 
on thrust and efficiency, it is found that there is 
little falling off in the thrust as the immersion is 
changed from 0-75 diameter to 0-5 diameter, but 
the change is more rapid as the propeller is brought 
still nearer to the surface. Experiments with 
screws of 1-12 ft., 0-8 ft., 0-4 ft. diameter indicate 
that the thrust per unit disc area ratio increased 
with the size. The velocity distribution in the 
frictional wake has been studied by Mr. Baker, 
with the aid of special cocks through which telescopic 
Pitot tubes of a novel type can be passed. These 
tubes, which are made in the Department, are 
strong enough to be extended 23 ft. from the ship’s 
side, whilst the vessel is travelling at 20 knots, 
and measurements can be taken within 0-08 in. 
from the ship’s hull. The wake studies, made at 
different points and distances of several hundred 
feet from the bow in smooth and rough water, 
|lead to the empirical formula d? + 1-5d = 0-021, 
for the width d of the wake belt in terms of its 
‘length 1. The velocity v of the wake water at the 
| distance y from the hullis v = 0-99 Vy"/d, where V 
|is the velocity of advance and n ranges from 0-115 
'to 0-21, according to the length and roughness of 
'the surface. Comparative tests on a clean and a 
foul ship are being arranged for. 

Comparison of Model and Ship Data.—In the case 
of the P. & O. liner Viceroy of India, both the 
power and the revolutions were within 1 per cent. 
of the estimated values. The thrusts obtained 
were higher than those deduced from model resist- 
ance by Froude’s friction constants, but gave 
reasonably good agreement with the model screws 
on a base of slip. Some propeller-model tests were 
not in satisfactory agreement with the ship data, 
owing apparently to the different entry of the 
water into the propeller. Usually, the powers 
obtained by the Tank are 2 per cent. to 4 per cent. 
low, but the revolutions are generally within 
1 per cent. of the ship’s data; in the case of a 
large 16 knot twin-screw vessel, the ship revolutions 
were 2 per cent. above the Tank estimate. Valuable 
co-operation and assistance has been given in this 
work by a number of shipping companies. The 
tug and barge research is being continued, and a 
start has been made with the design of coasters 
and tugs. 











METALLURGY AND METALLURGICAL CHEMISTRY. 


The continued studies by various means, including 
X-rays, of metals, their solid solutions and com- 
pounds of complex lattice structures, the unit cells 
of which contain fifty and more atoms, induced 
Dr. W. Rosenhain, Superintendent of this Depart- 
ment, to advance a very remarkable suggestion 
last September in the Gesellschaft fir Metallkunde 
at Diisseldorf. Such bodies, copper alloys with 
tin or aluminium, and also a-manganese, &c., 
form associated molecules, the shape of which, in 
the solid state, does not lend itself to close packing 
in a simple lattice. Certain atoms, in them, Dr. 
Rosenhain suggests, may play the part of the water 
of crystallisation in the formation of inorganic 
crystals. The atoms constituting this metal of 
crystallisation might be replaceable by atoms of 
the other component, whilst the atoms of the 
compound proper should not be thus replaceable. 
This might explain why such compounds show a 
moderate range of solubility which is non-existent, 
or extremely limited, in compounds of simple regular 
lattice types. In these ordinary crystals of metal 
(iron, copper, &c.) a distinction of molecules is hardly 
possible. The difference between a solid solution 
and an inter-metallic compound has further been 
studied in gold-copper alloys. On cooling, these 
alloys undergo a transformation, apparently a re- 
arrangement of the atoms into a regular pattern, and 
not merely the statistically homogeneous but other- 
wise irregular arrangement of solid solutions at 
higher temperature. The special question was, 
whether this transformation arrangement of the 
cooled alloy would be completely broken up again by 
heating to a temperature at which the compound 
would again be resolved into the solid solution. 
This seems to take place as far as electrical con- 
ductivity measurements can be relied upon. The 
preparation of the alloy, which melts at 900 deg. C., 
for the determination of the conductivity during 
cooling, involved great difficulties. The study of the 
elastic properties of inter-metallic compounds which, 
according to German experimenters, differ much in 
elasticity from their constituents, is likewise very 
difficult owing to the brittle nature of these bodies. 

In the determination of the heat generated by. 
plastic strain, electrical methods appear to offer 
promise. The mechanical work done in drawing 
can be measured more accurately than the heat 
evolved, and the extension of the springs, Dr. 
Rosenhain and Mr. V. H. Stoll find, is better 
determined by its effect upon the setting of a 
Wheatstone bridge than by mirror deflection. The 
two bridges used, one for each spring are connected 
in opposition. When the heat absorbed by drawing 
aluminium wire, expressed in terms of the metal 
deformed, was compared with the results of other 
experimenters, the results were found to be lower, 
though of the same order of magnitude .as those 
of Prof. G. I. Taylor. The direct practical value of 
these researches lies in the determination of the 
value of cold work with respect to such questions as 
whether the proportion of work which becomes 
latent is, or is not, the same for initially annealed 
as for cold-worked metal. 

Single Crystals. Surface Tension.—Single crystals 
are mostly prepared by slow cooling the liquid 
metal from the bottom upwards in a tube at definite 
rates. In the case of bismuth the nature and 
distribution of the impurities seems to have a 
predominating influence upon the character of the 
crystallisation, especially when solidification is very 
slow. X-ray analyses, in the Physics Depart- 
ment, show that crystals, accepted as single, do not 
always deserve that designation, and similarly 
the determinations of the surface tension of liquid 
metals by Mr. L. L. Bircumshaw, by the bubble 
method described last year, suggest alterations 
in the molecular association in the liquid metal, 
if not the presence of extraneous films of oxide ; 
the latter may be removed at higher temperatures. 
When determinations were made at rising tem- 
peratures, very erratic results were obtained below 
500 deg. C. ; when the metal was previously heated 
to 1,000 deg. C. and the observations were taken 
at falling temperature the results remained constant 
down to 300 deg.C. Tin did not give satisfactory 
curves near 250 deg., i.e., not far from its melting 
point, 232 deg. C., whilst lead gave satisfactory 
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results near 350 deg. In other experiments higher 
temperatures had to be used to secure concordant 
results. The trouble was, partly at any rate, 
due to water vapour from the Mabor cylinder 
on which the melting pot rested. When silica 
vessels were used, and attempts made to dry the 
gas and free it from oxygen and hydrogen, matters 
improved but little. Further experiments with 
mercury near its freezing point (—38-6 deg.) showed, 
however, that the gas drying applied was not really 
effective. 

Refractories.—Mr. D. Turner’s extrusion machine 
for moulding tubes and rods of alumina, thoria, &c., 
requiring binders, mentioned last year, is illustrated 
in Fig. 14. It operates at any angle, and delivers the 
product on a plate glass receiving plate, so adjusted 
to suit the coefficient of friction of the tube or rod, 
that the latter will slide down the table without 
exerting any pulling or pushing action on the 
material emerging from the die. It is actuated by a 
hydraulic ram. The plunger, of stainless steel, 


mination of melting, freezing and transformation 
points in a black-body enclosure at high tempera- 
tures was described by Dr. C. H. M. Jenkins and 
Miss M. Gayler, D.Sc., at the Royal Society this 
summer. A small refractory body is dropped into 
the crucible and the liquid rises in the inner cylinder 
of this body which is open below. The pyrometers 
are calibrated with reference to the melting points 
of gold (1,063 deg. C.) and palladium (1,555 deg.) 
with the aid of thermocouples for intermediate 
temperatures. The melting point of the purest 
iron was found to be 1,527 + 3 deg. C. 

Light Alloys.—Messrs. J. D. Grogan and H. T. 
Schofield find that the aluminium-thorium alloys 
with up to 25 per cent. of Th do not promise well, 
being heavy and costly, and not susceptible of im- 
provement by heat treatment. In the presence of 
silicon, the compound ThSi, is formed, which is 
hardly soluble in aluminium. This compound is 
heavier than aluminium, thorium itself being a heavy 
metal (density about 12), and tends to segregation. 




















Fie. 14. 


moves with very small clearance in an outer 
cylinder fitted with an interchangeable lining, and 
wear is practically limited to the outer sleeve. 
Articles of pure alumina are also cast with very small 
wall thicknesses. Very fine-bore alumina tubes are 
required in particular for the insulation of thermo- 
couples, which might be contaminated by silica ; 
between fireclay tubes and the wires of the couples 
electromotive forces may be set up at high 
temperatures. Non-corrosive crucibles and tubes 
for high-temperature work are made of specially- 
treated chromite ore. 

Optical Pyrometers.—Highly-shrunk alumina tubes, 
glazed on the surface to keep out gases and metallic 
vapours, are needed, for instance, for the new 
optical pyrometers which Dr. Rosenhain described 


Secular changes in dimensions might arise in alloys 
owing to the residual stresses left after heat treat- 
ment. They are only observable, however, when the 
material is subsequently strained. For this inves- 
tigation cylinders 5 in. long, 3 in. in diameter, of 


instead of nitrogen, for this purpose. The nickel 
in Y alloy is partly replaceable by iron; tin is 
very detrimental, even in percentages of 0-01, while 
1 per cent. of zinc makes the alloy soft for hot rolling. 
The subsequent behaviour of these alloys, however, 
requires further study. 

Beryllium.—The method of van Arkel and 
de Boers of preparing beryllium by deposition from 
the vapours of its iodide on to hot-tungsten filaments 
has been abandoned for the present, because the 
vapours attack Pyrex glass and other container 
materials. Sublimation of beryllium in vacuo has 
not yielded a metal free from a brittle intercrystal- 
line eutectic, so that the question whether pure 
beryllium is really ductile remains undecided ; 
the brittle impurity is probably an oxide. 

Alloys Research.—The paper by Dr. Rosenhain 
and Dr. J. W. Jenkin, recently presented to the 
Iron and Steel Institute, on “ Some Alloys for Use 
at High Temperatures,”* dealt fully with their 
researches in this field, especially with nickel- 
chromium-iron alloys and with steels, and also 
described the large vacuum induction furnace used 
in this investigation. A vacuum of less than 
0-002 mm. of mercury was maintained in this 
furnace for a month at 1,000 deg. C. in the experi- 
ments with Armco iron. Under prolonged strain, 
a specimen fractured after 24 days in hydrogen at 
500 deg. C., whilst no rupture occurred in the 
vacuum after considerably longer periods. The 
action of superheated steam on boiler plates and 
on thin wire coils at 600 deg. C. is under investi- 
gation. Dissolved gases have a great influence 
upon the solidification of steel. For these experi- 
ments, the steel is fused in an arc furnace of chromite 
brick fitted with steel electrodes. The difficulty 
is then to prevent oxidation of the rather shallow 
bath. Oxygen can be partly removed from the 
bath by the addition of metals, such as aluminium, 
silicon, calcium, and magnesium, the oxides of 
which are themselves removable subsequently, but a 
really satisfactory deoxidising agent has not yet 
been found. Boiler plates, stressed at 300 deg. C. 
for a year, show considerable extension, but so far 
no cracks. The corrosion of strained steel is 
hastened when the material is in contact with brine, 
caustic soda and other salt solutions, and also with 
tap water; a fuller investigation of these important 
chemical corrosion effects has been commenced. 

In the iron-alloy research, the trouble of contami- 
nation of the thermocouples by vapours is particu- 
larly severe in the presence of manganese and, to a 
lesser degree, of nickel. When the high-frequency 
vacuum furnace is used, there is a further trouble 
from the glow discharges within the melting tube, 
which cause erratic local heating of the thermo- 
couples. This difficulty has been overcome by 
fitting a water-cooled earthed screen inside the 
inductor coil. Dr. J. L. Haughton has studied the 
magnetic phenomena and determined the tempera- 
tures at which transformations occur, with the aid of 
a tubular furnace of silica. The tube carries a plati- 
num coil for heating and, above it and in series 








|with it, a second winding for compensating the 


field due to the first coil, and a third magnetising 





several wrought alloys were gradually reduced in 
diameter by turning down to 4 in. diameter. The 
changes in length were approximately proportional 
to the square of the diameter reduction, except near 
the surface, where the change was smaller. At the 
same time, the plane ends of the cylinder became 
convex. When the specimen was cut by a groove, 


winding surrounded by a water jacket. The voltage 
induced in a search coil (in a fixed position) is 
amplified by a valve rectifier and recorded by a 
thread recorder, together with frequency and 
temperature. With this device several new, sus- 
pected but not sufficiently established, magnetic 
transformation points have been determined in 





the length and breadth of the cut were of far less 
importance for the change in length than the 
depth of the cut, but the ends remained nearly | 
flat unless the groove was wide. The previous 








last year at the Diisseldorf meeting of the Iron and 
Steel Institute. A bubble of some inert gas is blown 
at the end of a refractory tube dipping into the 
liquid metal; outside the crucible the tube may 
be of metal or glass. The observer looks down 
this tube and sees the inner surface of the bubble 
and a clean metal surface, easily renewed, under 
black body conditions. The method answers very 
well for iron. Since the paper was read it has been 
found, however, that in more viscous fluids, like 
liquid gold, the bubbles are not spherical. but 


quenching of the material was a decisive factor. 
After quenching in cold water, the changes were 
greater than after quenching in oil or boiling 
water. Slow cooling reduced the subsequent 
changes very considerably with Y metal. The 
Brinell hardness of relatively thick specimens was 
greater than that of l-in. sheet. The measure- 
ments were made on Duralumin, Y alloy, and 
copper-tin in the Metrology Department. 

In order to remove gases from these alloys in 


iron-silicon at low temperatures of 90 deg. C.; 
they are probably due to changes in the permeability 
of FeSi. The deduced magnetic curves for heating 
and cooling differ little from one another. 

Miscellaneous Work and Apparatus.—In the 
equilibrium study of the dental amalgams, alloys 
rich in silver have been prepared by fusion under 
high pressure to avoid the volatilisation of mercury. 
The existence of the alloy Ag, Hg, appears to be 
doubtful. As regards copper, oxygen should be 
removed by poling as perfectly as possible when the 
copper is of high purity and free from arsenic, 
bismuth and antimony. With less pure copper, 
the poling should, however, not be pushed to the 
extreme limit. The small furnace of Mr. F. Adcock 








castings, nitrogen is passed through the liquid mass 





flat, and’ the black-body condition of the metal is 
then not perfect. Another method for the deter- 





during the pre-solidification stage ; Mr. D. J. Tullis, | 
of Glasgow, uses chlorine and volatile chlorides, | 





for the rapid calibration of platinum-rhodium 
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thermocouples by the gold-wire method was illus- 
trated in The Journal of Scientific Instruments of 
June last. A vertical silica tube, $-in. in diameter, 
wound outside with a heating coil, is placed in a 
larger cylinder in which a rough vacuum is main- 
tained for insulation, and which is cooled by a 
water coil on the outside ; the cooling is necessary 
because the large cylinder is merely closed by a 
rubber stopper and wax. The thermocouple under 
test is pushed down the furnace and three turns of 
pure gold wire are passed round the tip. The 
furnace heats up in a few minutes, and the test takes 
only 10 minutes altogether, but the tip has to be 
cut off and a new junction made for a new cali- 
bration. 

The spherical joints for glass apparatus, a Ger- 
man novelty not yet on sale in England, have been 
found a considerable convenience. The end of the 
glass tube to be joined is apparently heated, blown 
out and moulded into a cup, which is ground and 
polished ; two such hemispherical cups are greased 
on their thickened edges, fitted into one another, 
and lightly clamped outside. These joints are more 
quickly made and undone than rubber-tubing 
connections and tubular sleeves, and they keep 
gas-tight. 

(To be continued.) 








EXPERIMENTS ON CONCRETE 
ROAD JOINTS. 


Attention is frequently called, more or less forcibly, 
to the partial failure of certain of the new arterial 
roads to withstand the traffic which they are called upon 
to carry, and attempts are made, with more or less 
success, to apportion the blame for the damage that 
has occurred. When, however, it is remembered that 
the majority of these roads have been laid on founda- 
tions that have not consolidated, and that many have 
been carried over ground that has only been newly- 
made, this result is not surprising, though that is, of 
course, no reason why the whole position should not 
be examined, so that improvements may be devised 
and put into practice. We are, therefore, glad to learn 
that the Technical Advisory Committee, appointed by 
the Minister of Transport to advise him on experimental 
work, has had the design and construction of concrete 
roads and their foundations under consideration, and 
that a detailed survey of the defects, which have 
occurred on a road of fairly recent construction, has 
been carried out on their behalf by the Experimental 
Branch of the Ministry. This examination throws a 
light on causes and it should now be possible to take 
the next step of applying appropriate remedies. 

According to an announcement, which has recently 
been made by the Minister, the road on which the inves- 
tigation was carried out was about 3 miles long and 
30 ft. wide between the curbs. It consisted of a 2-in. 
stone-filled asphalt carpet laid on a reinforced-concrete 
foundation 8-in. thick and was constructed on a ballast 
bank, the depth of which varied from 2 to 20ft. Before 
the concrete was laid, clinker was spread on the embank- 
ment, where considered necessary, and consolidated to 
a depth of 4 in. The concrete was laid in 14-ft. 6-in. 
bays, with no centre joint, and extended the full width 
of the road. The alternate bay system, with transverse 
joints at 90 deg. to the centre line of the road, was used, 
an expansion joint of bituminous sheeting being inserted 
at every fourth joint, under which a 12 in. by 8 in 
concrete beam was placed. The concrete wasa 1:2: 4 
allast aggregate being used, while 
a reinforcement of 4-7 lb. per square yard was placed 
2 in. from the under side of the slabs. The traffic 
carried averaged 10,000 tons per day, much of it con- 
sisting of heavy commercial vehicles, running at high 


mix by volume, a 


speeds. 

The road has now been open to traffic for about two 
years. During the first twelve months no appreciable 
defects appeared. After that period, however, their 
growth was rapid and betweer. March 11 and July 2, 
1930, they had increased from 509 to 635. These figures 
include new defects only and take no account of the 
development of old defects, which had been previously 
noted. Examination showed that the cracks occurred 
at intervals of 14 ft. 6 in., or at multiples of that dis- 
tance. In other words, they corresponded with the 
joints between the concrete slabs underneath the sur- 
facing material. In the majority of cases the cracks 
on the south side of the road were to the west of a 
joint and those on the north side to the east. Since 


the direction of the traffic on the south side was west- 
wards, and that on the north eastwards, the probable 
explanation is that they were caused by vehicles depress- 
ing the level of the slabs, on which they were riding, 
below that of those which they were approaching, the 
result being that the latter received a hammer blow. This 
is borne out by the fact that there was no disintegration 
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of the concrete, except at the joints. It has long 
been definitely established that concrete slabs curl up 
and down with changes of temperature, so that their 
edges periodically lose contact with the sub-soil and 
become unsupported, but.this, it is considered, would 
hardly account for such extensive defects occurring 
in so short atime. On the other hand, unequal settle- 
ment of the sub-soil has probably taken place, owing 
to the road being built on an embankment, and this 
settlement may have been accentuated at the joints 
by the movement of the slabs. 

By way of further investigation, it is hoped it may 
be possible to open some of the joints and deter- 
mine the exact position and behaviour of the concrete 
beams beneath them, as well as to discover what 
subsidence has taken place, and the characteristics 
of the concrete, where failures have and have not 
occurred. In addition, information regarding drainage, 
height of embankment and flooding will be collected. 
Another matter well worth research is the determination 
of the most economical way of overcoming the move- 
ment of the slabs at the joints, especially when the 
foundation is on made ground. The remedy may be 
to thicken the slabs either at the joints, or as a whole, 
or to use beams or interlocked joints. 





tion was begun on June 23. Initially the top 2 in. of 
each slab was laid with a somewhat wetter mix than 
the remainder, but this procedure was afterwards discon- 
tinued. The concrete on being spread is rammed with 
9-in. square hand rammers, while as soon as possible 
after screeding the slab is covered with wet cocoanut 
matting for not less than 24 hours. The surface is 
subsequently overlaid with 3 in. to 4 in. of soil, which 
is kept moist for 21 days. 

The six types of joint, which are being used, are illus- 
trated in Figs. 1 to 6, annexed. The butt joint shown 
in Fig. 1 is employed in 16 places on the south side of 
the road and 12 places on the north side, the reason 
being that in the latter case the concrete is continuous 
for 120 ft. In 12 cases the angle of the joint with 
the curb is 90 deg., and in 16 cases 75 deg. The 
butt joint with granolithic arrises illustrated in 
Fig. 3 is employed in 24 places, in 12 of which 
it makes an angle with the curb of 90 deg., while 
in the remainder the angle is 75 deg. The Vee joint 
shown in Fig. 5 is employed in 20 cases, in half of 
which the angle of the joint with the curb is 90 deg. 
and in half 75 deg. Fig. 6 shows the tongue and groove 
semicircular joint, which is also’ employed in 20 
places, the distribution of the angles between the joint 


Fig. 2. STEEL DOWEL JOINT 
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With the collaboration of Mr. W. P. Robinson,'County 
Engineer of Surrey, tests are, therefore, being made by 
the Experimental Branch of the Ministry on types of 
joints, a portion of the new Chertsey arterial road, lead- 
ing from Kew-road to the new bridge which is to be built 
over the Thames at Richmond, being used for the pur- 
pose. The experimental section is 480 yards long and 
40ft. wide. It runs on acurve with a 1,500-ft. radius, 
the super-elevation being 9 in. The concrete is being laid 
in two bays, made up of slabs 21 ft. wide to allow curbs 
to be placed on them, with a longitudinal joint running 
down the centre of the road. This joint is of the ton- 
gue and groove type and is illustrated in Fig. 7, above. 
The length of each slab is 20 ft., and its thickness is 
9 in. The reinforcement is double and consists of 
};-in. longitudinal mild-steel bars weighing 6-7 lb. 
per yard. These are placed at 9-in. centres longitudi- 
nally and 6-in. centres transversely. The cover to the 
reinforcement, top and bottom, is 2 in. thick. The 
concrete used is a 1:2:4 mix, composed of ?-in. 
crushed and washed shingle, washed sand and slow- 
setting Portland cement, but the constituents are 
weighed before mixing, the weights being: Shingle 
744 Ilb.; sand, 396 lb.; and cement, 204 1b. Water is 
added from a calibrated bucket, and 80 seconds are 
allowed for mixing each batch. Concreting was begun 
on May 13, and the southern half of the road, which 
will eventually consist of 72 slabs, was completed on 
June 14. Three slabs were, however, omitted temporarily 





where a footpath crosses the road. The northern por- 





























and the curbs being the same as in the previous case. 
The dowel-bar joint, illustrated in Fig. 2, is employed 
in 26 cases, in 10 of which the angle of the joint with 
the curb is 90 deg. In the others the angle is 75 deg., 
while in six cases the transverse bars have been omitted. 
The sleeper joint (Fig. 4) is also used in 26 cases. All 
joints making 75 deg. with the centre line are staggered 
5 ft., while the twelfth, eighteenth, twenty-fourth, 
thirty-sixth, forty-eighth, fifty-fourth, sixtieth, sixty- 
sixth, and seventy-second joints on each side are 
formed with 3-in. Ruberoid sheeting. 








SHIPWRECK AND CONDEMNED-VESSEL STATISTICS FOR 
1929.—The statistical summary of ships totally lost, 
broken up, or condemned, now published by Lloyd’s 
Register, shows that, during 1929, the gross reduction 
in the mercantile marine of the world amounted to 794 
ships, aggregating 1,543,602 tons, excluding ships of less 
than 100 tons. Of these totals, 672 ships, making together 
1,458,665 tons, were steamers and motorships, and 120, 
totalling 84,937 tons, were sailing ships. The tonnage 
of the ships, owned in Great Britain and Ireland, which 
were broken up or dismantled during 1929, amounted to 
222,532 tons. Naturally, a large proportion of the tonnage 
annually removed from the merchant fleets of the world 
comes to what may be termed a natural end ; it is broken 
up or condemned for reasons not necessarily consequent 
upon casualty or stress of weather. During 1929, some 
65 per cent. of the total mentioned above for steamers 
and motorships (1,458,665 tons) and about 52 per cent. 
of the sailing ship total (84,937 tons) were broken up in 
this manner. 
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LETTERS TO THE EDITOR. 


RESERVOIRS (SAFETY PROVISIONS) 
ACT, 1930. 


To Tue Epiror oF ENGINEERING. 

Sir,—This Bill, having received the Royal Assent, is 
now an Act of Parliament and by virtue of its final 
clause, it becomes operative on the first of January, 
1931. But, in the interval, it is obvious that the 
Home Office officials will not only be arranging the 
formalities to be observed by engineers in applying for 
admission to the Panel, but will be only too anxious to 
deal with applications so that, by the prescribed date, 
there may be a Panel in existence to give the Act a 
basis of fact. If, therefore, any protest is to be made 
by engineers it must be made as quickly and as 
definitely as possible. 

Under this Act it is illegal for any engineer to design 
or officially inspect a reservoir for storing five million 
gallons or more “ above the natural level of any part 
of the land adjoining the reservoir,”’ unless he has been 
accepted by the Home Office officials as qualified for 
admission to the Panel to be set up in accordance with 
the provisions of Clause 8. This clause provides that 
admission to the Panel is not to be determined by any 
body of experts, nor in accordance with any standard of 
technical qualifications, but at the discretion of the 
Home Secretary “ after consultation with the President 
of the Institution of Civil Engineers.” Dismissal from 
the Panel is to be determined in the same way, and there 
is no provision whatever for appeal against any such 
decisions. It is surely the first occasion on which 
members of our profession have been compelled to 
solicit the approval of Government officials before being 
permitted to practise in a particular branch thereof. 

The immediate question is whether water engineers 
are to accept this new form of departmental despotism 
without protest, but the far wider and more important 
question inevitably follows: namely, is it not obvious 
that, with such a precedent actually established, the 
principle of ‘‘ panels ” will be applied to other branches 
of engineering work, and thus our profession will 
gradually slide into the control of Government De- 
partments ? 

It must be observed that we should have no com- 
plaint if, in this case, there had been any remarkable 
or serious recurrence of dam-failures due to faulty 
design or construction, and if the provisions of this 
Act offered any security against their recurrence in 
future. But neither of these conditions in fact exists. 
In this country, dam-failures are rare events, and, 
were they numerous, the provisions of this Act would 
not contribute to their prevention. The only positive 
advantage secured by this Act is the extension of the 
powers of Home Office officials in regard to matters for 
which they have no qualifications to act as judges, even 
‘* after consultation with the President of the Institution 
of Civil Engineers.” 

The disadvantages are, however, serious enough to 
warrant concerted action on behalf of our profession. 
We have now reached a stage when there is hardly any 
branch of engineering which has not a representative 
institution, attachment to which is a guarantee of 
qualifications. Most of us pay large sums annually for 
no other purpose than to establish our competence to 
practise in some branch of the profession. And behind 
all the special institutions there stands our Alma Mater, 
the Institution of Civil Engineers, acting as guarantor 
for our general qualifications and our professional 
status. Are we willing that the functions of these 
institutions should be handed over to the officials of a 
Government Department ? 

It is inconceivable that any members of the profession 
will answer affirmatively, and it therefore seems neces- 
sary that some joint action should be organised, firstly, 
to warrant the water engineers in refusing to serve on 
the Home Office Panel, and secondly, to secure the early 
repeal of this Act. If, in the meantime, the Government 
officials ask for assistance in this matter, it will be quite 
easy to suggest alternative measures for accomplishing 
the end in view. An amplification of Clause 7 (liability 
for damage and injury), with provisions requiring 
‘second opinions” to be taken in every case, would 
accomplish a great deal more than the Panel scheme 
in this Act, which must, of necessity, offend every 
member of our “ honourable profession.” 

The most effective means of protesting against the 
Act seems to be for every member of the profession 
concerned to write to his own institution, stating his 
objections to the Act, and urging the desirability of 
calling a joint meeting for the purpose of discussing the 
procedure to be adopted in regard to the “ Reservoirs 
Panel,” as the first attempt to establish the new 
principle of Governmental supervision. 

Yours, &c., 
Percy GRIFFITHS. 

39, Victoria St., 

Westminster, S.W. 1. 
[A previous reference to this subject was made in our 





issue of April 18 last, page 516. For the benefit of our 
readers we reproduce below Clause 8 of the new Act.— 
Ep. E.] 


Cause 8. RxsERvorrs (SAreTy Provistons) Act, 
1930. 

Qualification of Engineers—(1) There shall be 
constituted a panel of civil engineers for the purposes 
of this Act, or if the Secretary of State so determine 
after consultation with the President of the Institution 
of Civil Engineers, or, if that institution appoint a 
committee for the purpose, with that committee, 
different panels for different purposes of this Act or 
for different classes of reservoirs. 

(2) Any civil engineer may apply in the prescribed 
manner to be placed on any panel, and the Secretary of 
State, if satisfied after such consultation as aforesaid, 
that the applicant is qualified to be placed on that 
panel, shall appoint him to be a member thereof. 

(3) The Secretary of State may remove any engineer 
from any panel constituted under this section if 
satisfied after such consultation as aforesaid that the 
engineer is not fit to remain on that panel. 

(4) In exercising his functions under this section 
the Secretary of State shall act in conjunction with the 
Minister of Health and the Department of Health for 
Scotland. 








ELASTIC AND MAGNETIC 
PHENOMENA. 
To THe Epiror oF ENGINEERING. 


Srr,—Perhaps some of your readers may have infor- 
mation which would throw light on the following 
analogies between elastic and magnetic phenomena. 
Comparing the corresponding “ cause-effect ” diagrams 
which are, for elasticity “stress strain,’ and for 
magnetism “magnetic force and induction’? curves 
or (H-B curves) respectively, we find that, for small 
values of energy storage, we have the elastic materials 
obeying Hooke’s law, and paramagnetic materials also 
obeying a proportionality law. 

In ferromagnetic materials, we have much greater 
energy capacity but no longer subject to the simple 
law of proportionality. Similarly, in vulcanised rubber, 
we have a case of greatly increased capacity for 
elastic storage of energy also accompanied by com- 
plete departure from the proportionality law. A 
more careful comparison of the stress-strain curve 
and the H-B curves discloses still more striking simi- 
larities in the curve forms, which also appear in com- 
plete hysteresis loops for elastic and magnetic dissipa- 
tion of energy. While no thoroughly satisfactory 
rational equations seem to have been developed for 
either the ferromagnetic or rubber elastic phenomena, 
various empirical equations which have been suggested 
will be found equally applicable to both. I am not 
aware of any sufficiently comprehensive records of 
stress-strain tests on materials of the rubber type to 
serve as a basis for the investigation of the elastic 
laws involved. The corresponding records for ferro- 
magnetic materials, although not entirely satisfactory, 
are much more extensive and available. In accordance 
with the principles enumerated by Major F. A. Freeth, 
F.R.S., in the annual lecture of the Institute of Metals 
(‘The Influence of Technique on Research,” Enat- 
NEERING, vol. cxxix, page 640 (1930), it would seem 
probable that the narrow important range in which 
Hooke’s law of elasticity is satisfactory would be much 
illuminated by an investigation and study of the 
broader field for which it is evidently inadequate. 

For an example of the stress-strain diagram of rubber 
which demonstrates the similarity of this curve to the 
typical H-B curve for iron, reference may be made to 
a pamphlet published by the Rubber Growers’ Associa- 
tion Rubber and Engineering, by H. P. Stevens and 
B. D. Porritt, published at 2, 3, and 4, Idol-lane, 
Eastcheap, London, E.C.3, 1925. Fig. 2 in this 
pamphlet is reproduced from Plantation Rubber and 
the Testing of Rubber, by G. S. Whitby. 

Yours very truly, 
C. MAcMILLAN, 
Induction Motor Dept., 
General Electric Company. 
Schenectady, New York, U.S.A., 
August 1, 1930. 








TURBO-GENERATOR ROTOR 
SHAFTS. 
To THE Eprror or ENGINEERING. 

Srmr,—I have read with considerable interest the 
article which appeared in your issue of August 1, 1930, 
on “‘ Turbo-Generator Rotor Shafts,” by Mr. W. Sharp, 
and notice, on page 127, the following statement: 
“Carbon steel is more generally used because it is 
apparently more difficult to obtain a solid forging 
with nickel steel.”” Having been intimately engaged 
in the heavy-steel forging industry for over twenty 
years, I feel qualified to criticise the above statement, 





which I consider is not in accordance with fact, nor, 
I believe, the experience of the English makers of 
rotor forgings. So far as sound rotor forgings are 
concerned, alloy-steel makers of repute, such as are 
to be found in Sheffield, Manchester and Glasgow, 
have to-day no more difficulty in producing large 
ingots of, say, 1, 2, 3 or 3$ per cent. nickel steel than 
they have in producing carbon-steel ingots of the 
qualities required for rotor shafts, and of comparable 
size. 

The making of a large ingot and the subsequent 
fashioning of that ingot into a sound forging of varying 
section, such as a rotor shaft, requires skill, of course, 
but given that skill I would venture to say that, where 
an ultimate tensile strength of 40 tons per square inch 
is required, a steel containing 0-35 per cent. carbon 
and 2 per cent. or 3 per cent. of nickel is actually 
a safer steel to use than a 0-45 per cent. carbon 
steel. 

The type of steel used for rotor shafts in the present 
state of the art of steel making depends chiefly upon 
the mechanical properties called for by the designer. 
For B.E.A.M.A. specification No. 3, Grades 1 and 2, 
carbon steel is perfectly satisfactory. For Grade 3, 
whilst a medium carbon steel is standard practice, 
and generally suitable, the addition of 1 per cent. or 
2 per cent. nickel is advantageous, in so far as a slightly 
lower carbon content can be used, whereby the risk 
of clinking is reduced, and greater uniformity in 
mechanical properties and a toughness superior to 
that of plain carbon steel can be obtained. For Grade 4, 
the mechanical properties required are such that a 
nickel alloy steel, containing, in addition, either 
chromium, vanadium or molybdenum, separately or 
combined, is essential. In brief, these are the real 
fundamental principles involved in selecting steel for 
rotor shafts, and not the limitations of nickel steel 
as the author of the article would infer. 

The increased cost of a low nickel as against a 
carbon steel, and the difference in magnetic properties 
between the two steels, are, of course, factors which 
should not be ignored, but, considering the importance 
of the rotor forging in an electrical machine, it has 
always appeared to the undersigned that the cost 
factor is often saddled with an altogether unwarranted 
importance, especially when one considers the initial 
difference in cost of a carbon as against an alloy steel 
forging in relation to the final cost of the rotor when 
finished and ready for the machine. 

Yours faithfully, 
A. P. Haaur, 

Late Chief Metallurgist, Messrs. 
Cammell Laird and Company, 
Limited, Cyclops Works, Shef- 

field. 

Clydach, near Swansea. 
August 11, 1930. 








East ENGLAND ELEctTRIcITy ScHEME.—The Central 
Electricity Board announces that they have adopted 
the East England Electricity Scheme, 1930, and have 
published the scheme as adopted. Copies can be obtained 
from H.M. Stationery Office, price 1s. 6d. Full details 
of this scheme were given on page 667 of our issue of 
May 23, last. 





CANADIAN DIATOMITE DeEposits.—Canada possesses a 
large number of diatomite deposits in British Columbia, 
Ontario and the Maritime Provinces. The deposits in the 
Maritime Provinces and in Ontario are of the fresh-water 
type, t.e., the diatomite occurs as a powder at the 
bottom of ponds and streams; those in British Columbia, 
on the other hand, are in the form of dry, compact beds. 
Diatomite suitable for almost every known use can 
be obtained from these deposits. Report No. 691 of 
the Mines Branch of the Dominion Department of Mines, 
Ottawa, records the results of an investigation into 
the sources and use of diatomite, and deals very fully 
with the occurrence, preparation and utilisation of this 
material. 


INTERESTING GREAT WESTERN Broap-Gauce Loco- 
MOTIVES.—‘‘ Tiny,” the only complete broad-gauge loco- 
motive in existence, is one of the most interesting 
relics in the possession of the Great Western Railway. 
Built in 1868, it was recently taken from the Newton 
Abbot locomotive depot, in which, with one of its 
flanged wheels removed and a pulley substituted, it had 
for many years done duty as a spare stationary engine 
working the pumps in the boiler house. At the present 
time, this locomotive occupies a prominent position 
in Newton Abbot station. It stands at the centre of 
the last section of the Great Western main line to be 
converted from the broad to the standard gauge. A 
model of another interesting old locomotive, the North 
Star, is now located at Swindon. This was the company’s 
first locomotive, and was used on the occasion of the 
preliminary opening of the line between Paddington 
and Maidenhead on May 31, 1838. It was reconstructed 
in 1925 from many of the original parts, one of which 
a buffer stuffed with horsehair, was being used as a’ 

iano stool at Bath. This locomotive was sent to the 

nited States in 1927, on the occasion of the Baltimore 
and Ohio Railway Centenary, as companion of the King 
George V locomotive. 
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LABOUR NOTES. 


Mr. T. GraHaM Ropertson, K.C., one of the leading 
members of the Scottish Bar, has accepted a joint 
invitation from the Shipbuilding Employers’ Federation, 
and the shipyard tradé unions, to act as independent 
chairman at national general conferences, under the 
conciliation machinery agreements concluded between 
the employers and the unions in the industry in 1927, 
in succession to Lord Macmillan, who was the first 
holder of the office, but resigned in February on being 
made a Lord of Appeal. 


The agreements under which the appointment is 
made provide that, in case of a dispute arising, work 
shall be continued while the question is being considered. 
Adequate procedure is provided for discussion of 
questions in the yard where they arise, and for dealing 
with local questions in the district, with a right of 
appeal to a national central conference, failing local 
settlement. Beyond this there is a final appeal to 
a national general conference, and it is here that the 
independent chairman is called upon to_ preside. 
When the agreement was concluded, great importance 
was attached by the trade unions to this new feature 
of the procedure. In a statement issued on behalf 
of certain unions when a vote was. being taken upon 
the agreement, it was pointed out that the conduct 
of the general national conference was for the first 
time in the hands of an independent chairman, and 
that this had been urged by the trade union repre- 
sentatives as likely to give their members greater 
confidence. During Lord Macmillan’s term of office 
there was no serious dislocation in the industry. On 
several occasions he was called on to preside at the 
final effort to arrive at agreement without a stoppage, 
and when he resigned all the parties to the agreement 
warmly expressed their appreciation of the great 
services he had rendered, in the promotion of peace 
in the industry, during the two years in which he had 
held office. 


At Manchester on Friday last week, the Central 
Committee of the Cotton Spinners’ and Manufacturers’ 
Association and representatives of the Northern 
Counties’ Textile Trades’ Federation again had under 
consideration the employers’ application for an 
extension of the more-looms-per-weaver system to 
the whole county. The discussion lasted for two 
hours and a half, and at its close Mr. Ashurst, the 
employers’ secretary, stated that the meeting had 
been adjourned until to-day to enable them to consult 
their larger committee. It is understood that during 
the proceedings the operatives’ representatives inti- 
mated that they were agreeable to the resumption 
of negotiations for an extension of the system by a 
joint committee, provided the eight-loom experiment 
at Burnley were discontinued. The employers strongly 
opposed the abandonment of the Burnley experiment. 


A report on unemployment submitted to the 
Government by the Executive Council of the Asso- 
ciation of British Chambers of Commerce, contains 
an interesting reference to the wages paid in sheltered 
trades. <‘ The rates of wages paid in some trades 
in this country are higher,” it is stated, “‘than are 
justified by present economic conditions. The 
Chambers draw special attention to the relatively 
higher wages paid in sheltered occupations, such as 
transport, public utility services, and the distributing 
and retail trades. The wages of employees in these 
occupations have not been adjusted to correspond 
with the reductions necessitated in the trades which 
are in competition with other countries having a 
lower standard of living. Instead of having their 
wages adjusted to falling prices, there has been an 
actual increase in “‘real’’ wages due to the fall in 
the cost of living. There has been no adjustment to 
meet the conditions created by the return to the gold 
standard, and, further, it must not be overlooked 
that the social services, which in effect give a large 
addition to wages, have been considerably increased 
during recent years. The result is that the costs of 
transport and of public services are increased, the 
cost of living is maintained a> a high level, and the 
wages of those employed in the unsheltered industries 
are thereby lowered.” 


The framers of the report recognise the advantages 
of a high standard of living, but submit that the 
existing standard ‘is such that the cost of production 
resulting therefrom, under. present conditions, contri- 
butes to loss of trade with consequent unemployment.” 
‘Business men are,” they say, “ being reluctantly 
driven to the opinion that unless the existing handicaps 
on industry are removed, circumstances will compel 
this country to accept a standard which, taking into 
consideration such compensating advantages as Great 





Britain enjoys, will be more in accordance with that 
of competing countries.” 





The Council declare that the general position is 
so well known that immediate action to adjust the 
disparity between sheltered and unsheltered wages 
should be taken. It is submitted, however, that the 
extent of the adjustments which can be made depends 
upon an accurate knowledge of the actual position, 
and the council strongly recommend that the Economic 
Advisory Council should ascertain the facts in regard 
to the following points:—How much higher to-day 
than in 1909-13 are the wages per hour in the sheltered 
occupations relatively to those in the unsheltered 
industries ? To what extent is the disparity between 
the index number of the cost of living and that of 
wholesale prices due to this difference ? If an adjust- 
ment were made in sheltered wages, what, on the 
present basis, would be the relative increase in “ real” 
wages of those engaged in unsheltered industries ? 





The Paris correspondent of The Times states that 
the latest official unemployment returns for France, 
dated July 26, show that there were on the books 
of the local unemployment funds only 856 workers, 
of whom 655 were men and 201 were women.. The 
average number of unemployed in France during the 
seven months of the current year was 1,247. Of the 
856 thus registered as unemployed, Paris and its 
surroundings accounted for 602. Only four other 
districts made any return at all. The monthly average 
for 1929 was 836. The highest number of unemployed 
since the war was in February, 1927, when relief was 
granted to 80,941 workers. The monthly average 
for that year (which still ranks in France as the year 
of the labour crisis) was 33,546. The figures are not 
comparable with the figures of unemployment in Great 
Britain, as they include only those unemployed workers 
registered on the books of the 278 unemployment 
relief funds (17 of which are departmental and 261 
municipal). Also, they take no account of strikes or 
voluntary absenteeism. It may be said, however, 
that there is practically no unemployment in France 
at the present time. 





In July, the home branch membership of the 
Amalgamated Engineering Union decreased from 
195,686 to 194,673, and the colonial branch member- 
ship increased from 26,874 to 26,929. The number of 
members in receipt of sick benefit increased from 5,087 
to 5,111, and the number in receipt of superannuation 
benefit from 10,697 to 10,799. The total number of 
unemployed members increased from 20,134 to 23,287. 





At its annual meeting in Southport, the British 
Section of the International Metalworkers’ Federation 
decided unanimously to oppose the resolution to set 
up a fund for propaganda in countries having weak 
organisations. The subject is to be discussed at the 
conference of the International Metalworkers’ Federa- 
tion, which opens at Copenhagen, on August 27. 





Addressing the annual conference of the Miners’ 
Federation of Great Britain, at Westori-super-Mare, 
on Monday, Mr. Thomas Richards, the president, 
said that in addition to the spread-over amendment, 
there were many weak features in the Coal Mines Act, 
but despite them, if the coalowners had more faith in 
the possibilities of their own industry and displayed 
half the energy and unity they had exercised in pressing 
their views upon the Government during the progress 
of the Bill, in putting the machinery afforded them into 
operation, an all-round improvement in the industry 
was possible. Despite their troubles, they were still a 
great industry in which nearly a million workmen 
were employed. Production in the June quarter was 
at the rate of 239,830,396 tons per annum. They 
exported at the rate of 75,451,252 tons per annum. 
They were the foundation of the great industries of 
this country, whose employees were better paid. 
had more regular employment, and were free from 
the many hardships and dangers peculiar to coal- 
mining. All the workmen in those industries were 
with them, when they protested against a wage of 6s. 
to 8s. a day, for hundreds of thousands of men in the 
mines. It was also admitted by all right-thinking 
people that, if the workpeople on the surface were 
to have a maximum of eight hours a day as prescribed 
by the Washington Convention, underground workmen 
were not unreasonable when they insisted upon the 
return to the seven hours day. 





Mr. Richards, therefore, urged the coalowners to 
believe that the people of this country were prepared to 
pay the economic price necessary to provide the miners 
with a decent standard of life, rather than continue, as 
they had done, through their spokesmen in Parliament 





and their mouthpieces in the Geneva Conference, to 
warn the people at home and the coal consumers 
abroad that “their coal will cost them more.” That 
the sellers of coal should be continuously doing this 
was to him inexplicable. The miners had not been 
given much place or voice in the machinery for the 
operation of this Act ; but they would anxiously 
watch, and hope to see that every effort possible was 
made to obtain the goodwill and co-operation that 
would ensure success. a. 

Industrial and Labour Information, the weekly organ 
of the International Labour Office, states that the pro- 
gress of the Trade Union Bill drafted by the Bureau 
of Social Affairs in Japan, illustrates in a striking way 
the obstacles which that empire is encountering in its 
transition from eastern tradition to western practice. 
At the present moment, the situation as regards trade 
unionism in Japan is this: By Article 29 of the Con- 
stitution of 1889, the right of association is formally 
guaranteed ‘‘ within the limits of the law.’’ There 
is no law in Japan which prohibits trade unionism or 
formally restricts the freedom of action of trade unions. 
On the other hand, there is no special law which 
confers on trade unions any legal status or recognition. 
In practice, a large number of trade unions exist, 
and they exercise an increasing amount of social, 
economic and even political influence. But they move 
and have their being solely in virtue of the general 
guarantee embodied in the Constitution, and complaints 
are heard not infrequently, sometimes in the Inter- 
national Labour Conference, that hindrances are 
placed in the way of the natural progress of their acti- 
vity. For the last ten years, this question has occupied 
a prominent place in Japanese politics, and many efforts 
have been made by Governments and other bodies to 
secure the passing of legislation. About five years ago, 
the Bureau of Social Affairs drafted a Bill providing for 
the recognition of trade unions and defining their status 
and rights. 





The Bill was described at the time as “ extremely 
radical,’ and it was immediately criticised vigorously 
by the leading employers’ organisations. The draft 
was submitted to a Governmental committee, known 
as the Administrative Investigation Board, and that 
body made a number of amendments which, according 
to the workers’ views, practically emasculated the 
measure. As amended, it was presented to the Diet 
early in 1926, but before the Diet had time to take any 
effective action with regard to it, the Session reached 
its term and the Bill dropped. Bills introduced 
at the beginning of last year by Mr. Suzuki, President 
of the General Federation of Japanese Labour, and by 
Mr. Katayama, of the Social Democratic Party, at 
this year’s Session of Parliament, suffered the same 
fate. About the middle of last year, when a new 
Government took office, the question was referred to a 
new body called the Committee for the Investigation 
of Social Policy. This Committee considered the Bill 
originally drafted by the Bureau of Social Affairs, 
and approved it. In May of the present year, however, 
the Home Secretary had to announce that there was 
no hope of examining the Bill during the short extra- 
ordinary Session 1929-1930, and that the Government 
would introduce it during the next Session. 





For the present, therefore, the Bill remains nothing 
more than a draft. Opposition to it, and support 
for it, are being organised and made articulate. In the 
meantime, trade unionism in Japan rests on the general 
guarantee embodied in the Constitution of 1889, and 
its legal status remains in suspense. In these circum- 
stances, the fate of the new effort to enact a trade union 
law will be awaited with interest by everybody who 
attaches importance to the principle, embodied in 
Part XIII of the Peace Treaty, of ‘* the right of associa- 
tion for all lawful purposes by the employed as well as 
by the employers.” i dae 

At a meeting of the Unemployment Grants Committee 
on Monday, with Lord St. Davids in the chair, a num- 
ber of schemes of works submitted by local authorities 
and other statutory bodies for the relief of unemploy- 
ment were approved for Government grant. The 
estimated cost of the schemes so approved was 
844,0001., to provide employment for approximately 
1,400 men. Schemes before the committee for approval 
which are now the subject of inquiry number 897, 
and are estimated to cost 13,300,000/. 





A meeting, called by the Civil Service Confederation, 
is to be held in the Central Hall, Westminster, on 
September 4, to protest against the action of the 
Government in reducing the cost-of-living bonus of 
Civil servants, as from September 1. A demand will 
be submitted that the existing basis should be main- 
tained until’ the Royal Commission on the Civil Service, 
which has the general question of the cost-of-living 
bonus under consideration, has reported. 
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MEAN TEMPERATURE-DIFFERENCE 
CHART. 


By R. Jounson. 


THE increasing use of heat-exchanging apparatus 
in a great variety of applications is one of the important 
developments in engineering. In order to design a 
heat exchanger with the maximum performance in 
the transfer of heat, having due regard to weight, size, 
and cost, it is essential to use the logarithmic mean 
temperature difference in the calculations. This is, 
unfortunately, a laborious task, and also one which, 
if not carefully carried out, is a source of error, with the 
result that a large proportion of engineers use the simple 
arithmetic mean temperature difference as being a 
quickly obtained result not requiring the use of 
logarithmic tables. The latter method, in a large pro- 
portion of problems, is inaccurate to a considerable 
degree. By means of the accompanying chart, how- 
ever, the logarithmic mean temperature difference can 
be read off from the actual temperatures without any 
calculations. 

The chart is suitable for use in connection with heat 
exchangers, whether coolers or heaters, in all problems 
lying witbin its temperature range. An important 
feature of the chart is the graphical representation, by 
means of the two diagonal lines, marked “oil” and 





the ordinate and abscissa, respectively, of the first quad- 
rant. By projecting horizontally and vertically from 
these points, a point of intersection will be determined 
in the first quadrant, and the logarithm of the mean 
temperature difference can be read off on the curved 
line on which this point is found to be. 

As an example, it may be assumed that it is required 
to obtain the logarithmic mean temperature difference 
in the case of a contra-flow oil cooler in which the inlet 
and outlet temperatures of the oil are 151 deg. F. and 
65 deg. F., while those of the water are 46 deg. F. and 
58 deg. F. Since the cooler is of the contra-flow type, 
the temperature of the entering water will be located 
on the abscissa of the second quadrant, as indicated by 
the arrow showing the direction of flow on the diagonal 
water line. The required point is indicated at A. 
The location of the other temperatures B, C and D, is 
obvious, and if the procedure described above is 
followed out, as indicated by the dotted lines on the 
diagram, the logarithmic mean temperature difference, 
in the case stated, will be found to be 46-7. deg. 

It may be mentioned, in conclusion, that it has been 
necessary to reduce the size of the chart for purposes 
of reproduction. By using the chart to the scale 
given, the logarithmic mean temperature difference 
may be obtained within an accuracy of about 2 per 
cent., which is sufficient for many purposes. If a 





** water,’ respectively, in the left-hand lower corner, 
i.e. in the third quadrant, of the lines or conditions 
of flow. These enable the actual temperatures to be 
correctly located relative to each other, whether contra 
flow or parallel flow, without any risk of error. | 

Assuming that it is required to obtain the logar-| 
ithmic mean temperature difference in the case of an 
oil cooler, given the inlet and outlet temperatures of 
the oil and water, the procedure is as follows :— 

The four temperatures are located on the scales 
indicated by the two diagonal lines, and horizontal 
and vertical lines are then projected from these points | 
to intersect in the second and fourth quadrants. | 
From the two points of intersection, the diagonal lines 
in the quadrants are followed until they intersect 














higher degree of accuracy is required, the chart may 
be enlarged photographically or by other means, and 
this will, no doubt, be done by those desiring to make 
use of the chart regularly. It will be readily under- 
stood that the chart is equally applicable to any scale 
of temperature, since it is based on Grashof’s equation. 
This equation may be written : 

(7, — &) — Fe— 4) 

(T, — to) 

(To — tt 


M.T.D. = 





Loge 


where 


M.T.D. = Mean temperature difference. 
T,= Temperature of oil at inlet. 


Inlet or outlet temperatures of the water, 
respectively, according to the direction 
of flow. 


It may also be pointed out that the chart is equally 
applicable to any two fluids, other than oil or water. 


| t1 and ty 








THE WORLD POWER CONFERENCE, 
BERLIN. 


(Continued from page 188.) 


WE give below abstracts of papers selected from 
those taken in Sections XI, XXVI and XXIII of the 
recent World Power Conference at Berlin. The sub- 
jects now covered embrace boilers and furnaces, steam 
and electric railway operation, and world problems 
of power supply. 


BorLERS AND FURNACES. 


In Section XI, which dealt with boilers and furnaces, 
a comprehensive paper was read by Professor P. Rosin, 
Dr. F. Marguerre, Dr. Splittgerber, and their colleagues, 
representing Germany, on “ Die wirtschaftliche Ent- 
wicklungsziele der Dampferzeugung in Deutschland.”’ 
Analysing the process of economy in steam raising into 
cost of coal, capital charges and operating charges, Pro- 
fessor Rosin pointed out that, in recent years, German 
practice had been compelled to attach exceptional 
importance to savings in first cost of plant, even at 
some sacrifice of economy in operation. In the de- 
sign of furnaces this had taken the form of increasing 
the output of each, and of avoiding the provision of 
reserve units, by increasing the flexibility, ease of 
control, and reliability of those which were provided. 
Next after economy in capital charges came the coal 
bill, while wages, operating and maintenance costs 
had to be regarded as of relatively less importance. 
Similar considerations limited the tendency to design 
for the greatest possible thermal efficiency, though 
progress was being made in the improvement of thermal 
efficiency by increase of pressure and temperature. 





To= Temperature of oil at outlet. 


Opinions in Germany were divided as to the practical 
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value of pressures of 100 atm. (1,470 Ib. per sq. in.) and 
upwards, and the present tendency of practice preferred 
pressures of from 28 to 35 atm. (410 to 515 lb. per sq. in.), 
with no intermediate superheating. Nevertheless, ex- 
perimental installations on a large scale had been made 
by the Schmidt Company, Liffler, and Benson with 
pressures of from 60 to 220 atm. (880 to 3,200 lb. per 
sq. in.). Sofar as steam turbines were concerned, very 
high pressures were advantageous only for large instal- 
lations. 

The necessary superheating was effected in all cases 
by means of steam, German practice objecting to 
the complications involved in superheating by means of 
furnace gases. No great increase in the cost of build- 
ings and installation was found at high pressures over 
those at 30 to 35 atm. (440 to 515 Ib. per sq. in.), and 
sometimes, indeed, a slight decrease. 
crease of pressures over 90 atm. (1,320 lb. per sq. in.) 


ordinary steel had to be replaced by alloy steel, from | 


the use of which it was hoped that economy in first 
cost, in addition to other advantages, might be ob- 
tained in spite of the higher price of the material. 
Considerable attention was being paid to increasing the 
radiation efficiency of the heating surface in boiler 
furnaces, and illustrations were given of typical boilers 
and furnaces designed for that purpose. An account 
was also given of the results and operating costs of the 
various systems of feed-water purification. 

A paper by Mr. F. Schulte and others, on “ Der 
Einfluss der Feuerungsart auf die Dampferzeugungs- 
kosten ”’ dealt, similarly, with the designs and cost of 
mechanical stokers used in small and medium-sized 
plants, and one by Mr. O. Wiberg, on “ Hochiiber- 
hitzter Hochdruckdampf fiir Kraftanlagen,” gave an 
account of experiments which had been made in 
Sweden on various carbon and alloy steels at high 
temperatures and pressures, with the object of throwing 
light on their suitability for use under such conditions 
in the construction of turbines, boilers, and other 
apparatus. No great difficulty had been found to 
arise through increase of pressure, but high tempera- 
tures gave rise to difficulties, not only through reduc- 
tion of mechanical strength, as tested by tensile, 


creep and pulsating and alternating fatigue tests, but | 


also in the working of surfaces in close contact with 
each other. 
The subject of “ Boilers to Meet Peak-Load Condi- 


tions, and the Application of Heat Storage,” was | 


discussed in a paper by Mr. Arthur Spyer. Mr. 
Spyer said the maximum flexibility in response to 
sudden peak loads was to be obtained by firing with 
pulverised coal or oil fuel, but where the epochs of 
peak load were known in advance, stoker-fired boilers 
would give excellent results, responding to sudden 
increases of as much as 100 per cent. without appre- 
ciably affecting the overall thermal efficiency of the 
boiler-house. The boilers used at the Calumet station 
of the Commonwealth Edison Company, in America, 
were quoted as an example of a design which responded 
very rapidly to the rate at which fuel was fired in the 
furnace, the economiser in them being arranged so as 
to provide, in need, a supplementary source of steam, 
and the gases leaving it passing through an air heater, 
and helping to control fluctuations in gas temperature. 
To avoid very high rates of evaporation maintained 
over long periods, however, it was usually found 
desirable either to meet peak conditions by the use of 
an auxiliary method of firing, or to use stand-by boilers. 
In the former method, the boilers were usually stoker- 
fired, and provided with furnaces large enough and 
draught arrangements suitable for enabling oil or 
pulverised-coal burners to be used for meeting sudden 
demands. 

In a plant supplied to the Great Indian Peninsula 
Railway, a normal load of about 27,000 kg. to 
34,000 kg. (59,500 to 75,000 lb.) per hour was ob- 
tained with coal firing, but when used with the addi- 
tion of oil firing it evaporated a maximum of nearly 
48,000 kg. (106,000 Ib.) per hour, and delivered it at the 
superheater outlet ata pressure of 19 atm. (280 lb. per 
sq. in.) and a temperature of 407 deg. C. (765 deg. F.). 
Good results were attained by using pulverised coal for 
firing in conjunction with such fuels as blast-furnace 
and coke-oven gases. The use of stand-by boilers had the 
incidental advantage of enabling repairs and cleaning to 
be carried out without raising the rate of evaporation 
required from each unit. The use, moreover, of stoker- 
fired boilers with large furnaces having a water-tube 
lining, such as that of the Bailey water wall, enabled 
steam pressure to be maintained in a shut-down boiler 
for as much as 24 hours after the fires had been allowed 
to die down, and avoided the risk of burning out the 
superheaters when the fires and draught fans were 
quickly started. 

An effective means of meeting fluctuations in load 
was the combined use of high and low-pressure turbine 
plants, in which, for example, turbines working with 
steam at a pressure of 98 atm. (1,440 lb. per sq. in.) 
were exhausted at, say, 25-5 atm. (375 lb. per sq. in.), 
the exhaust, after being reheated, if necessary, by live 


With the in- | 


steam or gases, being used in low-pressure turbines. In 
this way the extension of a low-pressure turbine plant 
could be carried out by installing high-pressure turbines, 
which, with part of the low-pressure plant into which 
| they would exhaust, would maintain a continuous supply 
of current just below the normal load, and the remaining 
power required to meet peak loads would be supplied 
by the existing low-pressure boilers and turbines. The 
practical convenience with which high-pressure steam 
|could be used was illustrated in the results obtained 
| at the Edgar station of the Boston Edison Company, 
where, without any more difficulty than was found with 
the previous low-pressure boilers, steam had been used 
| at a pressure of 85 atm. (1,250 lb. per sq. in.) for nearly 
‘four years. At the present time, a demonstration plant 
was being installed at the Renfrew works of Messrs. 
Babcock and Wilcox to work at a safety-valve load of 
111 atm. (1,630 lb. per sq. in.) and a superheat of 450 
deg. C. (842 deg. F.), to illustrate the convenience with 
which such pressures and temperatures could be used. 
By making the boiler drum of a nickel-chrome-molyb- 
denum steel alloy it had been found possible to reduce 
the wall thickness from 196 mm. to 103 mm., thus dimin- 
ishing the internal wall stress and, in effect, increasing 
the factor of safety of the drum. Through recent experi- 
mental work in the design of stokers, a chain-grate 





'stoker had been developed in which air preheated to 


220 deg. C. (427 deg. F.) could be applied, enabling 
coal to be burnt at 391 kg. per square metre (80 1b. per 
sq. ft.) for long periods, and stoker-fired units to be 
brought up to high loads at short notice. In a minor 
degree, the requirements of peak loads could be met, 
to some extent, by systems of steam accumulation and 
hot-feed storage. 

A joint paper by Messrs. H. W. Brooks, E. C. Bailey, 
W. L. Martwick, F. H. Daniels, H. D. Savage, and 
T. H. Banfield, of the United States, gave an account of 
American progress in coal firing of boiler furnaces, parti- 
cularly during the last two years. In spite of the general 
recognition of the practical merits of powdered-coal 
firing, the proportion of American boilers so fired was 

‘estimated at only about 6 per cent., as against about 
| 60 per cent. of water-tube boiler fired by mechanical 
stokers. In the last ten years, the maximum evapora- 
tion per hour of an individual boiler had increased 
from 150,000 lb. to 800,000 Ib., steam pressure from 
300 to 400 Ib. to as much as 1,840 lb. per square inch, 
and, with little if any decrease in efficiency, the 
transmission of heat per square foot of heating surface 
had increased from under 10,000 B.Th.U. per hour to 
over 25,000 B.Th.U. per hour. Generally, moreover, 
the efficiency of steam generation had increased in 
central-station plant by about 10 per cent., and in 
industrial practice by about 25 per cent. Hand firing, 
except for locomotives, was steadily disappearing, and 
indeed, was prohibited by law in Chicago for new instal- 
lations with an output of more than 300,000 B.Th.U. 
per hour. At the other end of the scale, very rapid 
increase had occurred in the application of stoker- 
feeding to small and even to domestic services, to which 
their application began only some six years ago. In 
the last two years, pulverised-fuel practice had shown 
a marked preference for the use of unit pulverisers 
instead of central storage, and for increasing the fineness 
of grinding. Water-cooled walls for boiler furnaces 
were rapidly becoming standard practice, and air was 
pre-heated by waste heat, sometimes up to 600 deg. F. 
These were only some of the improvements that had 
been made, and corresponding advances had been 
recorded in the practice of stoker firing. 

Three papers in regard to Russian practice were 
contributed by Professor L. K. Ramzin. In the 
first, dealing with ‘‘ Radiation in Boiler Plants,’’ the 
author pointed out that both through the scarcity of 
experimental data and the extreme complication or 
incorrectness of methods for calculating radiation in 
furnaces, accurate calculations for boiler-furnaces could 
not at present be made, and proposed a simple 
graphical method for making an approximate calcu- 
lation of the value of the surfaces heated by radiation 
in ordinary water-tube boilers, and water-cooled furnace 
walls. A theory of radiation in the combustion- 
chamber of oil, gas or pulverised-fuel fired boilers was 
worked out, and confirmed by the results of experiments 
still in progress at the State Thermo-Technical Insti- 
tute, from which it appeared, among other results, 
that the niost efficient utilisation of heat in the boiler- 
furnace was obtained by radiation until the gases had 
cooled from 1,000 to 800 deg. C. (1,832 to 1,472 deg. F.), 
and thereafter by convection. A new design of water- 

| cooled furnace wall had also been developed with the 
| object of giving effect to this principle, on which further 
| experimental investigations were being made. It was 
| believed that, by the adoption of radiant boilers on these 
| lines, the rate of evaporation could be easily increased 
|to 200 kg. per square metre (41 lb. per sq. ft.) per 
| hour. A paper on ‘‘ The Chief Problems of Pulverised 
| Fuel Consumption ’’ was submitted, leading to the 
| conclusion that fuel should be ground in individual 
; mills without preliminary drying, which, if properly 





designed, would grind moist coal with little wear and 
expenditure of power. A paper on “ Combustion of 
Fuel Fines in State of Suspension ” described the results 
that had been obtained on fuels such as peat, sawdust 
and lignite, which, without having been ground, were 
fine enough to be picked up by a current of air with 
which they were injected into the combustion chamber. 
Where the moisture exceeded 40 per cent., a heavy-oil 
spray permitted the material to be used. The efficiency 
of the process was slightly less than that of pulverised- 
coal firing, but the plant required was much cheaper 
and simpler, used much less power and involved less 
expenditure for repairs. 

Among contributions dealing with less ordinary 
methods of raising steam, Professor F. Peter, in a paper 
entitled ‘“ Uber die Abhitzkessel auf Hiittenwerken,” 
described the various ways in which waste-heat boilers 
were used in iron and steel works. Apart from such use 
as could be made of the heat of slag, and of coke when 
cooled by the Sulzer dry process, it was stated that, in a 
well-organised works, including blast furnaces, coke- 
ovens, and steel mills, the whole of the power required 
for the works could be more than supplied by using the 
blast-furnace gases in gas engines, and the waste heat 
from the furnaces and gas engines for steam raising, 
leaving a substantial balance for sale to outside con- 
sumers. Mr. K. Strémberg dealt with a wood-fired 
boiler with economiser and superheater, in which, in 
spite of the high moisture contents of the fuel, wood 
could be burnt with an efficiency approaching that ‘of 
good coal stoker-fired boilers. 


STEAM AND ELECTRICALLY-OPERATED RAILWAYS. 

THE subject dealt with in Section X XVI was “‘ Steam 
and Electrically-Operated Railways,’’ the papers 
presented being grouped separately under the two 
headings. In a paper on “ Utilisation de la Vapeur 
a haute Pression dans les Locomotives,’’ Mr. M. Chatel 
said that existing designs could not be developed much 
further. In fact, increased economy in fuel and water 
consumption would not be possible unless the present 
limits both of pressure and temperature were raised. 
Theoretical considerations showed it would probably 
be advisable to employ pressures and temperatures of 
from 60 kg. per square centimetre to 80 kg. per square 
centimetre (850 lb. per square inch to 1,140 lb. per 
square inch), and at least 400 deg. C. (752 deg. F.), 
respectively. It might be possible to retain the 
Stephenson boiler, for in the new types of high-pressure 
boiler it would not be possible to reduce the dimen- 
sions of either the boiler or the grate to any considerable 
extent. The utilisation of such high pressures gave 
rise to difficulties, both in turbines and reciprocating 
engines. In the latter, the distribution of the steam 
expansion must be carefully examined, and it would 
probably be necessary to employ compounding. The 
water must be preheated sufficiently to prevent the 
deposition of scale in the boiler and to allow the 
utilisation of the waste heat in the flue gases. It 
might also be advantageous to bleed the receiver for 
feed-heating purposes. The boiler efficiency, which 
was reduced owing to the high temperature of the flue 
gases, might be increased by the employment of air 
pre-heaters. The question of the overall economy of 
high-pressure locomotives could not be settled without 
full-scale operating trials. For this reason, the con- 
struction of a 60 atmosphere (900 Ib.) locomotive 
would be a great step forward, even if it were not a 
complete success. 

‘* Appliances for Coal Saving on Locomotives used 
on Japanese Government Railways’ was the title of a 
paper presented by Dr.-Ing. K. Asakura, who gaid that 
considerable progress had been made in the employ- 
ment of superheated steam and feed-water heaters. 
The apparatus used for the former purpose was of the 
ordinary pattern, while on small locomotives econo- 
misers, heated by exhaust steam and equipped with 
injectors, were employed for the latter. On express 
locomotives, the feed heaters were of the closed type. 
They were also heated by exhaust steam and were 
placed on the pressure side of the pump. Some loco- 
motives were equipped with large direct-heated 
economisers fixed on the suction side. In Japan, air 
insulation of the boiler had been found to be insufficient. 
When the boilers were lagged with asbestos, a saving 
of 24 per cent. was achieved in the fuel consumption, 
which justified the expense. 

A very long paper on “ Die wirtschaftliche Entwick- 
lung der Dampflokomotiven bei der Deutschen Reichs- 
bahn ”’ was presented by Reichsbahndirektor Dr.-Ing- 
F. Fuchs, and Reichsbahnoberrite R. P. Wagner, 
H. Nordmann, E. Rosenthal, K. Giinther, and F. Witte- 
In this, it was stated that, as the fuel costs of a steam 
locomotive only amounted to a fraction of the total 
cost of operation, thermal improvements were only 
economical so long as they did not unfavourably affect 
the other items. Consequently, the most desirable 
improvements were those which did not involve any 
considerable departure from standard construction or 
entail additional complications in design. By working 
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on these lines and increasing the boiler pressure from | 
12 kg. per square centimetre to 16 kg. per square 
centimetre (170 lb. per square inch to 230 lb. per square 
inch), raising the superheat from 300 deg. C. to 400 
deg. C. (572 deg. F. to 752 deg. F.), and employing | 
exhaust steam feed heaters, it had been possible to 

increase the overall thermal efficiency of the type of 

locomotive most usually employed in Germany by | 
from 10 per cent. to 30 per cent. Attempts had also 

been made to extend the useful temperature and 

pressure drop in both directions by the employment of | 
condensing and very high pressures. The employment | 
of condensers postulated the use of turbines, and the | 
combination had proved very economical under | 
constant load, though the steam consumption of the | 
auxiliaries still required improvement. Tests on extra | 
high-pressure locomotives showed that, if possible, all 
the steam required should be generated at the high | 
pressure, so as to compensate for the increased capital 

cost. As regards the economics of pulverised-fuel 

firing, the price per gross ton-kilometre at the tender 

varied with the quantity consumed, the cost of produc- 

tion and the freight rates. The values thus obtained 

must be compared with the cost of ordinary methods 

ineach particularcase. The chief requirement affecting | 
the design of pulverised-fuel furnaces was that it should 

be possible to incorporate them in existing locomotives 

without any great modification of thelatter. Asregards 

results with the two experimental types,* at high out- | 
puts they were superior to locomotives with ordinary 

firing, but at low outputs the effect of the auxiliaries 

was unfavourable. The boiler efficiencies were now 

higher than at first, and, in certain instances the loco- 

motives were operated with an excess of air of only 

35 per cent., giving 14 per cent. carbon dioxide. 

The remaining papers dealt with electric traction, 
and included one by M. H. Parodi entitled “‘ Développe- | 
ment de 1’Electrification des Chemins de Fer.”” This 
stated that, in Europe and the United States, the mileage | 
of electrically-operated railways was about 4,700 and 
1,875 miles, respectively, being 1-3 per cent. of the total. 
Of this mileage, about 75 per cent. was operated by alter- 
nating current. This rate of progress represented but a 
fraction of the electrification contemplated immediately 
after the war, the delay being due to the fact that | 
conversion meant an increase of 25 to 30 per cent. in 
capital outlay, while the running expenses were only 
reduced by 20 to 25 percent. In Germany, Switzerland, 
Sweden, Austria, Norway and Hungary, where the 
railways were government-owned, alternating current 
generated in their own stations and transmitted over 
their own lines was used. In France, England and 
Spain, on the other hand, where the railways were, to a 
large extent, controlled by private enterprise, direct- | 
current derived from  public-supply sources was 
employed. It would appear to be more economical to 
construct a single system for the generation, transmis- 
sion and distribution of power than to build two, one 
for industrial and one for traction purposes. An 
interesting attempt had been made by Dr. Jacob to 
transmit both single and three-phase current over the 
same line. Both systems of operation gave satis- 
factory results, though single-phase was more suitable 
on long and heavily loaded sections, such as those 
often found in America, owing to the high voltage 
employed. <A distinction must be drawn between 
consumption at the pantograph and at the power 
station. The former depended on the train and) 
gradient, while the latter was a function of the load 
factor and varied in inverse proportion to the volume of 
traffic. The consumption was about 11-6 watt-hours 
per gross ton-km. in the case of goods trains, 20 watt- 
hours for express passenger trains, and 27 watt-hours 
for suburban trains, stopping every 2-5 km. (1 miles). 

A paper on “Economics of Electric Traction for 
Trunk Line Railroads” was presented by Mr. W. D. 
Bearce. Comparing the operating costs under the new 
and old conditions on four railways that had been 
converted from steam to electric traction, he said there 
had been an average saving of 52-7 per cent. in favour 
of the latter. An interesting recent development was 
the oil-electric motor-car, which cost 46-06 cents per | 
train mile to operate, compared with 82-5 cents for 
steam. In a particular case, two such cars had run 
141,094 miles in ten months at a cost of 35-23 cents 
per train mile. In another case, a saving of 2,615 dols. | 
was achieved in a year by using an oil-electric instead | 
of a steam locomotive. 

In a paper on “ Electric Traction on Private Railways 
and Tramways in Italy,” Ing. M. Semenza said that the 
length of light railways in that country was 6,214 miles, 
or about half that of the State-owned system. These 
railways could be divided into secondary railways, | 
which had their own right-of-way, and inter-urban 
tramways, which used the roads. The latter were now | 
gradually being placed on their own rights-of-way, | 
so as to free the roads for motor traffic and to allow the | 
speed to be raised. Of the secondary railways, 2,340 | 


* See ENGINEERING, vol. cxxvi, page 96 (1928), and | 
vol. exxvii, page 219, (1929). 





‘enclosed motors of increased size. 


miles were operated by steam and 533 miles by 


| electricity, while, in the case of the inter-urban tram- 


ways 1,710 miles were steam, 1,000 miles electrically, 
and 53 miles battery-operated. A considerable mileage 
was being converted to electric traction, the system 
adopted being high-tension direct-current at 3,000 or 
2,400 volts. Energy was obtained from the general 
three-phase network and was converted into direct- 
current by mercury rectifiers. 

Ing. C. Carli presented a paper entitled “ Betriebs- 
daten und Versuchsergebnisse des electrischen Zugbe- 
triebes in Italien,” in which he said that the excellent 
results obtained with the three-phase 16%-cycle system 
had led to an investigation into the possibility of using 
energy supplied at industrial frequencies for traction 
purposes. The Rome-Sulmona line, which was 172 


| km. (107 miles) long was chosen for this purpose, 


energy being supplied at 60,000 volts an | a frequency of 


| 50 and stepped down to 10,000 volts in the railway 


substations. This voltage was chosen so as to limit 
the number of substations and thus reduce the react- 
ance. It was again stepped down to 1,600 or 900 volts 
on the locomotives, static transformers or synchronous 
phase converters being used for this purpose. The 
system, which had worked well, had the following 
advantages : 
supplied at a low voltage, thus eliminating a frequent 
cause of locomotive breakdown ; flexible transmission 
between the motors and wheels, by using gears and a 
triangular system of rods, was possible; and a given 
type of locomotive could easily be adapted to run at 
different speeds merely by changing the gear ratios. 
In a paper on “ The Economical Operation of Electri- 
fied Railways,’ Messrs. C. H. Merz and F. Lydall 
said that, in order to obtain the best operating results 
from electric traction, it was necessary to consider the 
organisation of the supervising staff and the mainte- 
nance and repair of the equipment. As regards the 
first point, it was better that the electrical staff should 
be based on the operating rather than the technical 


‘side of the existing organisation, and that one or two 


well-paid officers with wide responsibility should be 
appointed rather than several of lower grade with less 
responsibility. For example, it was better to make one 
man responsible for the transmission system, the sub- 


| stations and the line, and give him an adequate staff of 


assistant engineers or foremen than to divide the work 
between three independent engineers. As by far the 


|largest item in the operation costs was wages, the 


routine should be arranged so that the personnel 
employed was a minimum. Inspection could be over- 
done and did not prevent failures. It might even 
cause more trouble than it cured. In general, the 
amount of inspection necessary depended on the kind 
of plant employed, and there was a field for possible 
improvement in the design and installation of electric 
railway material from the point of view of reliability. 
On the rolling stock, the need for constant attention 
to the lubricators might be overcome by the use of 
supplementary oil reservoirs, or of roller bearings. 


| The control equipment might be improved by making 


the small parts more robust, and the dust trouble 
could be mitigated by filtering the air or using totally- 
Brushes needed to 


be made more reliable. Every short-circuit and every 


| severe overload sooner or later involved maintenance 


work in the substations. As far as the circuit-breakers 
were concerned, frequent openings could be avoided by 
careful setting. Although the main switchgear did 
require much maintenance, it was now combined with 
a greater or less amount of auxiliary equipment, which 
should be enclosed in dust-proof cases and designed so 
that it could be left for long periods without being 
touched. To-day, with modern plant, the operating cost 
of electric railways was lower than it was ten or fifteen 
years ago, taking into account the altered conditions, 
but even so a substantial further improvement could 
be effected. 

Mr. W. H. Myers presented a paper entitled ‘‘ Some 


Operating Features of the Power Supply Reticulation | 


The whole traction network could be, 


which the rectifier cylinder should be “formed.” Allied 
with this was the influence which low temperature had 
on the operation. This was important where units 
might be required to withstand heavy overload during 
the early hours of a winter morning. 

In a paper entitled “ Die Lastverteilung zwischen 
paralellaufenden Bahnkraftwerken”’ Dr. A. Hruschka 
and Ing. H. Schmidt pointed out that the method of 
distributing the active load between parallel-connected 
power stations depended on whether a supply was being 
given for general and traction purposes, principally 
owing to the greater range of frequency in the latter. 
To facilitate the work of the load dispatcher, the gradient 
| of the speed-load curve of each prime mover must be 
| rectilinear. A given load could only be transmitted 
| from one station to’another if a certain idle current 

also flowed. On traction networks, this might be a 
' multiple of the active current, if one station was only 
| taking a small share of the load. That station might 
| therefore be overloaded with wattless current. This 
| could be overcome by fitting the turbines with regu- 
| lators, which were operated by the wattless current. 

A paper on “Energieversorgung elektrischer Ein- 
_ phasenstrom-Zugbetriebe,” by Dr.-Ing. W. Wechmann, 
|W. Usbeck and O. Michel, stated that, in Germany, 
certain of the single-phase railways were supplied 
from stations owned by the Administration, while 
others obtained their energy from special generators 
in stations owned by private undertakings. For this 
load, reliability of supply was essential, and should 
be obtained by connecting the lines to at least two 
sources of supply. The plant must also be capable 
of taking peak loads. These conditions were only 
partially fulfilled in Germany. Matters could, however, 
be improved by making use of the extensive three-phase 
networks, and the tendency now was to erect converter 
stations from which single-phase energy at a frequency 
of 163 cycles could be obtained. The conversion could be 
effected by synchronous or induction motor-generators. 
If the traction power plant included steam accumu- 
lators or other storage equipment, this could be used for 
taking the peaks. As regards operating costs, it 
only paid to draw on the three-phae system when as 
long mileage had to be electrified, but as regards 
generating, transmission and operating costs, it often 
paid bevter to use three-phase than to generate single- 
phase. The system that was chosen depended a great 
deal on the general electrical conditions in the area. 

Professor Dr.-Ing. P. Miiller and W. Reichel presented 
a paper on “ Entwicklung von Einphasenlokomotiven 
mit Kommutatormotoren oder umgeformten Strom,” 
in which they pointed out that, on single-phase loco- 
motives, the current from the trolley wire could either 
be used directly to supply commutator motors or trans- 
formed for supplying revolving-field or direct-current 
motors. The first method, which was generally used in 
Europe, was particularly suitable for motors operating 
at a low frequency (162 periods). It ensured simplicity, 
reliability, and easy regulation, while the efficiency and 
output were both high in relation to the weight. At 
higher frequencies, however, it was less suitable, owing 
to the increase in the size of the commutator and brush- 
gear and the low power factor. The Ward-Leonard 
system could then be used for converting purposes, a 
method which allowed good regulation, regenerative 
braking, and a high power factor, though the efficiency 
was low owing to the double conversion. Revolving 
fields could be obtained by the use of phase converters, 
the efficiency being increased by making the output of 
, these machines one-half that of the locomotive. Very 
close speed regulation was possible by the use of 

frequency converters, though these were complicated 
| by commutators, brushes, and some additional device 
| for regulating the voltage. It was therefore better to 
‘employ a motor-generator, the generator of which 
| consisted of a variable-voltage and frequency machine 
| with a special exciter. From the point of view of 
| safety, low voltages must be employed, which meant 
| a large commutator. Comparing the different systems, 
as far as was possible considering the great variety in 





of the New South Wales Government Railways and | Outputs and speeds employed, it seemed that the 


Tramways,” in which he discussed the advantages and 
disadvantages of mercury-vapour rectifiers for traction 
purposes. On the Sydney suburban railway system, this 
apparatus was largely used, the output of the individual 
units ranging from 1,500 kw. to 4,500 kw. There could 
be no doubt that, for direct-current voltages above, 
say, 1,000 volts, the overall efficiency of rectifiers on a 
widely varying load was considerably higher than 
that of rotary converters of the same output, and the 
capital and operating costs were also less. One of the 
reasons why they had not been adopted throughout 
the whole system, however, was their low power 
factor. In addition, considerable expenditure had been 
necessary to overcome the interference they caused 
to communication circuits. But even taking this into 
account, the cost of a rectifier station was 25 per cent. 
lower than that in which rotary-converter plant was 
installed. From the maintenance point of view, perhaps 


the most difficult thing to decide was the extent to! 


| commutator motor had the greatest factor of utilisation 
| per unit weight, followed by the phase converter and 
the direct-current motor. This factor was a measure 
of the price, and thus of the economy of the different 
types. Tests had been made on the German railways 
with locomotives equipped with glass mercury rectifiers 
and secondary batteries. These were intended for 
inspection purposes, and could be operated either 
through the rectifier or from the battery, or from both. 
In the latter case, the battery smoothed out the wave 
produced by the rectifier. 

In a paper entitled ‘“‘ Erhéhung der Betriebssicher- 
heit der Eisenbahnen durch Einfuhrung der elektrischen 
Zugférderung,” Dipl.-Ing. F. Schlemmer pointed out 
that railway accidents, due to passing a signal at danger 
were facilitated by steam traction, owing to such 
contributory factors as restricted field of vision, 
interference by smoke or condensed vapour, pre- 





occupation with the numerous controls, and fatigue. 
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Statistics showed that accidents due to this cause 
increased with the size of the locomotive. On the 
other hand, with the electric locomotive there was 
greater freedom of vision, no smoke, and much simpler 
controls. It was also clear that the reliability of the 
service decreased with an increasing density of traffic. 
With electric traction, both the stations and tracks 
were less densely occupied than with steam. It was 
further possible to reduce the number of dangerous 
crossing points, since the maximum speed was higher 
and the difference between the average speeds of 
different types of train were less. Further, there was 
no trouble with ice or with smoke in tunnels, a condition 
which necessitated a less frequent renewal of the rails 
and improved the health of the staff. 
Wortp Prosiems or Power Surety. 

THE papers presented in Section XXIII covered a 

wide range, the two of most outstanding interest being 


probably those from the Central Statistical Administra- 
tion of the U.S.S.R. Professor M. Falkner-Smit, in 


his paper ‘“‘ The Motor Power Outfit of Labour and its | 


Economic Efficiency,” gave the results of an analysis | 
of the records of four years, covering a large number of | 
industries. He took as the basis of his comparison | 
the use made of power, not merely in the sense of | 
installed capacity, but on the basis of horse-power- | 
hours. From this, a series of index-numbers were 
deduced, duly weighted in proportion to the number of | 
work hours. The broad results were that the increasing 
provision of mechanical appliances definitely brought 
an increase in productivity of labour in an ever- | 
increasing proportion, with higher wages but lower | 
labour cost per unit of production. At the same | 
time, the relative part of other elements of the total | 
value of production rose, so that a relatively smaller 
number of workmen manipulated greater masses of 
materials, machines, fuel, &c. Those establishments 
which were classed as “ high” in the scale of the use 
of power, although only 24 per cent. of the total number, 
produced 53 per cent. of the net output. 


that, unfortunately, statistics of the kind submitted | 


by him were only collected in*the U.S.S.R., so that 
comparisons with other countries were not possible. 
The other paper, entitled “ Das Energie-Problem 


He stated | 


earlier development of the factory system in Great 
Britain, direct drives were still employed to a con- 
siderable extent, only 59-1 per cent. of the prime 
movers in industry in 1928 being used to drive electrical- 
generating plants. This was much below the proportion 
in other countries, in which the process of conversion to 
electric drive was rapidly approaching completion. The 
economic revolution implied by this was now coming to 
an end, the one country of importance where very 
rapid developments were still to be expected being 
Great Britain. The influence of financial policy on 
| industrial activity was discussed in relation to these 
| three countries. In Great Britain, a policy of financial 
| repression had been in operation in every phase of 
|national activity, and industry had been unable to 
secure sufficient financial accommodation to carry out 
the work of rationalisation necessary to bring down 
| production costs and meet the fall in prices without 
| sacrificing reserves. Both in Germany and America, 
| the annual increase in economic activity over the 
| period 1924-29 had been at least 4 per cent., but in 





| Great Britain it had been less than 1 per cent. 
The utilisation of the heat contained in hot springs 


| was dealt with by Ing. H. Meguscher in a paper entitled 


“ Verfiigbare Abwairme in Thermalwassern.” Par- 
ticulars were given of the temperature and quantity 
| of water available at 23 springs, with the power which 
| might be recovered from them, and various methods were 


| described for making use of the excess of temperature 


above that required in the baths, such as heating of 


| other water supplies, warming of buildings, and the 


production of power. The difficulties in using this 
natural energy were the comparatively low temperature 
of the waters and the large amount of sediment. Dr. H. 
| Barjot, in “‘ L’ Energie Thermique de ]’Eau des Régions 
| Arctiques,” proposed to make use of the difference of 
| temperature between the external atmosphere and the 
| water under the ice in arctic regions, pointing out that 
| this existed in the liquid state at a depth of about 

16 ft. to 20 ft. Thus an immense thermal reservoir 
| existed with a fall of temperature from about 0 deg. C. 
to — 40 deg. C. The water was employed to evaporate 
a hydrocarbon such as butane, the resultant vapour 
driving a turbine and being condensed by the use of a 
saline solution giving a temperature of — 22 deg. C. 


| 





in der gegenwiartigen Wirtschaft,’ by Dipl.-Ing. B. : : aes 3 : 

Weiz, dealt briefly with the pee Al at aes ee a ainerel hr nar a the arctic regions suggested 
from the days of manual labour, through the application | : 25 “% vantage of dev whip ere gee of power for 
of water power in the Middle Ages and the use of the | ote — peprrsse og rh cost of a 10,000-h.p. 
steam engine, to its present stage, in which power is of | seg? trig, By me of 415,800 gree Such a plant in 
vital importance. He pointed out the lack of coinci- | © th : trated gna ™ a. stated e be 
dence between the geographical distribution of sources | th ni a “9 i, ap tag i af and precious metais “ 
of power and the present points of use, stating that | silencing Sponates: See caren So aoe one 
their studies had led to the conclusion that the next | Pe’ 4nnum. In other districts, such as Saskatchewan, 
decade would see a redistribution of industrial centres. | mene the a season would be shorter, a station 
The great bearing of energy on the production and | Of Cate Cype cou employed instead of the thermal 


life of a people made its economical use a national | plants at present used to supply the deficiencies of 


question, necessitating a complete survey of the whole | ik san plants caused by frost in reducing the 


question, not merely in isolated portions such as might | : . , Sua? 

be dealt with by combines within any specific industry,| _ The importance of services which are maintained 
say mining or electricity. For instance, he referred |for the life and health of the community renders 
to the poor efficiency attained in the transport industry, Necessary some system for dealing with strikes and 
in which only 4 per cent. to 5 per cent. of the heat | Similar Sean eae The paper by Obering. J. Fornoni, 
energy of the fuel was converted into useful work, | * Schiitz von Energieversorgungsanlagen im Falle von 
although no less than one-fifth to one-quarter of the | Streikgefahr, stated that, in Germany, disputes must 
total consumption in individual countries was used in | be submitted to arbitration, and full work had to be 
this way. Among the possibilities of economy to which | continued for three days, whatever the decision of the 
reference was made was the provision of heat from | atbitrator. A difficulty arose with regard to the extent 
central plants, which would require a re-grouping of | of emergency service which could be considered as 
works. The only possible solution was stated to be | essential, no general agreement having been reached, 
formation of an Energy Trust, which would control | although one had been in existence since May, 1923, 
not only the production of heat and power, but also | between the City of Berlin and the Trade Union 
its distribution and utilisation. This would involve | organisations. To provide such services, a Technical 
the adoption of a load-dispatching system, with power | Emergency Organisation (Technische Nothilfe) had 
to compel individual concerns to take and use specific | een formed covering the whole country, consisting of 
quotas when demanded by tie interests of the com- | Volunteers, the majority of whom were not trained 
munity. The possibility of such a trust being developed | engineers. Their services could only be called upon 
and operated by private enterprise was questioned, the | by the supreme authorities, who consulted with the 
opinion being expressed that fundamentally sound | leader of the organisation. While prepared to do such 
results, in accordance with the present development of | Work as might be required to relieve obvious public 
technical and economic views, as distinct from merely | needs, the organisation aimed at awakening and en- 
temporary expedients, could only be attained by | Couraging in the individual a feeling of responsibility 
treating this as a national, or even international, | towards the whole nation. 

service. | The lack of geographical coincidence of the sources 


Another paper from a)statistical department, viz., that 
of the B.E.A.M.A., was “ Electric'ty as an Index of 
Industrial Production and Employment,” by Mr. Hugh 
Quigley. Here again the difficu.ty of comparing 
different countries was emphasised, but careful analysis 
and adjustment of various indexes showed that the 
amount of electricity used gave a good indication of 
the production and prosperity of a country, based on 
figures for Great Britain, Germany, and the United 
States. In arriving at this index, the effect of new 


| and points of utilisation of power, already referred to, 
has led to the export of power from one country to 
another. This was dealt with in a paper submitted 
from Norway, entitled ‘“‘ Export elektrischer Energie 
von Norwegen nach Deutschland,” by Messrs. B. 
| Stuevold-Hansen, J. Kinck, and A. Norstrand. After 
| pointing out that such export was already carried out 
from Switzerland to Germany, France and Italy, from 
Sweden to Denmark, and between Canada and the 
United States, the authors discussed various alternative 


possibilities for the supply of electricity from Norway 
to Germany. The scheme to which preference was 
given involved the transmission of 750,000 kw. by 
overhead lines via Helsingborg and Denmark. Con- 
nection would be made with the existing grid system in 
Germany at Lubeck, the voltage used being 380 kv. 
It was stated that the present low figures of cost did 


connections in increasing consumption was eliminated, 
such being regarded as replacing other motive power, 
the use of which had to be borne in mind in considering 
such figures as the total units used. The latter, for the 
year April 1, 1929, to March 31, 1930, in millions of 
units, were given as: Great Britain, 16,300; United 
States, 126,704; and Germany, 33,000. 





Owing to the 





not hold out hope of any reduction in the necessary 
capital expenditure, an estimate of which led to the 
conclusion that power could be delivered to the grid 
at 97 marks per kw.-year, say 1-5 pf. or 0-18d. per 
kw.-hr. on the basis of a load factor corresponding 
to 6,500 hours of maximum load per annum. Import- 
ance was attached to the development of such schemes 
by the generally-accepted opinion that present prices 
of coal were unduly low, and that the cost of electricity 
generated in thermal power stations would increase in 
spite of technical advances in design and operation. 

The paper entitled ‘“‘ Research Relating to Power 
Development,” by Mr. C. F. Hirschfeld, raised many 
points for careful thought. He started by defining 
research as an ordered search for the nearest approxi- 
mation to truth which might, at the time, be available 
as a method of attack which was applicable to practic- 
ally all human activities. He called attention not 
merely to power production, transmission, distribution 
and utilisation, but also to the very complicated 
and equally important business, economic and social 
problems involved in the purveying of power by elec- 
tricity supply companies. All of these were stated to 
be equally susceptible to study by research methods. 
Referring to the different rates devised with the object 
of increasing consumption, he stated that the only 
studies that he knew of, applied after the schemes had 
been put into operation, appeared to indicate that the 
form and size of the rate were really less important than 
the degree and skill of sales effort employed in obtaining 
the business. This was of special interest at a time when 
so much attention is being given to this subject of rates 
or tariffs, not only in connection with electricity but 
also in many other fields. He further pointed out that 
the cost of service, as reckoned by the customer, was not 
confined to the power charge, but included his invest- 
ment in utilisation equipment and his repair charges, 
suggesting that a very extensive and promising field 
for research was provided by this question. He also 
called attention to many more technical points which 
still required attack, including the provision of design 
formulas based upon the behaviour and strength of 
materials during plastic flow, rather than upon beha- 
viour and strength under conditions of perfect elasticity. 
At the same time, he felt that, apart from details which 
would be duly solved, we were now in a position to 
calculate what was ultimately attainable with the 
methods now used for producing power. If we might 
judge from human history, this indicated that we were 
approaching the end of an epoch, and that somewhere 
around the corner of time there was a radically different 
process for power development. 


(To be continued.) 








Tue InpustRies OF TEES-SripE.—In connection with 
the opening of the Constantine Technical College, 
Middlesbrough, by H.R.H. The Prince of Wales, on 
July 2 last, a special supplement to the Tees-Side 
Chamber of Commerce Monthly Journal has been pub- 
lished. This contains a description of the College and 
its equipment, written by the Principal, Dr. D. H. 
Ingall, and an article on the history of Middlesbrough 
Chamber of Commerce. The Tees and its ports, their 
history and present position and shipping facilities, are 
also dealt with in several well-written illustrated sections. 
In addition, a comprehensive and detailed illustrated 
review of the various Tees-side industries is given. 
Taken altogether, the book constitutes an encyclopedia 
of information regarding the Tees-Side district and its 
industries. It has been edited by Mr. S. A. Sadler 
Forster, Secretary of the Tees-Side Chamber of Com- 
merce, the offices of which are at 7, Queen’s-square, 
Middlesbrough. The price of the work is 2s, net. 





THE OXYLENE FIREPROOFING PRocEss.—An interest- 
ing demonstration was carried out recently at the 
works of Messrs. The Timber Fireproofing Company, 
Limited, Market Bosworth, Leicestershire. Two wooden 
huts, of identical dimensions and materials, had been 
built, the materials of the first being unpainted and 
unproofed, while those of the second hut were also 
unpainted, but they had been fireproofed by the Oxylene 
process. In this process, it should be explained, the 
timber is enclosed in a cylinder in which it is subjected 
to a series of actions which remove the air and moisture 
from the pores of the wood and replace them by fire- 
proofing and preservative chemicals. These penetrate, 
under pressure, into the pores and fibres of the material. 
After being taken from the cylinder, the wood is subjected 
to further treatment, to ensure the fixation of the 
chemicals. At the demonstration, fires were lighted 
underneath the two huts described above. The untreated 
hut was completely destroyed at the end of 30 minutes, 
while, except for the blackening of the outside of the walls 
by smoke and some slight charring, no damage was done 
to the outside of the treated hut. Moreover, the inside 
of the hut, together with the furniture, was undamaged. 
We understand that, apart from building construction, 
the process is employed for timber used in H.M. ships 
and in shipbuilding, in coachbuilding, in the scenery and 
furnishings of theatres and kinemas, in furniture and 
fittings for offices and houses, and in electric power 
stations. The offices of Messrs. The Timber Fireproofing 
Company, Limited, are at 66, Victoria Street, London 
S.W.1L. 


























AUG. 15, 1930.] 


ENGINEERING. 


217 








SAND-BLAST LOCOMOTIVE BOILER-TUBE SCALER. 


CONSTRUCTED BY MESSRS. JOSEPH T. RYERSON AND SON, INC., ENGINEERS, NEW YORK. 
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SAND-BLAST LOCOMOTIVE BOILER- 
TUBE SCALER. 


A NUMBER of methods have been adopted, more or 
less successfully, of cleaning locomotive boiler tubes of 
scale, for examination and repair. Some of these 
methods suffer from the obvious defect that, although 
the tube surface may be thoroughly dealt with, scale 
is often left in pits and depressions which are really 
the points needing most careful examination and atten- 
tion. The plant illustrated above in Figs. 1 and 2 is a 
combination produced by Messrs. Joseph T. Ryerson 
and Son, Inc., of New York, with the idea of overcoming 
these difficulties, and has been adopted by several rail- 
way companies in America. It is known as the Ryerson- 
New Haven sand-blast cleaning system, and embodies 
rolling as well as sand-blasting. 

The complete equipment is shown in Fig. 1, except 
that an exhausting unit is not illustrated. The view 
shows the plant to be composed of three main parts. 
On the left, or feeding end of the plant, is a set of 
cracking rolls; in the centre is the sand-blast cabinet, 
while at the right end is a second set of rolls for with- 
drawing the tube from the sand-blasting unit. 

The unit on the left consists of a set of three motor- 
driven rolls, capable of adjustment to suit different 
diameters of tube. This adjustment is secured by the 
hand wheel and vertical spindle on the right, closing the 
rolls in, or otherwise, as necessary, for which the roll 
spindles are furnished with flexible joints. The rolls 
are arranged on the skew, so that a tube once gripped is 
fed forward through them. The rolls themselves have 
replaceable rims of hard steel, cut with teeth which 
crack and break up the scale, but do not cut into the 
tube itself. The arrangement is strongly constructed 
for rough service, such as would be expected with work 
and labour of the kind involved. The rolls are 8 in. 
in diameter by 24 in. face. A 5-h.p. motor is required 
for the unit, running at 1,200 r.p.m. 

As the tube is fed through the cracking rolls, it passes 
into the sand-blast unit, where a battery of nozzles 
direct sand on to it as it revolves and moves forward. 
Every part of the surface is thus attacked, and the scale 
is completely removed from holes and other surface 
irregularities. The air pressure required for the sand 
blast is 90 Ib. per square inch, the supply pipe having a 
diameter of 2in. The sand drops to the bottom of the 
box, giving up on its way the fine dust, which is drawn 
off through two 6-in. suction flues communicating with 
a dust-separating plant. The latter is provided with 
bag filters, the necessary suction being maintained by a 
fan running at 1,600 r.p.m. driven by a 5-h.p. motor. 
The sand falling down into the hopper of the sand-blast 
box, is drawn off by rubber tubes for re-use. 

The length of the sand-blast unit is such that when 
the tube leaves the cracking rolls it is picked up by the 
third unit, of which an illustration is given in Fig. 2. 
This is the tube puller. It consists essentially of three 
rolls set again slightly on the skew, to feed the tubes 
forward. One of the rolls is driven by worm and bevel 
gears from a 4-h.p. motor running at 900 r.p.m. The 
top roll is mounted on a slide operated by air, the 
connections being shown in Fig. 1. 

The plant will deal with any size tubes from 1} in. 
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up to superheater flues of 6 in. outside diameter. The 
rate for the standard boiler sizes is about 60 per hour, 
and the 6-in. tubes pass through at about 20 per hour, 
having, of course, a larger surface to be sand-blasted. 
The plant can be conveniently set up with feeding idlers, 
and with gravity conveyors or other plant on the dis- 
charge side passing the tubes on to the next shop process 
or inspection bank. Any clean sand will answer, but 
sharp silica naturally gives the best results. We are 
indebted for the above particulars to Mr. Paul H. 
Petersen, representative of Messrs. Joseph T. Ryerson 
and Son, Inc., whose address is 420, Lexington Avenue, 
New York. 








THE BILLINGHAM POWER PLANT OF 
IMPERIAL CHEMICAL INDUSTRIES. 


(Concluded from page 184.) 


THE main and auxiliary switchgear is depicted dia- 
grammatically in Fig. 12, on page 218. The former is 
of the remote-controlled, metal-clad, compound-filled 
double ’bus-bar type, and is at present divided into three 
sections, erected back -to-back with a brick dividing 
wall between them. The galleries extend over the 
railway, which runs inside and outside the building, 
thus allowing the plant to be lifted out of the trucks 
and up through an opening in the floor. Each of the 
three sections is supplied by one primary set, one 
condensing and one feed-heating set, and thus deals with 
31,000 kw. at 6,600 volts. The main oil circuit-breakers 
have a rupturing capacity of 500,000 kv.-a., the fault 
current being limited to this value by reactors. 
The latter consist of three single-phase open-type 
units with a value of 7} per cent. on 38,000 kv.-a. 
The bifurcating boxes are of the right-angle type, so 
that the large number of feeder cables can be neatly 
run out through the switch-house wall on to a steel 
bridge. All cables and pipes are carried on such bridges 
throughout the factory, buried cables being imprac- 
ticable owing to the congestion and liability to 
attack from chemicals. Duplicate ’bus bars, which are 
supplied from a feeder connected to each section of the 
main ’bus bars, are provided for the 6,600 volt auxil- 
iary switchgear. These ’bus bars are arranged in two 
sections with a common transfer bar. In addition, 
there is a third ’bus bar, through which a supply is 
obtained for the more important auxiliaries from the 
Newcastle-upon-Tyne Electric Supply Company’s 
system. This switchgear is of the electrically-operated 
metal-clad compound-filled horizontal draw-out type, 
the breakers having a rupturing capacity of 100,000 
kv.-a. The 400-volt alternating-current supply is 
obtained from duplicate bus bars. These are divided 
into four sections, each of which is fed by a 1,500 kv.-a. 
transformer. This switchgear is of the hand-operated 
metal-clad, compound-filled, horizontal draw-out type. 
The necessary direct-current supply is obtained from 
three 2,000-kw. motor-generators running at 480 
r.p.m. Normally, two of these sets, which supply at 
460 volts, are run in parallel, one being fed from the 
auxiliary ’bus bars and the other from the Newcastle 
Company’s system. An earthed neutral *bus bar is 
provided on the direct-current switchboard, so that a 

















supply may be obtained for battery charging, switch 
operating and emergency lighting. 

In the control room, the generator panels are arranged 
along the south walls, the feeder panels along the east 
and west walls, and the auxiliary 6,600-volt switchgear 
along the north wall, with the motor-converter control 
pedestals immediately in front of their corresponding 
switchgear control panels. The generator and reducing- 
valve control pedestals are placed in a semi-circle in the 
centre of the room facing the generator-control board, 
and are arranged in three groups of four, each controlling 
a primary set, a reducing valve, a condensing set and a 
feed-heating set. In addition to the main control 
boards, there is a further board on which are mounted 
various instruments for indicating and recording the 
pressure and flow of steam in the secondary receiver 
system and the water level in the condensate tanks, 
as well as the push buttons for controlling the 48-in. 
main circulating water-inlet valve. Two further panels 
carry the automatic frequency control and synchro- 
nising apparatus, which is referred to below. 

The extraction from the station of steam for process 
purposes inevitably gives rise to many serious problems, 
not the least of which concerns the stabilising of the 
process steam pressure. It was early recognised that 
this depends on the load sharing between the primary 
and other turbines in the station, and it therefore 
became necessary to calculate the effects of any changes 
in the steam and/or the electrical loads. As a result of 
a theoretical analysis, it was found that, for maximum 
stability, the governors on the primary turbines should 
be coarser than those on the other turbines to an extent 
proportional to the quantities of steam passing through 
the two classes of plant. There is then practically no 
change in steam pressure due to a change in the electrical 
load. It was also found that the greater the proportion 
of steam extracted from the station the greater the 
tendency towards unstable running, and that instability, 
in the mathematical sense, could occur under certain 
conditions of loading in combination with certain 
governor characteristics. The governors on the primary 
turbines were, therefore, designed to produce a drop in 
speed of 9 per cent. when full load was gradually 
thrown off, this being about three times the speed drop 
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in the case of the lowtr-pressure turbines. This makes 
the primary turbines base-load machines and reduces 
to a minimum the risk of encountering a critical or 
unstable running condition, both steam and electrical, 
during the gradual growth of load. 


THE BILLINGHAM POWER PLANT. 


Fig.i/Z. ARRANGEMENT OF MAIN AND AUXILIARY SWITCH GEAR. 


Reactor Tie Busbar 





The next question was the most suitable method of 
controlling the process-steam pressure. It was finally 
decided that the existing low-pressure boilers should 
maintain a constant rate of firing, while the high- 
pressure boilers should steam at constant pressure. 
As it was doubtful whether the pressure would remain 
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sufficiently stable to be followed manually by an . ee a, 2 5 Oo & - 

operator, an a system ps ——— in — j } j ; + t 

correcting impulses are imparted to the motors on the Reacto 

primary turbine governors and the reducing valves, so ethan See. 

as to maintain the process pressure at 290 Ib. per square i t 

inch. At the same time, similar impulses are imparted Pe es 

to the condensing machines, so that the station ae an - a o—-} ee ee ee 6600 Volt Auanliary Switch Gear. 
frequency is maintained at its normal value. In each ue Dee I 1 iam ages lige 

case, the frequency with which each set of impulses ? 4 > > 2 ? 7 # * ° * ° : 

occurs increases as the pressure or frequency error : A 2 W. r 
increases, so that stable control is obateed with an | | FT Pae ys o onverere 

entire absence of any tendency towards hunting. The | f 

effect of this system, which is shown diagrammatically A} » rs i usiliary 

in Fig. 13, is that the condensing machines take up sy ioe pumas | ag tend ye ee 

any changes in load which may be caused by changes y ¥ fF 9 9 

in the electrical demand or by re-adjustments to the a ss a “| 500 en 
primary or feed-heating turbines. To ensure equal 6600/425 Volts 

load sharing between any primary or condensing sets | > mh mr A > - = = 
which may be on load, each machine is provided witl a | ——S——SSSS SS ee 460 Tol. A.C Auxiliary 
relay consisting of two balanced multimeter movements, Sb Sb oa o& oa Gear. 

one of which generates a torque proportional to the load | worn te 4 one Ue a + + “ENGINEERING” 


on that particular generator, the other acting in op- 
position with a torque proportional to the average load 


Fig .13.SCHEME FOR THE AUTOMATIC REGULA 
on all generators of the same class. Contacts, shown Alarm 
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at D in Fig. 13, are also provided to cut off ‘‘ raise” Midworth Remote +) Synchroscope. 
impulses to any machine which may be taking more | Remote : = 
than its fair share of the load, while others, shown at E, | oc (uo C luo C | 
-ut off the ‘‘lower’’ impulses to any machine which is | L Pres. F _ im T ? 
underloaded. Unit switches F are provided on the | Raise Press. . Te Seducing 
speed gear mechanism of the primary turbines to | i 
cater for the condition when they are running on full | A le ie 
load with a certain amount of steam being by-passed | C ge cu 0 
through a reducing valve. These switches change over | [J jesoor 1 Pri. 
the pressure control from the turbines to the reducing | iT. [ Turbine 
valve. | [no 

At times when all the load can be taken by the | 
primary and feed-heating turbines alone, all fluctua- | 


tions in the electrical load are taken up by the former, | 
the surplus steam being by-passed by the reducing 
valves. This is effected by the change-over contactor | 
shown at A in Fig. 23. The contactors for opening or 
closing the reducing valves and raising or lowering the | 
setting of the speed gear are shown at O and C, | 
respectively. 

In this system, the pressure control impulses are 
obtained by the rotation of an impulse generator. This 
consists of a drum, which is divided circumferentially 
into four segments, each generating impulses at a con- 
stant, but different, rate. The selection of the drum 
segments is effected by an impulse selector which 
responds to the steam pressure, and is provided with 
contact-making segments corresponding to those on 
the drum. The result is that impulses are generated of the water in the process condensate tanks enable 
with a frequency which increases the farther the steam the feed-heating turbines to be regulated in accordance 
pressure deviates from its normal value. Discrimina- | with the steam requirements of the evaporation plants. 
tion between pressures above and below normal is | Experience has shown that the behaviour of the plant 
obtained by an Arca regulator of standard type. The | closely follows the lines anticipated, and that coarse 
adjustment of the actual length of the impulses is| regulation of the primary turbine governor is an 
carried out by two time-lag relays, which are so con- | important factor in the operation of the whole plant. 
nected that failure of one only causes a cessation of | The installation of the automatic-control scheme has 
control until a set of stand-by apparatus is put into | been fully justified. 
commission. Other features of the plant include an automatic 

As regards frequency control, a fixed duration of | synchronising system the speed-controlling device in 
impulse is employed, the frequency of which is | which is similar to that in the automatic-frequency 
varied in direct proportion to the variation of the | control, with the exception that the running machines 
system frequency from the normal. The standard | provide the frequency with which that of the incoming 
frequency is obtained from a standard chronometer! machine is matched. A constant discharge on the 
which controls the speed of a small motor-generator | intermediate feed pumps is also maintained automati- 
set through two movable contacts. These vary the | cally by a pressure regulator, the contacts of which are 
field strength of the direct-current driving motor when | connected to the contactors controlling the speed of 
its speed is slightly different from the standard set by | the pumps. Direct-current control impulses are then 
the clock. In addition, there is a quick-acting voltage- | transmitted at intervals, which maintain the pump 
compensating device, which renders the speed of the | speeds at the necessary values. The battery used for 
set independent of any fluctustions in the direct-| supplying the emergency lighting and other vital 
current supply voltage. The generator gives a single- | circuits is charged by a booster, which is controlled 
phase supply at 110 volts and 40 cycles, and operates | by specially designed control circuits so that the em- 
a set of relays in conjunction with a similar supply | ployment of the usual buffer resistance is avoided. 
from potential transformers which are connected to the The neutral points of the eight alternators are con- 
turbo-alternators. The relays therefore actin much the | nected to a common earth-bar through single-pole 
same way as an ordinary synchroscope, and generate | metal-clad oil switches. The operation of any gene- 
the controlling impulses in the manner already de- | rator switch trips the main oil switch and the neutral 
scribed. All these devices are in duplicate, and the | switch, while the operation of the fault relay trips 
change-over from one motor-generator to another is | the main field circuit-breaker in addition. The neutral 
effected automatically in case of trouble. The behaviour | earthing scheme is automatic in operation, and en- 
of the controls is indicated by lamps in the control | sures that only one of the five 12,500 kw. alternators 
room, and any turbine or valve can be changed over | can be earthed at a time, and that the selection of the 
from automatic to manual operation by a throw-over | machine to be earthed follows a definite order, depending 
switch. In addition, the indications of the exhaust upon the number and type of machines on load, the 

| arrangement being that a condensing set will always 
































pressures of the feed-heating turbines, and of the levels 














Raise Frequency. 





be earthed in preference to a primary set. It also 
ensures that when the neutral switch of the earthed 
machine trips, the neutral switch of another machine 
is automatically closed, and that if for any reason the 
system is left unearthed a combined audible and 
visual alarm is operated. 








WATER SOFTENING BY BASE 


EXCHANGE. 

THE softening of water by the addition of appropriate 
quantities of lime and soda ash has long been used in 
well-known processes. Of late years, however, an 
alternative method by the use of what is known as 
base exchange has been coming into increasing promi- 
nence. Neither the nature of the substances used in it 
nor the theory of their action are at present completely 
understood, and it is thought that even the technique 
of the process, its advantages and disadvantages in 
comparison with the lime-soda method, and the manner 
in which the materials are prepared are not generally 
known. Accordingly, the Water Pollution Research 
Board of the Department of Scientific and Industrial 
Research has caused a report to be prepared by Dr. 
A. R. Martin, giving a summary of existing knowledge 
on the subject.* 

Hardness in water means the presence in solution of 
bicarbonates, sulphates or chlorides of calcium or 
magnesium, the bases of which have to be removed by 
precipitation, either with soap or otherwise, before the 
water will form a lather. Hardness due to bicarbonates 
is distinguished as temporary from that due to sulphates 





* Department of Scientific and Industrial Research. 
Water Pollution Research. Technical Paper No. |. 
Water Softening : The Base Exchange or Zeolite Process. 
Summary of Existing Knowledge. H.M. Stationery 
Office, price 6d. net. 
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or chlorides, which is known as permanent, by the 
fact that the bicarbonates are decomposed by boiling 
and calcium carbonate is precipitated. In England, a 
decree of hardness is that which is produced by one 
grain of calcium carbonate or its equivalent per gallon 
of water. In the lime-soda process, the calcium is pre- 
cipitated as carbonate and the magnesium as hydroxide, 
the precipitate being usually removed by settlement or 
in small installations by filtration. 

In the base-exchange process, certain hydrated alu- 
mino-silicates are employed, which, when containing a 
sodium base, remove the calcium and magnesium ions 
from hard water passed through the mass, replacing them 
by sodium. When this action ceases to be effective, the 
calcium and magnesium can be removed reversibly by 
regenerating the material with brine, and thus restoring 
the sodium alumino-silicate for further use. This 
property of these materials was first noticed in certain 
natural minerals, known as zeolites, but it has since 
been found possible to prepare such materials syntheti- 
cally, and a variety of them are on the market. 

The process is usually carried out under pressure in 
closed steel cylinders coated with protective enamel, 
and ranging in sizes from 2 in. in diameter by 2 ft. 
high up to units from 9 ft. in diameter by 9 ft. high, 
or, in a horizontal form, to cylinders 20 ft. long by 8 ft. 
diameter. The cylinders are half-filled with the base- 
exchange material, which sometimes rests on a bed 
of shingle, and water is usually let into the top of the 
cylinder through a distributing plate, passing out 
without appreciable loss of head. Sometimes the feed 
is upwards, so that a rapid flow may reduce such 
resistance as the base would offer to downward flow ; 
but if the rate of flow is slow, channelling is liable to 
occur, and a large part of the water may thus pass 
rapidly through channels without being softened 
completely. The weight of salt required for regenera- 
tion is generally about six times the weight of calcium 
oxide equivalent to the calcium and magnesium to be 
removed. It is usually applied as a 5 per cent. solution, 
being either forced in at the bottom of the softener by 
a pump or steam injector, or allowed to percolate by 
gravity from the top. Before applying the salt, the 
dirt at the top of the material is removed, though 
sometimes back washing is also employed. After the 
necessary quantity of brine has passed through, the 
bed is washed out downwards with hard water until 
the effluent is of zero hardness. This takes about 10 to 
15 minutes, and the volume of water required varies 
according to its hardness from 1 per cent. to 4 per cent. 
of the amount softened between regenerations. Some- 
times the spent brine may be used for the first stage 
of the next regeneration. The time occupied by a single 
regeneration varies usually from 5 to 20 minutes. 

The weight of lime or its equivalent removed from 
water under specified conditions by a given weight or 
volume of material until the percolate just ceases to 
be of zero hardness is known as its exchange value. 
It varies with different materials, and may also be 
affected by depth of bed, rate of flow, size of grain, 
and, in the case of synthetic materials, the amount of 
salt used in regeneration. The determination of the 
exchange value under given conditions enables a 
calculation to be made of the quantity of material 
required for treating a water of given hardness under 
a desired softening-regenerating cycle and rate of flow. 

The base-exchange process has several advantages. 
It yields a water of zero hardness, as against a hardness 
with the lime-soda process of at least 2 deg., and 
usually 3 to 4 deg. It adjusts itself automatically to 
variations in the hardness of the water, while the lime- 
soda process does not, but on the contrary with varia- 
tions of hardness will yield either an excess of reagent 
or an imperfect softening, as the case may be. It gives 
rise to no precipitate whatever, and thus avoids what 
in the lime-soda process is often a cause of difficulty, 
and always involves an increased size of plant. It 
can be operated under pressure, thus avoiding the 
re-pumping which is sometimes required in the lime- 
soda process, and has no moving parts, such as are 
usually employed for adding the reagents in the lime- 
soda process automatically. For a given amount of 
water it occupies much less space than a lime-soda 
plant. As a rule, the capital cost of the two plants is 
about the same, but the operating cost of the base- 
exchange process is lower for permanent hardness and 
higher for temporary hardness. On the other hand, 
account has to be taken of certain disadvantages. In 
the lime-soda process the precipitation of calcium 
carbonate frees the water from the salts which caused 
temporary hardness, leaving only the sodium equiva- 
lent of those that cause permanent hardness. With 
the base-exchange process, on the contrary, neither 
the temporary nor the permanent hardening salts are 
precipitated, and their sodium equivalent slightly 
increases the original weight of dissolved solids: With 
feed water for boilers the concentration of these salts 
will continually increase, and the presence of large 
quantities of sodium bicarbonate, which in the boiler 
will change to normal carbonate and ultimately to 





caustic soda and carbon dioxide, may produce foaming 
and priming, corrosion through the carbon dioxide 
evolved, and caustic embrittlement through the caustic 
soda. It has been said that, in various ways, these 
disadvantages may be avoided, but the report states 
that for boiler feed the base-exchange process is not 
recommended for softening water with much temporary 
hardness. The combination, on the other hand, of a 
treatment of temporary hardness by means of lime 
and permanent hardness by base-exchange, is said to 
act satisfactorily both for boiler feed and other 
purposes. 

Other disadvantages of the base-exchange process 
are that it is not applicable to turbid, ferruginous, 
and acid water, which interfere with the exchange 
reaction. It is said, moreover, though some doubt 
seems to exist on the point, that it involves the risk 
of loss of material by disintegration and solution and 
loss of activity. 

In the textile and dyeing industries, and in laundries, 
the residual 3 deg. of hardness left in the water by the 
lime-soda process is stated to represent a charge of 
about ls. per 1,000 gallons of water through consump- 
tion of soap. The combined lime and base-exchange 
process is being successfully employed where water of 
zero hardness with the minimum quantity of sodium 
bicarbonate is required. 

The report describes the chief methods of preparing 
base-exchanging silicates, and gives an outline of the 
various views that have been held in regard to their 
constitution and action. 








FLOTATION REAGENTS IN THE 
UNITED STATES. 


Tue United States Bureau of Mines has, forsome years, 
been issuing statistics on the use of flotation reagents. 
The report for 1928 (Report of Investigations 3004), 
prepared jointly with the University of Utah, by Messrs. 
T. H. Miller and R. L. Kidd, is a summary compiled 
from a survey of 250 flotation plants of alk classes. 
The 208 plants which supplied full information, treated 
some 77,000,000 tons of ores, which yielded 4,596,670 
tons of concentrates. Copper ores made up two-thirds 
of the total ores concerned ; the other chief minerals 
were zinc, lead, complex lead-zinc, copper-lead and 
copper-iron ores. Flotation methods were applied to 
77 per cent. of the ores; in some districts, as in the 
Michigan copper district and the Missouri lead belt, 
gravity concentration methods predominate. 

The report is mainly tabular and gives much detail 
as to the reagents. They are classified as frothers, 
collectors, acids, alkalis, and other inorganic reagents. 
Frothing reagents were used on 99 per cent. of all the 
ores treated ; pine oil and cresylic acid made up 94 per 
cent. of the frothers. The collectors comprised creosotes, 
coal tars, reconstructed oils, and ethyl and other 
xanthates ; these again, particularly the xanthates, were 
used on practically all the ores. There is little demand 
now for acids in this connection, but alkalis (chiefly 
lime) are in almost universal use Of other reagents, 
copper sulphates and further cyanides, sodium silicate 
and zinc sulphate (grouped as depressing reagents) were 
in greater demand for conditioning the ores. Sulphides 
seem to have lost favour, although this was partly 
local. The whole consumption of reagents increased by 
19-7 per cent. during the year, the ores treated having 
increased by 17-9 per cent. The 47,640,207 tons of 
copper ores floated in 25 plants yielded 3,582,074 tons of 
copper concentrates, assaying on an average 0-11 oz. 
of gold and 3-51 oz. of silver per ton, and 24-8 per cent. 
of copper. Lead flotation plants treated 4,135,000 tons 
of lead sulphide and oxides and yielded 176,000 tons of 
concentrates, containing an average of 0-03 oz. of 
gold, 19-5 oz. of silver and 56 lb. of lead per ton. The 
average weights, in lb. per ton of ore, of reagents used 
were the following: frothers, 0-155 lb.; collectors, 
0-133 lb. (chiefly oils, 0-095 lb. xanthates) ; alkalis, 
3-873 lb. (chiefly lime and cement); and other chemi- 
cals, 4-471b. These figures, which refer to all classes 
of ores, differ little from the averages of 1927. 4 








WatTeER PowER in NicERIA.—The hydro-electric power 
station at Kurra Falls on the Gnar River, Nigeria, has 
recently been completed and put into service by Messrs. 
Nigerian Electricity Supply Corporation, Limited. The 
plant comprises three generating units, each of 2,000 h.p., 
and water is conveyed to the Pelton wheels which operate 
under a head of 750 ft., by a 36-in. diameter pipe-line, 
2,000 ft. in length. The dam has a length of 1,946 ft. 
and a height of 54 ft. ; it is of earth and is concrete cored. 
When full, some 2,900,000,000 cu. ft. of water will be 
impounded in the reservoir. The cheap power now avail- 
able will effect, it is anticipated, a substantial reduction 
in the cost of tin-mining operations, and it is confidently 
expected that the prosperity of that industry will increase 
rapidly. The main contractors for the plant and equip- 
ment of the Kurra Falls station were Messrs. The British 
Thomson-Houston Company, Limited, Rugby, and Messrs 
English Electric Company, Limited, Rugby. A project 
for harnessing a second falls, below the present installa- 
tion, is at present under consideration. 





CATALOGUES. 


Fans.—A list of high and low-speed furnace fans, with 
some useful explanatory matter, is to hand from Messrs. 
Wagner Electric Corporation, 6400, Plymouth-avenue, 
St. Louis, U.S.A. 

Stamps.—Mr. A. Ward, Barber-crescent, Sheffield, 
has issued a priced list of letters and figures for stamping 
cold steel or softer substances, branding irons, stencil 
plates, name stamps, &c. 

Gear Units.—We have received a circular illustrating 
a helical gear set and outlines of four types of enclosed 

ear units produced by Messrs. Bamag-Meguin (G.B.), 
Limited, Broadway-buildings, London, S.W.1. 

Sundries.—A list of jointed oiling rings, a sight-feed 
lubricator, and illustrations of specimen capstan lathe 
and press work is to hand from Messrs. Jays and Company, 
(Engineers), Ltd., 188a, Bromsgrove-street, Birmingham. 

Small Engines.—Examples of agricultural, road-making, 
portable conveying, welding, and refrigerating machines, 
driven by small oil or petrol engines, are illustrated in 
the News issued by Messrs. Petters, Limited, Westland, 
Yeovil. 

Worm-Gear Units.—Messrs. David Brown and Sons 
(Huddersfield), Limited, Huddersfield, have sent us a 
list of worm-gear units with vertical electric motors and 
horizontal driven shafts enclosed in dust and oil-proof 
housings. 

Hardness Tests.—Messrs. Edward G. Herbert, Limited, 
Levenshulme, Manchester, have sent us a copy of The 
Pendulum, a four-page periodical which they are issuing 
to supply information on their pendulum hardness- 
testing appliance. 

Electric Lighting.—Recent applications of electric 
light to church interiors and to photographic apparatus 
are described in the Kandem Review, the house journal 
of Messrs. Korting and Mathieson Electrical, Limited, 
715, Fulham-road, London, S.W.6. 

Gas.—Various fittings to facilitate the use of gas for 
warming, cooking and washing in domestic houses and 
hotels are illustrated in two recent numbers of the 
journal of Messrs. The British Commercial Gas Asso- 
ciation, 28, Grosvenor-gardens, London, S8.W.1. 

Motor Boats.—Several small motor cruisers for sea 
and river use, and a launch for Customs service, are 
described in the house magazine issued by Messrs. 
J. W. Brooke and Company, Limited, Lowestoft, who 
are executing an order for 33 of the launches for the 
Brazilian Government. 

Air Compressor.—From Messrs. Allen Air Appliance 
Company, Incorporated, 452, Lexington-avenue, New 
York, U.S.A., we have received a catalogue of air com- 
pressors and exhausters made to suit all the usual 
requirements of blowing, ventilating, compressed-air 
power transmission, &c. 


Furnaces.—Messrs. Stein and Atkinson, Limited, 
47, Victoria-street, London, S.W.1, have sent us a copy 
of their house journal describing the operation of gas 
producers for metallurgical furnaces, the normalising 
of sheets and plates, the Niemkoff port system for open- 
hearth furnaces, and recuperative treatment of waste 
gases. 

Ball Bearings.—The application of ball and roller 
bearings to machines in the sugar and the brick and tile 
industries, and also to moving stairways, is described 
in the quarterly house journal issued by Messrs. Skefko 
Ball Bearing Company, Limited, Luton. Examples 
of actual installations which have been found to operate 
successfully are always of interest. 

Front Wheel Drive for Motor Vehicles—The Voran 
driving unit for application to the front wheels of motor 
vehicles is described in a catalogue received from Messrs. 
David Brown and Sons (Huddersfield), Limited, Hudders- 
field, who are licensees for manufacture and for granting 
sub-licences. It is stated that the unit has been tested 
with success on motor cars, omnibuses and other com- 
mercial vehicles, 


Steam Plant.—The two latest issues of the house 
journal published by Messrs. Foster Wheeler Corporation, 
165, Broadway, New York, U.S.A., deal with thelr 
steam-plant products, such as condensers, evaporators, 
economisers, coal-pulverising installations, waste-heat 
boilers for oil-engined ships, and refining plant for the 
treatment of petroleum. These journals were sent by 
Messrs. Foster Wheeler, Limited, Aldwych House, 
London, W.C.2. 

Marine Oil Engines.—A gk me of the worksho 
tests of the first 4,100 ih.p. Polar Diesel engine built 
by Messrs. The Atlas Diesel Company, Sweden, appears 
in the latest issue of their Bulletin, together with 
particulars of several auxiliary marine engines on a 
smaller scale. The large engine is for a tanker of 
11,000 tons deadweight capacity, under construction 
by Messrs. Hawthorn, Leslie and Company, Limited, 
for Swedish owners. 


Electrical Machinery.—A further consignment of 
catalogues from Messrs. Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., U.S.A., deals 
with the following subjects ; induction motor generators 
from 1} kw. to 200 kw. ; wound-rotor induction motors 
from 14 h.p.; motor starters from } h.p. to 200 h.p.; 
Deion contactors for motor starters and an explana- 
tory paper on the subject ; starting rheostats for }-h.p. 
to 150-h.p. motors; the Sentinel circuit breaker for 
small motors; illustrations of motors for pumps; a full- 
automatic welding head and control; heat-treated 
gears; a paper on the selection of bearings; and illus- 
trations of generators and motors supplied to Anaconda. 
All these catalogues are carefully compiled and contain 
much useful information. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS Of RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

— of Specifications may be obtained at the Patent Office Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “* Sealed "’ is appended. 

Any person may, at any time within trro months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent ‘iffice of opnosition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


325,800. G.M. Blackstone, Stamford, F. Carter, 
Stamford, and E. Carter, Stamford. Internal- 
Combustion Engines. (2 Figs.) October 26, 1928.— 
The invention relates to internal-combustion engines 
of the compression-ignition type, t.e., in which the fuel, 
without any admixture of air, is injected into the com- 
pressed air charge and fired by the heat of compression. 


Fig! 
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According to the invention, a plate 5 of heat-resisting 
material is provided to form the effective roof of the 
cylinder 1, proper externally of the bottom of the com- 
bustion chamber 2, the plate being held in position by 
the cylinder construction. The plate 5 has the form of 
a truncated cone, and is provided with a central boss or 
flange 6, having a circular bore 7 adapted to receive the 
spigot 4 on the piston 3. (Sealed.) 


326,454. H. S. Hewitt, Surbiton, and W. A. 
Whatmough, New Barnet. Internal-Combustion 
Engines. (3 Figs.) December 11, 1928.—The inven- 
tion relates to the cylinder heads of internal-combustion 
engines. The cylinder 2 
3, in which an inlet valve 4 and an exhaust valve 5 are 
arranged side by side. The seatings 6 and 7 for the valves 


Fig./. 
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(326.454) 


are spaced from the cylinder barrel 2 by a part 8 which 
varies in width according to circumstances. This entails 
a passage 9 between the cavity and the barrel, and in the 
present invention, the bottom 10 of this passage curves 
downward from a point close to the periphery of the valve 
seatings towards the cylinder barrel. The actual contour 
is chosen in relation to the roof 13 of the passage so a3 to 
provide a gradually deepening passage between the cavity 
3, and the cylinder barrel 2 in which there is a minimum 


is formed with a lateral cavity | 








of disturbance to flow from the cavity to the barrel during 
the inlet stroke and from the barrel to the cavity on the 
exhaust stroke. (Accepted March 26, 1930.) 


326,169. The Dlingworth Carbonisation Co., Lti., 
Manchester, and S. R. Illingworth, Radyr, Gla- 
morganshire. Carbonising Coal. (17 Figs.) No- 
vember 29, 1928.—The invention relates to automatic 
continuously operating retort apparatus for the carbonisa- 
tion of coal. According to the invention, a plurality of 
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(326,169) 


carbonising retorts 4 is arranged in concentric rows, and 
charging means 13 are mounted to rotate in a circular 
path above the mouths of the retorts to charge a measured 
quantity of coal to each retort. The discharge of the 
carbonised material from each retort is effected periodi- 
cally, and is operated in timed relationship with the 
charging means. (Sealed.) 


MOTOR ROAD VEHICLES. 


326,289. H. P. Maxted, Beckenham, and Alford 
and Alder (Engineers), Limited, Walworth, London. 
Automobile Brakes. (10 Figs.) January 15, 1929.— 
The invention relates to automobile brakes of the con- 
struction in which the brake member comprises two 
rigid shoes joined together by a resilient band portion, 
the trailing shoe being pressed into contact with the 
brake drum by the brake-operating mechanism and 
being caused by the frictional drag of the brake drum 





to exert a peripheral thrust upon the leading shoe 
which is pivoted at its leading end. According to the 
invention, the brake member has two rigid shoes 1, 2, 
the leading one 2, of which is pivoted at 4, as shown, to 
the brake carrier and the trailing one 1, of which is 
acted upon at its free end by the brake-operating 
mechanism, the two shoes 1, 2, being connected by a 
resilient steel band 3 which projects beyond the pivotal 
point 4 of the brake member to form a third shoe 5 acted 
upon at its free end by the brake-operating mechanism. 
(Sealed.) 
RAILWAYS AND TRAMWAYS. 


322,864. Beyer, Peacock and Company, Limited, 
Manchester, and R. H. Whitelegg, Disley. Loco- 











motives. (2 Figs.) November 14, 1928.—The inven- 
tion relates to locomotives operated by internal-com- 
ere 
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bustion motors with electric, hydraulic, mechanical or 
other power converters or transmission gear, and com- 
prises two power-driven wheeled units A, A flexibly 
connected together by a framework E, which acts as the 





drawbar between the units and carries the internal com- 


[AUG. 15, 1930. 
bustion generators and converters or transmission | sw 
F with water and fuel tanks and accessories, the final 
driving motors or gearing B being carried on the wheeled 
units A. (Sealed.) 


STEAM ENGINES, BOILERS, &c. 


326,203. E. P. Gabbott, Chorlton-cum-Hardy, 
Manchester. Liquid-Level Indicators. (4 Figs.) 
November 29, 1928.—The invention has reference to 
liquid-level indicators for steam boilers. The indicator 
comprises a chamber 5 divided by a loaded flexible 
diaphragm 6 connected at its central point: to a 
short rod 7. The rod 7 passes through, and is secured 
in, a flexible flat spring 10 mounted in the chamber 5 
at one side of the diaphragm 6, which spring supports 
or loads the diaphragm and guides the rod 7. Each 
side of the divided chamber 5 has an opening to which a 

















pipe from the boiler is connected ; the pipe to the opening 
11 is connected from the low level of the liquid in the 
steam drum, and the pipe to the opening 12 is connected 
from the steam space. The normal working level of the 
water in the boiler drum is midway between the high 
and low levels, and the flat spring 10 is set so that the 
diaphragm 6 takes up its normal or mid position. By 
co-ordinating a pointer 13 with the diaphragm 6 while 
standing at zero with the diaphragm in mid position, a 
rise and fall of the level is indicated by the pointer 13. 


(Sealed.) 
MISCELLANEOUS. 


324,091. R. C. Graseby, Westminster, London. 
Guillotines. (7 Figs.) October 15, 1928.—In a machine 
for cutting photographic films and for other purposes, 
one of a pair of spring-connected movable members is 
moved to stress the spring, and the knife is connected 
to the other member which is held during the stressing 
and is afterwards released to effect the cutting. A 
spindle 4 rotated from a motor, drives a spring drum 5 
to stress a spring 6 secured to a member 7 carrying a 
cam 9engaging astop 10. As the spindle rotates, a pin 16 
on the spindle engages a pin 15 on a stop 11, and carries 
it round against the urge of a spring 20 until the stops 

















10, 11, which are geared together, reach a position ip 
which the cam 9 slips past the stop 10. The stop 11 is 
rotated to obstruct the cam. The pin 16 then moves 
past the pin 15, the stops are turned backwards by 
the spring 20 to release the cam 9 and the spring 6 then 
operates the member 7 rapidly. The cam 8 engages 6 
roller 25a on a lever 24 actuating the knife 28 to sever 
the strip. The member 7 continues to move until 
the cam 9 again engages and is held by the stop 10. After 
the cam 8 has passed the roller 25a, the ine 36 moves 
the cutter to the inoperative position. (Sealed.) 
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THE EFFICIENCY OF AIR FILTERS 
FOR INTERNAL - COMBUSTION 
ENGINES. 

By W. E. Gress, D.Sc., A. Branpt, B.Sc., and 

M. L. Naruan, B.A. 

Mucs has been written on the cleaning of air 
before its passage into an internal-combustion 
engine.* The power units of vehicles, such as 
farm tractors or army tanks, which of necessity 
move in a heavy cloud of dust which they themselves 
produce, must beyond question be fitted with some 
kind of air filter. A. H. Hoffmanf states that 
unless a tractor be so equipped its useful life may 
be reduced from 3,000 working hours to as few 
as 15 hours. Similar considerations apply to 
motor-cars in most parts of the world, particularly 
in arid countries—for example, parts of India and 
Australia, or the Sahara and Arabian deserts. In 
such places, the roads or tracks are excessively dusty, 
and sand-storms are frequently encountered. 

The modern English road has been tacitly assumed 
to be dust-free. No figures are available showing 


the concentration of dust in the air above English 











(2109.8) 


roads, but inspection of roadside hedges, engine 


exteriors, wheels, and even windscreens, shows that 
much abrasive dust is present. It should be noted 
that this dust consists largely of particles of granite 


and flint. Even if the concentration of dust in the | 


air be relatively low, the enormous volume that is 
drawn through the carburettor will result in very 
large quantities of dust being introduced into the 
engine. 
running for 500 hours, will receive in this way as 
much as } cwt. of dust. 
particles cause the most damage, since they mix 


and circulate with the lubricating oil, whilst the 


larger particles are either eliminated by the oil 


filter or, if they are larger than the clearances between | 


the sliding surfaces, are blown straight through the 
engine. 
Hoffman has shown that the loss of power due 


to the increased air resistance which results from | 


the introduction of an air filter is quite small. In 
the case of a supercharged engine (and supercharging 
for road work is increasing) this effect becomes 
negligible, and such expensive engines should always 
be protected from dust abrasion. There is some 
evidence also that the rate of carbon deposition in 
the cylinders is less if the air mixture is free from 





* American automobile journals, 1922 onwards. Motor 
(Berlin), November, 1929. Le Génie Civil, January, 1927. 

} Trans. Am. Soc. Agric. Eng., 1922, page 50. 

} Motor (Berlin), November, 1929. 


Dierfeld{ states that a 50-h.p. engine, | 
Of this dust, the finer | 


solid particles, it being assumed that these particles 
act as nuclei for the deposition of carbon. A minor 
advantage resulting from the attachment of an air 
filter is that it abolishes the sibilant noise made by 
the air intake. 

Numerous types of air filters have been designed 
for use with internal-combustion engines; these 
have been sufficiently described. elsewhere. The 
action of air filters, in general, depends upon one or 
more of the following principles: (1) electrostatic 
precipitation ; (2) washing ; (3) mechanical separa- 
tion by (a) straining through gauze or felt, (bd) 
centrifugal force. 

For automobile work, the filter must be light and 
compact and must require little or no attention. 
These considerations rule out categories (1) and (2). 
Filtering through felt, &c., is very efficient, but 
offers a relatively high resistance to the flow of the 
air. Further, the resistance of such a filtering 
medium constantly increases as dust accumulates 
in it. It is clear that the resistance of such a filter 
should be low and constant; otherwise, when the 
carburation is set for the normal vacuum, the 
increase of vacuum resulting from the increasing 














depositing surface be made as small as possible, 
the efficiency of the filter will become much greater. 

The principle of centrifugal separation is employed 
in two distinct types of filter. In the cyclone type, 
the whole of the air stream is caused to rotate, 
whereby the dust concentrates towards the outer 
boundary of the path and may be skimmed off or 
otherwise removed. From the diagram, Fig. 1, 
it will be seen that with this type of filter the 
radius R is necessarily fairly large, and, further, 
that particles towards the inner boundary of the 
path must traverse almost the whole width of the 
air stream before they become deposited. Apart 
from this inherent defect, filters of this type are 
automatic and simple in their action. 

In the perforated-baffle type of filter, the air is 
caused to pass through a series of parallel, perforated 
plates, so arranged that the perforations in one 
plate are in staggered relation to those of the plate 
succeeding it. The perforations break up the air 
stream into a number of smaller streams or jets 
which, owing to the staggered arrangement of the 
perforations, undergo a semicircular change of 





direction as they pass from one plate to the next, 
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resistance of the filter will cause the cylinders,to 
| become flooded with petrol. 

Separation by centrifugal force is obtained by 
causing the air stream to change its direction either 
gradually or suddenly. By this means, the dust 
particles are subjected to centrifugal force, which 
tends to drive them to the outside of the curved 
path that is assumed by the air stream. The 
centrifugal force is equal to > » where M is the 
mass of the particle, V its linear velocity, and R 
the radius of curvature of its path. From this 
expression we see that the greater M and V are 
and the smaller R is, the greater will be the centri- 
fugal force; the more effectively, therefore, will 
the particles be carried out of the air stream to a 
suitable depositing surface. 

Clearly, coarser particles will be removed by 
centrifugal force more readily than fine particles 
| will be; in fact, with most types of air filter, the 
| efficiency falls off rapidly as the size of the dust 
| particles is reduced. Fine particles may be removed 
| more efficiently in a centrifugal separator if the 
| velocity of the air stream is increased considerably ; 
| this, however, increases the resistance of the filter, 

and in many cases is impracticable. Fine particles 
may also be removed more efficiently by reducing 
the radius of curvature of the path followed by the 
lair stream. If, at the same time, the distance to 
|be traversed by the particle in travelling to the 








as shown in Fig. 2. Owing to the sharp curvature 
of these air streams, the dust is thrown towards the 
leading surfaces of the plates. If these are wet, or 
covered with a suitable viscous material, the dust 
adheres to them. 

In this type of filter, the main defects of the cyclone 
separator are avoided, since, by setting the plates 
fairly closely together, the radius of curvature R 
of the air stream, as well as the distance through 
which the particles must move across the air 
stream to be eliminated, is at most equal to the 
distance between the plates themselves. By using 
a number of plates in series, the total change in 
direction becomes considerable. The action of this 
type of filter probably represents, in part, the 
mechanism by which all porous or granular filter 
media, such as felt or sand, retain particles smaller 
than the pore size of the filter medium.’ 

The filters chosen as representing these two types 
are a representative cyclone model and the Visco 
RM filter, shown diagrammatically in Figs. 3 
and 4, respectively. The efficiencies of these two 
filters have been determined under varied condi- 
tions of dust concentration and particle size. 

The cyclone filter consisted of a cylindrical vessel 
fitted with tangential air inlets near the top, a 
central discharge pipe passing through the top, and 
a conical bottom for the reception and discharge of 
the deposited dust. As the air is drawn in through 
the tangential inlets, it is caused to rotate at high 
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speed in the cylinder as it passes to the central | and outlet for the air. The lower portion forms a 
outlet. The dust particles are thereby flung|sump with a drain plug, and is provided with lugs 
outwards towards the wall of the casing and sink| by which it can be attached to some convenient 
to the bottom of the cone, where they are removed | point on the engine block or the chassis. The filter- 


TABLE L—ConpiTions anp Resvuuts oF EXPERIMENTS WITH CYCLONE-TYPE FILTER. 



































and connected with the accelerator pedal. By this 
means, freshly oiled surfaces are continually being 
exposed to the air stream and the deposited dust is 
washed off by the oil and collects in the bottom of the 
sump, whence, from time to time, it can be drained 
away. 

Determination of Efficiency of Air Filters.—In each 
case, the efficiency was determined by passing 
through the filter a stream of air of known dust 
content, and estimating the amount of dust retained 
by the filter. Hoffman* determined the amount of 
dust in the filtered air by passing the whole of the 
filtered air through an “ absolute filter” made of 
squares of eiderdown blanketing. Other workers 
have used felt for this purpose. The amount of dust 
was determined by weighing the absolute filter before 
and after the experiment. Great precautions are 
necessary to bring this material to the same moisture 
content both before and after the experiment, since 
the slight increase in weight due to the deposited 
dust could be completely masked by the change of 
weight due to the adsorption of moisture by the 
fabric. 

In experiments about to be described, a repre- 




















Size of Dust Particles. 
Duration of FB ay a Specific Efficiency of 
Test No. Test. Grammes per Kind of Dust. | Gravity of Filter. 
Minutes. —" | Mesh. Diameter. Dust. Per cent. 
: I.M.M. Inches. 
| Through | 
1 30 140 Pumice powder | 200 < 0-00025 1-19 52-0 
2 15 324 % a s Ae 51-0 
3 30 172 * | -” os a 36-0 
4 15 137 , |} » ” 43-0 
5 15 76 ee } * 7 ze 62-0 
6 30 300 Silver sand | 60—90 0-0084—0 - 0056 1-60 99-9 
7 15 303 eA | 2» at ” 97-9 
8 15 294 99 ” > 99-4 
9 13 292 is | -” a 98-6 
10 10 288 Mi a i 99-6 
F 10 286 : z | 98-3 
12 10 281 ” 9 a ” 97-4 
Through 
13 _ 221 Red sand 200 < 0-00025 1-54 94-0 
14 — 214 ” ” ” ” 97-7 
The air flow through the filter was practically the same in each case—65 cub. ft. per minute. 
The pressure drop across the filter was an average of 2-6 in. of water. 
Fig. 5. 
Pressure 
Drop Gauge 
To =< 
Fan pe | Hig 
fi 
Visco | > 
Filter.| = 
12003. 





Fig.7. 











sentative portion of the filtered air was withdrawn 








ie : 
(e10aF) aed 
















“ENGINEERING” 


by means of a modified Pitot tube. The dust was 
obtained by passing the sample of air through ash- 

















To Orifice Gauge 

ce 

! i ft 
eC Soer ee ~— From _ing elements consist of 
ia | ~— Fan. anumber of steel discs, 
U mounted on a spindle. 
Orifice Each disc is perforated 
—) by a number of nozzle- 
shaped holes, arranged 
in staggered relation- 
i a siz 9 6 3 0 Foot ship to those in the 
pater aamemcens following disc. The 
Orifice (Sampling) lower part of each disc 
(21036) is immersed in oil in 





less filter paper, which retained the dust completely. 
The amount of dust could readily be determined, 
either by igniting the filter paper and weighing 
the residue, by analysing the deposit chemically, 
or by examining it colorimetrically. Knowing the 
volume of the sample withdrawn and the total 
volume of air passed through the filter, the percen- 
tage of dust retained by the filter under test can be 
determined. 


TABLE II.—CONDITIONS AND RESULTS OF EXPERIMENTS WITH VISCO FILTER. 



































| 
ee . | Size of Dust Particles. | | Weight of Dust | 
Duration | ae oes | Pressure Drop aa aes ts rv = | in Air Efficiency 
Test No. of Test. Cubic feet | 2cToss Filter. Gramanes Kind of Dust. | j ‘ ao Dusk | Drawn into of Filter. 
Minutee. Min | Inches, W.G. € acer | Mesh. Diameter, | . | Sampling Tube. Per cent. 
| —— a : | -M.M. Inches. | Grammes. 
| | { | | ! 
| 
1 60 | 116 2-25 64 Silver sand 60—90 0-0084—0 - 0056 1-60 0-0046 99-5 
2 60 | 16-5 | 2-5 132 “ 5 6 | a 0-0068 | 99-7 
3 60 | 113-5 2-5 122 xe = be * 0-0067 | 99-7 
| Through | 
4 30 114 | 2°5 69 Red sand 200 < 0-00025 1-54 0-0028 99-5 
5 30 | 112 2-5 247 * ss so | Be 0-0083 99-6 
| Through 
6 30 } 109 2-5 199 Pumice powder 200 me | 1-19 v-0036 99-8 
7 60 | 111 | 2-5 | 84 99 +p. | ‘. | 0-0037 99-7 
8 30 | 109 2:5 | 175 a 99 99 | os 0-0029 99-8 
9 30 | 109 } 2-5 105 Mixture.* 40 to bepend 0-085 te beyond | 1-35 0-0008 99-9 
) 0-0025 | 
10 30 109 2-5 233-5 a 0-0002 99-9 
ll 60 114 2-1 242-2 ” ” ” } 0-0021 99-9 
12 60 115 2-4 245-4 i = z 0-0025 99-9 
13 60 112 2-4 243-6 ‘ 7 % 0-0020 99-9 
14 60 | 115 | 2-6 | 2465 7 < 0-0026 99-9 
| ' ' 








Tests 11 to 14 were run consecutively, 978 ems. (2-15 lb.) of dust passing to the Visco air filter in 4 hours. 


* This mixture was made up of the follo 
per ry sand, 10 per cent. ; red pe 
The weight of dust withdrawn as sample was 1/60-3 of the total dust passing the Visco filter. 


15 cent.; 


r cent. 


by an ejector operated by the engine exhaust. The| the sump, whilst the upper edges of the discs run 
cleaned air passes through the central discharge | in close-fitting grooves in the upper portion of the|and Uniform Amount of Dust—A good deal of 
casing; in this way, the discs and grooves form | difficulty was experienced in devising an apparatus 


ipe to the carburettor. 


ee :—Light road dust swept from the wings of a motor vehicle, 50 per cent.; French chalk, 20 per cent.; Fullers’ earth, 
5 


Production of an Air Stream Containing a Known 


The Visco RM filter consists of a cast-aluminium | a labyrinth seal, so that no short-cireuiting of the | which would deliver from 50 to 300 gms. of dust per 
casing made in two sections, the upper portion|dusty air can occur. The discs are rotated slowly 
{shown removed) being provided with the inlet! by means of a ratchet lever attached to the spindle, 





* Trans. Am. Soc. Agric. Eng., 1922, page 60. 
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hour at uniform rate into an air stream of about 100 
cub. ft. per minute. 

The arrangement finally adopted is shown in 
Fig. 5. It consists, essentially, of a vertical disc, 
possessing a smooth, flat periphery. The disc 
rotates slowly (at about 30 r.p.m.), and the dust 
is allowed to trickle on to the periphery of the disc 
from a pipette, which is weighed before and after 
the experiment. The rate at which the dust trickles 
on to the disc is adjusted by altering the clearance 
between the jet of the pipette and the periphery 
of the disc, and also by using discs of different 
radii and, therefore, of different peripheral speeds. 
The final arrangement resembled a stepped cone 
pulley, different peripheral speeds being obtained 
by using different steps of the cone. 

This arrangement worked extremely well with 
particles that were retained by a 200-mesh sieve. 
For powders finer than this, it was necessary to 
feed the powder through a gauze-covered opening 
in the bottom of a shallow tray fitted with a slowly- 
rotating scraper. The tray was caused to vibrate 
by means of an electric-bell hammer. 

In order to reproduce engine conditions, as far as 
possible, the air was sucked into the filter from the 
atmosphere through a 4-in. duct by means of a 
fan placed on the discharge side of the filter. The 
controlled stream of dust was discharged into the 
air as it entered this duct, the air flowing through 
the duct with sufficient turbulence to disperse the 
dust as a uniform cloud. The whole of the dust 
introduced, apart from a negligible quantity which 
adhered to the wall of the duct (less than 0-1 per 
cent. of the total), actually passed to the filter. The 
static-pressure drop across the filter was obtained 
by connecting a sensitive differential manometer 
to the ducting on the inlet and discharge sides of 
the filter. In Fig. 5, the dust-feed arrangement, 
the Visco filter, and the duct to the fan are shown in 
position. Owing to the different construction of 
the cyclone filter, it was necessary to enclose it in 
a specially designed duct in order to convey the 
dusty air to its inlet ports. The arrangement 
adopted in these tests is shown in Fig. 6. 

The Sampling of the Filtered Air—The exhaust 
side of the fan was fitted with a 4-in. duct, 12 ft. 
in length. At the fan end of the duct, a short 
midfeather was inserted, to break up any rotation 
of the air stream that might be caused by its 


types of road dust met with in various parts of 
the world, and were such as to be easily reproducible. 

Assuming a lorry to be travelling at 12 m.p.h., 
and to be 20 yards behind another lorry, it is 
estimated that the dust cloud which it would 
encounter would consist, at the chassis level, of 
particles ranging from 60 mesh to beyond 200 mesh. 
Particles finer than 150 mesh would remain in 
suspension long enough, even in still air, to be 
encountered by the lorry. Actually, the eddies 
produced in the air by the passage of the preceding 
lorry, or even by gusts of wind, would carry coarser 
particles into the air. In many of these experiments, 
dust finer than 200 mesh was used, for this fine 
dust is most difficult to remove, and is the cause 
of trouble in the engine. 

From the results, it will be seen that, in the first 
place, the efficiency of the Visco filter is uniformly 
|higher than that of the cyclone filter; in the 
| second place, the efficiency of the Visco filter, unlike 
|that of the cyclone filter, is almost independent 
of particle size within the wide range of particle 
size used in these experiments. The efficiency of 
the Visco filter varied from 99-5 to 99-9 per cent., 
whereas that of the cyclone filter varied from 
about 50 per cent. to 98 per cent. Using a different 
dust and different experimental methods, Hoffman 
found the efficiency of the cyclone filter to be 
88-5 per cent. 

The widely different extents to which the efficien- 
cies of the two types of filter are affected by a change 
in the density and size of the dust particles are 
well shown by comparing the efficiencies when silver 
sand (60 to 90 mesh), red sand (120 mesh to 150 
mesh), and pumice powder (all through 200 mesh) 
are used, respectively. This difference in behaviour 
is even more marked when light calcined magnesium 
oxide is used. This material has a density of 0-36. 
The particles are so small and light that the rate 
at which they settle in still air is barely perceptible. 
It was found that, while the cyclone filter failed to 
retain this material at all, the Visco filter retained 
over 99 per cent. of it. 

It should be noted that, although the volume of 
air passing the Visco filter was almost twice as 
great as that passing the cyclone filter, the 
static-pressure drop across each filter was about 
the same. With an equal air flow, the static 
pressure drop across the cyclone filter may be as 





passage through the fan. At the far end of this 
duct, an orifice gauge was inserted for measuring 
the air velocity through the system. The sampling 
tube was arranged axially in the open end of the 
duct, as shown in Fig. 7. At its inlet end, the 
sampling tube was chamfered on the outside, in 
order to minimise disturbance of the entering air. 
The air was drawn through the sampling tube at 
a velocity equal to that of the air in the duct. By 
this means, disturbance of the dust content of the 
air, due to change of velocity at the entrance of 
the sampling tube, was reduced to a minimum. 
The air velocities in the duct and the sampling 
tube were balanced by means of a sensitive differ- 
ential manometer, as shown in Fig. 7. 

The sample of dusty air was drawn through a 
suitable filter paper, clamped between the flanged 
surfaces of the two sections of a glass container. 
The sample then passed through an orifice meter to 
a Leiman air pump. By means of the orifice meter, 
it was possible to check the velocity of the sample 
in the sampling tube, and make sure that it corre- 
sponded to the velocity of the air stream in the 
duct. Numerous tests showed that, provided the 
midfeather was inserted at the fan end of the duct, 
completely uniform distribution of the dust was 
obtained at the outlet end. In every case, there- 
fore, the sample was drawn from the centre of the 
air stream. Under the conditions, the sampling 
device operated consistently with an efficiency of 
95 per cent. The efficiency of the cyclone filter 
was readily determined by collecting and weighing 
the dust that was retained by the filter. 

Experimental Results.—The details and results of 
the various tests are shown in tabular form, for the 
cyclone filter in Table I, and for the Visco filter 
in Table II. In each case, the efficiency is expressed 
as the percentage of dust retained by the filter. The 
dusts used were considered to be representative, 


much as 4 in. water gauge. 

The superior efficiency of the Visco filter is, in 
our opinion, due to the much smaller radius of the 
curvature imparted to the air stream, combined 
with the greater proximity of the depositing surface, 
which results from the closeness of the perforated 
plates to one another. 
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Modern Practical Masonry. A Comprehensive Treatise 
on the Practice of the Various Branches of the Craft. 
By E.G. Wartanp. London: B. T. Batsford, Limited. 
[Price 25s. net.] 

TuE study of specialised treatises dealing with the 
crafts induces an added respect for the skilled 
worker who can claim any considerable knowledge 
of such callings. This will be borne out in high 
degree by examining the work now submitted by 
the author, who is chief lecturer on masonry and 
geometry for masons at the L.C.C. School of 
Building, Brixton. Quoting a passage in the 
“foreword” by Mr. Drury, we learn that “the 
volume deals with tools, materials, machines, 
principles of construction, the geometry of masonry, 
setting out and stone cutting, hoisting and setting, 
costing and estimating, and terminates with ao 
glossary of terms used in masonry.” This state- 
ment gives a good initial idea of the seope of this 
very useful work. 

The book opens with a description of the mason’s 
tools and of their uses, with descriptions also of the 
various machines now used in working stone, 
profusely illustrated. Details of construction are 
dealt with very fully, from footings of walls and 
piers upwards. Various kinds of walling are 
described, with lintels, quoins, pediments, doorways, 
arches, cornices, domes, stairs, and wall linings. 





both in chemical character and particle size, of the 


There are some cases of considerable complexity in 





matters of detail, as, for instance, where marble 
fascias are introduced, sometimes of differing 
qualities of double thickness. The usual methods of 
fixing such slabs are fully described, with instructions 
as to the conditions to be observed to secure satis- 
factory results. There is much that is of interest to 
the specialist dealing with steel-frame construction, 
who may see here how the mason has to adapt his 
work to the difficulties introduced where stanchions, 
beams, and girders have to be encased in stonework, 
effecting, it must be admitted, what is aesthetically 
a@ somewhat unholy alliance. The hoisting and 
setting of stonework is treated at some length. 
There is much relating to different methods of 
lifting, and kinds of scaffolding in use, with center- 
ings for the support during construction of arches 
and lintels. Particulars of mortars used in setting 
mason’s work are here enlarged upon. 

A chapter dealing with the principles of stone 
cutting will be of the greatest assistance to the 
operative mason. The method by which the rough 
block is shaped to true form, with the assistance 
of lines and moulds furnished to the worker, is 
explained clearly and completely. The descrip- 
tive matter may be readily understood, being 
lucidly expressed. This section alone will be of 
value to the junior working mason, even though 
he does not extend his studies to embrace the art 
of setting out. Some of the forms required in first- 
class masonry work are extremely complicated, 
rendering detailed instruction with respect to 
dressing the rude block of much value. The 
various kinds of building stone are described with 
their uses for differing kinds of work, and submis- 
sion or otherwise to the mason’s tools, with com- 
ments on choice, durability, bedding, and preser- 
vation. Following this we have about one hundred 
pages on the geometry of masonry, beginning with 
a chapter on plane geometry and setting-out. 
The fundamental principles relating to the treat- 
ment of circles and circular arcs occurring in the 
setting out of window tracery are given, with 
examples of their application. The drafting of 
mouldings and the setting out of elliptical arches, 
and arches of other forms, is explained. The 
description of volutes, as for the Ionic capital, and 
of column entasis, is given in precise detail. 

The more difficult work involved in the considera- 
tion of irregular solids is preceded by a statement 
of principles in which the methods of orthographic 
projection are explained. It is apparent that the 
craftsman cannot hope to achieve success in this 
branch of his work unless he has an acquaintance 
with the elements leading up to a sound knowledge 
of the graphic geometry of solids; without this 
“setting out” becomes rather a mere matter of 
‘fumbling ” for the desired lines. In this section 
we have, following the statement of the elementary 
principles of projection, examples of the inter- 
section of solids and development of surfaces, 
and the application of such procedure first to 
comparatively simple cases as in marble window 
linings, of plane or conical form, to the lining of a 
domed niche. The geometry of intersecting vaults 
is treated, and also problems arising with helical 
solids, as with skew arches. The various stones 
occurring in pediments and in domes are studied, 
in the latter case complicated sometimes by work 
involved in the treatment of pendatives, or that 
part of a dome structure which connects the lower 
part of the dome proper with straight, lined support- 
ing walls. The intersection of vaults of equal, or 
unequal spans is also treated in great detail, and 
work occurring in stairways and balustrades, 
necessitating ramp and “twist” working. Much 
of this kind of masonry is very complicated, and the 
description of the methods of setting-out are of 
necessity somewhat troublesome to follow, but a 
careful study of some of the more difficult cases 
makes evident that the instruction given should be 
of value to the careful and intelligent reader, though 
close attention is necessary to ensure this as there 
is occasional obscurity. It is, in many eases, difficult 
to visualise the forms of the finished stone, an 
unavoidable feature of this class of work, but no 
doubt practice in the mason’s art will helpthe reader 
over some of this difficulty. It is not every professor 
of a particular subject who, though well versed in 
the matter in which he specialises, has also the 
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ability to convey his knowledge to others ; this is, of | decomposition of ordinary sulphuric acid. The point 
course, an art in itself, which, it must be conceded, | was that it broke down the monopoly of the fuming- 
is possessed by the author of this book in a high | acid process of Starck, who prepared the strongest 


degree. Consideration of the difficulties met with 
raises the question of how the masons of past times 
dealt with them; it is not improbable that much 
time, labour and material was wasted on the more 
difficult work. 

Having treated the art of the mason from the 
technical point of view, Mr. Warland proceeds to 
deal, in about thirty pages, with work of this kind 
with respect to cost of execution, and estimating 
for work yet to be carried out. The importance 
of costing work is emphasised as opportunity occurs, 
as it is, of course, the basis of reliable estimating, and 
is also a means of effecting economies and improv- 
ing output. Typical cost sheets are presented in 
which the various items making up the total cost are 
enumerated in a convenient form. A mason’s 
time-sheet is also given. Estimating, with the 
taking off of quantities, abstracting, and billing, 
is explained with clearness, and examples are given of 
estimates for specified works. These particulars 
should be of great service to those needing infor- 
mation on this part of the mason’s work. 

This book should prove of much use to those 
who wish to perfect themselves in the practice of 
one of the oldest of the crafts, a craft which begin- 
ning with the fashioning of stonework of the 
simplest forms, now includes niceties in construction, 
taxing handicraft skill to the utmost. The descrip- 


tive matter is excellent, and the numerous illus- | 


trations, 600 in number, with folding plates, and 


many reproductions of photographs, are clear and | 


easily understood. There is a useful glossary and 
a good index. As a treatise on masonry intended 
for the use of craftsmen, builders, students, teachers 
and architects, to whom may be added engineers, 
it may be said to fulfil its purpose satisfactorily. 





Sulphuric Acid and its Manufacture. By H. A. AUDEN, 


M.Sc.,D.Se. London: Longmans, Green & Co. [Price | 
16s. net.] 
THE intimate connection between alkalis and 


acids in the heavy-chemical industry of the past 
century is still reflected in the newer editions of 
the standard chemical works, though modern 
electrolytic and catalytic processes of acid manu- 


acid by the decomposition of natural sulphates, 
| green and blue vitriol and shales, and retorting 
| the lyes, before 1800; the process probably dates 
| back to 1526 in the Harz and Bohemia. Dr. 
| Auden mentions these old methods in his intro- 
| duction. Referring to the British patent of Squire 
and Messel, he remarks that “the application for 
| this patent was by a most unusual coincidence, 
|made practically simultaneously with the submis- 
| sion of Winkler’s manuscript.” By a curious slip 
| the date of this patent is given as September 18, 
'18 ; the year was 1875, and the peculiarity was 
‘that Squire and Messel made the same erroneous 
statement as Winkler had done six months before as 
to the need of having a stoichiometric (misprinted 
stoicheiometric) ratio of oxygen and sulphur dioxide. 
We have not noticed any other slips. 





American Society for Testing Materials. Proceedings of 
the Thirty-Second Annual Meeting. Vol. 29. Part I. 
Committee Reports. New and Revised Standards. [Price 
6 dols.] Part II. Technical Papers. Philadelphia: 
Headquarters of the Society, 1315, Spruce-street. 
[Price 6 dols.] 

Tue work of the American Society for Testing 

Materials, extending over some thirty years, is now, 

|well known in this country. The thirty-second 

annual meeting of the Society was held at Atlantic 

City in June of last year, and the volume before us 

covers the proceedings at this convention. It was 

opened by the president, Mr. G. W. Thompson, with 
|an address in which he dealt with the many aspects 
of standardisation as affecting the interests of 
the producer and of the consumer of the various 
products used in the engineering industries, en- 
deavouring to show the value of standardisation, 
and commenting upon the criticisms that are 
sometimes advanced. The Society, at the date of 

the meeting, numbered, it may be remarked, 4,244 

| members. 

The reports of various committees given, deal, 
in the case of the ferrous metals, with such inquiries 
as the yield point of steel, heat treatment of cast 
iron, magnetic properties, fatigue of metals, and in 
the case of the non-ferrous metals, with die-cast 


facture have developed on different and independent | metals and alloys, die casting, corrosion, zinc 
lines. Such comprehensive textbooks are bulky and | castings, high temperature and electrical resistance 


expensive, and the reader interested mainly in 
sulphuric acid will not find all the information he 


wants in any one of the particular volumes, There | 


would thus be justification for bringing out a new 
book on sulphuric acid, even if the manufacture of 
this acid were conducted on stereotyped lines. 
Though the contact process is by no means new, 
and the old chamber process is still holding its 
own, they have both undergone so many modifica- 
tions in method, plant, raw materials, concentration 
systems, and in the attempts to meet demands for 
products of special grades, that Dr. Auden’s plan of 
condensing the essential features of the properties of 
the acid and its manufacture in a small volume of 
227 pages should be appreciated. 

Half of the sulphuric acid now manufactured 
is used for fertilisers; the explosives industry does 
not make heavy demands for the strongest acid, 
and sulphur itself is no longer the chief raw mate- 
rial, 
cent. of the sulphur burnt, pyrites supplied 46-3 
per cent., the spent oxide of gas works gave 24 per 
cent., and zinc concentrates 6-7 per cent. Further, 
the war dearth of raw materials restimulated the en- 
deavours, in Germany, to utilise natural sulphates 


for the nianufacture of the acid and its salts. Dr. | 


Auden pays full attention to taese recent develop- 
ments, which are rather supplementary to the 


standard textbooks, and it must be acknowledged | 


that he has done his work well. Detailed descrip- 
tions and illustrations of plant had to be restricted, 
but the volume gives a lucid, though concise, 
review of the present position of the industry and 
of its development, with copious references to 
patent and technical literature, comprising, we are 
glad to see, the alkali inspectors’ reports. 

The retrospect of the invention of the contact 
process is fair. It omits, however, to point out the 
importance of Winkler’s manufacture of oleum by the 


In 1927, brimstone accounted for only 23 per | 


| alloys, copper and light metal alloys. Reports are 
‘also given relating to cements and lime, mortars, 
bricks, refractories, concrete, the influence of stone 
dust in concrete, and other allied questions. Miscel- 
laneous materials, such as preservative coatings, 
petroleum, lubricants, road materials, coal, timber, 
rubber, textiles, and many others, are also reported 
upon by the relevant committees. Apart from 
materials as such, methods of testing have received 
attention, and reports are included dealing with 
| boiler-feed water, wire cloth, bend testing, the 
|shape of test pieces, metallography, and X-ray 
crystal analysis. There is detailed matter of 
much interest in these various reports, the whole 
indicating a very considerable amount of work done. 
The Tentative Standards, new or revised, sub- 
|mitted at the meeting, 49 in number, indicate 
| activity relating to much the same matters as are 
'dealt with in the special committee reports, with 
some others. 

| Part II of this publication opens with the Edgar 
| Marburg lecture by Saul Durman, on Cohesion and 
Atomic Structure, followed by 56 technical papers 
with subsequent discussions. These papers, averag- 
ing 19 pages each, deal with such subjects as 
the physical properties of cast-iron, classification, 
composition, static strength, elastic properties, im- 
| pact testing, machineability, corrosion, and heat 
treatment. A paper on the fatigue characteristics 
of cast-iron quotes results which indicate that the 
fatigue strength is noticeably increased by oft- 
repeated stress just below the elastic limit. Tests 
at Illinois, with this treatment, showed that the 
original endurance limit was increased by amounts 
of from 14 per cent. to 43 per cent. Other papers 
deal with steel forgings, tests of reinforcement bars, 
corrosion of steel sheets, corrosion of metals under 
cyclic stress, the fatigue resistance of aluminium 
alloys, the properties of copper alloys, bearing 








bronzes, and the determination of the proportional 
limit in the testing of metals. A number of papers 
relating to cements and concrete deal with points 
of interest, amongst others, an experimental study 
of the modulus of elasticity of concrete as affected 
by age, richness of mixture, conditions of curing, 
dryness or otherwise of the test specimens, magni- 
tude of and time under stress. The results quoted 
are of value, and the relative discussion of interest. 

Tests carried out in the Research Laboratory of 
the International Cement Corporation upon the 
effects of powdered admixtures upon concrete, and 
summarised by Dr. Duff A. Abrams, are described, 
with many diagrams. The broad results appear to 
be that workability is not improved by any of the 
14 admixtures used. All of seven commercial 
mixtures tried are classed as injurious adulterants, 
giving a reduction in strength. Some admixtures, 
other than those classed as “ commercial,” gave a 
slight but unreliable increase of strength. 

Mineral aggregates for concrete are treated in 
about a dozen papers, which relate to inspection, 
fineness, quality of coarse aggregate, and fire resis- 
tance. A discussion occupying forty pages followed 
the reading of these. Water absorption and perme- 
ability of brick has been made the subject of study 
with respect to a variety of makes. The matter is 
considered with reference to the influence of frost, 
and differing climatic conditions. Miscellaneous 
papers on questions of less general interest, on the 
fundamental factors in the testing of mineral 
products, the tinting strength of white pigments, 
the storage of turpentine, elastic caulking com- 
pounds, and like specialised inquiries are given. 
The last of these papers, of more general interest, 
gives an account of the procedure advanced by the 
Forest Products Laboratory in connection with 
tests for measuring the fire resistance of woods. 
The method is said to determine the degree of 
resistance offered of woods treated and untreated, 
and a measure of the ability of woods to support 
combustion, contributing thus to the spread of fire. 
Having regard to the very voluminous character of 
the two works reviewed, replete as they are with 
tabulated matter, diagrams, and illustrations, it 
is manifestly impracticable to give a really good 
idea of their contents, but what has been said 
above will make it evident that those interested in 
the testing of materials and their properties will be 
well advised to consult the originals. 





Der Industrielle Warmeiibergang fiir Praxis und Studium 
mit grundlegenden Zahlenbeispielen. By Dr.-ING.ALFRED 
Scuack.  Diisseldorf: Verlag Stahleisen m.b.H. 
[Price 18.50 marks. ] 

Tue author, for seven years investigator of heat- 
transmission problems at the thermal station of 
the Verein Deutscher Eisenhiittenleute, wrote this 
volume with the particular object of supplying the 
engineer with simple formule or, where simple 
formule are not available, with graphs for dealing 
with the problems of furnaces and heat exchangers. 
The book is not intended as a handbook, but as a 
guide for both practice and study, and it deserves a 
high place among the not inconsiderable number of 
recent similar publications for its original and 
practical character. Modern research has not yet 
simplified the complexity of the theoretical and 
technical problems of heat conduction, convection 
and radiation. The working out of a large number 
of practical examples, mentioned in the title, is 
left to the end of the volume. 

The author opens by explaining that the heat 
transfer number «, which is defined by the equa- 
tion Q = « (t: —t,) Fz, where Q is the quantity of 
heat, in kg. calories, transferred from the heater to 
1 sq. m. of the surface of the object to be heated in 
0-1 hour at the temperature difference (¢1 — tg), 
deg. C., is not a constant for the material and not 
even reducible to simple relations. The coefficients 
have to be determined under experimental condi- 
tions approaching those in question; theoretical 
considerations, notably the principle of similarity, 
will be of assistance, but their ranges of applicability 
are limited. Thus, the formule for the heat con- 
ductance through solid walls may be extended to 
bundles of tubes (Jakob) ; an equivalent heat trans- 
mission coefficient has been found for complex walls, 
and the problems may, in general, be treated on the 
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analogy of Ohm’s law. As in electric networks, the 

maximum resistance of any branch or part is of 

decisive importance. In boiler heating, the greatest 

resistance is on the fireside, and very little, if 

anything, is gained by making the boiler plates 

particularly thin or of superior thermal conductivity. 

On the other hand, discrepancies in the thermal | 
conductivity determinations of furnace walls and 
laggings may be partly ascribed to the.direction of 
gas percolation, inward or outward, which depends 
upon the pressures on the two sides of the wall and | 
will lead to apparent loss or gain of heat. 

Dr. Schack attributes the application of the 
principle of similarity, based upon the thermal 
equivalent of the Reynolds’ number, to Nusselt, 
and he comes to the conclusion that such appli- 
cations are still made on the strength of experi- 
ments covering too narrow a range; the chief 
utility of the principle would lie in the guidance 
it affords. His further critical examinations of 
the convection theories of Prandtl and of Thoma 
(transfer by diffusion), and of the experimental 
researches of Heilman, Griffiths and Jakeman, | 
Reiher, Rietscher and E. Schulze, Stanton, 
Stender and others, do not yet admit of any} 
general summary. With respect to the advantages | 
of heating by superheated or by saturated steam, he 
refers again to the maximum resistance component. 
When this resistance is great, as in room heating, 
superheated steam will be preferable to saturated 
steam. 

The section on radiated heat is likewise rather 
a critical review of modern research, the results | 
of which are better expressed in graphs than in 
elaborate formule with fractional exponents, than 
a statement of general conclusions. As regards 
luminous and non-luminous flames, Dr. Schack 
considers that the very small incandescent carbon 
particles (diameter about 0°003 mm.) of hydro- 
carbon flames contribute considerably to the heat 
radiation and much more than the vapours of 
CO, and water. About 95 per cent. of the radiation 
falling upon a particle are said to pass through it | 
unabsorbed, and the radiation from a luminous 
flame hence increases with the flame thickness 
up to a certain limit, which is reached when the 
radiation from the interior of the flame is equal 
to that of a black body of the same temperature. 
Optical pyrometers indicate too low temperatures 
of luminous flames, because the main thermal 
radiation lies in the infra-red; but luminosity 
also marks incomplete combustion, so a com- 
promise has to be made. A rolling-mill furnace 
fired by non-luminous coke-oven gas had a gas 
temperature of 1,100 deg. C. and an arch tem- 
perature of 800 deg. When the air supply was 
throttled, the gas temperature went down by | 
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| 100 deg., and the arch temperature rose by 
80 deg., but after half an hour these relations 
reversed. 
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| fact that the book contains 480 pages, and includes 
460 illustrations and 53 tables. The publishers 
Dr. Schack therefore proposes, for cases | are to be commended on the excellence of the 


where indirect heating of the roofs and not only | printing, the reproduction of the illustrations, and 


direct heating of the hearths, is to play a part,|the substantial binding. 


to carburet the gas intermittently, say, in alter- 
nating periods of five minutes. Such indirect 


on the metal bath, and the roofs are to be spared. 
Many other examples of similar useful considerations 
could be quoted. 

Hijschwerktuigen. By J. E. pE VRIEs. 

Ruijgrok and Company. 

Nowanays, if a port is to maintain its position in 
the front rank it behoves it to install the latest 
types of hoisting equipment for the efficient and 
rapid handling of merchandise of all classes; this 


|applies more particularly to bulk cargoes, such as 


coal and minerals. The Dutch ports, of which 
special mention may be made of Rotterdam, with 
its natural geographical position involving the 


|transhipment of vast quantities of merchandise 


carried by great barges up or down the Rhine, 
have an excellent reputation for their capacity in 
dealing promptly with the loading and unloading of 
vessels up to the largest of cargo carriers, as well 
as for good bunkering facilities. 

The. development and improvement in the design 
of various types of cranes continue unceasingly, 
and the modern tendency for specialisation, so 
noticeable in other branches of engineering, is also 
to be seen in the adaptation of specially-designed 


|types of hoisting and transporting machinery for 


special service. The engineer who is concerned with 
this type of machinery in harbours has, therefore, to 
be master of a subject the scope of which, during the 
last decade or two, has widened very considerably, 
and become further complicated by the extensive 
application of electricity as a motive power. 

Mr. de Vries, who is Professor at the Middlebare 
Technical School at Haarlem, was formerly en- 
gaged as constructional engineer at the Haarlem 
Machinefabrik (late Gebr. Figee), and is, therefore, 
well qualified both in theory and practice for his 
undertaking. 

Notwithstanding the great number of cranes 
installed in Dutch harbours, the literature on this 
subject in the Dutch language is limited, so that 


| both students and engineers in Holland have hither- 


to been, to a great extent, dependent upon foreign 
textbooks and papers. The appearance of such an 
able and comprehensive work as the above will, 
therefore, be doubly welcome to Dutch engineers 
and students. 

Some idea of its scope may be gathered from the 





That the work is not 
confined to local construction may be seen from the 


| fact that acknowledgments are made to no less than 
| heating is, of course, undesirable in the Siemens- | 45 firms who have provided data or illustrations ; 
Martin furnace, where the heat is to be concentrated 


these include, besides Dutch, also a number of 


|German, American, British, French and Belgian 
|manufacturers. It will thus be seen that the author 


has spared no pains to make the work as compre- 
hensive and up to date as possible. There is much 


Haarlem: Firma | Material in this book which would be of interest to 
| British engineers, particularly those sections dealing 


| with machinery constructed in Holland, and cover- 


ing such subjects as grabs, floating cranes, bridge 
transporter dock cranes, and the electrical connec- 
tions, switchboards, &c., of electrical hoisting machi- 
nery of various types. Unfortunately, although it is 
quite usual for Dutch engineers to speak English, 
the converse does not hold good, so that a work of 
this nature can hardly be expected to obtain a 
sale in this country. Nevertheless, we heartily 
recommend the book to all those to whom the 
language problem provides no stumbling block. 








RUBBER-MAKING MACHINERY. 
(Continued from Page 167.) 

THOUGH the machines to be described below may 
seem to diverge somewhat from the subject of the 
title, inasmuch as they do not actually manufacture 
rubber, yet, as they are essential to the construction 
of parts in which rubber is the most important 
element, the discrepancy is more apparent than 
real. The examples are, as in the two preceding 
articles, selected from some of the shops of the 
Manchester works of Messrs. Dunlop Rubber Com- 
pany, Limited, which form what is known as the 
Charles Macintosh and Company, Limited Branch. 
The account is illustrated by Figs. 31 to 34 above 
and on the next page. 

Two interesting machines are used in the manu- 
facture of the circular steel bands on which the 
solid rubber tyres for heavy commercial vehicles 
are formed. These bands are made from either 
plain strip steel or strips having longitudinal 
serrations on one surface, according to the size of 
the wheel concerned. The pieces of strip of suit- 
able length are rolled to approximately correct 
diameter. They are then welded along the axial 
butt joint, and finally turned with a serrated 
peripheral surface on to which the rubber is 
moulded. The two machines referred to are an 
electrical butt-welding machine and a band turning 
lathe with an expanding hydraulically-operated 
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chuck. One of the butt welding machines is shown 
in Fig. 34, annexed, with a band in place. The lower 
part of the machine consists of a cast-iron body 
housing a single-phase alternating current static 
transformer of robust design and ample overload 
capacity. The cover, also of cast iron, is bracketed to 
carry the clamping gear, contacts, &c. The trans- 
former is arranged to give four heating speeds, which 
are controlled by a four-way regulator. Any one of 
the speeds can, of course, be selected at will by the 
operator, the fastest being used for the largest 
sections and the slowest for lighter work. The 
electric control is effected by a heavy single-pole 
contactor mounted on the wall near the machine. 
The contactor is operated from a direct current 
supply by means of push buttons conveniently 
situated on the frame. 

The ends of the unwelded band are held down by 
clamps on to solid copper contacts of high con- 
ductivity. One clamp and contact is fixed, and the 
other set is carried on a sliding table, motion to 
which is given by a pair of hydraulic cylinders. 
One of these cylinders is visible in Fig. 34 towards 
the right-hand side, and just below it is seen the 
control valve. The working fluid for the cylinders 
is oil at a pressure of 1,750 lb. per square inch, and 
the control valve provides either a creeping or 
fast speed as desired. The clamps are hand-operated 
by lever cams and are provided with renewable 
hardened steel gripping faces. The contacts are, of 
course, insulated and are chambered for water 
cooling, the water supply pipes, to render the 
insulation complete, being of rubber. The con- 
nections for these can be made out in the figure 
immediately below the band. The rolled and 
welded bands are rolled into place and away from 
it, respectively, along narrow ways having guard 
rails arranged at a suitable height. No lifting 
is, therefore, required at the machine. 

The rolled band to be welded is placed on the con- 
tact blocks of the welder so that the joint is mid- 
way between them. The clamps are then lowered 
and locked by the hand levers, these being shown in 
the unlocked position in the figure. The ends of 
the band are slightly apart when current is turned 
on by the push-button switch immediately above the 
cylinder regulating valve. The regulating valve is 
then opened and the slide moves forward. As the 
ends make contact any irregular metal is burnt 
off by the current and is dispersed in the form of 
innocuous sparks. When the faces are incandescent 
and parallel they are brought into more intimate 
contact as rapidly as possible by further movement 
of the control valve. Immediately the weld is con- 
solidated the current is switched off by opening 
the contactor, the clamps are opened, and the 
welded band rolled out of the way. Preparation 
for the next weld consists simply of going over the 
contact surfaces with a wire brush to remove any 
adherent metal, and inserting a new band, the 
ends of which have been previously cleaned to 
ensure a good weld. The pressure across the welding 
blocks varies from 4 volts to 6 volts, depending on 
the heating speeds required. The primary current 
for the single-phase transformer is obtained from a 
400-volt, 50 cycle, 300-kv.-a. generator. 

The lathe was specially designed as a single 
purpose machine for the turning, grooving, and 
serrating of solid tyre bands. As may be gathered 
from Fig. 31, page 225, it is of very robust design, the 
bed, headstock, and base for carrying the main 
driving gear and motor being cast in one piece. 
The motor, at the right hand of the figure, is 20 h.p. 
of the alternating current double squirrel-cage type, 
and drives the spindle through double helical gears 
and a quick-threaded worm and wheel giving a 
reduction ratio of 80 to 1. The worm wheel is 
formed integrally with the spindle, the teeth being 
cut in a phosphor-bronze ring attached to the disc 
as shown in Fig. 33, annexed. Lubrication is effected 
by an oil bath under the worm, the wheel being 
totally enclosed. The chuck body, at the left of the 
figure, is also integral with the spindle, which is 
hollow, of large diameter, and made of high grade 
cast iron. The front bearing of the spindle is 
10 in. in diameter by 13} in. long, and the back 
bearing 8 in. in diameter by 8 in. long. As the whole 
external periphery of the band has to be unob- 
structed when being turned, the chuck is of the 
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Fie. 34. ExgcrricaL Butt-WELDING MACHINE. 


expanding type, and is provided with six segments 
which are forced outwards by the movement of a 
central cone actuated hydraulically. The appear- 
ance of the segments is well shown in Fig. 32, 
page 225, while the details of the expanding gear 
will be clear from Fig. 33. The chuck jaws are 
removable and interchangeable, and, to facilitate 
rapid changing to suit varying diameters of the 
bands, are secured to radiating slides by bolts in 
tee slots, these slides being situated in a groove in 
the chuck body and carrying steel pads which bear 
upon the surface of the cone. Continuous contact 
with the cone is maintained by the tension springs 
shown at the extreme left of Fig. 33. The cone, 
which is of hardened steel, is mounted on a spindle 
in line with the piston rod of the hydraulic cylinder. 
The connection between the spindle and rod is made 
by an adjustable double ball race, so that longi- 
tudinal movement of the whole is made possible, 
the spindle rotating with the chuck while the 
piston rod and piston remain, in the sense of rotary 
motion, stationary. The piston is of the differential 
type, its smaller area being subject to a constant 
hydraulic pressure so that when the pressure is 
relieved on the larger area the chuck is immediately 
collapsed. The expansion of the chuck is ensured 
by the greater pressure on the larger area, admission 





and exhaust being controlled by the stop valve 
shown. 

The lathe is provided with both back and front 
square multiple-tool turrets, which are fitted on 
transverse slides in order to allow of adjustment for 
varying widths of bands, and also when setting up 
to meet the rough section of those bands which 
are rolled with a grooved surface in order to reduce 
wastagein turning. The transverse slides are carried 
on main slides, with longitudinal motion, mounted 
on the bed. Feed movement is given by hand- 
operated pilot wheels, which, as shown in Fig. 31, 
traverse the turret up to or from the work through 
bevel gear actuating the feed screw. Automatic 
feeding has been found to be of little service, as 
the longest travel required is only that necessary to 
clear the tool from the band when the turret is 
revolved from one station to the other. This 
movement of the tool can be done very rapidly by 
spinning the pilot wheel. The square turrets as is 
evident from Figs. 31 and 32, are of massive construc- 
tion. They are located by four steel gibs and secured 
by one centrally-operated screw; the latter also 
serves to lift the turret from its bottom base, an 
operation which not only reduces friction and wear 
but makes the heavy turret with its load of multiple 
tools, very easy to turn. The top face of the turret 
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Fic. 15. NortrH ARM UNDER CONSTRUCTION ON TEMPORARY BENTS. 
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THE KILL VAN KULL 


Fig. 17. SECTION AT ARCH ABUTMENT 





is grooved to accommodate various sections of 
bands for which the tool holders are interchangeable. 
The tools are of simple section, the necessary rake 
being given by an inclined base in the tool holder. 
Each tool is secured by a hardened steel set screw 
at the top and rear, the latter being provided to 
bring all the tools of one face into line. A rotary 
gear pump driven from the worm shaft supplies 
lubricant to the tools, which is returned through 
suitable channels in the bed to a settling tank at 
the rear of the machine. Cuttings fall away as 
shown in the figures and can be removed when the 
machine is in motion, while a finished band may be 
removed and a new one inserted without stopping 
it. 
(To be continued.) 





THE SUBSTRUCTURE OF KILL VAN 
KULL BRIDGE, NEW YORK. 


Tue Kill van Kull Bridge, of which an elevation 
and plan are given in Figs. 1 and 2, on Plate XII 
with our issue of this week, is located at the Port of 
New York, and is being built to connect Staten Island, 
which is part of the City and State of New York, 
with the Bayonne Peninsula, which is part of the 
State of New Jersey and of the mainland of the 
United States. The peninsula is bounded on the 
west by Newark Bay, on the east by the Hudson 
River and the Upper New York Bay, and on the 
south by the Kill van Kull, which separates the 
peninsula from Staten Island. The Kill van Kull 
connects New York Bay and Newark Bay, and is an 
important channel of commerce. 

The bridge extends from a plaza on Staten 
Island, in a northerly direction for approximately 
one and two-thirds miles, to a plaza in the City of 
Bayonne. The main bridge structure, at a con- 
siderable skew to the Kill van Kull channel, as 
shown in Fig. 2, will span the waterway with a 
two-hinged steel arch, 1,675 ft. in length between 
centres of bearing of the arch shoes. Measured 
between centres of end pins, the span is 1,652 ft. 1 in., 
thus slightly exceeding the Sydney arch, though 
the latter provides much greater accommodation 
for traffic. The approaches will be plate girder 
viaducts. The bridge will establish an important 
connection in the highway system within the Port 
District. It is designed to have an ultimate capacity 
of seven lanes of vehicular traffic, or of four lanes 
of vehicular traffic and two lines of rapid transit 
service. Two cross sections, respectively at the 
arch abutment and on an approach, are given in 
Figs. 17 and 18, on this page. 

The substructure of the bridge comprises abut- 
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Fig. 18. SECTION OF APPROACH 
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ments for the arch span, and piers for the approaches. 
The two abutments are of concrete and granite 
masonry, founded upon bed rock. They are situa- 
ted well back of the pierhead lines, but within the 
waterway, and were constructed by the use of 
cofferdams and with floating plant equipment. 
The approach piers are of reinforced concrete, and 
consist of shafts founded upon footings which rest 
on bed rock for some piers and on gravel for others. 
Their construction involved a variety of operations, 
and necessitated the use of relatively mobile plant 
equipment. 

The geological formation at the bridge site is 
well adapted to the construction of an arch span. 
The bed rock is a dense, hard diabase, known as 
“Palisade trap,” the surface of which is about 
13 ft. below sea level on the north side and about 
26 ft. below sea level on the south side of the water- 
way. On the north side, the rock has almost no 
overburden; on the south side, the overburden is 
only 5 ft. to 8 ft. in depth. The arch will deliver 
a thrust of about 30,000 tons upon each of the 
abutments. The abutments, both of which may 
be taken to be illustrated by Figs. 21 to 25, page 236, 
are each 133 ft. 4 in. by 107 ft. 4 in. overall in plan 
dimensions, and extend from the bed rock to a 
height of 28 ft. above sea level, at the top of the 
skewbacks, and are faced with granite above an 
elevation 6 ft. below sea level. 

The cofferdams used for the construction of the 
abutments had no interior bracing, but were built 
with rigid walls, formed of double lines of steel sheet 
piling filled with silt. The type of structure is illus- 
trated by Figs. 3 and 4, Plate XII, and by the 
views, Figs. 7 and 8, Plate XIII. Except for minor 
variations in the alignment of the sheeting, each 
cofferdam enclosed an area 184 ft. long by 160 ft. 
wide. At the north abutment, the cofferdam 
walls were 10 ft. thick between the lines of sheeting ; 
at the south abutment, where the rock is at greater 
depth, they were 15 ft. thick. The sheeting was 
16 in. by 33-3 lb. deep arch web section, in lengths 
of from 18 ft. to 23 ft. for the north abutment, and 
from 28 ft. to 30 ft. for the south abutment. The 
walls were braced by timber pile bents, spaced 
8 ft. 6 in. on centres, which also served to support 
the whales against which the sheeting was driven, 
and by steel tie rods connecting the two lines of 
sheeting at each bent. 

On account of the scanty overburden on the rock, 
| special precautions were taken to insure the water- 
tightness of the cofferdams. At the north abut- 
ment, where there was hardly any natural over- 
burden, silt was deposited before the cofferdam was 





constructed, to provide cover into which the 


sheeting could be driven. At each abutment 
fillmg was banked against the sheeting before the 
cofferdam was unwatered, and this material was 
carefully maintained while the foundation was being 
excavated. The cofferdams were completely water- 
tight, and, with the working space inside entirely 
clear and free of bracing, proved extremely satis- 
factory. Fig. 7, Plate XIII, shows the form of 
cofferdam construction, and Fig. 8 is a view of the 
north cofferdam before it was finally closed, with 
floating plant still inside it. 

The overburden on the rock at the south abut- 
ment was dense, compact material, partly hardpan. 
An attempt was made to remove some of this 
material by clam-shell dredging, before the cofferdam 
was unwatered, with a view to using it for filling 
the cofferdam walls, but it could not be dredged in 
this manner. After the cofferdam was unwatered, 
the material was cleaned off the rock bed, princi- 
pally by the use of a 2-in. high-pressure water jet 
and by hand excavation, but over some portions 
of the foundation area it was necessary to use 
paving breakers to loosen the hardpan before it 
could be excavated. An inclined clay seam was 
found in the rock, extending over about half of the 
abutment area, and it was therefore necessary to 
blast off the upper portion of the rock ledge to a 
maximum depth of about 8 ft. The rock bed is 
irregular and from 18 ft. to 31 ft. below sea level. 
Fig. 9, Plate XIII, shows the south abutment coffer- 
dam unwatered and the rock exposed. 

At the north abutment, the rock surface was 
cleaned almost entirely by the high-pressure water 
jet, and blasting out of rock was required only to a 
sufficient extent to roughen the bed, the natural 
surface of which was almost level over a large 
part of the area. The final rock surface is from 
9 ft. to 17 ft. below sea level. 

In each abutment, a keyway 4 ft. to 6 ft. wide 
was provided on the axis of the bridge, and the 
abutment mass on each side of this keyway was 
concreted in sections containing from 240 to 450 
cubic yards each. The keyway is indicated in 
Fig. 21, page 236, and the pouring stages by the 
diagram, Fig. 26, on the same page. Fig. 10, Plate 
XIII, is a view of the concreting of the south abut- 
ment, taken three months after that shown in Fig. 9. 

Beneath each of the skewbacks, which are 74 ft. 
centre to centre on each abutment, corresponding 
to the spacing of the two trusses of the span, a 
structural-steel anchor frame was embedded in the 
concrete to hold the arch shoes in place. These 
anchor frames, shown in Figs. 24 and 25, page 236, 
and in the views, Figs. 11 and 12, Plate XIII, and 
Fig. 19, page 228, perform the function for which 
anchor bolts are commonly employed, but their 
use facilitated the erection of the arch shoes and 
simplified the finishing of the concrete at the 
skewbacks. Each frame is 15 ft. 2 in. byJ18 ft. 
in dimensions on the skewback face, extends toJa 
depth of 11 ft. from the bearing plane of the arch 
shoes, and has, at its back and base, steel struts 
to be seen in Fig. 11. These provided support 
to hold the frame in the inclined position, but 
permitted its erection upon a horizontal bed. 
The frames were erected and concrete was poured to 
encase them, with its surface at a distance of 30 in. 
behind the skewback planes. The arch shoes 
were then erected in position and connected toJthe 
frames by being riveted to projecting plates on,the 
frames, after which concrete was placed in the 
30-in. space to provide full bearing under the 
shoes. Fig. 19, page 228, shows the reinforcement 
in position in the 30-in. space left for the last 
concreting operation. The abutments completed to 
receive the shoes are shown in Fig. 12, Plate XIII, 
and in Fig. 20, page 228. 

Inasmuch as both abutments are situated beyond 
the shore lines, the waterway was the natural 
working area for the construction plant, as well 
as the economical medium for transportation of 
materials. Some dredging was necessary from the 
shipping channel to the south abutment, to make 
the depth of water sufficient for the draught of 
the floating plant, but no other preparatory work 
was needed. The concreting plant, comprising 
a boiler plant, a material hoist and engine, a 
2-cubic yard mixer with charging bins, and an 





elevator tower 100 ft. high with a 115 ft. boom 
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to support the chutes, was assembled on a single 
large barge, 205 ft. in length. It is illustrated by THE KILL VAN KULL BRIDGE, NEW YORK. 
Figs. 5 and 6, Plate XII. Aggregates were delivered 
alongside the plant by barge, and cement was 
delivered in bulk in covered canal boats. The 
cement was handled from the boat by grab 
buckets, and was measured by being weighed in 
a hopper equipped with outlets which permitted 
air to escape as the cement entered and prevented 
dispersion of the cement. The gravel was measured 
by weight. The sand was measured by volume in 
an inundator. | 

On each approach the footings for one pier are | 
in the waterway, and were constructed by the | 
use of steel sheeting. For the other footings, 
wooden sheeting and shoring were used. The 
approach piers vary in height from 20 ft. to 
110 ft. above the surface of the ground. Except 
for unsymmetrical arrangement at one point, where | 
the Staten Island approach crosses a railway | 
right of way, the lower piers each consist of two 
independent hollow shafts. The higher piers are | 
each formed of two hollow shafts connected at 
the top by a portal having an arched soffit. Each 
pier is reinforced principally by a structural steel 
frame, made of angles with bolted connections, 
although, in addition, rods are used as surface rein- 
forcement at the exterior faces. The main reinforce- | 
ment of the taller arched piers is shown in Fig. 13, | 
Plate XIII, and Fig. 20 on this page. Piers are 
shown being concreted in Fig. 20, and finished in 
Fig. 14, Plate XIII. | 

On each approach, the piers extend over a) 
distance of about 3,000 ft., and their construction | 
therefore required a considerable degree of mobility | 
for the plant equipment. The two contractors | 


nil * ~ We repens 
constructing the piers adopted practically identical | 


methods to meet the similar conditions on both | Fie. 19. GRANITE AND CONCRETE SKEWBACKS OF SOUTH ABUTMENT. 


approaches. The excavation was done by grab 
buckets handled by tractor cranes, and by hand 
labour, and cranes were used for the disposal of | 
the excavated material, for erecting the structural | 
steel, and for handling the forms. For placing | 
concrete, bottom-dump buckets, handled by the 1 gg 
cranes, were used for the lower piers, and elevator | ' a 
towers with counterweighted chutes were used for | yl 
the higher piers. These towers were situated at | - Sor 
points which permitted the chuting of concrete to ae BiB S4 
two piers from one position of a tower. Towers aa if 
are seen in use in Fig. 13. The concrete propor- » & 2 
tions were controlled by weight. The aggregates te f 
and cement were measured in central plants remote ie } ; ‘ N Bis . x 

from the work, and delivered to paving mixers along "= AN 

each approach. oad 

Figs. 15 and 16, Plate XIV, are recent views of x ‘ < 
the arch under construction. The arch will not be | Biciteiee se a \: : eh 
joined in the centre, but at a point south thereof, and 7 “ 
the south arm completed to this point is shown in 
the distance in Fig. 16. The arch will be dealt with 
in our columns in a subsequent article. 

The Kill van Kull Bridge is being built by the 
Port of New York Authority, under the direction 0 er 
of Mr. O. H. Ammann, Chief Engineer of Bridges. x eT Oe oe CUBOES 
The arch abutments were constructed by Mr. H. 
ie eaten be pie ae a Fie. 20. Sourn Approacu Prers AND Marin ArcH ABUTMENT. 
rip ihe che extol ponsacnan hg expense for plant, chemicals and labour. But it would | higher than that for 1927, viz., 5-4 per cent. It may 

’ | appear from Report of Investigations No. 3026 of the | be concluded, however, that few, if any, of the fuels 
| 
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Messrs. P. T. Cox Contracting Company, Incorpor- | United States Bureau of Mines, on a Survey of the | with 0-08 per cent. sulphur maximum had undergone 
ated, New York City. Sulphur Content of Commercial Motor Fuels, 1930, by | any special treatment for sulphur reduction. On the 
We are indebted for the above particulars to Mr. | Mr. A. J. Kraemer, that these losses only fall on a few | other hand, it may be doubted whether the three tests 
Charles Carswell, of the Port of New York Authority, | refiners, because most of the motor fuels do not contain | applied, the so-called Doctor test, the corrosion test 
Bridge Department staff, and to Mr. Ammann for | more than the permissible 0-10 per cent. of sulphur (discoloration of a strip of copper by the petrol) and 
permission to place the matter before our readers, as | ee sulphur a > is pny! = ery test, goed —, The -_ i 
4 iliti . j : some refiners, moreover, that the complete removal of | that did riot pass the corrosion was, in fact, one 0: 
pine a a the sulphur would deprive the fuel of its anti-knock | the five sae of which the sulphur content was too 
ere properties. ismall for ordinary quantitative determination. That 

For the survey in question, which was made in | the tests are sufficient for practical purposes is not 

questioned, however, and there seems to be no difficulty 


| January last, at the Bureau of Mines laboratory in quit 
SULPHUR CONTENTS OF AMERICAN | Bartlesville, Oklahoma, and which constitutes the | at all about obtaining a fuel which keeps within the 


MOTOR FUELS. | twenty-first semi-annual survey of the Bureau, 153 | limit of permissible sulphur content. It was noticed 

SutPuur is generally regarded as one of the most samples of petrol were collected and submitted to /that a third of the samples of petro] had been artifi- 

objectionable impurities of petroleum. It poisons | several sulphur tests. A report on the other properties | cially coloured. 
the atmosphere in the oil field and along the pipe line, | of these samples has already been published in No. | 


though it helps to give warning of escapes, and it cor- | 2995 of the series. It was found that 140 of the 153 ® CoaL pi yor see a Grnenin She oman Mow: 
i ist pi # i.e. . .) di i | Canadian coal mines totalled 1,114, ons during May. 
rodes the bearings, wrist pins and other parts of machi- | samples (i.e., 91:5 per cent.) did not contain more | Thie figure shows a slight decline from the 1925-1929 


nery. When motor fuel is made from certain stock, | than 0-10 per cent. of sulphur, the maximum tolerated | : 2 : : 
: . : ° ° < | avi ae. tia headed the list 
the sulphur accumulates in the petrol fraction, and the | by the Federal specifications for motor fuels. In fact, | 0 po ret ek sal poo gr essey Poa 














ordinary processes of the desulphurisation of crudes | in 85-6 per cent. of the samples, the sulphur percentage | yas second, with 281,724 tons, and British Columbia 
waste some motor fuel. This purification, in addition to | was below 0-08, and the legal limit was only exceeded | third, with 157,616 tons, Smaller quantities were mined 
the waste of good material, naturally involves heavy ! in 8-5 per cent. of the cases. This figure is, however, ' in Saskatchewan and New Brunswick. 
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LABOUR NOTES. 


A SCHEME to set up a fund for the relief of workers 
in need or unemployed has been devised for employees 
of the General Electric Company, of New York. Accord- 
ing to particulars of it announced by Mr. Gerard 
Swope, the President of the Company, the necessary 
money is to be derived from equal contributions by the 
employees and the Company, and many of the pro- 
visions in the plan are the outgrowth of suggestions by 
committees of the leading workmen. A scheme has 
also been formulated for the stabilisation of employ- 
ment which aims at reducing to a minimum the cause 
and effect of unemployment. The unemployment 
plan may be adopted by any works, regardless of the 
action of the other plants, and the Company will par- 
ticipate upon an affirmative vote of 60 per cent. or 
more of the eligible employees ‘of that works. Any 
employee with continuous service with the company 
of one year-or more is eligible for membership. By 
enrolling, the participant agrees to pay into a trust 
fund approximately 1 per cent. of his actual weekly 
or monthly earnings for a period of three years, but only 
so long as his earnings are 50 per cent. or more of his 
average full-time weekly or monthly earnings. 





In abnormal times of unemployment, normal con- 
tributions by participating employees would cease, and 
all employees would be called upon to contribute. 
In other words, employees who are subject to lay-offs 
would aid themselves as much as possible, and when 
they could no longer do this, then those employees 
who were still working would contribute towards the 
aid of the men who were laid off; while the General 
Electric Company would itself contribute in both 
instances to an equal extent to that of the participating 
employees. According to the plan, up to 3 per cent. 
of the contributions paid into the trust will be avail- 
able for the relief of employees or former employees 
in need ; up to 27 per cent. of the normal contributions 
will be available for loans to employees who are mem- 
bers, and the balance, approximately 70 per cent. of 
the normal, together with all emergency contributions 
and all interest on the funds, will be available for un- 
employment payments. The trust which will handle 
the funds will be in charge of a board of trustees, and 
the General Electric Company will guarantee 5 per 
cent. interest. The company will also pay the 
administration expenses for the first two years. 





The plan will operate separately in each works, and 
its administration in each works will be vested in a 
board of not less than four or more than 16 members, 
one-half of which will be elected by the participating 
members, and the other half appointed by the General 
Electric Company. No payments will be made from 
the fund for at least six months after its creation, 
and thereafter only to employees who have made 
normal payments for at least six months. Payments 
to contributing employees, who receive notice of a 
temporary lay-off, shall be 50 per cent. of their average 
earnings for full time, but in no case more than 
20 dollars per week, and such payments shall not 
exceed 10 weeks in any 12 consecutive months. When 
an employee is working part time, and receiving less 
than 50 per cent. of his average full time wage, he may 
be eligible for payments amounting to the difference 
between the amount he is receiving as wages and the 
maximum he might be entitled to under the unemploy- 
ment plan. Should an unemployment emergency 
arise at any particular works, when payments from the 
fund are 100 per cent. or more of the average normal 
receipts, then all employees of this works, whether 
participants in the plan or not, and including the highest 
officers of the company connected with the particular 
works, will be called upon to contribute approximately 
1 per cent. of weekly or monthly earnings. 





Moreover, in such an emergency, all the general and 
district commercial men, general manufacturing, 
engineering and administrative employees of the 
company at all works and offices in the United States 
not on a particular works pay-roll, shall contribute 
their proportion to the fund. This proportion shall 
be determined by the ratio of the average earnings of 
the contributing employees of the particular works 
to the total pay-roll of the eligible employees of all 
works of the company. For example, if the 
Schenectady works should adopt the plan and the 
average earnings of its contributing employees should 
be 20 per cent. of the total pay-roll of ‘the eligible 
employees of all works, then 20 per cent. of 1 per cent. 
shall be contributed to the fund. Thus an office 
employee receiving 2,000 dollars per year would be 
called upon to contribute 4 dollars per year. The 
General Electric Company will contribute dollar for 
dollar to all such monies added to the fund. After 
the emergency is over, normal payments to the fund by 
participants will be renewed. 





ENGINEERING. 


Under the plan for stabilizing employment, the | 


following regulations have been laid down by Mr. 
Swope :—When business is increasing: (1) Increase 
the working force by adding employees as slowly as 
possible. (2) Increase the number in especially busy 
departments by transfers from other departments. 
(3) Resort to overtime in particular departments and 
generally before increasing the working force. (4) 
Postpone plant renewal and maintenance work as 
much as possible, employing the men on regular 
production. 





When work begins to fall off: (1) Cease hiring at 
once. (2) Cut out all possible overtime and bring 
departments down to the normal week. (3) Transfer 
people from slack to busier departments. (4) Stimulate 
the Sales Department to secure co-operation from cus- 
tomers and get business for future delivery. (5) Build 
standard apparatus for stock up to (so many) months 
shipments, based on average of last three years sales, 
adjusted to expectation of next two years. (6) See 
that stocks at all factory and district warehouses are 
brought up to this maximum. (7) Use men on 
maintenance and repair work, bringing the plant and 
equipment up to a high standard. (8) Cut the normal 
week as generally and gradually as possible, by depart- 
ments (down to 50 per cent. of the normal week). 
(9) Proceed with construction of increased plant 
facilities previously planned, using our own men as | 
far as possible. (10) Drop new employees with less 
than one year of service—single people with no depen- 
dents and who are most easily spared first—always with 
not less than one week’s notice. (11) In accordance 
without our custom established for some time, employ- 
ees should be told whether it is a temporary lay-off due 
to lack of work, or permanent lay-off, and in every 
instance of permanent lay-off, the usual compensation, 
if any, should be paid, depending upon character of 
work, age and length of service. 


The latest official report of the United Pattern 
Makers’ Association states that the total number of 
unemployed members is 1,194 and the total member- 
ship 11,190. Commenting upon the unemployment 
figure, Mr. Findlay, the general secretary, says that 
“it is weary waiting for the silver lining.” “In my 
remarks in the annual report,” he proceeds, “ I ventured 
to suggest that the prospects are good and promising ? 
This prophecy so far has not been borne out by our 
experience. Nevertheless, I am still hopeful. There 
must be a change for the better soon, and it cannot be 
much longer delayed. The placing of the two new 
Cunarders should be a fillip to the shipbuilding section, 
and we expect further improvements from the con- 
versations on the Russian problem and from the 
deliberations of the Economic Advisory Council. That 
Great Britain is not alone in her unemployment trouble 
is plainly evident from the fact that America has 
6,000,000, and Germany 2,700,000, while other nations 
are similarly suffering. No nation can be a law unto 
itself. Finance, industry, politics twine and inter- 
twine from the national to the international, and trade 
unions must follow suit or suffer.” 





The annual conference of the Miners’ Federation 
of Great Britain at its final session passed a number of 
important resolutions. One, for which Durham was 
responsible, called for such an amendment of the Coal 
Mines Act, 1911, as would give to the workmen equal 
facilities to prosecute for any breach of the regulations, 
and make it compulsory to have a mother-gate, a 
middle-gate and a tale-gate on all longwall workings 
where the face was longer than 60 yards. Another 
Durham resolution, adopted by the Conference, asked 





for a Government inquiry into the coke by-product 
industry covering ownership of plants, transfer prices, 
costs of conversion, profits, and a national wages board | 
for the industry. On the proposition of Leta eget 4 
it was decided to press for an annual holiday for all | 
mineworkers, of 12 working days, with pay. 


The following resolution, submitted by the Executive, 
was adopted unanimously :—‘‘ That in view of the 
heavy loss of life resulting from the presence of gas in 
coal mines, the Conference impresses upon the Govern- 
ment the urgent necessity of investigating and testing 
the varied inventions on the market for the detection 
of gas; further, that, on one or more being found to | 
be satisfactory, the necessary authority be given for | 
their compulsory use in coal mines in Great Britain.” 
Scotland moved, and Somerset seconded :—‘‘ That 
the Conference, having considered the important | 
issues raised by the passing into law of the Coal Mines 
Bill, with the reduction of hours from eight to seven 
and a half a day, instructs the Executive to give every 
assistance to districts in securing improvements in any | 
new wages arrangements they may enter into, including 
the raising of the present minimum standard rate of 
wages.” The resolution was adopted. 








In accordance with a resolution passed at the annual 
Conference at West Hartlepool, last month, the Execu- 
tive of the National Union of Railwaymen have drawn 
up a national programme of improved conditions. 
The programme, which is to be submitted to a special 
delegate meeting in London on October 24, is as 
follows :—A minimum wage of 2/. 10s. per week for all 
adult employees, together with the consolidation of 
the existing war wages of railway shopworkers; a 
guaranteed week for railway shopworkers ; one week’s 
holiday with pay for railway shopworkers; all em- 
ployees to be brought within the scope of the agreed 
national and local machinery. 


Addressing a conference of American State Governors, 
the Governor of Connecticut declared that mass 
production was responsible to a great extent for unem- 
ployment. Statistics told us, he said, that one work- 
man produced as much to-day as 32 workmen did 75 
years ago. In other words, one man, to-day, working 
one hour, produced as much as one man working 
32 hours did 75 years ago. The world’s ability to 
consume necessities, at least, had not increased on the 
same basis. That situation was going to become more 
and more acute, and the only immediate answer to it 
was a shortening of the productive hours per day. 
Employees working four hours per day universally 
could not only produce all the necessities and all the 
luxuries that were required, but also make additions 
to surplus capital. The work-hours required per day 
would become less and less as mass production and 
mechanisation of industry increased. We were passing 
through a transitory period from the old hand-method 
of production to the machine age, and we were going 
still further into it. 





The Ministry of Labour estimates that on July 21, 
1930, there were approximately 9,584,700 insured 
persons, aged 16 to 64, in employment in Great Britain. 
This was 134,700 less than a month before, and 
702,300 less than a year before. On August 11, 1930, 
the numbers of persons on the registers of Employment 
Exchanges in Great Britain were 1,296,375 wholly 
unemployed, 660,681 temporarily stopped, and 93,681 
normally in casual employment, making a total of 
2,050,737. This was 39,270 more than on July 28, 
1930, and 882,669 more than a year ago. The total on 
August 11, 1930, comprised 1,456,390 men, 58,686 
boys, 483,750 women, and 51,911 girls. 





During July, 1930, the average numbers of persons 
on the registers of Employment Exchanges in Great 
Britain were 1,218,228 wholly unemployed, 652,924 
temporarily stopped, and 93,227 normally in casual 
employment, making a total of 1,964,379, of whom 
1,302,775 were men aged 21 and over, 102,831 men 
aged 18 to 20, 50,249 boys aged 14 to 17, 399,329 
women aged 21 and over, 65,416 women aged 18 to 20, 
and 43,779 girls aged 14 to 17. 





At a meeting in Manchester on Tuesday, the Execu- 
tive of the Cotton Spinners’ and Manufacturers’ 
Associatioa appointed a special sub-committee to 
prepare draft piece rates for various cotton and artificial 
silk cloths, woven under the eight looms system. If the 
rates proposed are approved by the Association, due 
notice will be given to the Weavers’ Amalgamation of 
the date on which they will be put in operation. 





The London District Council of the National Union 
of Railwaymen, at a meeting on Tuesday evening, 
passed a resolution calling upon the Executive to 
formulate a national policy on the question created by 
the recent dismissals, for submission to a general 
meeting ‘‘to be convened at the earliest possible 
moment.” Another resolution that was adopted was 
in the following terms: ‘‘ That branches in the areas 
of dismissals immediately summon special meetings 
of their members to consider the advisability of sus- 
pending all overtime and tonnage bonus working ; 
this to be done through the recognised channel, that is, 
notification to the management.” 








Hetium PropvuctTion AT AMARILLO, TExas.—The 
United States Government helium-production plant at 
Soncy, near Amarillo, Texas, turned out 1,230,350 cu. ft. 
of helium gas, of 97-93 per cent. purity, during May. This 
output constitutes a new high record and, moreover, 
the operating costs, per thousand cubic feet of gas pro- 
duced, we are told, were the lowest on record. They are 
stated to be far below any cost figures deemed attainable 
in helium production a few years ago. As already stated 
in ENGINEERING on several occasions, the gas is obtained 
from natural gas by a separation process, The latter 
contains some 1-75 per cent. of helium. A second separa- 
tion plant has just Soon completed at Amarillo, and it is 
stated that the installation will now be capable of pro- 
ducing helium at the rate of 2,000,000 cu. ft. per month, 
at operating costs well below 1 cent per cu. ft. This out- 

ut will be ample to meet the needs of the Army and 


Navy air services. 
. 
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THE LIEGE EXHIBITION. 
(Continued from page 71.) 

As we have already pointed out in our first article 
on the engineering aspects of the Liége Exhibition, 
many of the stands in the main machinery hall 
consist of displays covering a wide range of products. 
One of these, viz., the stand occupied by Messrs. 
Usines Métallurgiques du Hainaut, 8.A., Couillet, 
notable for well-selected examples of steel-works 
plant, forgings, large gear wheels, castings, 
rotors, stators, &c., is rendered especially con- 
spicuous by a line of three locomotives grouped in 
the centre. The largest of these, viz., a 0-8-0 tank 
locomotive, needs no other comment than that, for 
an industrial locomotive, it is very well finished, 
but the other two are more unusual. One of them 
is a 0-4-0 engine described as being specially con- 
structed to run on rails more or less defectively 
laid, which we take to mean will stand rough work. 
It weighs 25 tons in working order, and is distinctive 
in having a vertical boiler with a heating surface of 
377 sq. ft. and a working pressure of 200 Ib. per 
square inch. The wheel base is short enough to 
permit of working on curves of 60-ft. radius. The 
wheels are 29} in. in diameter, and the cylinders, 
which have piston valves actuated by Walschaert 
gear, are 12; in. in diameter by 12,4-in. stroke. 
The whole design is compact and workmanlike. 
The remaining locomotive is also of the 0-4-0 type, 
and works on the so-called “ fireless *’ system, that 
is, by heat storage in a tank. In addition to being 
used in situations where there would be a fire risk 
with the ordinary steam or internal-combustion 
locomotive, it would appear that such engines are 
used on the Continent in works where high-pressure 
exhaust steam is available. The charging pressure 
is 170 lb. per square inch, and the working pressure 
43 Ib. per square inch. The wheel base is very 


short, and the cylinders are 15 in. in diameter by 
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15}-in. stroke. The weight, in working order, is 
14-2 tons. There is a cab at both ends, so that 
the driver has an unobstructed view in whichever 
direction the engine is running. 

Railway material is also exhibited outside the 
Transport Pavilion, which itself contains several 
striking exhibits of wagons and track-laying plant 
on a larger scale than anything we have in this 
country. Outside, there are three wagons made 
by Messrs. Compagnie Frangaise de Matériel de 
Chemins de Fer, Usines du Tilleul, Maubeuge. Of 
these we select the two examples illustrated in 
Figs. 11 and 12, on this page. In Fig. 11 is shown 
a wagon for the transport of coke, which is of 
unusual design, the body above the main frames 
consisting of a skeleton framework of angle and tee 
bars carrying panels of expanded steel. The whole 


capacity is 3,037 cub. ft., the tare, of 22-3 tons, 
shows how much deadweight has been saved. As 
will be seen, the upper part slopes inwards to suit 
the loading gauge, and the lower half is provided 
with four double doors on each side. The frames are 
45 ft. 4 in. long, the whole wagon being 49 ft. 2 in. 
jlong over the buffers, and 28 ft. 11 in. between 
|the centres of the bogies. The height from the 
| rails is 12 ft. 94 in., and the overall width 10 ft. 6 in. 
| The other wagon, shown in Fig. 12, is a self- 
| discharging wagon with the upper part arranged to 
|fold down so that loading may be simplified if the 
| wagon is not used to its full capacity. This latter 
| capacity is 40 tons, when the wagon will carry that 
|amount of ore or coal, or 30 tons of coke. The 
| height from the rails, when the top part is raised, is 
12 ft. 9$in., and, when this is lowered, is 10 ft. 
|The wagon is of the hopper-bottomed type, and 





|discharges through three gates on either side, | 


| situated between the bogies. Chutes are provided in 
|order to deliver the material clear of the rails, 
|and either side may be used independently, or both 


resembles a large cage and, considering its carrying 


The length of the frame is 41 ft. 34 in., 
and, over the buffers, 43 ft. 6 in. The distance 
between the bogie centres is 28 ft. 10 in. The 
/overall width is just under 10 ft., and the tare just 
over 22 tons. In both the examples shown, a 
brakesman’s shelter, characteristic of Continental 
railway practice, is seen near one end of the wagon. 

Another exhibit to which reference may be made 
is a large wagon with davits or cranes for laying 
sections of railway line complete with sleepers. 
| This will handle sections up to 78 ft. 8 in. long at 
\the rate of 6,300 ft. per hour, and a label on the 
|exhibit states that 61 miles were thus laid by the 
| Compagnie du Chemin de Fer du Nord in the year 
| 1929-1930. The wagon was made by Messrs. Drouard 
Fréres, 4, Square Georges Lesage, Paris. Another 
wagon for transporting and discharging rails on 
the site was made by Messrs. Compagnie de Fives 
Lille. This carries single rails only, 7.e., not attached 
to sleepers. The makers of a third piece of railway 
apparatus could not be identified, and we mention 
this as an example of the difficulty sometimes ex- 
perienced at this Exhibition in obtaining par- 
ticulars of the plant displayed. It consists of a 
truck with platforms, and another carrying a water 
tank and pumps, the whole apparently intended for 
washing down and whitewashing purposes. The 
platform truck has a simple flat floor above the 
frames, with a folding platform at each side which 
can be let down. On the floor is a framework 
carrying two other sets of folding platforms, one 
above the other, there being thus three stages at 
different heights to accommodate the cleaners. Each 


, together. 


stage is provided with hose-connections, the pipe 


system being coupled up to the tank truck. This 
carries a cylindrical tank with a central dome and 
cab, having pumps underneath. The water tank 
has a capacity of about 5,300 gallons. The pumps 
are driven by belts from the axles of the truck. 
The exhibit of the Paris, Lyons and Medi- 





























AUG. 22, 1930.] 


ENGINEERING. 





FRICTION SCREW PRESSES AT LIEGE EXHIBITION. 


CONSTRUCTED 


BY 


Fie. 13. 


terranean Railway includes a 4-8-2 type four- 
cylinder compound express passenger locomotive, 
and a tender, with a tank capacity of 6,600 gallons, 
mounted on two four-wheeled bogies. Two coaches 
with sleeping accommodation are also shown, one 
having six single-berth compartments and two 


convertible double-berth compartments, and the | 


other having three double-berth convertible com- 
partments and three ordinary first-class compart- 
ments, two of which can be used as sleeping berths. 

The display of Messrs. Etablissements E. Paul 
et Cie, 23, Rue des Quatre Vents, Brussels, shows 
a wide range of machine tools, the firm being 
Belgian agents for a number of foreign companies. 
The dominating exhibit, in point of size, is the 
large friction screw press illustrated in Fig. 14 on 
this page. This machine is a product of Messrs. 
Maschinenfabrik -Hasenclever A.G., Diisseldorf, and 
an outstanding feature is the high speed at which 
it operates. The general design of the press is 
well shown in Fig. 13, which press can exert a maxi- 
mum pressure of 2,800 tons, but the basic principles 
are, perhaps, better illustrated in Figs. 14 and 15 
which represent the 2,000-ton machine actually ex- 
hibited. It will be seen that the upward and down- 
ward friction discs are of different sizes. The larger 
provides the pressing stroke, while the smaller, 
which is geared from the same shaft, gives the return 
stroke. This results in the return stroke being made 
at one-half to one-third the speed of the pressing 
stroke, and the flywheel moving from the centre of 
the disc outwards instead of towards the centre, as 
in the older type of press. A considerable saving of 
power is effected by this means, due to there being a 
greatly decreased flywheel momentum to be arrested 
at the end of the return stroke, while there is less 


slipping at the start of the stroke, as it commences | 


at a low velocity and is gradually accelerated. 
Another distinctive feature lies in the replace- 
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by a servomotor controlled by a regulating valve. 
This apparatus consists of a small motor-driven 
pump circulating oil, or other liquid or compressed 
air, to a cylinder and piston. The motor and pump 
are situated in the curved portion of the arm at 
the right hand of the machine, while the cylinder 
lies in the portion between the two shafts seen in 
Fig. 15. The piston is connected to the ends of 
the forked levers, which, by means of collars on the 
shafts, give movement to them in an axial direction. 
An outward movement of the piston, for example, 
| draws both shafts to the right, pressing the large 
| disc on to the flywheel and releasing the pressure on 





ment of manual application of the friction pressure | the small one, when the downward stroke takes | to those resulting from the use of a milling machine. 
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Fig. 14. 2,000-Ton Press. 


place. By suitable adjustment of the throttle 
valves, the pressure exerted by the piston and lever 
system can be regulated to the precise degree 
necessary to ensure proper acceleration of the fly- 
wheel without slipping. As the operation of the 
press is thus controlled by the manipulation of a 
small lever only, no exertion on the part of the 
attendant is required. The example demonstrated 
on the stand was worked with the greatest ease. 
The overrunning gear is also connected to the control 
gear by the stop mechanism seen, in different forms, 
in Figs. 13 and 14. 
| The makers claim that by the adoption of the 
| small return disc, the mechanical application of the 
|friction pressure, and the accurate control of that 
| pressure, the mechanical efficiency of this type 
of press is very considerably greater than in the 
old types. The screw is made of high-tensile 
chrome-nickel steel, and has six threads of V section. 
The employment of such a quick thread is made 
possible by the fitting of the servomotor. The 
loss of time entailed by the slow-return stroke, it 
is stated, is more than made up by the time gained 
through the elimination of slipping. The 2,800-ton 
press shown in Fig. 13 can be operated at six work- 
ing cycles per minute at full stroke, a speed which 
enables two or more blows to be given to a forging 
in the same heat, if necessary. A dead-stop hand 
brake is provided for arresting movement at the 
top of the stroke, and the discs always, in conse- 
quence, run freely. A shearing-bolt safety device 
is fitted between the flywheel and the screw. The 
rim of the flywheel is composed of strips of leather 
set edgeways and sprung on to the wheel, which is 
of cast-steel. This type of rim is found to have a 
circumferential creep which prevents unequal wear. 
Another exhibit on Messrs. Paul’s stand is a 
horizontal face-grinding machine with circular seg- 
ments which remove metal'in chips somewhat similar 
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This grinder is made by Messrs. Diskus Werke 
Maschinenbau A.G., Frankfort-on-Main, and, in 
addition to the unusual form of the cutting seg- 
ments, presents some other features of interest. A 
general view is given in Fig. 16, on this page, and 
a detail of one of the segment holders in Fig. 17. 
From the latter it will be seen that the wheel is 
of steel with a peripheral flange. The segments 
are hollow and are slightly conical, the central 
aperture being also conical. They are secured 
by a special cement to steel holders which are 
inserted in the wheel to the face of which they 
are pulled up by a nut against a cardboard washer. 
It is claimed that the use of this type of segment, in 
addition to providing a high cutting capacity, 
enables them to be used down to a fraction of an 
inch of their depth, while they do not require 
setting during the time this wear is taking place. 
A perfect balance and saving of weight in the 
wheel is also claimed. The edge of the flange is 
ground, and is supported on the centre line in the 
direction of cutting by an adjustable ball-bearing 
roller support, which takes the thrust and prevents 











deflection of the wheel while relieving the thrust 
pressure on the main support. The spindle runs 
in ball and roller bearings, and provision is made | 
in the wheel head for setting the wheel out of line | 
with the table, to give a cutting clearance on either | 
side when required. The feed can: be applied 
either by hand or automatically, and a range of 
3 in. is provided. The automatic feed has a range 
of from 0-001 in. to 0-01 in., and both it and the 
hand feed can be accurately adjusted by means of a 
large dial graduated in thousandths of an inch. 
The table is hydraulically traversed, and control is 
effected by a single lever. An infinitely-variable 
range of feeds is possible, the use of a very fine 
feed giving a good finish. A wheel-dresser attach- 
ment is provided, and the lubricating arrangements 
are particularly complete. The machine is made 
in five sizes, with wheels ranging from 36 in. to 
48 in. in diameter, the corresponding table sizes 
being 40 in. by 16 in., and 60 in. by 20 in. The 
average powers required are 25 h.p. and 35 h.p., 
respectively, The smallest of the sizes is provided 
with hand feed only for the grinding wheel. 

The stand of Messrs. Etablissements Joseph Van- 
hoff, 47, Boulevard Poincaré, Brussels, as that of a 





firm with a number of agencies, also accommodates 
a wide range of exhibits, from amongst which we 
have selected the two examples of high-speed metal 
saws illustrated by Figs. 18 and 19, on the opposite 
page. These are made by Messrs. Gebr. Heller, | 
Nuertingen, Germany. The vertical saw shown in | 
Fig. 18 is specially intended for mitreing rolled | 
sections of all kinds, which it will cut square or at any | 
angle up to 45 deg. The saw head swivels in a | 
horizontal plane through a complete circle, so that | 
unequal-sided sections may be cut with the bevel to | 
either hand. As will be evident from the figure, the | 
machine is direct-driven by a motor of the flange 
type. As it is designed for a single purpose only, | 
there is no speed-change gear, but if different speeds | 
from the normal are required a variable-speed motor 
can be fitted, or suitable change wheels provided. 
The feed gear, seen to the right of the figure, provides 
four rates in the larger machines and two in the | 
smaller ones, but these, again, can, if required, be | 
further varied by change wheels. The feed is 
effected through worm gear and a rack and pinion, 
and the mechanism embodies a safety clutch which 
either reduces or disengages the feed motion in the 
event of overloading. 

The saw head is set for angle by the lever and | 
dial seen on the front of the machine near the 
feed gear. On the larger machines the swivelling 
movement has a power attachment. A fine adjust- | 
ment is provided in all sizes. A quick power return, 
which comes into action when the prescribed depth 
of cut has been reached, is provided, as well as 
adjustable end and depth stops. A rapid traverse 
in either direction by means of a hand wheel is also 
embodied. The table has a self-centreing vice, 
so that the work is always held under the middle of 
the saw, and the gripping action is effected by the 
large hand wheel to the right. The smaller hand 


wheel provides a longitudinal motion for adjust- 
ment of the cut near the vice jaws, and for setting 
the saw in relation to the top of the vice. 





Lubrica- 


| top jaw of the vice. 


GRINDING MACHINE AT LIEGE EXHIBITION. 


CONSTRUCTED BY MESSRS. DISKUS WERKE MASCHINBAU 


A.-G., FRANKFORT. 

















Fie. 16. Horizontat Face-GrinpInec MAcHINE. 


tion is provided by a rotary oil pump, and the 
driving gear runs in an oil bath. The cutting fluid 
in contained in a tank in the base, and is circulated 
by an electrically-driven pump. The saw is made 
in five sizes, with a range of cutting capacities of 
from 7 in. by 3} in. to 24 in. by 9 in. on the square, 
and 5 in. by 2} in. to 17 in. by 64 in. at an angle 
of 45 deg. when the material is lying on its long side. 
The saw diameters are 14 in. and 38 in. in the 
smallest and largest sizes, respectively, and the power 
required in the two cases is 3 h.p. and 11 h.p. 

The horizontal saw shown in Fig. 19 is notable 
for its hydraulic vice, which reduces both the time 
and the effort needed in gripping the material to 
be cut. The lower jaw is of the V type, and the 
upper jaw flat and sliding upon a pair of square 
ways. It is first roughly adjusted by the hand- 
wheel on the top of the machine to suit the height 
of the particular bar being cut, and is then moved 
into the gripping position hydraulically. The 
hydraulic movement is sufficiently great to permit 
of bars being inserted or withdrawn without a fresh 
adjustment by hand. It is effected by raising or 
depressing a nut on the screw of the jaw. The head 
of the column contains a cylinder and piston, the 
latter actuating a wedge with two different tapers. 
Between the wedge and the nut of the screw is a 
toggle-lever system. Movement of the piston first 
brings the steep tapered part of the wedge into 
action, and the jaw moves down rapidly. The 
flatter part then comes into operation and causes 
the jaw to grip the bar tightly. The locking action 
is positive, and any failure of the oil pressure 
behind the piston will not release the grip. It is, 


| further, a mechanical lock, and the cutting pressure 


is therefore taken upon the rigid parts of the 
machine, and not upon the fluid behind the piston. 


| A gauge is provided for enabling the fluid pressure 


to be watched. This pressure is set up by the pump 


|mechanism seen in the foreground of the figure. 


The fluid used is either an incompressible oil or 
glycerine. The pump is contained in the square 
reservoir and is direct-driven by a small electric 
motor, the controls for which are seen near the 
Near this is the handle con- 
trolling the admission of oil to the gripping cylinder. 
This actuates a slide valve on the pump delivery, 
which is also provided with a safety valve. The 
only attention needed is that of examining the oil 
reservoir for quantity at four-weekly intervals. 
This machine is made in five sizes, and its general 
construction, apart from the hydraulic vice, is self- 
evident in the figure. 

Messrs. Etablissements P. Hure, S.A., 218, 
Rue Lafayette, Paris, exhibit the milling machine 
shown in Figs. 20 and 21, on the opposite page, in the 
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French Pavilion, as the firm has no Belgian agency. 
In this country, the machine is distributed by Messrs. 
Sidney G. Jones, Limited, 1 and 3, Brixton-road, 
London, 8.W.9. It is known as the universal mill- 
ing machine from the fact that the cutter spindle can 
be set to operate at any angle in any plane. It is 
on the method of effecting this that we propose to 
comment rather than the general construction of the 
machine, though the pattern exhibited embodies 
some improvements in other directions over the 
earlier types. As the figures show, the head of the 
machine is made in two parts, and may be rotated 
as a whole round a horizontal axis, or one part may be 
swivelled relatively to the other on an axis inclined 
at 45 deg. This gives a very wide range of spindle 
positions. In Fig. 20 the machine is shown arranged 
to operate as a horizontal miller, while in Fig. 21 
the outer half of the head has been rotated on the 
inclined face so that the spindle is vertical. Rotation 
of both parts of the head brings the spindle hori- 
zontal with its axis parallel to the slots of the table, 
a position in which a boring bar can be used. Again, 
by a suitable relative rotation of the two parts and 
the column, the spindle can be set at any desired 
angle to the longitudinal centre line of the table for 
cutting spiral or helical gears to either hand. The 
work, in this case, is mounted on a dividing head 
with its axis parallel to the length of the table. 
Motion is transmitted from the drive to the spindle 
through a train of bevel wheels, which, by means 
of an idler, maintain a constant relative position to 
one another in whatever position the heads may be 
placed. 

Messrs. T. Ketin and R. Thiriart, of Sclessin, are 
exhibiting steel works and foundry plant, including 
ladles, mould driers, sand mills, &c. Messrs. S. A. 
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Fic. 18. Vertican Saw witH ANGULAR ADJUSTMENT ; Fie. 20. UniversaL Mititinae Macuine; Mxssrs. 
Messrs. GEBR. HELLER. ETABLISSEMENTS P. Hurg, S.A. 




















de la Meuse, 
-Flémalle- 
Haute, exhibit 
some good work 
in the way of 
lap-welded and 
solid - drawn 
pipes and tubes, 
gas cylinders, 
and tanks. An- 
other stand in 
the main hall 
with a good 
display of pro- 
ducts is that 
of Messrs. 8. A. 
D’Ougrée - Ma- 
Fie. 19. Horionta Saw with Hypravuric Vick; Messrs. Gepr. HELLER. _rihaye, Ougrée. 
This consists of 

des Fonderies, J. Marichal, Ketin et Cie, Sclessin, | steelwork, sections, ingots, sheet piling, plates, and so 
Ougrée, have, amongst other things, a fine display | forth. This firm was responsible for the construction 
of turned rolls, and Messrs. S. A. Usines 4 Tubes|of the Palais de Métallurgie, the Palais de l’Elec- 











Fie. 21. Untversat Miviine-Macutne Heap; 
Messrs. ETaBLIssEMENTS P. Hours, S.A. 


tricité, and the Palais de France, in itself a good dis- 
play. A characteristic feature of the main hall is the 
large number of stands devoted to the display of 
domestic stoves, such as are widely used in Bel- 
gium. These, as they are not found in this country, 
call for no comment, but it may be remarked, in 
passing,that many of the examples are very elaborate 
and highly decorated, and the finish generally is 
very good, some of the fittings approximating more 
to engineering practice than to the more usual types 
found in ironmongery. Hammered and pressed 
brass and copper articles for domestic use are also 
in evidence, and here again the quality is good. 
The British firms represented in the two halls 
are, first, Messrs. Thos. Firth and Sons, Limited, 
Sheffield, whose Belgian agents, Messrs. Ernest 
J. Dartois, 17, Rue Fusch, Liége, have a large 
stand devoted to the display of both industrial 
and domestic products in stainless steel. The large 
faceted sphere of this material shown by Messrs. 
Firth at Olympia is installed in the centre of a 
fountain in the grounds, and is illuminated by flood 
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lights. The sphere is kept revolving and it may not | 
be without interest to note that the reflected rays | 
are visible to aircraft from a distance of 18 miles. 
Messrs. Babcock and Wilcox, Limited, London, | 
Messrs. E. Green and Son, Limited, Wakefield, and | 
Messrs. Newall’s Insulation Company, Limited, 
London, are also represented by stands in charge | 
of their Belgian agents. 

The use of that comparatively modern engineering 
material, aluminium, is abundantly illustrated in | 
the Exhibition. There is a separate pavilion occupied 
for the international displays of which we have 
already given a brief description,* but there is also 
a striking display in the main engineering hall 
of the stand of Messrs. Union des Usines D’Alu- 
minium, Liége, examples of distilling apparatus for 
chemical plant in which show a very high degree of 
technique and finish. One very unusual piece of 
work, however, merits more detailed comment. 
This is a hollow sphere about 6 ft. 6 in. in external | 
diameter in which, attached to a balloon, Professor 
Piccard of the University of Brussels intends to 
attempt to explore the atmosphere at a height | 
of some 10 miles above the earth’s surface. The | 
chamber is provided with two manholes and nine | 
glass-fitted port-holes, each provided with an 
internal meta] cover so that it may be hermetically 
sealed. The external pressure at 10 miles high 
is estimated to be 0-1 atmosphere. The balloon 
itself is being made at Augsburg, from which place 
the ascent will take place to lessen the chances of 
it drifting out to sea. The chamber has been 
made to the order of Le Fonds National de la 
Recherche Scientifique. Other stands show examples 
of aluminium foil applied as lagging to steam pipes. 


(To be continued.) 








THE LATE MR. J. P. GREGORY. 


Tuts week we have to record the death of another 
member of the staff of the British 'Thomson—Houston 
Company, namely, Mr. John Pugh Gregory, who for 
many years was manager of the Contract Department, 
though he received his early training as an engineer. 

Mr. Gregory was born in Carnarvonshire in 1876, 
and was educated at Oswestry. He subsequently 
attended a course in mechanical engineering at the 
Central Technical College, London, and served his 
apprenticeship with a marine engineering firm. At 
the age of 23, however, he turned his attention to 
electrical engineering, and joined the staff of Messrs. 
Ferranti, Limited. Subsequently, he obtained a posi- 
tion with the General Electric Company of America 
at their Schenectady works, but was soon after- 
wards transferred to London. In 1901, when the 
Rugby works of the British Thomson-Houston Com- 
pany were started, Mr.Gregory was appointed manager 
of the Power and Lighting Engineering Department. 
To begin with, this department was concerned with 
purely technical matters, but it was subsequently 
commercialised and became the Central Station 
Department, ultimately being named the Contract 
Department. In spite of these changes in nomencla- 
ture and scope, however, he retained control throughout, 
and was thus largely responsible for the equipment 
of many power stations in this country, of which one 
of the most recent was the Longford power house of 
the Coventry Corporation. 

Mr. Gregory was a member of the Institution of 
Electrical Engineers and an associate member of the 
American Institute of Electrical Engineers. He also 
took a leading part in the formation of the British 
Electrical and Allied Manufacturers’ Association, 
and served on many of its committees. 


BOILER EXPLOSIONS IN 1929. 


THE annual Report of the Board of Trade upon the 
Working of the Boiler Explosicns Acts, 1882 and 1890, 
for 1929, gives a tabulated statement of the 8S inquiries 
held during the year. Altogether, the accidents 
resulted in the loss of nine lives and injuries to 57 
persons, the average number of lives lost during the 
preceding 47 years being 22. The total number of 
accidents is somewhat higher than for some years past, 
but this appears to be largely accounted for by the 
severe frost early in the year leading to explosions of 
heating apparatus in factories and institutions. The 
plants which failed, and to which the report refers, 
can be roughly divided into five fairly equal groups : | 
(1) land and marine boilers and economisers ; (2) | 
steam and feed pipes and stop valves ; (3) factory and | 
Jaundry appliances, such as drying cylinders and ' 








* See ENGINEERING, vol, cxxix, page 829 (1930). 


| Mines Department. 
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calenders; (4) steam-heated bakers’ ovens, and 
(5) heating apparatus for buildings. The causes of 
the failures include corrosion and wastage, excessive 
pressure, overheating, shortage of water, water hammer, 
unsuitable material, and undiscovered flaws. About 
half the plants which failed were neither insured nor 
inspected by any company or association. Con- 
sidering the very large number of boilers in use afloat 


‘and ashore, the extensive use of steam in industries, 
| and that inquiries are held even on such matters as the 


failure of a wooden barrel used as a sump in a vulcanising 
plant and the bursting of a cooker for poultry, the 
total number of accidents does not appear to be large. 
In all steam plant, however, there is need for constant 
vigilance, and this is emphasised by the fact that some 
of the worst explosions took place in works where 
it might have been thought. the supervision was of 


/such a character as to preclude the likelihood of an 


accident. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Waterworks Machinery.—The supply of machinery 
and various materials required in connection with the 
Santa Rosa waterworks. The National Sanitation Works 
Department, Buenos Aires; September 20. (Ref. No. 
A.X. 10,076.) 

Road Tractor.—A firm in Sarajevo, Yugoslavia, is 
desirous of receiving, from British manufacturers, 
quotations for the supply of a small naphtha tractor, 
fitted with solid rubber tyres, for hauling trailers. (Ref. 
No. A.X. 10,084.) 

Motor Fire Engines.-The supply of motor fire- 
engines. The Egyptian Minister of the Interior, Cairo ; 
September 20. (Ref. No. A.X. 10,085.) 

Sewage-Pumping Plant.—The supply of two horizontal- 
type centrifugal sewage pumps, coupled to two alternat- 
ing-current slip-ring motors, &c. The Timaru Borough 
Council, New Zealand ; September 22. (Ref. No. A.X. 
10,097.) 

Motors for Launches.—The supply of two naphtha 
motors, each of from 5 h.p. to 6 h.p., required for instal- 
lation in launches. <A leading firm of engineers in Sara- 
jevo, Yugoslavia. (Ref. No. A.X. 10,103.) 








BOOKS RECEIVED. 


‘nited States Geological Survey. Bulletin No. 813—B. 
The Chakachamna-Stony Region, Alaska, By S. R. 
Capps. [Price 10 cents.] Water-Supply Paper No. 618. 
The Green River and its Utilization. By R. R. Wootey. 


~ 


[Price 1 dol. 25 cents.) No. 621. Surface Water 
Supply of the United States, 1926. Part I. North 


Atlantic Slope Drainage Basins. [Price 30 cents.] 
Washington : Government Printing Office. 


Die Neuzeitliche Dampfturbine. By Dr.-Inc. E. A. 
Krart. Second edition. Berlin: V.D.I. Verlag 
G.m.b.H. [Price 20 marks. ] 

Rubber Information. Edited by H. B. CronsHaw. 


London: Leonard Hill, Limited. [Price 10s. net. ] 


Department of Scientific and Industrial Research. Forest 
Products Research. Bulletin No. 6. The Timber of 
Corsican Pine (Pinus Laricio Poiret). London: His 


Majesty’s Stationery Office. [Price 2s. 6d. net.] 


Men’s Lives. By Rospert C. Ropgers. Birmingham : 
E. C. Osborne, Limited. [Price ls. 6d.] 
British Railways and Unemployment. By E. R. B. 


London: Industrial Transport Publica- 
[Price l1s.] 

Eighth Annual Report of the Safety 
in Mines Research Board. Including a Report of 
Matters dealt with by the Health Advisory Committee, 


ROBERTS. 
tions, Limited. 


1929. London: His Majesty’s Stationery Office. 
| Price ls. net. ] 

University of Michigan. Engineering Research. Bulletin 
No. 14. The Volatility of Motor Fuels. By GrorGe 
GRANGER Brown. Ann Arbor, Mich. : University of 
Michigan. [Price 1 dol.] 


Department of Overseas Trade. Economic Conditions in 
Persia, March, 1930. Report. By E. R. LInGeMAN. 
London: His Majesty’s Stationery Office. [Price 
ls. 6d. net. ] 

United States Bureau of Labor Statistics. Bulletin 
No. 510. Labor Legislation of Argentina. Washing- 
ton: Government Printing Office. [Price 20 cents. ] 

Department of Overseas Trade. Economic Conditions in 
Yugoslavia. Report. By H. N. Sturrock. London: 
His Majesty's Stationery Office. [Price ls. net.] 

Department of Scientific and Industrial Research. Building 
Research. Technical Paper No. 9. The Estimation of 
Free Calcium Hydroxide in Set Cements. A Colori- 
metric Method. By G. E. Brssry. London: His 
Majesty’s Stationery Office. [Price 6d. net.] 

Experimentelle Untersuchungen an schnellaufenden Klein- 
motoren. By Dr.-Ing. ALBERT GEISSLER. Munich: 
R. Oldenbourg. [Price 5 marks. ] 

Cost Finding for Engineers. By CHARLES REITELL and 
CLARENCE Van Sickie. London: McGraw-Hill 
Publishing Company, Limited. [Price 25s. net. ] 

Plant Location. By W. Geratp Hotmes. London: 
McGraw-Hill Publishing Company, Limited. [Price 
15s. net. ] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrippLessrovucH, Wednesday. 

The Cleveland Iron Trade.—There is very little activity 
this week, as is usual during the annual race holidays, 
but the outlook as regards the near future is somewhat 
less gloomy than of late. The temporary damping down 
of several blast furnaces is an unprecedented action of 
ironmasters, the furnaces having hitherto worked through 
the holidays. The restricted output of Cleveland pig is 
expected to be fully absorbed by autumn needs, and 
hope is entertained that stocks—which are not incon- 
veniently large—will shortly be drawn upon to some 
extent. There is little prospect of much expansion of 
export demand, but indication of improvement in home 
requirements is not altogether absent. Second hands 
have still little opportunity of putting through business 
owing to conditions of contracts with ironmasters 
prohibiting extensive merchants’ sales to principal home 
consumers and the difficulties of arranging sales with 
firms abroad. The cut of 4s. per ton in prices made by 
makers has not brought in much new business, but 
has resulted in the renewal of one or two expiring con- 
tracts. Ironmasters’ fixed minimum figures now stand : 
No. 1 Cleveland, 66s.; No. 3 g.m.b., 63s. 6d.; No. 4 
foundry, 62s. 6d.; and No. 4 forge, 62s. 


Hematite.—East Coast hematite producers adhere to 
recent quotations, which are now more in normal pro- 
portion to values of Cleveland pig than they have been 
foralong time. Second hands are still anxious to unload 
their rather considerable holdings, and are prepared 
to shade 71s. for ordinary qualities, but makers are not 
disposed to name below that figure, and ask a premium 
of 6d. on No. Liron. Continental competition in markets 
abroad continues keen, but a few small sales for overseas 
are understood to have been made. 


Foreign Ore.—Sellers of foreign ore are unable to do 
business of moment. Consumers have large quantities 
on hand, and long contracts against which to draw, 
with the result that they are not at all inclined to 
negotiate for further supplies. A drop of ls. reduces 
the quotation for best rubio to 19s. c.i.f. Tees. 


Blast-furnace Coke.—Prompt parcels of Durham blast- 
furnace coke, of good average quality, are still obtain- 
able at 16s. 6d., delivered to works in this area, but 
sellers hold out for more for forward supply. 


Manufactured Iron and Steel.—Works are closed 
down this week. Prospects of early material improve- 
ment in trade is far from bright, but several firms have 
a good deal of work to execute, and the outlook is re- 
garded as rather less discouraging than of late. Among 
the principal market quotations are :—Common iron 
bars, 10/7. 15s.; best bars, 117. 5s.; double best bars, 
111. 15s. ; treble best bars, 121. 5s. ; iron rivets, 112. 10s. : 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 67. 15s. ; steel billets (medium), 7/7. 12s. 6d. ; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 110. 5s. ; 
steel ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d. ; steel 
joists, 8/. 10s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 
91. 12s. 6d.; and galvanised corrugated sheets (No. 24 
gauge), 11/. 17s. 6d. 

Scrap.—Scrap is difficult to dispose of. Borings are 
quoted 35s.; turnings, 40s.; heavy ordinary cast-iron, 
56s. 6d.; heavy machinery metal, 57s. 6d.; and heavy 
steel scrap, 47s. 6d. 








PrerRsoNAL.—-Messrs. W. E. Burnand and Company, 
Duo Works, 66-106, Shoreham-street, Sheffield, have 
taken over the Phoenix electro lifting magnet business 
from, and until recently carried on by, Messrs. Steel, 
Peech and Tozer, Limited, Ickles, near Sheffield. 


Tue Late Mr. W. B. PHELP.—We regret to record 
the death of Mr. W. B. Phelp, which occurred at 
Pontresina on Sunday, August 10, as the result of a 
motor-car accident. Mr. Phelp, who was 57 years 
of age, joined the General Electric Company as a boy, 
and after serving at both the head and branch offices 
in the United Kingdom, was selected in 1903 to 
inaugurate the Cape Town branch of the firm, when 
South Africa was re-opened to commerce after the 
Boer War. As a result of his activities a considerable 
business was built up in that country, with headquarters 
at Johannesburg, and branches at other important 
centres, 


INTERNATIONAL RoAp ConGREss.—The sixth congress 
of the Permanent International Association of Road 
Congresses is to be held at Washington, D.C., U.S.A., 
from October 6 to 11. It is anticipated that more than 
60 countries will send official delegations to the function. 
The Congress, this year, will discuss not only the different 
types of road-making materials, such as Portland cement 
concrete, bituminous concrete, and other types, but will 
also go exhaustively into the subject of the financing, 
construction and maintenance of highways. In addition, 
the question of traffic movement will be discussed. 
Some 76 different papers have been submitted by various 
delegates, and these have been published in the four 
languages of the Congress—namely, English, French, 
Spanish, and German. Upwards of forty delegates will 
represent Great Britain and her overseas Dominions at 
the congress. The delegates include Colonel C. H. 
Bressey, Sir H. P. Maybury, Sir H. 8. Turnbull, Dr. P. E. 
Spielman, and Messrs. J. H. Walker, E. 8. Shrapnell- 
Smith, J, P. Wakeford, and J. 8. Killick, 
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SHEFFIELD, Wednesday. 

Iron and Steel.—Hopes of an early improvement in the 
steel and engineering trades have so far failed to material- 
ise, and the general position tends to become worse rather 
than better. Depression in the steel-producing sections 
is acute, and the shortage of orders has resulted in the 
damping down of more furnaces. The latest statistics 
relating to local steel production provide confirmation of 
the steady decline in business. In June, this area turned 
out 65,200 tons, compared with 85,400 tons in May, 
and 86,200 tons in June last year. The figures for 
Lincolnshire are rather better. There, June’s output 
was 61,500 tons, against 57,400 tons in May, and 63,200 
tons in June a year ago. In addition, Lincolnshire 
was responsible for 68,400 tons of pig-iron. In the raw 
and semi-finished steel trade, the holiday influence is still 
in evidence. Order books are so scantily filled that 
one big local concern has only one-third of its furnaces 
operating, while many others are in a similar position. 
The outlook is gloomy. Makers of high-grade steels 
are doing well, in comparison with other departments. 
Special steels, including stainless and rustless materials, 
are in good demand in face of keen competition from 
Germany and Czechoslovakia. Shipyards are taking 
larger supplies of forgings and castings from this area, 
but railway departments are working at greatly reduced 
capacity. Tenders have been invited from three import- 
ant Indian Railways and the India Store Department for 
the supply of axles, copper fire-box plates, springs, 
tyres, drawbars, 
angles, flats, squares, rounds, and steam pipes. Makers 
of all kinds of electrical goods, following a temporary 
relapse, have entered upon another phase of sustained 
activity. Export requirements reach a_ substantial 
level. Electrical schemes in this country also provide 
valuable contracts. The lighter trades are in a healthier 
position. There is an improved call for all kinds of 
engineers’ tools, while twist drills, made of both high- 
speed and carbon steels, are in brisk demand. Other 
progressive lines include roadmaking and quarrying tools, 
hacksaw blades, steel parts for constructional purposes, 
agricultural implements, and household ironmongery. 
Weakness still predominates in sections producing saws, 
both hand and circular, files, plantation tools, and min- 
ing tools. 


South Yorkshire Coal Trade.—The outlook is slightly 
more promising as a result of the increased purchases 
of most classes of fuel. Country users are beginning to 
take in winter stocks, while the tonnage going to the 
Metropolis is on the increase. The continued depression 
in the iron and steel trades reflects adversely on 
industrial coal. Business on export account does not 
reach a very high level, while prices are largely un- 
remunerative. Business in house coal is improving, and 
stocks at collieries and depots are gradually being 
disposed of. Business in foundry and furnace coke is 
moderate, both for home consumption and shipment, 
but prices are steady at 17s. to 18s. 6d. Gas coke is not 
so strongly placed, and is realising from 21s. to 25s. 
Quotations: Best branch hand-picked, 24s. to 25s. 6d. ; 
Derbyshire best brights, 19s. to 21s.; Derbyshire best 
house, 18s. to 19s. 6d.; screened house coal, 16s. to 
17s. ; screened house nuts, 14s. to 16s. ; Yorkshire hards, 
14s. to 15s. 6d.; Derbyshire hards, 14s. to 15s. 6d. ; 
Rough slacks, 8s. 6d. to 9s.; Nutty slacks, 7s. to 8s.; 
smalls, 3s. to 5s. 








Contract.—Eleven vessels now being built for 
Messrs. Anglo-Saxon Petroleum Company, Limited, 
London, will be equipped, by Messrs. Marconi Inter- 
national Marine Communication Company, Limited, 
Marconi House, Strand, London, W.C.2, with the most 
modern valve transmitting and receiving apparatus. 
The transmitters, known as type M.C. 13, have a power 
of 13 kw. and operate on interrupted continuous waves 
over the waveband 600 m. to 800 m., which has been 
allocated to mobile stations by the Washington Con- 
vention. The receiver is a two-valve instrument, with the 
wide wave-length range of from 15 m. to 20,000 m. 





EXAMINATION FOR NAUTICAL SURVEYORS.—A com- 
petitive examination for one or more appointments 
as nautical surveyor under the Board of Trade will 
be held in London on November 4 next. The limits 
of age are from 25 to 45 years, and the salary is from 
3007. to 500/., plus bonus, which, at present, is 123i. 
on a salary of 3007. Candidates must possess a foreign- 
going master’s or extra master’s certificate of competency, 
and must have been in command of a foreign-going 
merchant steamship. Applications must be made not 
later than September 12 on the special forms obtainable 
from the Senior Staff Officer, Establishment Department 
(Mercantile Marine Branch); Board of Trade, Great 
George-street, London, S.W.1. 





THE RosertT Biair FELLOwsuHIPs.—The most valuable 
scholarship awards at the disposal of the London County 
Council are the Robert Blair Fellowships, which carry a 
grant of 4507. The Education Officer, The County Hall, 
London, S.E.1, has informed us that two of the Fellow- 
ships have recently been awarded, one to Mr. C. H. 
Bowden and the other to Mr. P. Carpenter. Mr. Bowden 
proposes to study chemical engineering at the Massa- 
chusetts Institute of Technology, U.S.A., and Mr. 
Carpenter intends to visit mines in the United States 
to study the principles and practice of ore-flotation 
processes with a view to their possible application on 
the large copper-ore field now being opened up in 
Northern Rhodesia, 
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NOTES FROM THE NORTH. 


GuLaseow, Wednesday. 

Scottish Steel Trade.—There has not been very much 
change in the Scottish steel trade during the week, 
and a dull state is general. Specifications are not very 
plentiful, and are only sufficient to keep the works 
moving, while inquiries, although a shade better, are 
failing to come up to expectations. Not only is the 
home demand of small proportions, but export lines are 
few in number, and of very moderate tonnage. In the 
black-sheet trade, quite a good business is going through 
for the lighter gauges, but the heavier sheets are in 
poor request, and galvanised sorts are little better. 
Prices continue steady, and are as follow :—Boiler plates, 
10/7. 10s. per ton ; ship plates, 8/. 15s, per ton ; sections, 
81. 7s. 6d. per ton ; black steel sheets, }-in., 9/. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 
12/. 15s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland are still very unsatis- 
factory, and there is a dearth of specifications. Local 
consumers are so quiet that there is little new work on 
offer. The re-rollers of steel bars are very slack, and 
are missing business through the severity of Conti- 
nental competition. Prices are unchanged, and are 
as follow :—Crown bars, 10/. 5s. per ton for home 
delivery and 9/. 15s. per ton for export; and re-rolled 
steel bars, 71. 12s. 6d. per ton for home delivery and 
export. 

Scottish Pig-Iron Trade.—The pig-iron trade of 
Scotland is very dull, and the demand has fallen away 
considerably of late. The output has been reduced by 
the damping down of another four blast-furnaces, which 
now leaves only 12 in operation. The export trade is 
poor. The following are the current market quotations : 
Hematite, 79s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 16, was only some 321 tons. 
Of the total, 300 tons went overseas and 21 tons coast- 
wise. During the corresponding week of last year the 
figures were 338 tons overseas and 35 tons coastwise, 
making a total shipment of 373 tons. 

Shipbuilding.—Orders for new vessels have been so 
scarce lately that it is interesting to learn that Messrs. 
Lithgows, Limited, Port Glasgow, have secured an order 
to build a passenger and fruit-carrying steamer for the 
Jamaica Direct Fruit Line, Limited. This vessel will 
be of 6,000 tons gross, and will be driven by quadruple- 
expansion engines, designed to give a speed of 16 knots. 








D1ICHLORODIFLUOROMETHANE IN MINE _ FIRES.— 
Research is being conducted at the Pittsburgh Experi- 
ment Station of the United States Bureau of Mines, 
with the object of discovering means whereby methane, 
the chief combustible gas liberated in mines, may 
rendered less inflammable. It has been found that added 
substances are of value, if such additions narrow the limits 
of inflammability, raise the ignition temperature, lower 
the speed of propagation of flame, or reduce the maxi- 
mum pressure developed. One of these substances, 
dichlorodifluoromethane, which is less toxic than carbon 
dioxide, is a gas at ordinary room temperatures and 
pressures. Tests have been made with this substance 
to determine the amounts which must be added to ex- 
tinguish methane flames, and a comparison made with 
other substances when mixed with methane. The 
extinctive effect of dichlorodifluoromethane is almost 
identical with that of carbon tetrachloride on a volu- 
metric basis, and is superior to that of such gases as 
carbon dioxide, helium, nitrogen and argon. 


Tue Tron AND Steet InstituTe.—As_ previously 
announced on several occasions in our columns, the 
autumn meeting of the Iron and Steel Institute will be 
held in Prague from September 15 to 20. The business 
sessions will take place at the House of the Society of 
Czechoslovakian Engineers on the mornings of Sep- 
tember 15 and 16. The subsequent arrangements 
include visits and excursions to the principal iron and 
steel manufacturing and engineering establishments in 
Czechoslovakia, including the works at Pilsen, Trinec, 
Moravska Ostrava, and Vitkovice. The papers to be 
presented at the meeting comprise: ‘“‘ High-Frequency 
Steel Furnaces,”’ by Mr. D. F. Campbell ; ‘‘ Permanence 
of Dimensions under Stress at Elevated Temperatures,” 
by Dr. W. H. Hatfield ; “‘ The Heterogeneity of an Ingot 
made by the Harmet Process,” by Dr. A. Kriz; “A 
Contribution on the Constitution of the Fe-C-Si System,” 
by Dr. A. K¥#{z and Mr. F. Poboril ; ‘“‘ A Contribution on 
the Problem of the Analysis of Basic Slags and the 
Representation of their Composition in a Triangular 
Diagram,” by Mr. O. Quadrat; ‘‘ The Magnetimetric 
Determination of the Curie Points,’’ by Mr. A. Regner ; 
‘*What Reasons Compelled the Prague Ironworks to 
Introduce Thin-Walled Blast-Furnaces,”’ by Mr. J. 
Sdérek ; ‘‘The Effect of Contamination by Nitrogen on 
the Structure of Electric Welds,’’ by Mr. L. W. Schuster ; 
‘The Quantitative Analysis of Steels by Spectrum 
Analysis,’ by Messrs. F. Twyman and A. A. Fitch; 
‘*The Mechanism of the Solution of Cementite in Carbon 
Steel and the Influence of Heterogeneity,” by Mr. E. 
Walldow ; and ‘‘ Open-Hearth Furnace Steelworks: A 
Comparison of British and Continental Installations and 
Practice,” by Mr. H. C. Wood. Additional meetings 
have been arranged to take place, after the autumn 
meeting, at Middlesbrough, Sheffield, Scunthorpe, 
Swansea, and Glasgow. The offices of the Institute are 
at 28, Victoria-street, London, 8.W.1,. 





NOTICE OF MEETING. 





NortH or ENGLAND INstTITUTE oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 23, 2.30 
p.m. Lecture Theatre of the Institute, Neville Hall, 
Newcastle-upon-Tyne. Annual General Meeting, 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Depressed and uncertain conditions 
continue to prevail in the Welsh coal trade. New in- 
quiries for early landing remain few, and, as a result, 
collieries are compelled to rely, to a very large extent, 
on contract commitments. As these usually are in- 
sufficient to absorb production, stocks continue to 
accumulate, and, in many cases, pits are compelled to 
remain idle because of a lack of empty wagons. Buyers 
not tied to named coals can, in the circumstances, secure 
their requirements at schedule prices based on 20s. 
for best Admiralty large and 13s. 6d. for best bun- 
ker smalls. Sized products, however, are scarce in 
places, because of the reduced make due to the lessened 
output of large. Though the demand remains only 
moderate, dry nuts rule up to 21s. 6d. or 3s. 6d, over 
schedule, with bituminous nuts up to 18s. Contract 
business is, to a large extent, held up pending the com- 
pletion of the reorganisation made necessary by the 
new Mines Act and the arrangement of a new wages 
agreement. Until this agreement is completed, it is 
impossible for colliery owners to estimate with certainty 
the cost of production, while the matter of output 
quotas will also have a considerable influence on output 
costs. Another vital factor is the question of the effect 
of the new conditions on demand. A rise in export 
prices is certain to curtail the foreign requirements of 
Welsh coal, but how this rise will be avoided in 
the face of reduced working hours at the pits, and 
restricted outputs, remains to be seen. As 70 per cent. 
of the Welsh coal trade is export, it is difficult to see 
how increased production costs can be met by home 
consumers, except by a substantial advance in prices. 
Already Welsh iron and steel and tinplate makers find 
it impossible to compete with foreign prices, so it is certain 
that they cannot afford to pay higher figures for their 
coal supplies. Difficult times are certainly ahead. 


Coloured Seamen.—The joint scheme of the Shipping 
Federation and the National Union of Seamen for the 
registration of Arab and Somali seamen, which was 
brought into operation early in August, met with the 
disapproval of the men, who considered that West 
Indians and West Africans should also be compelled 
to register for employment. A deputation of the men 
placed their grievances before Mr. J. A. Wilson, the 
Chief Constable, and, yesterday, a joint meeting of the 
representatives of the Shipping Federation and Seamen’s 
Union, together with the Chief Constable, went into the 
matter, and decided that Arab, Somali, West African 
and West Indian seamen must register for employment, 
and that all those seamen ashore before December 31 
last should be registered first. Under the scheme, the 
men are presented for employment in their order of 
registration. The new scheme operates immediately. 








Om ENGINES IN THE FEDERATED MALAy STATEs.- 
A report on the market for oil engines in the Federated 
Malay States has been prepared by the Department of 
Overseas Trade. Interested United Kingdom engi- 
neering firms may obtain a copy of the report on applica- 
tion to the Department, at 35, Old Queen-street, London, 
S.W.1, quoting Reference No. A.X. 9939. 





THE DEVELOPMENT OF THE WHITE Mvp FALLS, 
Manrrosa.—Officials of the Manitoba Government at 
Winnipeg are stated to have been advised that the 
English syndicate which possesses an option on the 
development of the White Mud Falls, on the Nelson River, 
is prepared to proceed with the project as soon as satisfac- 
tory outlets for power have been secured. The syndicate 
has laneioanaant the British Dominion Power Corporation 
(Canada), Limited, for the purpose. The water-power 
site in question is situated on the Nelson River, in 
Northern Manitoba, 400 miles north of Winnipeg, but 
less than 100 miles north-east of The Pas, Man., the 
southern terminal of the Hudson Bay Railway. The 
White Mud Falls are regarded as the best of the potential 
hydro-electric power sites in northern Manitoba, although 
along the Nelson River there is a large number of sites 
with a total possible development exceeding that of the 
Niagara River. The maximum development likely at 
the White Mud Falls is 300,000 h.p., at a cost of about 
20,000,000 dols. The initial development would, how- 
ever, probably not be more than 50,000 h.p. It is 
stated that the main falls can meet demands up to 
180,400 h.p. at minimum flow, with a six months’ 
maximum of 290,800 h.p. Under the agreement with 
the British syndicate, the Manitoba Government would 
receive a large block of power at cost for provincial 
‘‘hydro”’ purposes. The new source of electrical energy 
should lead to a rapid increase in mining development 
in the Oxford Lake, Cross Lake, Herb Lake, Cold Lake, 
File Lake and other districts in northern Manitoba, 
access to which has been facilitated by the completion 
of the Hudson Bay Railway and connections therewith. 
Several small ore-bodies lie in the north-eastern mineral 
belt of Manitoba, but they have remained idle on account 
of the expense of operations without electricity. The 
option held by the syndicate has been extended for one 
year from May, 1930, pending further negotiations with 
tmining and other interests, 
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BritisH STANDARD SPECIFICATION FOR CABLE 


SotpERING Sockets.—The British Engineering Stan- 
dards Association has recently issued a revision of 
Specification No. 91 for electric cable soldering sockets, 
for cables from 0-003 to 1-0 sq. in. sectional area. 
As compared with the previous edition of the specifica- 
tion, the design and dimensions of cast and tubular 
sockets have not been altered, but an important modifica- 
tion has been made in that hot-pressed sockets are now 





recognised as standard, whereas, formerly, cast and 
tubular sockets were the only types recognised. The 
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material for the manufacture of hot-pressed sockets is 


specified, as are also the dimensions. 


A useful feature of 


the revised specification is the insertion of tables giving 


the approximate current (at the I.E.E. 


rating) of the 


largest conductor for which the different sizes of socket is 


suitable. 


Specification, giving the International 


resistance for copper. 


A new appendix has been added to the 
Standards of 


Copies of the specification, which 
is ey Ee No. 91-1930, may be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 
London, 8.W.1, price 2s. 2d. post free. 


















Mercantile Marine Department of the Board of Trade 
has recently issued a Notice (No. 106) for the information 
of shipbuilders, shipowners, masters and engineers, re- 
garding fires in steamship bunker and cargo coal. It 
contains the main suggestions as to the precautions desir- 
|! able to prevent such fires, which suggestions are embodied 
}in Special Report No. 5, entitled, ‘‘ Fires in Steamship 
Bunker and Cargo Coal.” This Report contains the con- 
clusions reached after an examination, conducted by the 
Department of Scientific and Industrial Research in con- 
junction with the Board of Trade, of the data collected 
during three years and dealing with 336 fires occurring 
on 272 ships. The Report, which was summarised in 
our issue of April 4, last, page 463, indicates that the 
large majority of outbreaks of fire are due, at least in 
part, to avoidable causes, and it is recommended that 
careful study be made of it and of the leaflet, Notice 
No. 106, both being obtainable from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2. The 
price of the report is 2s, net. 
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| which led to the acceptance of his laws of motion, 
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| 200 h.p. for a year. 


energy is, Professor Eddington stated, so securely 
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SUB-ATOMIC ENERGY. 


Tue astronomer owes much to the engineer, who 
has provided him not only with instruments of 
enormous size and marvellous precision, but also 
with the means of manipulating even the most 
massive of them with ease and accuracy. On the 
other hand, it was Newton’s astronomical researches 


mechanics, certainly hold good for every dynamic 
system with which the engineer has as yet had to 
concern himself, whether it be a wireless valve or a 
20,000-h.p. reciprocator. The formulation of these 
laws made it possible to sum up in a few simple 
rules a vast variety of experience, and often to 
predict, prior to construction, the behaviour of 
novel machinery and apparatus. 

It was, possibly, similar considerations to the fore- 


ask Professor A. 8. Eddington for a contribution to 
the proceedings at the recent Berlin meeting. It is 
certainly of interest to learn that astronomy fur- 
nishes very definite proof that the stars succeed in 
tapping supplies of sub-atomic energy, of which, 
Professor Eddington informed his audience, there 


Rutherford has, we believe, 
succeeded, on very rare occasions, in tapping some 
of these sub-atomic sources, since at times the 
hydrogen nucleus shot out from certain elements, 
when bombarded with «-particles, had an energy 
much in excess of that of the projectile. Never- 
theless, for all practical purposes this sub-atomic 


locked away that, so far as the needs of the 
engineer are concerned, it might just as well be 
exiled to the remotest star. 

It is true, of course, that equally confident but, 
as the event proved, erroneous assertions as to the 
limits of our powers were made in the nineteenth 
century. It was stated, for example, that it would 
for ever be impossible to ascertain the composition 
of the stars, yet within a few years of this apparently 
well-warranted prediction the spectroscope showed 
that most of the chemical elements could be detected 
in stellar atmospheres, together with some, such 
as helium, which were previously unknown in our 
laboratories. Since then we have acquired. the 
further fact, that matter exists in some stars, known 
as the white dwarfs, with a density of no less than 
50,000 grammes per cubic centimetre, a condition 
undreamt of by the nineteenth-century prophet, to 
whom the atom, as known on earth, was regarded as 
the ultimate and essentially unalterable unit of which 
the universe was built up. Moreover, the calcula- 
tions of Sir J. H. Jeans indicate the existence in 
the stars of elements of atomic weights higher than 
the heaviest now known. Indeed, uranium must 
either be the descendant of some heavier radio- 
active element or be built up in stellar interiors by 
photo-synthesis. Thus, had the sun consisted at 
birth wholly of uranium it would, it is calculated, 
contain to-day less than 2 kg. of this metal, the 
rest having dissolved away in radioactivity. It 
must therefore be continually generated afresh in 
the sun, and the most probable hypothesis would 
seem to be that it is the descendant of one of the 
heavier elements with an atomic number of about 
95, the existence of which is indicated by Jeans’s 
study of the opacity of the stellar interiors. 

These remarkable discoveries show that philo- 
sophers in the past took an unduly pessimistic 
view of the powers of the mind, and it is, perhaps, 
not impossible that in the 2,000 million years of 
futurity promised mankind by our physicists, 
methods will be devised for including at least some 
types of sub-atomic energy amongst the great 
powers of nature, the direction and control of which 
has been claimed as predominantly the function of 
the engineer. 

The prospects, it must be confessed, are far 
from hopeful. Indeed the very existence of these 
supplies of sub-atomic energy is in apparent contra- 
diction with the distinction which the engineer has 
long been accustomed to draw between matter and 
energy. A past generation of physicists taught us 
that the three fundamental units to which all others 
could be reduced were mass, length and time, and 
that energy had the dimensions represented by 
ML? 
T? 
conception of mass, as we know and measure it, is 
defective and conceals certain suppressed dimen- 
sions, the fundamental unit being indistinguishable 
from energy. The result is that the annihilation of 
one of our traditional units of mass would liberate 
energy of the amount mc? where c denotes the 
velocity of light. 

From Professor Eddingion’s address it would 
seem that, whilst astronomers are at, one as to the 
sub-atomic source of stellar energy, they are not as 
yet in entire agreement as to the conditions in which 
it is liberated and as to the amount actually available. 
If the fundamental operation is the direct dissolu- 
tion of matter into radiation, then the past life of 
the universe must be reckoned in millions of millions 
of years. If, on the other hand, the stars derive 
their energy from the so-called packing effect— 
by which, for example, the four hydrogen nuclei 
present in the helium atom have a relative weight 
of but 4 instead of 4-03—then the above time- 
scale must be divided by 100. 

In favour of this lower time limit, Professor 
Eddington noted in his lecture that the great spiral 
nebule are apparently all receding from us at 
enormous . velocities, which, for the most distant, 
are of the order of 1,500 km. per second. These 
speeds are such that, if true, the systems in question 
cannot have started away from us more than 
some 10,000 million years ago. There is, however, 
as. the lecturer has pointed out elsewhere, good 
reason for believing that the speeds in question are 
fictitious. 


* but we are now assured that our traditional 








“Why,” he asks,* “should they shun us as the 


plague,” and he suggests that the displacement of | 
| national agreement in this matter, but, in the very 


the spectral lines towards the red, which forms the 
basis from which these speeds are calculated, is | 


really due to a slowing down of the vibrations, 'may be, would seem impossible of attainment. 


which, according to modern views, must occur if | 
the light from these objects has travelled round an 
appreciable fraction of the complete circuit of the 
universe. The time required for this complete | 
circuit has been estimated at something of the order | 
of 100 million years, and it has even been suggested | 
that, by a not inconceivable increase in the magni- | 
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the authors. It would ‘nina be a very great 
convenience, were it practicable, to come to an inter- 


nature of things, this end, highly desirable as it 
It 
is true that not a little valuable work in this direc- 
|tion has been accomplished by the International 


| Electrotechnical Commission, and our own Physical 


Society has attempted to standardise the symbols 
used in British scientific memoirs. Owing, however, 
to the limited number of characters comprised in the 
alphabets available, it has been impossible to avoid 


tude of our telescopes, our descendants may be able |-using the same letter with two or more entirely 


to view the heavens by light which has completed | 


the circuit. 

Most astronomers, indeed, seem to be agreed that 
the weight of evidence is in favour of the longer life 
limit which the direct annihilation of matter renders 
possible, and which seems to be required by the 


fascinating researches of Jeans on the distribution | 


of the stellar velocities and directions, and on the | 
| cases of equally unavoidable < could be 


eccentricities of the orbits of the more widely 
separated double-stars. Maxwell, in a 
paper, calculated the time it would take for the 
molecules of a mass of gas, originally all moving in 
an arbitrarily chosen way, to settle down, through 
their mutual collisions, into the normal distribution 
of velocities. Similarly, if the universe had 
existed through all eternity, the mutual gravi- 
tation of the stars would have had an effect 
similar to the collisions of the molecules of a gas, 
and the velocities, directions of motion, and the 
eccentricities of the orbits of binaries would all 
have absolutely random values distributed in accord- 
ance with the laws of probability. Observation 
shows that this state of affairs has not yet been 
attained, and, from the observed distributions, Sir 
J. H. Jeans has been able to form an estimate of 
the actual age of the galaxy as being some 5 to 10 
millions of millions of years. Even with this longer 
limit, Dr. Harold Jeffries considers the chance of 
the formation of a solar system so minute as to 
justify in this connection a quotation from Sherlock 
Holmes, viz., “It is an old maxim of mine that 
when you have excluded the impossible, whatever 
remains, however improbable, must be the truth.” 
With a time scale of one hundredth of this amount, 
which Professor Eddington suggested might suffice 
for the sun, the existence of the planets would be an 
even greater marvel than Dr. Jeffries takes it to be. 

Another matter in regard to Which there still 
seems to be a lack of agreement, is the conditions 
in which the sub-atomic energy is liberated. At 
one time it was suggested that, at temperatures of 
some 30 millions of degrees C., matter spontaneously 
dissolved into radiation, and temperatures of this 
order are attained at the centres of the stars. There 
are, however, as Professor Eddington pointed out, 
difficulties in accepting this view. In fact, the 
interior is so opaque that the radiation liberated at 
the centre by the annihilation of matter could never 
reach the surface without an enormous increase in its 
wave-length, and if any of the extremely penetrating 
radiation discovered in our upper atmosphere by 
Kolhérster and Millikan comes from the stars, it 
must, it appears, have originated in a layer so near 
the surface that its temperature could not be more 
than some 50,000 deg. C. If, on the other hand, it 


comes from the nebule, then the temperature of | 


origin must be still lower. Indeed. Jeans maintains 
that the liberation of sub-atomic energy must, 
like radioactivity, be independent of temperature 
and pressure. If this be so, there would seem to 
be little hope that posterity will succeed in un- 
locking the main stores of sub-atomic energy, since 
the matter of which our earth consists is singularly 
stable and, being derived from. the surface layers of 
the sun, appears to contain none of the hypothetical 
heavier elements in which mass disappears in 
generating a pulse of radiation. 








STANDARD SYMBOLS AND 
ABBREVIATIONS. 


REFERENCE to standard scientific and technical 
treatises is often most materially complicated by the 
difficulty of determining off-hand the exact signi- 
fication of the abbreviations and symbols used by 


* The Nature of the Physical World, page 166, 


classical | 





different significations. Indeed, this is sometimes un- 
avoidable even in one and the same treatise. Thus, in 
Eddington’s work on The Internal Constitution of the 
Stars the letter h is used both for Planck’s constant 


/and also for its well-established signification in the 


theory of planetary saeenenane? “eos it was long ago 


found convenient to write ne =h. Many other 


cited, but it is also true that this confusion of terms 
seems at times to be introduced somewhat gratui- 
tously. For example, many Continental writers 
now use A for Maxwell’s y”, although A has acquired 
an entirely different signification in the Theory of 
Finite Differences. 

On the other hand, we illogically write sin*@ and 
sin-10, where a Continental author would represent 
the second of these expressions by arcsin 6. The 
British practice is, however, so well established that 
its supersession either in England or America is 
probably impossible, and is perhaps undesirable. 

Whilst an international agreement on _ letter 
symbols can never be other than incomplete, there 
is much to be said for securing, so far as is prac- 
ticable, uniformity of usage in British and American 
publications. This question has been most care- 
fully studied by committees appointed to this end 
by the American Association for the Advancement 
of Science, the American Institute of Electrical 
Engineers, the American Society of Civil Engineers, 
the Society for the Promotion of Engineering Edu- 
cation, and the American Society of Mechanical 
Engineers. 

The committees have now submitted lists of 
proposed standard symbols covering the following 
subjects: (1) mathematics; (2) heat and thermo- 
dynamics; (3) hydraulics; (4) electrical quan- 
tities ; (5) photometry and illumination ; and (6) 
mechanics, structural engineering and _ testing 
materials. Suggestions and criticisms are invited, 
which should be sent to Mr. Preston S. Millar, 
secretary of the Sectional Committee on Scientific 
and Engineering Symbols and Abbreviations, 
Electrical Testing Laboratories, 80th Street and 
East End Avenue, New York City. 

A series of proposed standard graphical symbols 
has also been prepared, and these are, perhaps, 
more likely to secure international recognition than 
the letter symbols. Included in the series is a 
complete set of the symbols used by the U.S. 
Board of Survey and Maps. Other proposals cover 
the plant and apparatus used in radio-communica- 
tion, in telephony and telegraphy, in power station 
and wiring, and in aeronautics. 

Further recommendations are made as to stan- 
dard abbreviations for technical and scientific terms. 
These are prefaced by excellent rules recommended 
for the guidance of authors : 

Thus it is suggested that abbreviations should be 
used sparingly in the text, and with regard to the 
training of the reader. The latter consideration 
justifies the somewhat lavish use of abbreviations 
in certain engineering pocket books which year 
by year are tending to become of a size that only 
a poacher’s game pocket could accommodate. 
Similar considerations may excuse, in this case, 
the use of such an abbreviation as in., even when 
not preceded by a number. In general, however, 
we heartily endorse the committee’s recommendation 
that such abbreviations are to be avoided, and that 
whilst 12in. permissible, ‘we should write 
** several inches,’ and also “one inch.” We have 
referred above to the exceptional case of pocket 
books, and other instances in which a fairly lavish use 
of otherwise undesirable abbreviations is permissible 
are tabular matter, specifications, maps and drawings. 


is 
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Exception is rightly taken to the reprehensible 
practice of starting a sentence with a numeral 
followed by an abbreviation. Capital figures, it is 
also suggested, should not be used for abbreviations, 
save in special cases, and whilst this is largely a 
matter of taste, it is perhaps well that some standard 
practice should be adopted. In hyphenated terms, 
it is pointed out, both words should be abbreviated, 
so we write ft.-lb., and in general in abbreviation 
the singular only is used, inches being expressed as 
in., not ins. Many words in common use in technical 
work are so short as to require no further abbre- 
viation. The committee give, for example, such 
terms as ton, day and mile. The main point is, 
of course, clarity, and we can heartily endorse 
the advice that “when in doubt spell out.” Some 
difference of opinion may arise as the recommenda- 
tion that the sign / should not be used as a 
substitute for per. This has been the practice in 
our own columns, though on the Continent we 
find frequent use of such expressions as kg./m. 
We agree with the committee that there is no 
excuse for using ” as a substitute for inch. 

The sub-committee endorses the movement; 
which was begun by the International Committee 
on Weights and Measures, to omit the period in 
abbreviations of metric units, and further endorses 
the growing tendency towards the omission in 
abbreviations of other origins. In the interests of 
economy and the reduction of waste, the sub- 
committee recommends the elimination of the 
period except where such an omission results in an 
English word. Thus, the recommendation is that 
cif should be used, not c.i. On the other hand, 
f.o.b. is retained, since fob is a well-known word. 
Again, whilst feet may be abbreviated as ft., 
inches should, it is recommended, be written as in., 
since “in ” is acommon preposition. Exceptions to 
this practice will be found in a few mathematical 
and chemical terms, such as sin, tan, log, Be, &c. 
For our own. part, we are not altogether convinced 
of the soundness of the proposal to omit the periods 
wherever possible. These serve to indicate to the 
reader at once that the term is an abbreviation 
and not one of the thousands of unusual English 
words contained in our dictionaries, many of which 
the average man seldom encounters save in an 
acrostic or a crossword puzzle. 

They go on to say that the use in text of exponents 
for the abbreviations of square and cube, and of the 
negative exponents for terms involving per, is not 
recommended. The superior figures are usually not 
available on the keyboards of type-setting and 
linotype machines, and composition is therefore 
delayed. There is also the likelihood of confusion 
with footnote reference numbers. These shorter 
forms are, however, held to be permissible in tables, 
and are sometimes difficult to avoid in text. 








THE NEW ZEALAND MARKET. 


New Zravanp can look forward with confidence 
to a great future. because all her principal products 
find a ready market. One feature of her overseas 
trade returns has been the continued supremacy 
of the United Kingdom, although the last few years 
have witnessed a decrease in the percentage of the 
total importation obtained from Great Britain. 
The fact that even now 46 per cent. in value of the 
total requirements that are obtained from other 
lands are sent by the United Kingdom, gives a clear 
indication that the New Zealand market possesses 
many attractions and is worthy of very close 
attention and study. There can be no doubt that 
a still larger share of the Dominion’s trade could be 
obtained if manufacturers would deliberately set 
out to meet the exact requirements of the market. 
Dominion buyers must always be the best judges of 
their needs, and their views should be studied with 
the greatest care. It is not sufficient to produce the 
world’s finest manufactures, if equal ability is not 
used in their marketing. Once these facts are 
realised, Great Britain has no reason to fear the 
loss of her premier position in the trade returns, 
and, indeed, can have every hope of winning a greater 
share of the total importation. 

General economic conditions in New Zealand 
depend very largely on the position of the primary in- 
dustries, and, for that reason, British manufacturers 
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and exporters must necessarily be concerned with 
their prosperity. It is therefore pleasant to record 
the very satisfactory state of these industries 
and their continued expansion and improved pro- 
duction. One means resorted to for the winning of in- 
creased production, viz., top dressing with fertilisers, 
is being used to an ever-growing extent. Until 
recently, this practice was largely confined to 
dairying land, but is now commonly adopted for 
sheep-country. In the last two seasons the quan- 
tity of fertiliser used, chiefly phosphates, has 
increased from 180,000 tons to 315,000 tons. The 
treatment has brought about a greatly increased 
productivity, and its further extension of use may 
be anticipated. Attention is being paid to better 
stocking, fencing and watering, improved grasses, 
and greater utilisation of ensilage for surplus summer 
grass conservation, and striking advances may be 
expected in the great grass-land industries of the 
Dominion. Of recent years, a falling off in the 
purchase by the United Kingdom of New Zealand 
wool must be recorded, the purchase of 257,432 
bales in 1928-29 comparing ill with 271,661 bales 
in 1926-27. What is of greater concern to 
British industry is the fact that the total output 
continued to increase, and France, Germany, the 
United States of America, Belgium, Japan, and 
India all took an increased quantity of New Zealand 
wool in the last three years. It was in the 1925-26 
season that the carcases of lamb treated for ship- 
ment first exceeded 5,000,000, and with the con- 
tinued progress that has been made since then 
it. is probable that the next million will be recorded 
as having been exceeded this year. Not only has 
the number of carcases been increased, but the 
returns show that the average weights of both 
sheep and lambs are each year higher, probably as the 
result of the improvements in land treatment and 
stock. Export killings of pigs in the past two 
seasons have been greatly increased. The rate 
at which the development of this trade is growing 
can be more readily appreciated when it is 
mentioned that it has grown from 4,943 carcases 
in the 1923-24 season to 159,297 in the 1928-29 
season. Dairy produce has shown great progress 
of late, both in regard to quantity and quality. 
The fruit industry has now become a factor of 
importance in the export trade of the Dominion. 
New Zealand is taking a greater interest than 
ever in her secondary industries, and a Parliamen- 
tary committee has been appointed to inquire into 
the means necessary to increase the efficiency and 
promote the development of coach and motor-body 
building, engineering, rope and twine, and other 
industries. This action followed the presentation 
of a report of a committee of investigation on the 
boot and shoe industry. The recommendations put 
forward to improve production and marketing 
includes the payment of workers by results, the 
improvement of the layout of works, systems of 
costing and management, amalgamation of small 
producers, and the adoption of co-operative pur- 
chasing of raw materials and distribution of the 
product. 

From a report entitled ‘‘ Economic Conditions in 
the Dominion of New Zealand to October, 1929,” 
prepared by Mr. W. D. Lambie for the Department 
of Overseas Trade, we learn that the total trade 
of New Zealand amounted to 44,886,000/. imports 
and 56,188,0001. exports. Great Britain supplied 
51-5 per cent. of the imports in 1914 and 52-26 
per cent. in 1922, from which level it has continu- 
ously decreased from year to year, with one small 
variation, until it has now reached 45-92 per cent. 
It may prove an interesting—and possibly a 
profitable—study to find the places from which 
increased quantities of goods have been obtained. 
as well as the nature of the articles and the reasons, 
if possible, for the change in the position. The 
United States in pre-war days supplied 11-61 per 
cent.; now they send 19-36 per cent. France 
has decreased from 1-83 per cent. to 1-50 per 
cent. in the same period; and Germany, which, 


in 1914, sent 4-65 per cent., has gradually built up | 


her post-war trade from 0-07 per cent. in 1922 
to 1-87 per cent. at present. Canadian trade 
has grown, while Australian has diminished. 
Examination of the figures relating to motor 
vehicles and their accessories shows that, although 
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the United Kingdom has, on the whole, lost ground 
since 1922, she is, in fact, in almost as good a 
position as in 1914, when imports of motor cars 
and allied lines were not included. Though this 
is the case there is good evidence of increased 
competition in many markets. Germany and 
France, as well as America, are very much in- 
terested in the trade of the Dominion. Generally, 
German progress is accounted for by cheapness, 
although many of the supplies are of very good 
quality and are presented in a very attractive 
way, as careful attention is given to packing 
and labelling. Amongst the German products 
accounting for her growing trade are hardware, 
electrical machinery and equipment, leather and 
articles made from it, tools and implements. In 
many of these the improvement has been at the 
expense of the United Kingdom trade, but in the 
non-engineering trades Great Britain is gaining 
ground. New Zealand imports from the United 
States are more than twice the value of the 
exports the Dominion sends to America, and 
this is a frequent subject of adverse comment, 
as it is considered that New Zealand products 
should find a more receptive market in the United 
States. A keen struggle is in progress between 
the United Kingdom and her North American 
rival to maintain and consolidate their positions 
in the various markets. Recently, the United 
Kingdom has lost ground in pig-iron, cement, 
air compressors, oil engines and their components, 
electric generators, batteries, and roofing material, 
as well as in many products not associated directly 
with engineering. To counteract this, we have 
gained ground with lawn mowers, typewriters, 
plain fencing wire, copper wire, printing and 
other machinery, and metal manufactures. There 
seems to be no doubt that, with careful attention 
to requirements, and the apparent appreciation 
by New Zealand of British goods above all others 
of comparable quality and price, British industry 
could regain her previous share in the market 
and, indeed, could increase it considerably. Canada 
has won much of the trade of the United States 
in motor-car tyres, and has also made progress 
at the expense of her neighbour in motor cars and 
pianos. The United States have made progress 
at the expense of Sweden in cream separators, of 
Germany in prepared leather, clocks and watches, 
and of Belgium in telephone apparatus. These 
simple statements of facts show that it is largely 
in the engineering and general manufacturing 
trades that Britain could, in all probability, in- 
crease the magnitude of her trade with New 
Zealand, and the study of market requirements, 
and an earnest endeavour to meet them, as well 
as improvements in the many matters comprised 
in the general term marketing, must inevitably 
result in increasing the imports obtained from 
Great Britain in the future. 








NOTES. 
INTERNATIONAL ELECTRICAL ORGANISATIONS. 


As part of our duty as chroniclers of engineering 
events we have from time to time to record the 
inauguration of a new association optimistically 
setting out to render service in some field which 
existing bodies have either neglected or have re- 
garded as outside their spheres. In common 
with others, we not infrequently, at the same time, 
enter the protest that there are already too many 
such societies, and that what is required is rather 
suppression than creation. In the electrical world, 
for instance, multiplication has been so rife that the 
Institution of Electrical Engineers, some time ago, 
formed an International Relations Committee to 
co-ordinate British participation in international 
electrical matters, and this body recently invited 
the International Electrotechnical Commission to 
provide an opportunity for holding an informal 
meeting to discuss the problem during the technical 
sessions at Stockholm last month. This discussion 
was opened by Mr. P. Good, who pointed out the 
need for co-ordination and suggested that this might 
be achieved by the merging of certain existing 
organisations into one body, which should be inter- 
nationally representative of the electro-technical 
industry in the same way as the Institution of Elec- 
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trical Engineers was representative nationally. Its 
aim would primarily be the continual exchange of 
technical information, with the calling of confer- 
ences as a secondary object. Mr. Good dismissed 
the criticism that, at present, there was overlapping 
somewhat airily, on the grounds that if existing 
bodies had not been wanted they would not have 
been started, and submitted that re-organisation 
on these lines would be preferable to any attempt 
at a World Federation of Engineers, for the some- 
what strange reason that electrical engineering was 
more closely associated with physics than general 
engineering, and that, though it made use of 
mechanical and civil engineering, it stood quite 
apart from them, technically and scientifically. It 
appears from the discussion, during which the 
proposal was received, apparently, with little en- 
thusiasm, that the creation of yet another body 
is not envisaged, and this is an advantage. On 
the other hand, we do not regard Mr. Good’s 
idea of splendid isolation with enthusiasm, neither 
should we imagine will the majority of electrical 
engineers. On the heavy side, that industry both 
draws assistance from and lends aid to mechanical 
and civil engineering, and many of its problems might 
well be investigated in collaboration with them. 
Moreover, there is always this difficulty about 
mergers of the type suggested, that those con- 
cerned object strenuously to the process. Further, 
though the widespread multiplication of societies 
is to be avoided, their wholesale absorption is also 
to be deprecated. For instance, such a body as 
the Comité Consultatif International sur les Lignes 
Téléphoniques, has played an outstanding part in 
the rapid technical and scientific development of 
long-distance telephony without, so far as we know, 
trespassing on any one else’s preserves. 


THE MrInerRAL RESOURCES OF RouUMANIA. 


As is the case with all such agreements, the 
Treaty of Commerce and Navigation between 
Great Britain and Roumania, which was signed 
on August 6 last, is intended to encourage trade 
and promote closer commercial relations between 
the two participating countries. In commenting 
on the Treaty, The Times stated recently that not 
only will British producers receive the benefit of 
the lowest Customs tariffs in force in Roumania, 
but special measures will be taken to prevent the 
sale of goods from other countries under false 
trade marks as British. Other clauses deal with 
port dues and with the establishment of a special 
tribunal to settle questions arising out of the applica- 
tion of the Treaty. Broadly speaking, the measure 
aims at promoting a readier exchange between 
Roumanian agricultural producers and _ British 
industrialists. The Treaty revives interest in 
Roumanian internal affairs and the recent publica- 
tion in Bucarest of the official report on the mining 
and metallurgical production of Roumania during 
1929, which report has just reached this country, is 
singularly opportune. It should be pointed out in 
the first place, however, that 75 per cent. of the 
country’s revenues are derived from agriculture 
and only 25 per cent. from industries and mining. 
The chief mineral products are oil, lignite, coal and 
natural gas, while deposits of iron, manganese, and 
chromium ores are worked to some extent. During 
1929, some 4,867,000 metric tons of crude oil were 
produced, compared with 4,282,400 tons in 1928, 
and 2,317,000 tons in 1925. Upwards of 50 per 
cent. of the 1929 output of the oil products obtained 
at the refineries were exported. The annual pro- 
duction of lignite has been well over two million 
tons since 1923, and about 80 per cent. of this is 
absorbed by the State Railways. Although the 
yearly output of coal has increased considerably in 
recent years, until it reached nearly 400,000 tons 
in 1928, the supply is insufficient to meet the demand, 
and quantities of bituminous coal for the manufac- 
ture of gas, and of metallurgical coke are imported 
from Poland. Natural gas, which is rightly regarded 
as a valuable source of cheap power, is employed 
on a large scale for industrial purposes, particularly 
in Transylvania; the consumption has increased 
steadily from 362 million cubic metres in 1924 to 
613 million cubic metres in 1928. Although the 
national production of iron and steel is increasing 
year by year, it is not sufficient for Roumania’s 





rolled products, sheets, and semi-manufactured 
materials were produced in 1927, as much as 
143,000 tons had to be imported. Taken altogether, 
Roumania is a country well worthy of the attention 
of British manufacturers. The Report before us 
shows that, while progress is undoubtedly being 


made in various industries, the country has of | 


necessity to import large quantities of raw materials 
and manufactured goods. The conclusion of the 
Treaty, referred to above, indicates a preference for 
British goods on the part of the Roumanian people, 
and this, coupled with the fact that the leu was 
stabilised some time ago, should encourage British 
industrialists to make a determined bid for a sub- 
stantial share of the Roumanian markets. 


Sure SALVAGE BY THE FREEZING PROCEsS. 


A company has been formed in Berlin to develop 
a scheme, due to Herr W. Kiwull, for salvaging ships 
by sealing openings with a wall of ice. The 
construction of the pioneer plant was entrusted 
to Messrs. Escher, Wyss and Company, of Zurich, 
who were responsible for the detailed design. 
The main element is a portable electrically-driven 
ammonia refrigerating machine, which was required 
to be capable of working satisfactorily when sub- 
merged. The output demanded was equivalent to 
the abstraction of 120,000 B.Th.U. per hour at a 
temperature of — 31 deg. F., 
of sea water being 27 deg. F. 


and three low-pressure cylinders. It is driven 
by a 50-h.p. directly-coupled three-phase motor, 
running at 485 r.p.m. The whole is enclosed in 
a watertight cylinder designed to withstand an 


external pressure due to a head of 130 ft. and also a | 
high internal pressure should there by any chance | 


be a leakage of ammonia. The details of the 


design are such that the plant will operate satis- | 


factorily even in an _ inclined position. Both 
condenser and evaporator are located outside 
the cylinder in which the motor and compressor 
are housed. The acceptance tests included a con- 
tinuous run of 336 hours when submerged in Lake 
Ziirich to a depth of over 10 ft., and this was passed 
successfully. In a further test in a large shipyard, 
the depth of immersion was 40 ft., and some four 
tons of ice were produced on the surfaces to be 
cooled. 


THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 210.) 
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Temperature Standards.- 
determined the melting point of palladium by the 
wire and the cone methods. In the former, a short 
length of wire is melted, a refractory tube serving 
as the black-body radiator ; in the second method, 
the black body consists of a cone of palladium sheet. 
The value found, 1,555 deg. C., agrees within 4 deg. 
with those of the Reichsanstalt, the Bureau of Stan- 
dards and the N.E.L.A. Research Laboratory. For 
the recalibration of the optical pyrometer at the 
melting point of gold, 4 kg. of a gold ingot were 
fused ina resistance furnace consisting of 8 8trips of 
Brightray (a chromium alloy), 18 in. long, 1-5in. 
wide, and -in. thick, forming an octagonal prism. 
The ends of the strips were clamped together 
between water-cooled rings serving as electrodes, 
the whole being lagged as well as lined with 
a refractory tube. A hot spot developing in 
one of these strips does not da nage the resistor 
it would a spiral. The furnace was run 
continuously for eight weeks at about 1,050 deg. C. 
The comparison, by Mr. J. A. Hall, of the platinum- 
resistance standards for the range 0 to 100 deg. with 
the Tonnelot-Baudin mercury standards in verre dur 
and other standards reveals very slight discrepancies, 
which would only affect the most precise work ; an 
F. E. Smith bridge is used for the measurement. 
The international melting points of gold and silver 
are 1,063 and 960-5 deg. C. The crucibles of the 


as 


induction furnace of Mr. I. Backhurst, used for these 

determinations, are placed in cylinders or sleeves 

of graphite or molybdenum. 
Thermal Conductivity and 


Heat.—The 


Specific 


the freezing point | 
The compressor is | 
a single-acting reciprocator, with one high-pressure | 


Mr. F. H. Schofield has | 
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experiments on the thermal conductivity of a single 
crystal of bismuth, a disc 2-5 cm. in diameter, have 
been continued by Dr. G. W. C. Kaye, Superinten- 
dent of the Department and Mr. W. F. Higgins. 
There are marked differences in the conductivity 
at temperatures up to 250 deg. C. when measured in 
directions parallel and at right angles to the principal 
axis; the temperature coefficient is negative, and 
is reduced by a magnetic field normal to the direction 
of heat flow. Similar work on nickeled Armco iron 
at temperatures up to 800 deg. C. shows that the 
conductivity decreases as the temperature rises, 
but at a diminishing rate. The difficulty in the 
determination of the specific heat of heavy 
powders, viz., good stirring of the bad heat 
conductors, is overcome by Mr. J. H. Awberry and 
Dr. E. Griffiths, by using a stirrer of helicoidal form, 
the blades of which are attached to the vertical 
axis by a stirrup free to swing about a horizontal 
axis as shown in Fig. 15. The heating coil is 
situated in a re-entrant tube, within the material, 
and the thermo-couples are enclosed in very small 
glass tubes attached to the stirrer blades ; the 
cold junction rotates with the stirrer so that rotating 
contacts are not needed. 

The deduction of the specific heat of gases at 
high temperatures from the combustion temperature 
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has been found impracticable by Dr. Ezer Griffiths 
and Mr. Awberry, as the heat losses by radiation 
cannot be accurately determined except in containers 
in which the combustion may be incomplete. The 
experiments have therefore been made by the velo- 
city of sound method; stationary waves are set 
up in a tube containing a reflector, the source of 
sound being a quartz crystal maintained in vibra- 
tions by piezo-electric excitation. The intensity of the 
reflected wave, however, falls off markedly at higher 
temperatures. 

Flame Temperatures.—The measurement of flame 
temperature by the spectrum-line reversal has been 
mentioned in previous reports. In the case of the 
atomic hydrogen blow-pipe, the positive crater 
| of an are (not the usual Pointolite lamp) was used 
/as a background. The are beam passed through a 
| double-wedge screen and the blow-pipe flame 
|(into which sodium salt was introduced by pasting 
| the bromide and silicate on a thread of asbestos), 
jinto the spectrometer, the wedges being adjusted 
until the sodium line vanished. The flame tem- 
perature thus found, 2,515 deg. C., is considerably 
lower than that of solid tungsten electrodes, which 
was 3,200 deg. C. 

Food Investigation Board Research.—This work 
of Dr. Ezer Griffiths is of a manifold character. 
The examination of distant-reading thermometer 
outfits has been completed. The new robust 
electric resistance thermometer for cold storage 
can carry heavy currents. It is a bridge on which 








balance is obtained by successive approximations 
with the aid of three rotating switches, balancing 
within 10 deg. F., 1 deg. F. and 0-1 deg. F. ; contact 
is made by pressing down the dial, and the number 
appearing on the dial indicates the temperature 
directly. A simple resistance thermometer, to be 
lowered into water or brine, consists of cylinder, of 
vs in. wall thickness, having a resistance coil within 
the wall. The determination of the latent heat 
and specific volume of sulphur dioxide was explained 
in ENGINEERING vol. cxxviii page 146 (1929). Simi- 
larly, pentane, ether, methyl and ethyl chloride, and 
chloroethylene have been studied ;_ these materials 
are much in demand now as refrigerants. The 
heat transfer by air from and to hot or cold pipes 
has been studied in the special wind tunnel, 14 ft. by 
2 ft. by 3 ft., in which pipes of various diameters, 
cooled or heated, can be tested at different wind 
speeds. The work on hot pipes has been taken up first. 
The heat loss from these seems to be a maximum 
when the pipe diameter is about 13 or 2 in. The 
loss of heat increases first with the diameter and 
surface area, but a maximum is soon reached after 
which the total transmission falls off. As would 
be expected, there is more heat transmission from 
pipes transverse to the air stream than from pipes 
placed parallel with the stream, and a little more 
from iron pipes than from copper pipes, except at 
extremely low air speeds. The whole pipe may be 
heated or cooled by flowing water or brine, or fine 
coils of wire or of brine tubes may be placed close 
to the inner surface. The multiple thermopile wet 
and dry bulb hydrometer for determining the tem- 
perature of ships’ holds was mentioned on page 
676 of our previous volume, having been exhibited 
at the Royal Society Conversazione. The humidifica- 
tion of the air by water sprays, which is an effective 
and practical means of air and water cooling, has been 
studied in single and multiple jets. The amount of 
moisture in fogs is determined by the Kohler method, 
in which the fog-laden air is drawn over an electric 
heater; the Owens method is also under investi- 
gation. The refrigerated railway wagon of Mr. H. N. 
Gresley, of the London and North Eastern Railway, 
has been tested with satisfactory results. The wagon 
carries a small methyl-chloride refrigerator, driven 
from the axle; the evaporator is immersed in 
drums on the roof. Provision is made to prevent 
too rapid a temperature rise when the wagon is 
stationary. Thermal conductivities of a number of 
materials have also been determined for the Building 
Research Board. These comprise a glazing material 
consisting of two sheets of glass cemented at the 
edges. When the internal cavity left is small, the 
heat transmission through the double plate is of the 
same order as if the compound material were all 
solid glass. 

Cables and Dielectrics.—Similar work for the 
British Electrical and Allied Research Association 
specially concerns the heat transfer in cable ducts, 
under service conditions, and the thermal resistivity 
of the insulated wrappings of end connectors ; 
rectangular bars generally have a higher resistivity 
than round bars, whatever type of insulation be 
used. In the investigation of the thermal resis- 
tivity of the soil, spheres containing electric heaters 
are buried in the ground at a depth of 3 ft. and 
thermocouples are disposed around the spheres 
spheres at distances ranging from 6 in. to 5} ft. 
Soil samples are also taken from a cable trench 
at depths up to 27 ft., to study the effect of pres- 
sure, natural or artificial, under loads of 32 ewt., 
on the soil properties, moisture, specific heat 
density and resistivity. The effect of heat on 
dielectrics and the fire-resistance of insulating 
materials is studied by the Schopper method, in 
which a rod of Silit, electrically heated, is brought 
in contact with a standard specimen of the insulator 
and the loss of weight, &c., are observed ; the method 
itself is under examination. 

Thermometers.—The 25 per cent. increase reported 
in the number of thermometers of high and medium 
precision, submitted for test, is partly due to the 
new regulations for hygrometers under the Cotton 
Cloth Factories Act. In the high-class thermo- 
meters, Mr. W. F. Higgins finds a steady improve- 
ment; the corrections required now hardly exceed 
the accuracy obtainable with mercury-in-glass 
thermometers. The number of clinical thermometers 
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submitted has also increased, the numbers for 
the years 1927, 1928, 1929 being 536,636, 519,797, 
and 621,303, respectively. 

Radiology—Measurements of the radium purchased 
for the Nation by the National Radium Trust are 
made at the Laboratory, which also undertakes the 
distribution of radium for the Commission of which 
Dr. G. W. C. Kaye isa member. The tests concern 
possible leakage of emanation from the platinum 
containers, and determination of the amount of 
radium in a sample by comparison with the Labora- 
tory standard. The four new sub-standards contain 
13-1, 25-7, 60, and 106-5 mg. of Ra. Attempts 
made to amplify the feeble ionisation currents, 
of the order of 10° ampere, produced in the 
y-Tay comparison tests, have not been promising. 
There are many external disturbances, fluctuations 
in the filament and battery voltages, &c., to be 
guarded against, which would also be magnified. 
As regards X-ray dosage and the calibration of 
barium-platinocyanide pastilles, it was assumed that 
the product It, which expresses the ionisation I in 
the time ¢ for a B dose, was constant for a constant 
exciting voltage of 70 kv. on the X-ray tube, and 
that I¢ increased with the increasing voltage. As 
no precise meaning could be attached to these 
It readings, the Stockholm Radiology Congress of 
1928 adopted the Réntgen unit 7, to be calibrated by 
the electroscope readings of some standard ionisation 
chamber. The chamber set up at Teddington for 
this purpose consists of two parallel electrodes 
(graphite plates) mounted within a brass box lined 
internally with Acheson graphite and externally 
with 3 mm. of lead. One of the electrodes is 
insulated by Amberoid and raised to a potential 
of several hundred volts. The most troublesome 
factor in these determinations is the volume of air 
irradiated, and it was found that, whilst the It¢ 
increased with increasing volts, as stated, the r 
value of the B dose decreased with increasing volt- 
age from 380r at 50 kv. to 3307. at 100 kv. Thus, 
the readings of the electroscope appeared anomalous 
and selective as to wave-length. This is not sur- 
prising as the measured ionisation is probably due 
chiefly to secondary electrons, but 7 would hardly 
appear to be an ideal unit. 

X-Ray Spectrometry—We mentioned in our com- 
ments on the work of the Engineering Department 
that the X-ray studies of single crystals were made 
in collaboration with the Radiology Division. 
Single crystals of metals rarely approach in perfec- 
tion typical crystals of inorganic salts, and Mr. Ivor 
Backhurst designed his new spectrometer particu- 
larly to determine, within a few minutes of arc, to 
what extent the orientation of the crystal axis is 
really the same throughout long crystals, and to keep 
the axis of rotation of the crystal perfectly steady. 
The spindle, through which passes a steel rod holding 
the specimen, is rotated by a friction drive com- 
prising a worm gearing, a phosphor-bronze bar, 
and a disc. The bar also imparts a translational 
movement to the photographic plate, when desired, 
through a direct coupling. The spindle revolves in 
two self-aligning radial ball bearings, 5 in. apart, 
which eliminate slip between the specimen and 
plate, and enable the plate to move to and fro 
without any backlash. The driving motor is 
controlled by an automatic relay capable of reversing 
the rotation of the motor shaft, so that this to-and- 
fro motion of the plate can be combined with an 
oscillatory motion of the specimen through any 
range up to 360 deg. 

Scattering of X-Rays.—Experiments on the scat- 
tering of homogeneous X-rays of wave-length 1-2 A., 
made with celluloid, cardboard, water, copper and 
nickel, showed that interferences due to molecular 
grouping always caused considerable departure from 
the theoretical atomic scattering curves, and that 
scattering should therefore be studied on single 
crystals of one element. Powerful primary X-ray 
beams are required. In Mr. Backhurst’s X-ray tube 
for currents of 30 milliamperes at 60 kv. and more, 
and for continuous operation at 5 kv. and 150 kv. 
maximum, a lead protection, in the form of lead 
glass, is incorporated in the walls of the tube, to 
facilitate measurement at large angles of scattering 
without intensity loss, due to the increased distance 
between the spectrometer and the tube, which 
would be needed with external X-ray protection 
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materials. The target is mounted in a lead 
alloy and cooled by a double coil, 4,-in. in diameter, 
through which oil circulates. 

X-Ray Investigations of Steels—The industrial 
X-ray investigation, by Dr. G. Shearer and Mr. 
W. A. Wood, of steels, has advanced sufficiently for 
the preparation of a report. The very large 
number of magnet steels, containing 5 per cent. 
of tungsten, without or with silicon, examined 
under different conditions, reveal very complex 
relations and diffraction patterns, but admit of 
interpretations of technical utility with respect to 
hardening, rolling, &c. Their proportions and 
characteristic lines vary considerably with the 
heat treatment, and these conclusions are con- 
firmed by examination of the carbide residues 
isolated by electrolysis of the steel. Chemical 
treatment also leaves some amorphous residues, 
which may be transformed into the crystal- 
line state by suitable heat treatment. When steels 
are magnetically spoiled by heating to about 
900 deg. C., the character of the lines changes and 
indicates the presence of relatively large iron 
crystals, which predominate after long heating ; 
annealing at 650 deg. has no such effect. X-rays 
can also determine the nature of the oxide skin 
and scale, which the heat treatment leaves on 
steel, and which chemists cannot separate from 
the bulk of the metal. Transformer steels of low 
hysteresis loss and their insulating materials have 
also been investigated. 

Sound Division.—In the study of the transmission 
of sound through partitions and panels, the frequency 
range of pure tones has been extended so that it 
now covers 40 cycles to 5,000 cycles per second. 
The apparatus comprises an oscillator of the beat- 
tone type and a loud speaker of the coil-driven cone 
type. The various light panels submitted weigh 
about 14 lb. per square foot, and do not vary 
much in efficiency of sound reduction. When the 
results for any frequency are plotted on a weight 
basis, they lie approximately on a single curve. 
The samples tested include balsa wood, a cubic foot 
ot which weighs only about 7 lb. or 8 Ib., alone or 
faced with aluminium sheet on one or both sides, 
and cellular rubber in sheets of 5 lb. per cubic foot. 
Aural reverberation measurements are based upon 
the fact that the decay of the mean sound energy 
in a room is exponential, the rate of decay 
depending on the volume of the room and the 
total absorbing power of its surface. Dr. A. H. 
Davis and Mr. T. S. Littler observe the decay 
in the presence or absence of the sound absorbent 
with the aid of a microphone, which is connected 
with an amplifier, galvanometer and photographic 
recorder in an adjacent room. Even pure tones 
show uneven decay, owing to the non-uniform 
distribution of intensity in any room; this is 
partly overcome by keeping the microphone and 
also the loud speaker in continuous motion, when 
high frequencies give the most concordant results. 
The response of the loud speaker itself varies 
with the frequency. The loud speaker is mounted 
in a reflecting wall of an otherwise well-lagged 
chamber, and measurements of the oscillating 
pressure are made by means of a condenser micro- 
phone, calibrated against a Rayleigh disc. The 
measurements taken at 40 different frequencies 
between 60 and 6,000 cycles at different points of a 
room are very laborious. 

Absolute measurements of sound intensity are 
made by three methods, determinations of the 
particle velocity in a sound wave, of the steady 
pressure exerted by the sound waves reflected 
from a plane surface, and of the oscillatory pressure 
in the wave. The oscillatory pressure is determined 
with the aid of a Wente condenser type microphone, 
which is supposed to show a peak at about 3,000 
cycles, the position and magnitude of which is found 
to vary with the size and shape of the cavity in 
front of the diaphragm. The actual sound pressures 
of moderately loud sound was only of the order of 
10-1° atmosphere. 

A portable microphone-amplifier has been con- 
structed for the study of noises by the determination 
of the mean pressure and the frequency compo- 
nents. In this case, the observer listens with one 
ear to a telephone excited by a buzzer, the current 
through which is adjusted in 14 steps, until the 





other ear exposed to the noise hears sound of the 
same intensity or until the standard note is just 
masked by the noise. The noises may range from 
ordinary speech sounds to painful sensations, such 
as are experienced in the cabins of aircraft, where 
the noises are estimated to be 1,000 times stronger 
than in railway trains. The commercial test work 
of the Division concerns the calibration of micro- 
phones, the determination of absorption coefficients 
and the general acoustics of buildings with respect 
to the suppression of echoes and reverberations in 
halls, churches and studios. Advice has been given 
regarding the town halls of Sydney and Melbourne, 
several buildings in London and also the temporary 
annexe of a hospital, built in wood and asbestos 
cement sheeting, in which trouble arose from 
sounds transmitted through the walls and corridors. 

Optics.—Mr. T. Smith’s investigation of systems 
of plane-reflecting surfaces has been extended to 
refracting surfaces and to axially symmetrical lenses 
and their aberrations, with promising results for 
rational methods of lens design. The relation 
between the colour temperature and filament re- 
sistance of tungsten lamps varies with the make and 
age of the lamp, and other factors. The variations, 
Mr. J. Guild finds, are too great to set up a colour- 
temperature standard of the highest accuracy, but not 
too great for many practical purposes ; for instance, 
setting up lamps to operate at 2,360 deg. K. for the 
testing of signal glasses. 

In the case of carbon lamps, the total radiation 
R can be expressed by the empirical formula R = 
a W + b W? + c W%, where W is the power consumed 
and the factors have the values a = 1-67, b = 0-02, 
and c = 0-002, when a surface of 1 sq. mm. at 
200 cm. distance from the pip of the bulb receives 
R x 10° watt. These factors are not constants, 
but would be applicable to any carbon lamp if the 
mean spherical radiation were measured ; thus such 
a lamp might serve as radiation standard. An ad- 
ditional difficulty in these measurements is caused 
by the selectivity of the thermopiles available and 
the lamp blacks used. In the ultra-violet absorp- 
tion measurements, use is made of the method of 
Behr (applied by Sharpe and Kinsley), in which 
two beams successively irradiate a photo-electric cell 
at rapid alternations ; when the two beams differ in 
intensity, an alternating photo-electric current is 
produced which is amplified, rectified and measured. 
When the interference patterns produced in the large 
Hilger interferometer are photographed, the posi- 
tion of the photographic plate should be conjugate 
with that of the convex mirror with respect to the 
intervening optical system; the camera was origin- 
ally fixed, and the photographs were then indistinct 
in cases where the lens under test was off the axis. 
The energy distribution in the daylight spectrum, 
and its radiation is being studied for the Atmo- 
spheric Pollution Committee. The daylight falls 
on a horizontal plate of opal glass. Immediately 
under this glass is a photometric wedge, 12 cm. 
long, with a density range 0 to 3, in contact with a 
metal plate which is perforated by a row of holes, 
1 mm. in diameter and 2 mm. apart. By means of 
a split lens, two images of the row of holes are ob- 
tained ; one of these images is covered with filters 
to admit only the ultra-violet light, the proportion 
of which in daylight can thus be ascertained. Such 
photographs are taken every day. For the deter- 
mination of the energy distribution in the ultra- 
violet in the light of the whole sky, use was first 
made of a reflecting integrator; this was subse- 
quently replaced by a transmitting diffuser, placed 
in front of a quartz spectrograph and consisting of 
two quartz discs, 9 mm. thick and 25 mm. diameter, 
coarsely ground and mounted in series. 

New methods of making optical settings, less 
fatiguing than the use of cross wires, have been 
developed. The two more convenient metheds em- 
ploy as criterion either the colour of the visual field 
or the angular rotation of the beam, which alters 
the relative intensities of the two components into 
which the beam is divided. For the measurement 
of this rotation, use is made of a hollow prism, the 
refractive index of which is varied during the testing 
by varying the air pressure in it. The numbers of 
telescopes, binoculars and sextants submitted for 
testing have increased to a considerable extent, and 





there has also been an increase in the spectrometric 
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tests of sources of radiation. Dr. J. S. Anderson 
has described methods for testing photographic 
shutters for speed and efficiency at various points 
in the focal plane of the camera. 


ELrectTRicIry DEPARTMENT. 


Dr. E. H. Rayner has been appointed Superinten- 
dent of the Department, which comprises four 
divisions. 

Electrical Standards and Measurements.—The pre- 
parations by Dr. D. W. Dye for the absolute 
measurement of resistance by the Lorenz and 
the Campbell methods are proceeding steadily 
in a constant-temperature room. The 17 standard 
resistance coils (from 1 to 10,000 ohms) made for 
the Australian Jaboratories at Maribyrnong and the 
Laboratory coils of Ohmal show a high degree of 
permanence. For the international comparisons, 
an exchange of coils and also of standard cells has 
been made with the Bureau of Standards and 
the Reichsanstalt, and also with the Electro- 
technical Laboratory, Tokyo, and Russia. As 
regards standard cells, a representative of the Bureau 
International des Poids et Mesures, at Sévres, 
came over to Teddington to make several groups 
of 20 cadmium sulphate-mercury cells (Weston 
normal cells) with French and British materials. 
Of these, the cells of 0-1 normal acidity proved 
the most concordant and stable. In some old cells 
of the Laboratory, a slight accumulation of gas 
(probably hydrogen) was noticed over the amalgam 
in the anode limb, tending to push the cadmium- 
sulphate crystals off the electrode and to open- 
circuit the cell. This effect, also observed in Lenin- 
grad, does not occur in very faintly or relatively 
strong acid cells, and has not yet been entirely 
explained. 

Inductance and Capacity.—The secondary standard 
for measurement of self-inductance and mutual- 
inductance and of capacity, known as inductometer 
L 189, has again been compared by Dr. L. Hartshorn 
with the primary standard, and has been found 
not to have varied by more than two parts in 10° 
within the last three years ; this degree of stability 
has been reached in ten years. As these slight 
changes seem to be largely due to the paraffin 
wax, with which the coils are impregnated after 
winding, oil-immersed standards have been pre- 
pared ; these appear to be more stable, but have a 
larger temperature coefficient. Standards for work 
at the higher audio frequencies have also been 
designed for measurements on loading coils for 
telephone work. The old standards are of the Camp- 
bell type and require large corrections at high 
frequencies. In the new design, the self-inductance 
coils are wound with spaced windings of stranded 
wire on Keramot frames, and comparisons with 
other coils are made by means of a bridge, which 
is provided with a Wagner earth, all the resistances 
and leads being shielded. The Wagner earth is not 
new, but has proved very useful at Teddington in 
various apparatus, and has, in the particular case 
mentioned, completely eliminated the troubles due 
to the capacities of long leads (1 m. in length) 
with a large coil of 1 henry. 

Measurements on the mica condenser received 
from Washington, and their subsequent retests at 
Washington, showed that the sections had changed 
in transit. Otherwise the measurements in the two 
laboratories were in complete agreement at 60 and 
100 cycles, but not quite at 1,000 and 2,000 cycles. 
The commercial mica condensers, now sent to 
Teddington in unusually large numbers, have much 
improved of late, especially as regards their tempera- 
ture coefficients, and are to be used for working 
standards of capacity, for which, so far, mutual- 
inductance determinations have been preferred. 
Beat-tone oscillators admitting of complete shielding 
are used for the alternating-current bridge work. 

Dielectrics—A_ special laboratory has been 
equipped for the study of power losses in varnished 
cloth and other dielectrics on behalf of the British 
Electrical and Allied Industries Research Association. 
In order to make varied measurements on the same 
sample of any material, Dr. Hartshorn has devised 
a new form of mercury-electrode clamp, which 
is fitted with a guard ring, and has been used hori- 
zontally and vertically, and for direct and alternating 
currents at high voltages for testing paper, cloth, 
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ebonite, composite boards, &c. In experiments on | upon steel-making conditions, actual development of 
the most suitable material for the terminal fittings | the defect also depends upon thermal treatment applied 


of standard instruments, comparative measurements | ¢° the forging and consequently upon dimensions. 
Hair cracks constitute easily the most serious defect 


a ne clips a ai i Harm ” light “a : to which alloy-steel rotor forgings are liable, and as, 
= nap oieapi ‘e : Tiais. Ooinp with so many factors concerned, some of which are 
of Keramot (a loaded ebonite rubber), ebonite and either not known or not controlled with exactness 
Bakelite, polished or matt, were exposed to sunlight | or certainty, and as the defect may not be visible in 
and ultra-violet light. Initially, ebonite and Kera- | the ordinary way, special inspection of all high-tensile 
mot were much better insulators than Bakelite, | rotor forgings is essential. 
but after a few hours’ exposure, the ebonite proved | For a number of years now the authors’ firm has 
inferior to the other two, which were only slightly | carried out a special inspection of high-tensile rotor 
affected by light. The Keramot was always the best | forgings for the detection of hair cracks. This inspection 
insulator, especially with a matt surface. The ae ag ee ae sorpaae peri somaya 4 
influence of the humidity of the oe not the defects, if present, are most pronounced. The test 
particularly studied in these experiments, as this | used in this inspection has been referred to in a general 
factor can rarely be controlled in technical work. way by one of the authors.* In view of the importance 
(T'o be continued.) of the subject, however, it is desirable to refer in detail 
to hair-crack defects and their detection in rotor forgings. 
It is well known to metallurgists that the defect 
THE SAFETY OF ROTORS OF HIGH- | we are considering, when it occurs, is located in what 


SPEED TURBO-GENERATORS OF | has become known as the “A” segregate zone of an 


ingot, and it is most pronounced and extensive 

LARGE OUTPUT. : towards the top end of an ingot. Fig. 1 is shaded 
By R. W. Battery and G. A. JuHLIN. to indicate this annular zone, and Fig. 2 shows how 

Parers* presented at the Second World Power | it is usually located in a rotor forging. The zone may 
Conference containing reference to the security of | not extend to the bore over the body length, but 
rotor forgings for turbo-generators of large output | if it does not, due to the reduction in cross section, 
operating at 3,000 r.p.m. have confirmed rumours | it will generally do so at the shaft corresponding with 
and reports that have reached this country from | the top end of the ingot. On the other hand, there 
time to time of serious explosions of such rotors|is less tendency for the defect to develop as the 
having occurred. Happily British practice has been | diameter or the part is made less, and, consequently, 
singularly free from such disturbing failures. The | absence of the defect at the bore does not give full 
cause of recent failures was attributed to excessive | assurance of its non-existence, although the segregate 
residual stress left by the thermal treatment applied | zone may be cut by the bore at the shaft portions. 
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in the manufacture of the forg- | While, therefore, bore examination by special means 
ings and to the existence of | is necessary, this must be supplemented by the 
serious segregation and hair | examination of surfaces that positively cut into the 
cracks. The reason for the | “A” segregate zone at the body. One way of providing 
comparative immunity of | for this is to have the body of the forging made longer 
British manufacturers from | at the end corresponding with the top of the ingot 
burst rotors must not be re- | than is necessary, so that, when the excess material 
garded as accidental. The} has been removed, sufficient of the segregate zone is 
causes to which failure is now | exposed at the end face of the rotor to serve for 
assigned have been well known, | adequate examination. Fig. 2 illustrates this way 
at least to some of them, for a| of exposing the ‘“‘A” segregate zone at the rotor 
considerable time. Residual | body. 
stresses are of a much more serious character in solid; The testing process consists of magnetising the 
rotors than can occur where there is an axial bore. Con- | forging, causing the surface to be examined to be 
sequently, apart from the necessity of having a bore for | gently washed with a stream of paraffin carrying 
the inspection of the interior for soundness, the deduction | chemically-prepared extremely finely-divided iron 
from elastic theory that the maximum stress due to cen- | powder. Fine cracks are made visible by the adherence 
trifugal action for a solid rotor is twice that for a rotor | of iron particles bridging the cracks under the magnetic 
with a bore, may easily be more than cancelled by the | field existing across them. 
difference in the character of the residual stresses.| Fig. 3 shows the magnetising gear applied to a rotor 
The bored rotor has for some years, therefore, become | body. It consists of an inverted U-shaped yoke, 
standard, the authors’ company having adopted the | supported upon the top of the rotor body by a saddle 
practice of boring solid forged rotors as early as the | carriage of non-magnetic material, by means of which 
year 1917. Residual stress due to thermal treatment | the yoke may readily be moved to different parts of 
is a factor that can be, and is, kept within safe values | the body. The limbs of the yoke are adjustable 
by treatment depending upon the composition of the | so that, with pole shoes machined at their faces to 
steel. Composition is also a most important factor | appropriate radii, forgings of practically all diameters, 
in regard to the reliability of the material and unfortu- | including the shaft parts, can be dealt with by one 
nately the risk of serious defects increases with the | equipment. Fig. 4, for example, shows the equipment 
changes in composition found necessary for the | applied to a shaft. ; 
physical properties, i.e., ultimate strength, yield-point| The normal procedure when examining the bore is 
and accompanying ductility, needed on account of | to support a forging with its axis slightly inclined to 
the magnitude of the working stresses occurring in| the horizontal to enable the paraffin-iron testing fluid 
machines of large output. to flow down the bore and out at the lower end. The 
Alloy steels of the nickel, nickel-chromium and | upper half of the bore surface is washed with a jet 
nickel-chromium-molybdenum types have been used. | of paraffin-iron fluid over a length under effective 
All of these, in certain compositions, are prone to develop | magnetisation, usually 2 ft. to 3 ft. The surface is 
extensively the serious defect generally known in this | then examined in the usual way by means of a periscope, 
country as hair cracks. These are fissures, generally | when cracks, if present, will be made visible as more 
of roughly circular area of }-in. to l-in. diameter, | or less sharply-defined black lines. The remainder of 
and sometimes larger, of such minute width as to be| the bore surface is dealt with similarly in stages, the 
invisible to the naked eye and even under low-power | lower half being examined in the same way when the 
magnification. Frequently they are quite invisible | rotor has been rotated. In order to maintain the requi- 
at a smooth machined surface, and special means | site strength of field, in the case of rotors of steels hav- 
are therefore necessary for their detection. It may be | ing appreciable magnetic remanence and coercive force, 
remarked that while, in the authors’ opinion, given | the direction of the field across the rotor should be 
a composition in which the defect: may occur, the | the same throughout the examination, ‘.e., the direction 
susceptibility is dependent in an important degree of the field in the yoke should be reversed when the 
ace : rotor is turned through 180 deg. 
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* Section xviii, Paper No. 418. Neuere Entwicklungen 
im Turbo-Generatoren, by H. Rickli; Paper No. 375. * Mechanical Testing of Materials, by R. W. Bailey. 
Grenzleistungen im Elektromaschinenbau, by F. Niet-| Proceedings of the Institution of Mechanical Engineers. 
hammer. See pages 26 and 27, ante. May, 1928, 
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Examination of the end face of the rotor body and 
the shaft ends is made visually after the testing fluid 
has been allowed to flow slowly over these surfaces. 
Fig. 5 is a reproduction of a photograph of a represen- 
tative part of the shaft end shown under test in Fig. 4. 
This, as will be seen from the numerous cracks indi- 
cated, was found by the test to be seriously defective ; 
three of the cracks are marked by circles. 

As evidence of the reliability of the method, it may 
be stated that, in all cases where rejection has resulted 
from the examination described and the forgings have 
afterwards been cut through, the condition found within 
the forging has completely confirmed the serious and 
extensive character of the defects detected. In the 
authors’ opinion, attention to composition, proper con- 
trol of the thermal treatment of high-tensile rotor 
forgings to limit the production of internal stress and 
the utilisation of effective measures in inspection will 
ensure the employment of reliable rotor forgings for 
high-speed machines of the largest outputs now em- 
ployed and contemplated. 

The authors are indebted to the directors of Messrs. 
Metropolitan-Vickers Electrical Company, Limited, for 
permission to use certain of the illustrations. 








THE TSURUMI POWER STATION 
OF THE JAPANESE GOVERNMENT. 


THE position of electric traction in Japan was fully 
dealt with at the Tokyo World Engineering Congress last 
year, and a detailed account appeared in our columns 
at the time.* It may, however, be recalled that the 
section between Yokohawa and Karuizawa, on the 
Usui Pass line, was electrified on the 600-volt direct- 
current system in 1912, and that electric traction was 
used on the suburban lines in the neighbourhood of 
Tokyo as long ago as 1904. In 1925, 120 km. (75 miles) 
of the Tokaido trunk line were opened for traffic on the 
1,200-volt direct-current system, and some 500 km. 
(312-51 miles) are now in process of conversion. At 
present the energy for operating these lines is obtained 
partly from the Government-owned station at Akabane, 
which has a capacity of 18,000 kw., and partly in bulk 
from the Tokyo Electric Light Company. A steam 
station, with a capacity of 60,000 kw., is, however, in 
course of construction at Tsurumi, and plans for the 
erection of a hydro-electric station with an output of 
84,000 kw. at Shinanogawa are under consideration. 

The Tsurumi station is being built on reclaimed land 
on the shores of Tokyo Bay. The area available is 
66,156 sq. m. (15 acres), of which 8,089 sq. m. (56,552 
sq. ft.) will initially be occupied by buildings. The 
water-borne coal will be unloaded by two sets of 
belt conveyors, which ‘will !transport it to two skip 
hoists. These hoists will elevate it to the top storey 
of the boiler-house, where part will be delivered into 
the bunkers of the stoker-fired boilers and the remainder 
conveyed to pulverisers. 

The steam-raising plant will consist of eight boilers 
with a normal evaporative capacity of 40,000 kg. 
(88,184 lb.) per hour, though the maximum evaporation 
on the two hour basis will be 60,000 kg. (132,276 Ib.). 
Four of the units will be equipped with stokers and 
the other four with pulverised-fuel firing. Steam will 
be generated at a pressure of 27 kg. per square centi- 
metre (384 lb. per square inch) and a temperature of 
385 deg. C. (725 deg. F.), and will be supplied to three 
20,000-kw. turbo-alternators which will normally 
generate three-phase current at 6,600 volts when 
running at 1,500 r.p.m. The instantaneous output of 
these sets will, however, be 40,000 kw. Cooling will 
be effected on the closed system, and CO, fire extin- 
guishers will be fitted. Steam will be bled from the 
main turbines for feed-heating purposes. Energy will 
be stepped up to 66,000 volts for transmission by 
10 single-phase transformers, which will be arranged 
in three banks of three, with one spare. All the 
auxiliaries, except one set of boiler-feed pumps and oil 
pumps, will be electrically driven, power being obtained 
from two 6,000-kv.-a. transformers and one house 
generator. The high-tension switchgear will be 
installed in a separate switch-house and will be remote- 
controlled from a central control room. 








THE HetGan Coat MINES, MANCHURIA.—Rich deposits 
of coal occur at Heigan, Manchuria, on the left bank of 
the Sungari river, about 248 miles from Harbin and 42 
miles from Liangchiangkou, a river port on the Sungari. 
Mining operations were begun in 1926 and the annual 
output had reached 70,000 tons in 1928. Some of this is 
conveyed to Harbin, but the greater proportion is sold 
to steamship companies along the Sungari river. The 
mines are worked on the open-cut principle, the upper 
seam of the coal being from 20 to 40 ft. below the surface. 
Although a railway connects the mines with Liang- 
chiangkou, their distance from Harbin hampers develop- 
ments, especially as the Sungari is frozen over during the 
winter months. The building of a railway line from 
Heigan to Harbin is being seriously considered. 
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* See ENGINEERING, vol. cxxviii, page 
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LETTER TO THE EDITOR. 


SYDNEY HARBOUR BRIDGE. 
To THE EprToR OF ENGINEERING. 


Sir,—The closing of the great arch of the Sydney 
Harbour Bridge is the culmination of the most import- 
ant stage in the erection of this bridge, the longest and 
by far the heaviest steel arch yet erected. 

The event justifies us in reminding your readers that 
the contfact was secured by a British firm and British 
enterprise in the face of world-wide competition, and 
its successful erection deserves a tribute to those who 
are responsible for the undertaking. 

The greater part of the steel of very special quality 
has been rolled in this country, and shipped to 
Australia by the Australian Shipping Conference Lines 
without any loss. 

The contract has been carried out in compliance 
with the general project prepared by Dr. Bradfield, 
the Engineer of the New South Wales Government, 
and displays very remarkable foresight and breadth 
of view in its conception. 

Our colleague, Mr. Lawrence Ennis, who has been 
Resident Director in Sydney from the beginning of 
our operations, has had entire charge of the whole of 
the manufacture and erection of the bridge in Sydney. 
He, assisted by a most competent staff in Sydney, is 
responsible for dealing with the numerous difficulties 
which have been met with from time to time. 

Mr. Ralph Freeman, our Consulting Engineer, and 
our staff in this country working under his instructions, 
have been responsible for the whole of the immense 
mass of designs and calculations for the permanent 
structure and the scheme of erection. 

We desire to avail ourselves of your courtesy to 
place on record the deep debt of gratitude under which 
Dorman, Long and Company lie for the unstinted 
trouble taken by these gentlemen and their staffs 
in carrying this important and difficult work to a 
successful issue. 

We are, Sir, 
Your Obedient Servants, 
(Signed) A. J. Dorman. 
(Signed) Huan BELL. 
55, Broadway, 
Westminster, S.W.1. 
August 18, 1930. 

Nore.—A reference to this subject was made on 
page 202 of our issue of last week. It has been 
reported in the daily Press that the arch was actually 
closed late on Tuesday, the 19th inst.—Eb. E. 








ELectricIry GENERATION IN GREAT  BRITAIN.— 
According to a statement issued recently by the Electricity 
Commission, Savoy-court, Strand, London, W.C.2, the 
total amount of electricity generated by authorised 
undertakers during the first six months of 1930, was 
5,381 million units, as against 5,098 million units during 
the corresponding period of 1929, representing an increase 
of 5-5 per cent. 


BRITISH STANDARD SPECIFICATION FOR ELECTRIC 
Fans.—The British Engineering Standards Association 
has recently issued a new specification, designated No. 
380—1930, which deals with the performance of desk- 
type electric fans, This is a companion specification to 
No. 367 for ceiling fans, and treats of the performance of 
the small diameter, high-speed propeller-type of fans, 
The new publication defines certain features of desk-type 
fans which relate to their performance, and gives tests 
by which the performance may be ascertained. Dielectric 
tests and limits of temperature-rise are also given. 
Copies of the specification may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London, 8.W.1, price 2s. 2d., post free. 


FILLET AND RapiIus GauGeEs.—Messrs. Brown and 
Sharpe Manufacturing Company, Providence, R.I., 
U.S.A., have recently introduced an improved form of 
gauge for checking and measuring fillets and radii, in 
which concave and convex radii of the same dimensions 
are formed on the same blade, thereby reducing the 
number of blades required to cover a given range to 
one-half the usual number. To facilitate the use of the 
tool in positions otherwise inaccessible, the blades have 
been made of about twice the usual length, each blade 
being formed with a long slot through which the clamping 
screw in the holder passes. Practically the whole of the 
blades can be extended for use at the same time, and 
it is, of course, possible to select any particular blade 
required while the remainder are enclosed in the holder. 
The gauge is made in four patterns, two of which have 
concave and convex radii at the same end of the blade, 
while, in the other two, the blades have convex radii 
at one end and concave radii at the other. The 
two last-mentioned gauges, which are especially useful 
for laying out forming tools, as well as for gauging fillets 
and radii, have ranges of ;;-in. to }-in., and of 3j-in. to 
}-in., and, in the case of the other two, the ranges are 
vy-in. to }-in. and ,¥-in. to 3}-in., in steps of ;,-in. in 
all cases. Messrs. Burton, Griffiths and Company, 
Limited, Montgomery-street, Sparkbrook, Birmingham, 
and 64-70, Vauxhall Bridge-road, London, S.W.1, are 
| agents for these gauges in this country. 
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LAUNCHES AND TRIAL TRIPS. 

“SEA RAMBLER.’’—Single-screw coal-carrying and 
general-cargo steamer ; triple-expansion engine supplied 
by Messrs. North Eastern Marine Engineering Company, 
Limited, Sunderland. Trial trip, August 9. Main 
dimensions, 305 ft. by 43 ft. by 20 ft. 10 in. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limi- 
ted., Sunderland, to the order of Messrs. Dover Naviga- 
tion Company, Limited, London. 


“ HavsTEN.”’—Single-screw oil-tank motorship ; four- 
cylinder, two-cycle, opposed-piston, airless-injection, 
Barclay, Curle-Doxford oilengine. Trial trip, August 12. 
Main dimensions, 420 ft. by 58 ft. 6 in. by 31 ft. 3 in. 
Built by Messrs. Barclay, Curle and Company, Limited, 
Glasgow, for the Norwegian firm, Messrs. Rafen & 
Loennechen. 

_ “ Nuva Bortuen.”’—Single-screw oil-tank motorship ; 
six-cylinder, single-acting, two-cycle Armstrong-Sulzer 
Diesel engine. Trial trip, August 13. Main dimensions, 
408 ft. by 54 ft. 9 in. by (draught) 26 ft. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Tyne Iron Shipyard, Willington 
Quay, for Messrs. Skibs A/S Motortank, Oslo, Norway. 

“* LUCERNA.”’—Single-screw oil-tank motorship ; Walls- 
end-Sulzer Diesel engine supplied by Messrs. Wallsend 
Slipway and Engineering Company, Limited. Trial 
trip, August 14. Deadweight carrying capacity, 9,500 
tons. Built by Messrs. Palmers Shipbuilding and Iron 
Company, Limited, Jarrow, for Messrs. The ‘‘ Lumina ”’ 
Steamship Company, Limited, Liverpool. 

“San Dreco.’’—Single-screw grain-carrying and gene- 
ral-cargo steamer ; four-cylinder triple-expansion engine. 
Launch, August 14. Main dimensions, 430 ft. by 57 ft. 
by 37 ft. 6 in. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. Compagnie Générale 
Transatlantique, Paris. 

“‘Limpopo.”—Twin-screw passenger and cargo steamer 
triple-expansion engines. Trial trip, August 18. Main 
dimensions, 178 ft. by 30 ft. 3 in. by 11 ft. 6 in. Built by 
Messrs. Earle’s Shipbuilding and Engineering Company, 
Limited, Hull, for Messrs. Empresa do Limpopo A. 
Couto Ltda., Laurengo Marques. 

** LAUREL.’’—Single-screw oil-tank motorship ; seven- 
cylinder Atlas Diesel engine, built at Stockholm. Trial 
trip, recently. Main dimensions, 481 ft. 6 in. by 65 ft. 
4 in. by 35 ft. 8 in. Built for the chartered service of 
Messrs. The Vacuum Oil Company, New York, by Messrs. 
Blythswood Shipbuilding Company, Limited, Scotstoun, 
to the order of Messrs. Olson & Wright, Gothenburg, 
Sweden. 








Hypro-ELEctRic POWER FOR COPPER AND ZINC 
Mines, Manrrospa.—Stated to be the first hydro-electric 
power station to have been constructed in Saskatchewan, 
the Island Falls water-power plant on the Churchill River 
has recently been put into service. The station comprises 
three units, each of about 14,000 h.p., and having an 
aggregate capacity of 44,500 h.p. Provision has been 
made for the installation of three additional units giving 
a total capacity of 86,500 h.p. The power from Island 
Falls is intended primarily for the operation of the Flin 
Flon mine and smelting plant, Manitoba, of the Hudson 
Bay Mining and Smelting Company, Limited, situated 
some 58 miles distant. A branch transmission line will 
convey power to Sherridan, Manitoba, for use at the 
Sherritt Gordon Mine, 35 miles north-east of Flin Flon. 
Both of these undertakings will turn out large quantities 
of copper and zinc, and it is anticipated that production 
will be in full swing before the end of the present year. 
The electricity generated at Island Falls is already being 
used for the illumination of the new mining town of 
Flin Flon, which has a population of about 5,000, and is 
steadily growing. 





CoMMERCIAL USES OF CANADIAN ANHYDRITE.—Anhy- 
drous calcium sulphate, usually known as anhydrite, has 
been considered to be of little commercial value for many 
years, and when encountered in the mining of gypsum 
has usually been considered as an impurity and rejected. 
Recently, however, attempts to find commercial uses 
for anhydrite have produced such encouraging results 
that the mineral promises to become an article of con- 
siderable industrial importance. The successful develop- 
ment of further uses for anhydrite is of great-importance 
to Canada, as large deposits of the mineral are found 
associated with gypsum in Nova Scotia, New Brunswick, 
Ontario, Manitoba, Alberta, and British Columbia. 
Moreover, at many of the gypsum quarries in_ these 
provinces, large quantities of anhydrite have already 
accumulated. In England and Europe considerable 
quantities of anhydrite are employed in the manu- 
facture of ammonium sulphate for use as a fertiliser, 
while recent investigations have demonstrated that it is 
possible to use as much as 50 per cent. of anhydrite 
along with gypsum as a retarder for Portland cement. 
Quite recently, however, the adoption of anhydrite 
for the manufacture of commercial plasters has awakened 
considerable interest. Pioneer work in this direction, 
in Canada, has been conducted by Professor A. E 
Flynn, Professor of Mining Engineering at the Nova 
Scotia, Technical College, at Halifax. His report, 
‘* Anhydrite Plasters and Cements,” published by the 
Department of Public Works and Mines, Halifax, 
indicates that plasters made from anhydrite, with the 
addition of certain chemical salts as catalysers, will 
set and, in a number of cases, possess a tensile strength 
comparable with that of many gypsum plasters now 
on the market. The Mines Branch, Department of 
Mines, Ottawa, is now engaged on an investigation 
of the Canadian anhydrite deposits, and is also carrying 
on the research wok commenced by Professor Flynn. 
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| 
THE NON-OPERATIVE TURBO-GEN- | 
ERATOR AS AN IMMEDIATELY 
AVAILABLE POWER RESERVE.* 
By Eto Brown. 

Tue steam turbine of a non-operative turbo-generator 
in a power station requires, according to its size and 
design and to the degree to which it has cooled from | 
the operating temperature, from six to 60 minutes and 
more before it can be accelerated to speed and fully 
loaded. This expenditure of time is necessary in 
order to avoid deleterious heat stresses in the cylinder 
and rotor, and in order to avoid distortion and vibration 
in such degree that running clearances are enlarged 
and, as a consequence, the steam consumption increased. 
This expenditure of time detracts from the operative 
elasticity of a power station and interferes with the 
rational supply of the power demand, such as rapid 
adaptation to the power curve, timely replacement 
of turbo-generator sets, and the coping with emergency 
loads. 

For this reason, a number of turbo-generators are 





frequently maintained in operation considerably in 
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of abrupt transition from non-operation to full load. 
This is the difference between the method and rate of 
heat flow from dry gases to metal bodies on the one 
hand, and on the other hand from steam to metal 
bodies on the surfaces of which it condenses. 

The uniformity of a steam power station could be 
preserved and its economy and elasticity enhanced, 
if it were possible to utilise standard non-operative 


| station units as immediately available power reserves 


by liberating them from the disabilities above men- 
tioned, and, by the expenditure of an insignificant 
amount of heat, to maintain these units in such a 
thermal state that they are capable of functioning as 
such reserves. 

This paper describes a method and means for its 
application which are proposed for solving this problem. 
This method, by means of which non-operative turbo- 
generators can be immediately accelerated to speed 
and loaded to any degree, consists in maintaining, 
during the period of non-operation, the metal surfaces, 
or at least those of the high-pressure parts that are 
abruptly subjected to the flow of the working steam, 
at temperatures that are approximately equal to, or 


The coefficient of heat transference between the 
steam and the wall, so long as surface condensation 
occurs, is 

a, = 10,000 kcal. per sq. m. per h. per deg. C., 
and when condensation no longer occurs, 
a,! = 1,000 keal. per sq. m. per h. per deg. C. 

The outer surface of the wall, for our purpose, can 
be assumed as perfectly insulated, i.e., 

a, = 0. 

The transition from «, to «,! occurs at a temperature 

ty, given by the expression 

(th — ty)+1,000 = (tp — ty)-10,000 
which, as is known, approximates to the actual 
conditions. 

This expression gives 

ty = 248 deg. C. 
Fig. 3 shows the variations in the temperature 





gradient in the cross-sections 3 and 4, Fig. 2, caused 
by a sudden application of full load to the cold turbine. 
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excess of the momentary power requirements, whereby, 
in consequence of the lower efficiencies at partial loads, 
the efficiency of the power station is lowered. The loss 
in efficiency is equally serious when recourse is had 
to running stand-by turbo-generators at no load, 
which method has the added disadvantages that the 
thermal state of the stand-by is insufficient to eliminate 
deleterious heat stresses when the turbo-generator is 
abruptly subjected to a heavy load. 

For these reasons, steam power stations that are 
subjected to particularly abrupt peak loads have been 
supplemented by Diesel engines, as these are capable of 
taking full load within some six minutes of starting 
up from the cold non-operative state. ~ 

Fig. 1 shows a load curve of a power station supplying 
current into a network, and the proposition was made 
to cope with areas 1 and 2 by means of Diesel engines 
having a capacity of some 40 per cent. of the total 
installed power. 

It is remarkable that the cold non-operative Diesel 
engine, although immediately subjected to intermittent 
working processes with temperature differences of 
1,500 deg. C. and greater, can attain full load quicker 
than the non-operative steam turbine of equivalent 
power, although the latter is subjected to an approxi- 
mately constant temperature difference of less than 
a third of that of the Diesel, quite apart from its 
mechanical simplicity, its purely rotary motion, and 
the rapidity with which it can be accelerated to speed. 
The reason for this is to be found in the fundamental 
difference in the method of heat transfer across the 
surface in the two types of heat engine during the period 

















* Paper read before the Second World Power Con- 
ference, Berlin, June 16 to 26, 1930. 
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Fig.8. VALUES OF THE HEAT STRESSES AS THE 
WALL TEMPERATURE INCREASES WITH 
& WITHOUT PREVIOUS HEATING. 















































dry gases into metal walls 
over which they flow. The 
efficacy of this method can -be illustrated by the 
following considerations of the rate of heat flow in 
turbine parts and the resulting heat stresses and 
deformations during starting : 

In Fig. 2, 1 and 2 are sections through the flanges, 
and 3 and 4 sections through the walls of a high- 
pressure cylinder. The dimensions are those given 
in the figure, and the material is cast steel, which 
has the following properties :— 

7-8. 

0-115keals. perkg 
= 47 at 20 deg. C. 

= 40 at 250 deg. C. 


Specific gravity 

Specific heat ... Poe aa 

Coefficient of conductivity in { 
kcal. perm. perh. per deg. C | 

Temperature of cylinder in the 
cold state ... ae cue 50 deg. C. 

Condition of the steam suddenly admitted :— 
Pressure a -.. p = 50 atm. abs. 
Saturation temperature ... t = 264 deg. C. 
Superheated temperature th = 400 deg. C. 
Velocity of flow --- w= 40m. per sec. 
tw denotes the temperature of the wall in contact 

with the steam. 
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By this method, the metal & Ts Steam These curves are determined by the 
masses of the cylinders and 2 sin. Sone Ll ordinary methods of the theory of conduc- 
rotors are protected, during “ — tivity (see, eg., Stodola, Dampfturbinen, 
starting and loading, against 9.5,;9¢ Fifth Edition, Section 198). 
the disastrous effects of ex- } Initially the temperature difference 
cessive heat flow caused by : * across the surface of the wall is 
surface condensation, in that | $ . . 
this condensation is sup- “”"” K— ia 264 deg. — 50 deg. = 214 deg. C. 
po r _ ron 10 3060 720 780 and the heat flow is thus :— 
comes limi o that from 5 - a 
eis *econdls: “exoweeninc Qmax. = 10,000 x 214 = 2,140,000 


keal. per m2, per h. 


This quantity of heat decreases with t, — ty. Accor- 
dingly, the first temperature gradients are the steepest. 
The maximum value of the heat stress associated with 
these temperature gradients occurs after 15 to 20 
seconds. After approximately 85 seconds, surface 
condensation ceases, and the value of the heat-trans- 
ference coefficient drops more or less suddenly from 
10,000 to 1,000. After this, the surface temperature 
and the temperature of the interior of the wall approach 
asymptotically to tp. 

The variations in the temperature gradient in the 
flanges 1 and 2, Fig. 2, are much more pronounced 
than those in the walls. These are shown in Fig. 4 
for the same conditions as assumed for those in Fig. 3. 
The increased heat capacity of the wall causes the 
amount of heat flow a, (ts — tw) to decrease more 
slowly. The temperature differences are, in conse- 
quence, greater, and cause an increase in the heat 
stresses. The heating of the flange bolts is retarded 
owing to imperfect heat contact, and they are often 
over-stressed as a result of the deformations lettered 
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64-B.H.P. HIGH-SPEED AIRLESS-INJECTION OIL ENGINE. 
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10-11, and 12-11, Fig. 2, and the heat expansion of | 
the flanges represented at 14. All these disadvan- | 
tages can be eliminated by the application of the pro- | 
method, which enables even the largest and most 
massive turbine units to be started up and put on full 
load in the shortest time. 
» Figs. 5 and 6 show the temperature-gradient curves 
for the same walls and flanges corresponding to Figs. 3 
and 4, with the difference that, in this case, the walls 
are heated]to an initial temperature equal to that of 
saturationfof the working steam. This results in the 
heat transference taking place under conditions which 
way condensation occurring, and the rate of heat 
ow is restricted to that corresponding to the value 
a,’ = 1,000 keal. per sq. m., per hour, per deg. C. By 
reason of the flat character of these gradients, only 
moderate heat stresses are set up. Further, the defor- 
mations of the flanges and the stretching of the bolts 
are greatly reduced, as these parts, due to the low 
value of «,', have been adequately heated. 

Fig. 7 shows the heat flow into the flange on a time 
basis. Curve 1-2 refers to the initially cold turbine 
and corresponds to Fig. 4. The transition from «, to 
a,! occurs at the point 3. The curve 4-5 refers to the 
flanges initially heated to saturation temperature, as 
in Fig. 6. 

It is evident that the elimination or reduction of 
the superimposed heat stresses consequent on starting | 
up and loading admit of a more rational use of the | 
properties of the materials and of metallurgical progress. | 
Fig. 8 gives a comparison between the heat stresses | 
and the strength of material such as occur with high- 
temperature working under the conditions of Figs. 4 
and 6. The curve 1-2 represents, on a temperature 
basis, the limit of endurance or the endurance creep 
limit in kg. per sq. mm. in tension for an alloy cast 
steel. Curve 3-4 gives values of the heat stresses for 
an initially cold machine. The peak of this curve lies 
above 1-2, thus causing deleterious deformations. It 
must be taken into consideration that the curve 1-2 
was obtained by tension tests, and that therefore, in 
the case of compressive stresses, its application is only 








approximate. 
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If the metal is maintained during inoperative 
periods at temperatures approximating to saturation 
temperatures, the curve 3-4 is replaced by 37-4’. 
The non-operative turbine can thus be immediately 
started and loaded without incurring deleterious 
heat stresses. If a still higher temperature is chosen, 
e.g., 350 deg. C., then the curve 37-4” applies. In 
consequence of such reduction of heat stresses, the 
dimensions of the flanges and walls can be reduced, 
whereby these stresses are further diminished. 

A further advantage of this method lies in the fact 
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that the running clearance, e.g., between the labyrinth 
glands of diaphragms and the shaft, are, under starting 
conditions, initially equal to or greater than under 
load conditions. They are thus protected from increase 
due to rubbing which gives rise to increased steam 
consumption. The reverse is the case under usual 
starting conditions, the temperature of the rotor 
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This 


rising more rapidly than that of the cylinder. 
premature heating of the rotor must, in some cases, 
compensated by temporary axial adjustment of the 
running clearances. 

The clearances of a turbine started in accordance 
with the proposed method, by means of which the 
effects due to the large value of « are avoided, may 
be made smaller. Cracking of cylinder casings, due to 
premature expansion of diaphragms, is likewise avoided. 


(To be continued.) 








THE RUSTON HIGH-SPEED AIRLESS- 
INJECTION OIL ENGINE. 


In discussing the position of the high-speed airless- 
injection engine, we have more than once expressed 
regret that Continental makers have shown more 
enterprise in development work than those in our own 
country. In view of the importance which this type 
of engine is rapidly assuming, it is satisfactory to 
record that the leeway which undoubtedly exists 
in this respect is being rapidly made up, several new 
British engines having been recently introduced. A 
new model manufactured by Messrs. Ruston and 
Hornsby, Limited, Lincoln, for example, was exhibited 
for the first time at the Royal Show in Manchester, 
and, in view of the exceptional experience possessed 
by the makers in the manufacture of airless-injection 
engines generally, the performance of this model will 
be watched with great interest. 

The engine, which is illustrated in Figs. 1 to 6 on 
this and the opposite pages, runs at 900 r.p.m., and 
can be supplied either as a stationary model for belt 
or direct drives, or arranged for fitting in commercial 
vehicles, tractors, and so on. The illustrations show 
the latter model, but the two units are practically 
identical, except as regards the base. The engine can 
be supplied as a two, three, four, or six-cylinder unit, 
the power developed in the four cases being 32, 48, 
64 and 96 brake horse-power at normal running speed. 
The cylinder bore and piston stroke are, respectively, 
5% in. and 8 in. on all models, which differ only in the 
number of cylinders and the starting arrangements. The 
engines will operate satisfactorily on any of the usual 
fuels, including Diesel-engine oil. 

Turning now to the detail construction, it will be 
seen from Figs. 1 and 2 that the cylinder heads are 
separate castings, held down by studs which are 
not exposed to the action of the cooling water. The 
combustion space follows the maker’s standard practice, 
the valves being mounted horizontally with the atomiser 
located vertically between them. Starting valves are 
shown in the two left-hand cylinders in Fig. 2, and it 
will be noticed that these are also arranged horizontally 
and at right-angles to the inlet and exhaust valves. 
The cylinder liners are of cast iron, and are renewable. 
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They are provided with the usual flanged joint at the 
top and an expansion joint at the bottom. The main 
cylinder block and upper half of the crankcase are 
in one piece, as shown in Figs. 1 and 2. Doors are pro- 
vided to give access to the water jacket, to the cam- 
shaft, and to the valve tappets. The block is provided 
with a horizontal flange running along each side for 
mounting the engine in a chassis, or on a foundation 
plate, according to the service for which it is required. 
The sump is a light casting, easily detachable for 
cleaning, and provided with a large well for the lubri- 
cating oil. 

The inlet and exhaust valves are interchangeable, 
and both are operated from a single camshaft located 
in the crankcase, as shown on the right in Fig. 2. 
The inlet valves, one of which is shown on the 
left in Fig. 1, are operated through push rods and bell- 
crank rocking levers. To operate the exhaust valves, 
the upper ends of the push rods engage with the hori- 
zontal arm of a second bell-crank lever, and from the 
vertical arm of this lever, a second horizontal push 
rod passes through the cylinder head and engages, with 
a vertical rocking lever operating the valve. The push 
rods have hardened ball ends engaging with hardened 
steel pads in the various levers. The camshaft is gear 
driven from the crankshaft at the front end of the engine, 
and, in turn, drives the fuel pump through gearing 
at the-rear end. The shaft is carried in long bearings, 
and the cams are machined from the solid, forming part 
of the shaft. All the cams are hardened and ground. 
The pistons, connecting rods, and crankshaft of the 
engine only call for brief comment. The pistons are of 
cast-iron, and are annealed after rough machining. 
They are fitted with three gas rings at the top and a 
scraper ring at the bottom. The gudgeon pins are of 
the floating type, and the small-end bearings are 
designed with an increased surface on the pressure side. 
The connecting rods are high-tensile steel stampings, 
of H section, and the big-end bearing is of the split 
adjustable type. The crankshaft is machined from a 
carbon-steel forging, and is heat treated. It is carried 
in five bearings of unusually large diameter. 

The fuel pump is illustrated in Figs. 4 and 5. There 
is a separate plunger to each cylinder, and the pump 
body is machined from a solid steel forging. It will be 
clear from the figures that the pump plungers are 
operated from the cams through the medium o 
vertical tappets fitted with rollers. The fuel, after 
passing through a filter, enters the pump through the 
lower of the two branches shown near the top in Fig. 4. 

The suction valves are shown at the top of the pump 
to the right in Fig. 5, and the delivery valves to the 
left, and it will be noticed that the supply to the cylinder 
is controlled by spill valves located between the suction 
valves and the plunger cylinders. The spill valves are 
operated by tappet rods resting on horizontal levers, one 








end of which is pivoted on the main tappets, while the 
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other carries an adjustable block with an inclined face 
making contact with the governor eccentric. It will 
be clear that the point of injection is constant, but 
that the point at which the spill valve opens will vary 
with the position of the eccentric. The usual hand 
lever is provided by means of which the spill valves 
can be lifted independently of the governor action, 
the lever being connected to a shaft provided with flats 
located below the horizontal arms in line with the 
spill valves. One of the atomisers is shown in Fig. 6, 
and it will be seen that it is of the usual Ruston design, 
with a single spring-loaded valve. The atomiser is 
always full of fuel, and the valve is opened in the usual 
way when the fuel pressure reaches a certain figure. 
The main supply from the pump is delivered to the 
lower connection shown in the figure, and any leakage 
past the valve spindle is returned to the fuel tank 
through the upper pipe connection. 

The cooling water is pump circulated, the pump being 
mounted on the off-side, as shown in Fig. 3, and driven 
by the main gear train at the forward end of the engine. 
The bearings are pressure lubricated throughout *y a 
positively-driven gear pump located in the sump. 
The lubricating-oil distributing pipe is fitted with a 
pressure-relief valve and with a pressure gauge, and 
the system also incorporates the usual filters. The 
two-cylinder engine can be easily started by hand, but, 
if required, it can be fitted with a starter similar to that 
fitted to the three, four, and six-cylinder engines. In 
the latter cases, two cylinders are fitted with an auto- 
matic air-starting valve. The control valves admit air 
to the cylinders in the correct sequence, and these 
valves lift out of action immediately the air is cut off 
from the receiver. A suitable air compressor and 
receiver, to operate at 200 lb. pressure per square inch, 
can be supplied if required. 








CANADIAN PropucTION or CapmiumM.—Cadmium, a 
by-product obtained in the production of zinc, was 
isolated in quantity for the first time in Canada early 
in 1928, at Trail, British Columbia, by Messrs. The Con- 
solidated Mining and Smelting Company of Canada, 
Limited. The original plant, which had a capacity of 
about 1 ton of refined cadmium a day, treated the 
accumulated cadmium residues from the zinc plant. A 
new installation which was completed in the autumn of 
1929, has a capacity of 14 tons of refined cadmium a day, 
and treats the regular output of the zine plant, which 
is of lower grade than the old accumulated residues. The 
1929 production, as given by the Dominion Bureau of 
Statistics, amounted to 773,976 lb., as against 491,894 Ib. 
in 1928. Exports of the metal are mainly to England 
and France, while considerable quantities are consumed 
in Canada, chiefly for plating purposes, in connection 
with the motor-car and wireless industries. The worid’s 

roduction of cadmium in 1928 amounted to 1,380 tons. 
mplete figures for 1929 have just been issued, the out- 
put reaching 2,000 tons. The chief producers, in order 
of importance, are, the Anaconda Company, United 
States ; the Consolidated Mining and Smelting Company 
of Canada, Limited ; and the Electrolytic Zinc Company 





of Australia. 
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THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 216.) 


CoNTINUING our selection of abstracts of papers 
read at the recent World Power Conference in Berlin, 
we deal below with Sections VIII, XV and XXII, all 
of which were devoted to various problems in con- 
nection with the subject of power supply. 


ComBrnED Heat and Power Svurpity Puanrs. 

The subject of combined heat and power supply 
plants was discussed in Section VIII. The report 
entitled ‘“‘ The Present Status of District Heating in 
the United States,” by Messrs. J. H. Walker and A. R. 
Mumford, stated that hot water was being displaced by 
steam, which was being increasingly used. Although 
mainly used for heating it was also employed for the 
operation of engines and pumps, cooking, heating 
service water and process work. The quantities of 
heat used were relatively large owing to the long and 
severe winters and the indoor temperatures demanded, 
the accepted temperature for occupied rooms being 
70 deg. F. Temperatures as high as 75 deg. F. were 
found necessary when the outside temperature was 
very low because of the extreme dryness of the air at 
such}times. The position of the heating industry had 
improved considerably during the past decade, mainly 
due to the increased value of the space occupied by 
individual plants and the greater appreciation of the 
luxury value of steam service. The efficiencies of a 
well-designed heating plant were given as: Boiler, 
75-85 per cent. ; distribution, 80-90 per cent. ; utili- 
sation in the consumer’s building, 90-95 per cent. ; 
overall, say, 63 per cent. The overall efficiency of 
individual plants was stated to average 50 per cent. for 
a small building and 60 per cent. for a large one. In 
1928, 26 companies, including the largest and many 
small ones, sold 18,900,000 lb. of steam, the revenue 
amounting to 17,000,000 dols. Pressures up to 200 Ib. 
per square inch were used, depending on the probable 
requirements of the consumers and the space available 
in the streets for pipes. In New York, the five boiler 
plants had an aggregate generating capacity of 
6,000,000 Ib. of steam per hour. In many cases a 
velocity of flow of 50,000 ft. per minute existed in the 
mains, while velocities as high as 75,000 ft. per minute 
had been observed. The greatest distance over which 
steam was actually being transmitted to a consumer was 
approximately 15,000ft. Ordinarily electric generating 
stations were located some distance away from the 
consumers, preventing the distribution of steam bled 
from the turbines. District heating was often regarded 
as costly because of the waste with which the heat was 
used by many consumers. The supply companies had 
in recent years expended considerable effort in deter- 
mining the most economical methods of heating and in 
assisting the consumer in applying these. The cost was 
approximately made up of : Fuel, 30 per cent. ; other 
steam generating costs, 15 per cent.; capital costs— 
boiler plants 25 per cent., distribution system, 15 per 
cent.; distribution, caring for consumer’s equipment, 
selling, general expenses, including taxes, 15 per cent. 
The service must be limited to favourable areas if it 
was to be profitable, and there was no prospect of a city- 
wide district heating service in its present form. 

Ing. Schereschewsky in his paper “‘ Le Chauffage 
urbain a Paris,” pointed out the great differences 
between the conditions in France and the United States, 
partly in regard to the density of consumers and partly 
climatic. Thus, the steam consumption per mile of 
street was only 6,400 tons per annum in Paris com- 
pared with ten times this amount in New York. In 
Paris, district heating was only possible when steam was 
supplied from large electric power stations. With 
back-pressure turbines the utilisation of the system was 
raised to 2,200 hours per annum, compared with only 
1,000 hours for a purely heating plant. The amount of 
steam required for heating a district in a city like Paris 
was four or five times as much as that required for the 
production of the electricity used in the same district. 
A paper entitled “ Distribution de I’Energie calorifique 
dans les Immeubles des grandes Villes,” by Ing. A. 
Nessi, discussed the calculation of the heater units 
required for buildings with varicus inside and outside 
temperatures and constructed of different materials. 
A special piece of apparatus was described which had 
been designed to facilitate the graphical solution of the 
resultant equations. 

Figures in connection with saving in fuel on a large 
scale was given in the paper ‘‘ Heat Recovery,” by 
Ing. R. San Nicolo. The boilers of the locomotives of 
the Italian State Railways had to be washed out with 
water at 50 deg. C. and then filled with water at 80 deg. 
C. This represented on the average about 1,880,000 
B.Th.U. per locomotive and the operation was per- 
formed many times daily at the large depots, where 
recovery plants were installed. In these plants the 
hot water from the arriving locomotives first heated, 
on the well known system, the fresh feed water, 








and then served for washing out. The recovery 
effected from one locomotive was more than sufficient 
for washing out and filling up another locomotive. 
Several combinations of industries were indicated, 
in which one made use of the waste heat of the 
other, such as the use of the exhaust steam from 
food preserving and preparing works to provide hot 
water for laundries, and the exhaust from a steam 
turbine to supply heat to a bathing establishment. 

In the paper ‘‘ Verbindung von Kraft- und Warme- 
versorgung im LEisenbahnwesen,” by Reichsbahn- 
direktor E. Harprecht, it was stated that the heat 
requirements of a railway were mainly for warming 
buildings. Diagrams were given of the power require- 
ments of railway workshops and heat necessary in 
stations, with descriptions of a number of combined 
plants of the German State Railways. 

The production of power in iron and steel works calls 
for the careful study of the utilisation of sources of 
waste heat. Mons. A. Ervain, in his paper “ Etude 
économique de la Production de l’Energie dans les 
Usines métallurgiques,” discussed the relative merits of 
gas engines and steam turbines. He dealt with a works 
having 1,765,000 cub. ft. of blast furnace gas available 
per hour, and examined in detail four possible power 
plants: (a) four gas engines of 2,800 kw. each, with a 
2,500-kw. turbine to use the steam from the exhaust 
gas boilers; (6) gas-fired boilers with a 10,000-kw. 
turbine; (c) gas and powdered fuel-fired boilers with a 
14,000-kw. turbine to give the same capacity as the 
first scheme ; (d) a mixed plant with two 2,800-kw. gas 
engines, one 1,250 kw. low-pressure turbine, gas-fired 
boilers and a 5,000-kw. turbine. He came to the conclu- 
sion that the high capital and operating costs of the gas 
engines, partly due to the number of units adopted, 
did not warrant their employment, the additional 
electrical output obtained from the available gas being 
more costly than that obtained by the use of pulverised 
fuel in scheme (c), except with very high load factors. 

A similar preference for steam turbines was expressed 
by Mr. Ch. W. E. Clarke, who presented a report 
entitled “‘ Power Production in the Steel Industry,” in 
which the use of auxiliary powdered-fuel firing with 
automatic control was described. The adoption of 
extra high steam pressure (1,200 lb. per square inch 
compared with 400 Ib. per square inch), was not con- 
sidered justified where considerable quantities of waste 
fuel were available. It appeared impracticable to 
eliminate entirely the use of steam at a relatively low 
pressure, 100 to 150 lb. per square inch, for auxili- 
aries in the steel mill, the condensate from which was 
lost. Where the make-up feed water for the high- 
pressure plant had to be provided by an evaporator 
plant, an economical arrangement resulted from utilising 
the condensation of this feed to raise the low-pressure 
steam, instead of obtaining it direct from the high- 
pressure system, either through a reducing valve or a 
back-pressure turbine. 

The benefits resulting from the employment of the 
massed resources of a country or district were discussed 
by Mr. B. F. Wood in his paper ‘“‘ Engineering Aspects 
of Interchange of Power with Industrial Plants.” 
It became possible to reduce the total plant investment 
by 5 to 10 percent., because of system diversity, when 
adequate transmission facilities were provided, a further 
saving being provided by the decrease of spare equip- 
ment required to maintain reliability of service. He 
dealt at some length with the gain to the public supply 
companies of the United States through such inter- 
connection. This had now reached a point when 
the principal electric power systems could now inter- 
change power over an area of approximately 900,000 
sq. miles, about twice the size of Germany, France 
and England combined. Additional interconnections 
were contemplated which would increase this area to 
1,500,000 sq. miles with a population of 98,000,000. 
Further development was taking place with regard 
to co-operation between the utility and industrial 
companies, as instanced by the Deepwater Station 
on the Delaware River. This was a joint station to serve 
two utility companies and one industrial, including 
six boilers each of a capacity of about 330,000 Ib. 
of steam per hour at 1,400 lb. per square inch. There 
were two 55,000-kw. condensing turbines to supply the 
requirements of the utility companies, and a 12,500-kw. 
back pressure turbine. The exhaust from the latter 
passed to evaporators which furnished 400,000 Ib. of pro- 
cess steam per hour at 180 lb. per square inch pressure. 
It was pointed out that any unbalanced conditions 
from the exact relation between the quantities of steam 
and of electric power would increase the combined unit 
cost. Hence the unit rates for each should bore some 
relation to the other, requiring a very careful survey 
of the probable operating conditions. 

The same subject was dealt with by Mr. George E. 
Whitwell in a paper entitled “Commercial Aspects 
of Interchanging Power between Utilities and Large 
Industrials.” He emphasized the necessity for frank 


discussion between the parties concerned since, for the 
interconnection to be satisfactory, it must be profitable 





for both parties, which is not always readily ascertained. 
Lasting results and profits could only be assured by fol- 
lowing the broadest economic laws. He gave an 
example of a proposal to make an interconnection of 
15,000 kw. between a public supply company and a 
large steel company, with the terms suggested. 

“Combined Heat and Power Supply in Industrial 
Plants ’’ was the title of a paper by Mr. W. F. Ryan, 
who pointed out that there was usually a regrettable 
lack of synchronism between the demands for these 
two forms of energy. He showed the advantages 
of coupling up, or rather combining, with a supply 
company, by an example of two efficient plants. The 
first, an industrial one, had an average steam demand 
of 600,000 Ib. per hour and met its own power require- 
ments of 5,500 kw., with a back pressure turbine. 
The other, a central station, used steam at 625 Ib. 
per square inch gauge pressure at the turbine throttle, 
at a temperature of 750 deg. F., the overall fuel con- 
sumption being at the rate of less than 1 lb. of good 
steam coal per kilowatt-hour of net output. If the same 
quantities of process steam and net output of electricity 
were produced in a single plant, the reduction in capital 
cost was estimated at 104 per cent., with a saving of 
19 per cent. in the fuel consumption. 

The great possibilities of economy by joint plants 
was also pointed out by Professor F. Niethammer in 
his paper “ Kupplung der Kraft- und Warmewirt- 
schaft.’’ He stated that Germany used 150,000,000 tons 
of process steam per annum, which in back-pressure 
turbines gave 15,000,000,000 kw.-hr. He likewise 
referred to the lack of coincidence of demands for heat 
and electricity, suggesting the use of various storage 
systems. He proposed that industries should combine 
to draw their requirements from a central station, thus 
reducing the number of unit plants to be connected 
to the grid or net, a plant of this nature serving a 
radius of three miles. A load dispatcher would be 
required to control the production and distribution 
of energy for all purposes to secure the most economical 
results. Supply companies did not favour coupling 
up with small industrial stations, but it was stated 
that parallel operation with back pressure turbines 
could be compared to the use of synchronous motors, 
resulting in an improvement of the power factor and 
the maintenance of a more constant voltage in the grid. 

Similar proposals were made by Dr. Ing. F. Marguerre 
in his paper “Stand und Entwicklungsaussichten 
der Abfallkraftnutzung in Deutschland, insbesondere 
Heizkraftbetriebe.”” He referred to the supply of 
process steam to textile factories at Barmen and Forst 
(Lausitz). Purely district heating plants in Germany 
could only count on the equivalent of 1,300 to 1,400 
hours per annum of full load, in severe winters rising 
to 1,600 to 1,800 hours. Combined with the supply 
of warm water the utilisation could be raised to the 
equivalent of 1,800 to 2,100 hours. In special circum- 
stances, as at Munich and Bremen, this was increased 
to over 3,000 hours. He also emphasised interconnec- 
tion with the main electricity grid. 

The necessity for consideration of other factors than 
economy in heat units was pointed out in the paper 
“Zur Frage der Unwirtschaftlichkeit auspuffenden 
Abdampfes und die Grenze der Wirtschaftlichkeit 
der Zwischendampfentnahme,” by Ing. B. M. Gerbel. 
He gave the extra cost of condensing plants with 
bleeder connections over that of back pressure plants 
as approximately 5,000 + 20 x (h.p.) marks for recip- 
rocating engines of 200 to 1,000 h.p., and approximately 
20,000 + 10 x (h.p.) marks for turbines of 1,000 to 
3,000 h.p. In the case of a 1,000-h.p. steam turbine 
with steam at 3 marks per ton, the author calculated 
that it was more economical to use a simple back pres- 
sure turbine, discharging the surplus steam into the 
atmosphere, rather than to condense this, so long as 
at least 58 per cent. of the exhaust steam was used 
for process work. The large amount of escaping steam 
would suggest waste to an observer, although actually 
this method of working would give the lowest combined 
cost for power and process steam under the specific 
circumstances. 


PowER STORAGE AND ACCUMULATION. 

Power storage on a really large scale is exhibited at its 
best by pumped-storage hydro-electric plants. This 
type has been developed widely in Germany, as was 
shown by the Report of the German Water-Power 
Association taken in Section XV and entitled ‘* Wasser- 
kraftpumpwerke fiir Energiespeicherung in Deutschland, 
ihre Eingliederung in die Energieverteilung, und ihre 
wirtschaftliche Gestaltung unter besonderer Beriick- 
sichtigung des selbsttitigen Betriebes.”” It was noted 
that this type of plant must compete with Diesel-driven 
sets and with heat accumulators, and had, moreover, a 
handicap in that its locality was fixed by topographical 
and not industrial conditions, but even so, it could often 
prove more economical, partly because of the lower 
maintenance of its moving parts, and partly because it 
can equalise the load, over any period, of existing plant. 
Further points were dealt with in sectional reports. 
In connection with the incorporation of such plants 
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in a network, it was shown that, whatever the main 
type of power station it could usually be arranged 
that the storage plant could be built fairly near the load- 
centre, but that it was necessary to investigate very 
closely the duration of peak-loads and pumping times, 
and where the main plant was a water-power, the 
minimum flow to the plant was the decisive factor, and 
the capacities of main reservoir and pumped storage 
must be carefully proportioned. In conjunction with 
steam plants, these plants could both raise the load 
factor during the normal day’s running, and, provided 
storage capacity was sufficient, could keep the steam 
plant going on a steady load throughout the night or 
other slack period. Another section considered con- 
structional design, showing that the principal initial 
costs were those of the civil engineering work, and, of 
these the reservoir itself was the biggest item, conse- 
quently it was often better to locate the plant in a 
region of lower available fall where cheap reservoir 
construction could be secured rather than in utilising 
a high fall with consequent smaller plant charges but 
with heavy reservoir costs. This same characteristic 
made such plants very suitable objects for unemploy- 
ment relief works. This section of the report terminated 
with condensed descriptions of leading German plants 
nearly all of which have received attention in other 
publications, and are consequently omitted from this 
summary. The great variety possible in the design of 


pumps and turbines was discussed in a third section, | 9 


which quoted 65 per cent. as a commonly attainable 
overall efficiency. A list of installations showed the 


turbine 


ratio of powers, a to be on the average 1-25, the 


range being 1-2 to 1-88, while the ratio of specific 
speeds, of single-eye impellers only, was about the same, 
the two quantities being obviously interdependent. 
Francis turbines were being used up to 400 m. head, 
and general practice limited the pump head to about 
150 m. per stage, with a marked preference for guide 
vane regulation on at least the final stage. Where the 
set was built high up on account of, say, fluctuating 
tail-race level, a preliminary separate feeder impeller 
was common. The great advantage of this type of 
storage, its instant readiness, was shown by records of 
complete change over from pump to turbine of big sets 
occupying only about 80 seconds. Couplings between 
pump and motor-generator or turbine were discussed 
in detail, friction couplings being quite satisfactory up 
to over 1,000 h.p. at 1,000 revolutions. Electro-magnetic 
friction clutches were used on one 10,000-h.p. set, 
while for larger units the Fétvinger holds the field. 
Developments forecast for the near future included a 
combined pump-turbine in one casing, and direct-driven 
pumps in steam turbine stations, and, possibly, a simple 
solution to the problem of starting up these large pumps 
under load when driven by asynchronous motors, a very 
important matter when, as at Herdecke, each pump 
absorbs 35,000 h.p. 

Generators, dealt with in another part, raised special 
problems when used for this work, in view of their use as 
motors. Synchronous machines were liable, owing to 
inertia effects of the pumping water column, to magnify, 
and re-transmit, electrical surges to the network, and 
thus fall out of step, while asynchronous machines with 
three-phase exciters, although less sensitive to frequency 
changes introduced starting troubles, but functioned 
also as phase advancers. This type of machine needed 
only to be approximately synchronised before being put 
on the line, and thus, without special means of phase 
control was readier for emergency. The usual + 5 per 
cent. permissible voltage fluctuation was not enough for 
storage plants, hence the smaller magnetic inertia of the 
asynchronous machine was again an advantage, but the 
characteristic output curve of the synchronous machine, 
on a falling line voltage was superior. It yr =a toma 
however, from the tabulated particulars of the large 
storage plants in Germany that the cheaper and 
simpler synchronous machine was almost universally 
preferred. These plants total, to date more than 
600,000 ky.-a. 

The question of operation was fully given a section 
to itself, and it was noted that whereas the largest 
Ruths accumulator had a capacity of 67,000 kw.-br., 
the largest pump storage was of 530,000. The essentials 
to success were ample basin capacity, ample provision 
of plant, the turbines to have highest efficiency at 
three-quarter load, and high water velocities (up to 
10 m. per second in pipe lines), the valve arrangement 
to be such that, even while pumping, the turbine valve 
is full open, water being cut off by the guides or needles 
according to type, and at least one of the pumps to have 
regulation of discharge so that the station may operate 
as the voltage-control for the network. If the pump 
required a power input of N, at a unit price p, and the 
output could be sold at p,, thenif pg = m py, the profit 
R = N py (m.e — 1) where « is the overall efficiency. 


That is, if «> = meant a profit ; but if, say, the cheap 


wer was not sufficient to run the pump at full load, 
ut only at 60 per cent. efficiency, and the price of the 





remaining power was p, = k py, then it was shown for 
this case, that if k = 1-5, k < 0-9m meant a profit ; 
otherwise it paid to pump at reduced quantity. Thus 
it was common to provide for pump regulation, usually 
(for the largest sizes, entirely), by means of adjustable 
guide vanes, but it was shown that the bighest efficiency 
was obtained by speed-regulation in spite of the electrical 
(or coupling) losses, as the case may be. 

Section 6 of this contribution gave a survey of the 
hydraulic and electrical connections and apparatus in 
use for the remote and automatic control of these 
plants, but was not, from its nature, amenable to verbal 
summarising. 

Another combined report, originating with the 
Electro-Technical Industry entitled ‘Wahl und 
Aufteilung der Antriebskraft in grossen Energiever- 
sorgungsanlagen unter Beriicksichtigung der Energie- 
speicherung und der Spitzenkrafterzeugung,” discussed 
the factors governing the choice of plant where storage 
for sudden peak loads was involved. The percentages 
of the total current generated in 1913 and in 1928 
generated by various means were :— 


1928. 








‘ese 1913. 
os —— ————_______—____ ae. -_—— 
Per cent. Per cent. 
Coal re 63-3 39-9 
Brown coal 23-0 43-6 
il es 2+1 0-7 
Water 11:6 15-8 





The brown coal had a calorific value of about 3,200 
to 4,500 B.Th.U. per lb. The editors made a point 
of the common feature of modern “ grid” systems 
irrespective of motive-power, the very heavy burden 
of capital charges resulting from the incidentals of 
transmission over a large area. The resulting increase 
in size of units, making for reduction in first cost was 
discussed in the light of possible limits, and it was 
suggested that these were nearly reached in such 
plants as boilers with heating surface of 21,530 sq. ft. 
and total power equivalent of 60,000 kw.; turbines 
of 150,000 to 180,000 kw. with the final stage split 
into four rotors fed in parallel; steam pressures of 
700-800 lb. (unless new materials could be evolved to 
resist the consequent erosion). The relative construc- 
tional details of turbines at the two speeds of 1,500 
and 3,000 r.p.m., were compared and the suitable con- 
ditions discussed. Thermal storage could be profitable, 
particularly where a “ heating” sale could be made ; 
electrical storage for a small, isolated load involved 
the least capital expenditure, but for really heavy loads, 
pumped storage led, and some leading plants were 
described. Outstanding was Bringhausen whose total 
power is 115,000 kw., each pump absorbing 29,580 h.p. 
to pump 212 cusecs. against a head of 985 ft. The 
growth in units was stressed by the descriptions of 
Francis turbines of 95,000 h.p. on a head of 125 ft., 
Kaplan turbines of 39,700 h.p. on a 38-ft. head, and 
Pelton wheels of 46,000 h.p. on a head of 2,180 ft., 
and it was considered that the limit would be placed by 
the fact that a single pipe line conveying 80,000 to 
90,000 h.p. was no longer economical, from its capita] 
burden. A particularly interesting analysis, technical 
and economic, was given of Lee supply in Berlin 
with a main steam station, and peak-load plants com- 
prising electric accumulators, Diesel engines, and 
pumped storage, with curves showing the running and 
other costs, based on various durations of peak. 
Another section described the 32 interconnected 
plants in Saxony. 

Professor G. Ganassini, with the vivid national pride 
which we have remarked with pleasure in all the 
Italian papers, dealt in ‘‘ Gemeinschaftliche Wasser- 
nutzung zur Erzeugung elektrischer Arbeit und fiir 
Bewasserungszwerke,” with the nursery of hydraulic 
engineering, showing that there, as nowhere else, has 
the problem of the double utilisation of water been 
studied and handled. In this respect, the Alpine 
region, glacier fed, presents entirely different questions 
from the Apennine and Island regions, in that in the 
former, water-supply and irrigation demand occur at the 
same time, and there is only a single harvest, while 
in the south many crops ripen twice, the only available 
water is the quite local rainfall, and this occurs outside 
the irrigation period. The vexed questions of land 
values and the proper apportionment of charges for 
power and irrigation appeared to have been settled by 
government edict, a blissful solution not always possible 
The Po valley had five natural reservoirs in which a 
very large proportion of the autumn rainfall could be 
stored, the total capacity being some 450 million cubic 
meters, and this supplied 70 million kw.-hr. during the 
winter, while it also served to regulate and distribute 
for irrigation the early summer floods, and the power 
due to the stage falls of 100 m. could also be used econo- 
mically to give a greater command in the higher arable 
lands. In the southern lower regions, the maximum 
available fall for power was usually the retention 
depth of the reservoir, and the deciding consideration 





was then irrigation, and the aim to make storageias 
great as possible. Many projects, either under way{or 
under discussion, were described, and it was sugges 
that for a preliminary examination costs should be 
apportioned directly in proportion to the capitalised 
values of (1) the total power output and (2) the total 
increase in value due to irrigation of the area under 
command, while it was emphasized that only under a 
single control could the conflicting aims be pursued 
with the least hope of success. 

Messrs. E. Bodenseher and R. Gabler, in “ Die 
Pumpspeicherung im Rahmen einer grossstidtischen 
Elektrizitatsversorgung,”’ discussed the natural philo- 
sophy of power generation, differentiating between 
the methods which entailed complete destruction of 
some natural product, as fuel, and those which, like 
waterfalls, merely used a supply ‘which nature replaced 
unassisted by man, and showing that the storage of 
power involved similar processes. Pumped storage 
approached nearest to natural methods, and the 
authors considered in very full detail the plant installed 
on the Danube working in conjunction with the Vienna 
network, the pumping height being 245 m. to a basin 
of 2 million cubic metres, of which about 10 per cent. 
per annum was lost by evaporation. Analysis of the 
output curves showed a maximum peak requirement 
(in December) of 80,000 kw. with an average peak 
duration of 5-2 hours daily. This was met by four 


| pumping sets each of 20,000 kw., and the efficiencies 


of the various parts were found to be :— 





} 


When | 





When 
Pumping. Generating. 
Per cent. Per cent. 
Line a a ae Pe 99-5 | 9-5 
Transformer os pe 98-0 98-0 
Motor-generator 95-0 } 95-0 
Pump ee 82- | 90-0 
Over all .. a 76 Xn, | 83-4 X Ny 





where 7; and 72 are the pipe-line efficiencies, but taken 
over the whole year the cyclic efficiency averaged 61-3 
per cent. The only really serious rival to pumped 
storage was the Diesel engine which had the advantage 
of being free as to location, and ready for instant 
service, but its fuel per heat unit was three times as 
costly as coal, and it had many parts liable to failure 
at critical moments. The authors finally evolved 
graphical means of evaluating the comparative total 
costs per unit generated by stand-by steam plants 
using steam at 200 lb. and at 500 lb. per square inch, 
and pump plants with current supplied at six different 
prices. Efficient steam plant implied cheap current 
to drive the pumps, and possibly also higher capital 
charges, so that each case must be fully considered 
on its merits, but in every case discussed, pumped 
storage showed very considerable saving. 

Mr. J. Leclerc du Sablon, in “ L’évaporation dans 
les Réservoirs de haute Altitude” described experi- 
ments carried out on reservoirs in the Pyrenees at from 
1,500 m. to 2,000 m. above sea level. The container 
vessels were formed as twotruncated cones. Three were 
floated on the water, two placed on the banks, and 
evaporation from each read off daily, while hygro- 
metric conditions were noted four times and tempera- 
tures twice daily. The maximum temperature ranges 
were 10 deg. C. on the water, and, on the bank, 
20 deg. C. in the polished vessel and 25 deg. C. in 
the vessel painted with coal tar. Readings in three 
successive years were taken over a period of 120 days, 
and showed mean daily evaporation in millimetres 
as follows :— 





1927. 1928. 





| 
| 
Floating— 
Painted (covered at night) 1-68 | 2-40 1-99 
Polished .. ae ..| 1-80 | 1-95 1-95 
Polished (covered at night) 2-01 | -90 4°22 
On banks— 
Painted 3-02 4-05 4-43 
Polished _ —_ 4-67 





Reviewing “Progress in Water Power Storage” 
during the last three decades, Mr. W. S. Lee concen- 
trated on the river system known generically as the 
Santee River in the Carolinas, with a inage area 
of over 15,000 square miles and a rainfall at the head 
of about 75 in., with a heavy run-off, and about 
45 lower down in fairly swampy lands. While the 
district has occasional severe droughts, as in 1925 
it has also tropical downpours, 19-32 in. in 24 hours 
having been registered in 1916. The original stream- 
flow plants, therefore, could hardly depend on more 
than six months operation, and the four plants 
existing up till 1910, totalling about 90,000 k.-va., 
were therefore supplemented by four steam stations, 
totalling 38,500 kv.-a., by 1915. The rapid growth 
of power demand during the war led to consideration 
of making use of the large spillway discharges at 
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full flow from the existing dams, and two main lines 
were investigated. One scheme proposed a number of 
basins, high up, to store the tributary streams separately, 


| to 25,000 kw. in each unit. The turbines had to 
| accommodate themselves to a fairly rapid but steady 
| fall in pressure as the accumulator discharged, actual 


83,000,000,000 kw.-hrs. Regional supply was favoured. 
Many manufacturers purchased most of their power, 
,the iron and steel industry buying nearly as much 


to feed a high-head plant, but the costs of flumes, | pressure drops quoted being from 7 to 1 atmospheres on | as it generated in plants of its own. Such purchased 
tunnels and pipe-lines were against this. The second 3,750-kw. and 13 to 0-5 atmospheres on 25,000-kw. sets. | power constituted 22 per cent. of the total electric 


(adopted) scheme comprised a very large storage of 
12,500,000,000 cubie feet on the main Catawba river, 
but above the existing plants, with a 25,000-kv.-a. 
station, whose tail race, discharged into the old river 
bed, and thus left the regime of the existing plants 
unchanged. This still wasted water, and the Catawba 
dam was therefore raised from 23 ft. to 70 ft., creatin 
additional storage of 10,500,000,000 cub. ft., an 
scrapping 1} million dollars’ worth of plant. In 1925 
all the reservoirs dried out and a 70,000-kv.-a. steam 
station, was built, but the 208-ft. dam on the Saluda 
would store 78,000,000,000 cub. ft. and probably abolish 
this plant. A map showed locations and capacities of 
the network with 25 plants totalling 1,020,000 kv.-a., 
with stage falls from 299 ft. down to 18 ft. Mr. Lee 
finally emphasised the necessity for co-operation 
owing to the high initial cost of such works. 
The records of still another metropolitan network, 
this time in Paris, were discussed by Messrs. E. Rauber 
- and J. Lebrun in their paper, ‘‘ Production thermique 


de l’Energie et Accumulation.”’ Electric accumulation, | 


provided each consumer had his own storage battery, 


could be in theory the perfect method, and a step) 


in this direction was the use of hot-water storage 
from domestic electric heaters. Thermal storage by 
either the Ruths or Marguerre system was sound at the 
generating station itself, but pumped storage, given 
the necessary topographical conditions, was the most 
practical for large plants. The daily load curves for 
1928 were found to group themselves in seven types, 
and these were studied in detail, for each one a 
separate diagram being plotted, which showed on 


a base of power (kilowatts), with ordinates in kilowatt- | 
hours, the losses on pump-cycle power, and the_ 
net economies in fuel, both expressed as energy in | 


kilowatt-hours. With an assumed overall pump-cycle 
efficiency of only 50 per cent., the authors postulated 
a number of arrangements of pumped storage, and by 
using the eurves already obtained, compared the per- 
formance of these sets as in the table annexed. 


| Hence it was designed to run various stage combina- 
tions by opening and closing the suitable steam control 
valves. With an average peak duration of five hours, 
running costs could be reduced by comparison with 
equivalent extra boilers by more than 40 per cent., 
and, as a result of the steadier loading, the existing 
boilers gave much less trouble. An interesting simul- 
| taneous solution to the smoke and cable troubles in 
Berlin was shown by feeding from a super-power station 
outside the city, through a pipe-line 7 km. long, the 
50,000-kw. accumulator station with Ruths turbines, but 
no efficiency or performance data were yet available. 
Used in conjunction with hydro-electric A sa surplus 
current raising steam in the accumulators offered a 
sound solution to the problem of controllable industrial 
heating by electricity, and also helped to reduce the 
need for large water storage on stream-flow plants. 


INDIVIDUAL PROBLEMS OF POWER SUPPLY IN 
DIFFERENT COUNTRIES. 


The special countries concerned in the reports 
submitted to Section XXII were Latvia and Sweden, 
the United States and Canada, Japan and Argentina. 
Mr. O. Leimans diseussed the’ possibilities of eleetric 
supply in Latvia. The country, 65,790 sq. km. in area 
with 1,860,000 inhabitants, produced, in 1928, altogether 
45-5 million kw.-hours, for public service, nearly all 
from thermal and only 1-8 per cent. in hydro-electric 
plants, and almost entirely also for the benefit of 
the few towns of the country. In the latter, private 
enterprise further produced about 5 million kw.-hours. 
| Considerable developments were, however, projected, 
and the national committee for electrification was 
paying attention to private schemes that might 
interfere with the future general projects. Water 
and peat were the chief sources of energy relied upon. 
A total water power of 373,000 kw., it was estimated, 
| would be available for six months of the year; the 
| peat fields covered 247,330 hectares (611,000 acres). 
The two chief hydro-electric plants planned would 


TABLE OF COMPARISON OF VARIOUS COMBINED Prants. 














ates 1 | | 
cS Se Pe eee | ee | wae 
Steam power kw. | 300,000 275,000 250,000 | 225,000 200,000 | 175,000 
wer spake 0 25,000 50,000 75,000 100,000 | 125,000 
Boilerhours ..  .. per year| 3,000 3,340 3.700 4.170 4,700 | 5,400 
Fuel economy—annual per cent. ae 4-04 5-81 7°31 7-73 | 8-00 
Pumplosses .... i — 1-85 2-89 408 | 4:50 | 4-87 
Net fuel economy—annual Es = 2-19 2-92 3-23 | 3-12 





By more detailed investigation of the hypotheses 
it was shown that instead of the 3 per cent. economy 
shown, at least 7 per cent. would be more probable. 
Ruths steam storage might reach 85 per cent., but 
more usually 65 per cent. cycle efficiency, storing about 
13 kw.-hr. to 17 kw.-hr. per cubic metre of capacity, 
while the Marguerre superheated feed-water storage 
method would store about 25 kw.-hr. to 30 kw.-hr. per 
cubic metre. Combined pump and thermal storage 
offered great possibilities in suitable circumstances. 

For industrial processes, thermal storage is naturally 
an ideal method, and Mr. N. Frenne in the first portion 
of ‘‘ Betriebsergebnisse und Aussichten der Ruths- 
speicher,” regretted that while there were 408 Ruths 
plants in existence (25 per cent. of them in Sweden) 
their capacity only represented the needs of 1 per cent. 
of the industries to which the plant was adapted. 
Steam-flow diagrams from one factory showed a 

k boiler output of 25,000 kg. per hour, the process 
emand a peak of 40,000, and after installing Ruths 
accumulators, an actual peak output of 38,000. 
Figures were given for other plants relating to heat- 
ing up times, one reducing from 1 hour 45 minutes 
to 20 minutes, another from 7 hours to 5 hours, while 
yet more plants, more interested in the increase in 
their productive capacity, showed figures of from 
7 per cent. to 45 per cent. inersase. The usual plant 
was capable of peak discharge of 30 per cent. to 
5 per cent. of the normal, which was supplied by 
the boilers, but whereas a good boiler layout cost 
about 20 marks per kilogram of steam capacity, 
a@ Ruths accumulator eost only from 5 marks to 10 
marks. The usual duration of was about 
~ —_. and - had ngewe ound feasible to 
ut down up to 60 per cent. of existing boiler capacity 
and maintain production. The system was especially 
advantageous where back-pressure turbines supplied 
the power to factories using high boiler pressures 
and ion volumes of low-pressure heating steam. 

The power aspect was dealt with m the second 
portion by Mr. Th. Stein, who gave data from 
18 stations with accumulators rated at from 1,000 kw. to 
50,000 kw., and with Ruths turbines of from 1,000 kw. 


| be located on the Daugawa (Diina) River, near Riga; 
|at the four auxiliary generating stations peat would 
| be employed. The 5,400 million kw.-hours to be pro- 
| ng would require about 1,600 km. of high-tension 
ines. 

| Mr. N. Forssblad’s report on the introduction of 
| alternating currents into Stockholm explained that 
|so far the distribution of low-tension energy was in 
| Stockholm almost exclusively by direct current of 
| twice 220 volts from the two generating stations, 
| the Untra works (water power) and the Vartan works 
(steam). The latter central station supplied the sub- 
station and the few high-tension works through 6-kv. 
cables. Within the last few years several high-tension 
plants had been installed for 50-cycle currents at 
30 kv., and under the new seheme in the central 
| portions of Stockholm direct current would ‘only be 
available in private houses, while both direct eurrent 
and alternating current supply would be supplied 
in other cases. Around this centre there would be 
a residential ring having direct current supply only, 
and further out a suburban district exclusively with 
alternating current supply. Thus alternating current 
and direct current districts would be separate, but 
business houses and works could have their own 
supply. Distribution of light and power would be 
at 3 x 220 volts three-phase, from two primary 
feeder systems. Some of the network transformers 
were not fitted with switches on the 6-kv. side; the 
switches used were of the ironclad type. 

In a largely-statistical report, entitled «‘ The Power 
Costs and Trends in the United States,’’ Mr. L. W. W. 
Morrow, of the National Electric Light Association, 
estimated that museular power represented now less 
than 3 per cent. of the total power used in the country. 
From 1900 to 1928 the use of power increased from 
47 million to 1,000 million horse-power. Of this 
total, motor cars represented 750 million, engines, 
tractors and lorries 100 million, light and power plants 
45 million, and ships, mines and rai 30 million 


horse-power. Farmers had increased their pow 
uding 
Central stations produced nearly 


from 6 million to 180 million horse-power, i 


their motor cars. 





motor power. Supply from several centres was 
cheaper than supply from one big central station. 
The fuel costs represented 50 per cent. to 80 per cent. 
of the total cost of production. Reckoned per worker 
the installed power amounted in 1914 to 3-2 h.p.; 
in 1927 to 4-7 h.p. Averaging the varied industries 
reviewed, the kw.-hour could now be bought, east 
of the Mississippi, at 1 cent or 2 cents. In most 
industries the power costs accounted only for a small 
fraction of the whole costs in wages, transport and 
raw materials. Mr. Morrow did not expect any 
substantial cheapening of the energy costs in the next 
few years, though there would probably bea much greater 
demand for current. 

So much has been written in recent years on power 
developments in Canada, generally, and in cur columns, 
that we need notice the two reports from Canada only 
| briefly, in spite of their interest. Mr. J. C. Smith and 
| Professor C. V. Christie discussed current practice in 
generation, transmission and distribution of electricity 
in Canada, as they had done at the Power Conference of 
1924. The hydro-electric power available, they stated, 
was now increasing at the rate of 350,000 h.p. per 
year. There were 580 h.p. available per 1,000 head, 
|ealculated for the whole Dominion, and 1 h.p. per 
| head in Quebec and in British Columbia. Partiovlar 

reference was made to stray currents and inter- 
ference troubles between lines for different purposes. 
| An isolated system, grounded at one point, was 
|electro-statically unbalanced, and when a second 
ground occurred on another phase some distance 
away, & fault current would flow out on the phase 
wire and return through the ground that would give 
rise to serious electro-magnetic induction. The 
primary distribution with multiple grounds allowed 
of good regulation of the power system, but the 
neutral wire might not prevent half the current from 
flowing through the ground, seriously disturbing the 
| telephones. When a secondary grounded network 
| was provided, including the water system, the primary 
|neutral was usually connected to the secondary 
| ground network. 

| Mr. G. G. Gale’s report on the hydro-electric industry 
of Canada dealt with three main problems, namely, 
the coupling of power stations and networks, the 
economic relations between generating and distri- 
| buting companies, and the unification of the electric 
equipment. More than 38 per cent. of the sold energy 
| was hydro-electric. The general tendency favoured 
| utilisation of the power of a river by one company 
|and the amalgamation of small isolated plants, or, 
|at any rate, the consolidation of operating and 
|controlling operations. But the tendency involved 
| difficulties as to supply, and the shares in losses and 
reserve powers and in cost assessment. Standardisation 
of equipment was likewise accepted in principle, 
though it suppressed individuality and artistic instinct 
in design. 

The report by Messrs. S. Goto and K. Kato entitled 
|‘* Design and Operation of Thermal Power Plants 
in Japan,” stated that the general plan in that 
country was to let water power take the base load and 
the thermal plants the peak load in periods of 
plentiful water, the opposite holding for the dry 
season. This seasonal character and other features, 
however, kept the load factors very low. The water 
power available in 1927 was 2,111,000 kw., the steam 
power 1,315,000 kw., and the oil and gas-motor power 
42,000 kw. Only three plants had load factors 
exceeding 40 per cent.; the average load factor of 
steam plants was 15 per cent., and that of the oil 
and gas plants 11 per cent. Most of the steam 
installations worked with pressures of 26 atmospheres. 
Higher pressures (40 atmospheres) and temperatures 
(418 deg. C.) and also powdered fuel were coming into 
use. The Tokyo Electric Light Company coupled 
three turbo-generators of 25,000 kv.-a. each in such 
a@ way that the generators could easily be discon- 
nected from the turbines and be driven by separate 
motor generators for synchronising the two supplies. 

Commenting upon the development and og el 
the electric power stations of Argentina, Mr. R. Wilken 
acknowledges that his statistics rest on an uncertain 
basis as many questions sent out by the Argentine 
Association of Electrical Engineers regarding current 
generation and supply remained unan The 
statistics were classified as to district, output and 
prime movers, and also as to the country of origin 
of the plant installed. As regards prime movers 
of large stations, England was leading in numbers, 
but ranked far below Switzerland and Germany in 
the capacity of the machinery supplied. Germany had 
also supplied most of the machinery for second-class 
installations, but Belgium, France and Italy had sent 
the largest. units. 

(To be continued.) 
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In previous reports it has been shown that three 
separate stages of reaction are found between the 
coke and the carbon dioxide. In the standard condi- 
tion, 10 ml. of fine sized coke is heated to 950 deg. C. 
for an hour in a stream of nitrogen, flowing at a rate 
of 1 litre per hour, and thereafter the flow is continued 
for a further hour, after which a stream of carbon 
dioxide is substituted for the nitrogen, and the carbon 
monoxide obtained over potash from the second 100 ml. 





is taken as the measure of the primary reactivity of the 
coke, and called Reactivity 1. If the process is con- 
tinued, the rate at which carbon monoxide is obtained | 
will alter until it becomes substantially constant, | 
and this constant value, which is obtained as the 
mean of several separate determinations, is regarded 
as a second stage in the reaction, and is known as | 
Reactivity 3. 

An intermediate value, obtained after the coke 
has been subjected to the action of a stream of nitrogen 
for a long time at a temperature of 950 deg. C., is | 
known as Reactivity 2, but up till now the significance | 
of this value has not been clear. In the course of 
the investigation, it became apparent that the value 
of Reactivity 1 and the relation between it and Reac- 
tivity 3 was affected considerably by the inorganic 
constituents present in the coke. It was found, in 
particular, that iron compounds which were easily 
reduced to metal accelerated the reaction. The iron 
was present in the metallic form at the Reactivity 1 
stage, and as ferrous oxide at the Reactivity 3 stage, 
the metallic iron having much the larger activating 
effect. 

It has been found that, either by removing the 
reducible iron or by rendering it inert, the Reactivity 
3 value can be closely approached without prolonged 
passage of carbon dioxide. This can be done either by 
extracting soluble iron compounds by means of mineral 
acids, or by treating the coke, under suitable conditions, 
with hydrogen sulphide, silicon dioxide, titanium oxide 
or aluminium oxide, all of which combine with the 
iron and render it inert. Similarly, the addition of 
reducible iron to a coke that has been so treated may 
cause the reaction to increase in the first instance, 
though it has only a slight effect on the value of Reacti- 
vity 3. The effect of the iron in the metallic state is 
shown to be catalytic, and, by varying the conditions 
of the reaction, the iron can be transformed from the 
oxide to the metal or vice versa, with consequent acti- 
vation or deactivation of the coke. This transforma- 
tion may be caused either by variation of temperature 
or by alteration of the ratio of carbon monoxide to 
carbon dioxide. In some cokes, containing a large 
amount of reducible iron, it is found that the reactivity 
increases if the nitrogen is passed over them at a high 
temperature, and this phenomenon has been shown to 
arise from the reduction of the iron oxide by the coke 
to the metal. Further experiments were made and 
are in progress on the effect of oxidising the coke, and 
it appears probable that the structure of the coke will 
turn out to have a material effect on the extent to which 
non-reducible iron compounds are broken up, so as to 
become reduced. Though other inorganic constituents 
appear to have effect, the preponderating catalytic 
action is due to iron. 

On the face of the results, it appears likely that the 
continued investigations will lead to conclusions of 
value in the discrimination between metallurgical cokes, 
towards which the present results make some contribu- 
tion. 


TWO UNEXPECTED HYDROGEN-AIR 
EXPLOSIONS. 


By R. W. Fennine, B.Sc., and F. T. Corron, B.Sc. 


DvuriInG some recent experimental work, an un- 
expected hydrogen-air explosion occurred in the 
chromium-plated explosion vessel. Some years pre- 
viously, an equally unexpected explosion took place 
in one of the glass vessels used for the storage of 
gas samples. As the cause of the ignition in both 
cases was obscure, it may be of interest to place on 
record the circumstances attending these explosions. 
The chromium-plated spherical explosion vessel, | 
12 in. diameter, shown in Fig. 1, sontained air, and the | 
outlet valve was wide open. The pipe leading to the | 
closed inlet valve had been charged with hydrogen to a | 
pressure of about 700 Ib. per square inch in order to | 
test the gas-tightness of the valve stuffing box. The | 
test was satisfactory and the inlet valve was then | 
opened to release the hydrogen. The inrush of hydro- 
gen was accompanied by a noise from the open outlet | 
valve, which suggested that an explosion had occurred. | 
The outlet valve was found to be warm, and, on opening | 
up the explosion vessel, the surface was found to be | 








coated with water, thus proving that combustion had 
taken place. The rag used for drying out the vessel 
showed slight discolouration, and subsequent experi- 
mental work furnished ample evidence of dust in the 
pipe-line, &c. It is most probable, therefore, that the 
in-rush of hy: 


was accompanied by a very small | 


quantity of very fine dust, composed of iron oxide, 
&c. There is also the possibility that some of the 
plating in the ge leading from the inlet valve to 
the inside of the vessel may have been detached. 

No attempt was made at the time to reproduce this 
explosion, as it was thought to be due to some particular 
combination of circumstances which was not likely to 
be realised again. The ordinary experimental work 
was continued, and air was blown through the pipe-line 
to remove the dust. Subsequently, however, it was 
decided to make an attempt to reproduce this curious 
ignition and some more hydrogen, probably purer than 
before, was obtained for the purpose. The pipe-line was 
charged with hydrogen, as before, and the inlet valve 
opened, but no ignition took place. This was repeated 
three times with the same negative result. A little 
iron-oxide dust was then put in the passage connecting 
the inlet-valve seating to the explosion vessel. The 
pipe-line was charged with hydrogen as before, and the 
inlet valve opened, but no ignition occurred. The 
explosion vessel wall opposite the inlet valve was 
peppered with the iron oxide, but three repetitions of 
this procedure failed to lead to ignition. Jewellers’ 
rouge was then substituted for the iron oxide previously 
used, and three experiments carried out without ignition 
resulting. 


The presence of dust in the case of the original | 
explosion has been emphasised, since it is known that, | 
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under favourable conditions, dust clouds become 
charged electrically, the charge increasing with the 
fineness of the dust and the speed of the blast.* Since 
the explosion vessel was plated with chromium on 
copper and the pipe-line was composed partly of mild 
steel and partly of brass, it is possible that the dust 
consisted of particles of these metals or their oxides, 
together with graphite, asbestos and lead from the 
valve-spindle packing. Although it is unlikely that 





these different particles would all have charges of the 
same signt the charges would appear to be too small to 
give rise to ignition. 

In May, 1926, an unexpected explosion of a some- | 
what different nature occurred. A sample of a 
“complete combustion” hydrogen-air mixture was 
being transferred by mercury displacement from a fairly 
dry glass vessel tc a graduated burette when an explo- 
sion occurred in the glass sampling vessel. Fortunately, 
the rubber connection between sampling vessel and 
burette blew off and no damage was done. The 
arrangement of the apparatus is shown in Fig. 2, and, 
at the time when the explosion occurred, the pressure 
was probably some four or five centimetres of mercury 
above atmospheric, and a fine jet or stream of mercury 
had recently commenced to flow through the partially 
opened tap A into the sampling vessel. The combus- 
tion was apparently confined to the gas in the sampling 
vessel and did not spread to that in the burette. 
It has been suggested that the ignition may have been 
due to the projection of the fine stream of mercury into 
the dry glass explosion vessel. 





* «Spontaneous Electrification in Dust Clouds.”” By 
S. C. Blacktin. Safety in Mines Research Board Paper 
No. 43. 


| claimed, of single-phase motors to the o 
|rack railways has been effected by the 





t “On the Electrification Associated with Dust Clouds.”’ 
By W. A.D. Rudge. Phil. Mag., 1913. 


CATALOGUES. 


Bolts and Nuts.—Messrs. Kirby Banks Screw Company, 
Limited, Beeston, Leeds, have sent us a copy of a new 
edition of their useful handbook of information, tables, 
trade terms, &c., of bolts, nuts and screws. It is marked 
price ls. 

Instruments.—Lists of instruments for regulating 
temperature, and controlling water level in boilers, and 
also relay switches suitable for use with the firm’s 
instruments, are to hand from Messrs. The Drayton 
Regulator and Instrument Company, Limited, West 
Drayton, Middlesex. 

Motor Starters.—Messrs. Igranic Electric Company, 
Limited, 149, Queen Victoria-street, London, E.C.4, 
have sent us copies of leaf catalogues of three-phase 
self-acting reversible motor starters for squirrel-cage 
motors, and of multiple-finger self-acting starting rheo- 
stats for small direct-current motors. 

Wires and Cables.—We have received from Messrs. 
British Insulated Cables, Limited, Prescot, Lancs, a 
copy of their reference booklet giving diameters, areas, 
weights, strengths and other particulars of all the usual 
wires and cables, comparisons of wire gauges, and approxi- 
mate current taken by motors of from 1 to 150 h.p. 

Fans.—Messrs. Blackman Export Company, Limited, 
374, Euston-road, London, N.W.1, have issued two new 
catalogues, one dealing with centrifugal fans with multi- 
vane propellers for hand, belt or electric drive, and the 
other with complete plants for supplying pressure air 
for washers, separators, &c., and for removing air laden 
with dust or refuse. 

Oil Engines and Pumps.—Messrs. Sulzer Brothers, 


| 31, Bedford-square, London, W.C.1, have sent us a small 


pamphlet describing the various types of oil engines they 

manufacture, and also a "9. of their technical review 

containing a description of the two Sulzer bore-hole 

a which they supplied to the South Staffordshire 
aterworks Company. 

Lathes—We have received an illustration and brief 
description of a series of motor-driven ge a lathes, 
of 7 in. to 18 in. centres, made by Messrs. The Monarch 
Machine Tool Company, Sidney, Ohio, U.S.A., and de- 
signed for cutting at the high speeds possible with the 
new tungsten-carbide cutting tools. Helical gears 
and Timken bearings are fitted to the headstock. 

Safety Door.—A circular received from Messrs. Daniel 
Adamson and Company, Limited, Dukinfield, Man- 
chester, describes a new safety door or lid for pressure 
vessels such as keirs, tanks, drying chambers, &c. The 
lock is effected by a ring without bolts, is very quick 
in action, and leaves a small steam opening as a warning 
signal if there is any hitch in complete closing. It may 
be fitted to existing vessels or incorporated in new ones. 

Oil Engines.—Messrs. Tangyes, Limited, Birmingham, 
have issued a new edition of their catalogue of low- 
compression heavy-oil engines with variable admission 
governing, capable of starting from the cold by pressure 
air. The eleven standard sizes of single-cylinder engines 
are made in two series for general and for electric-light- 
ing service, respectively, the powers ranging from 28 to 
135 b.h.p. There are also seven standard coupled engines 
developing from 104 to 270 b.h.p. 

Slotting Machines.—A range of slotting machines 
with strokes from 10-in. to 48-in., is shown in a new 
catalogue received from Messrs. The Butler Machine 
Tool Company, Limited, Halifax. These machines 
are suitable for heavy table loads and rapid cutting, 
and are fitted with long traverse slides, and circular 
indexing tables when required. Some examples of 
work done on these machines are illustrated, with dimen- 
sions and operating times. 

Gyroscopic Compass.—A recent number of _ the 
‘*Brown Marine Gazette,’’ issued by Messrs. S. G. 
Brown, Limited, Western-avenue, N orth Acton, London, 
W.3., is devoted largely to patent questions, in the 
course of which the Brown gyro compass is explained 
and compared with others. There is also a description 
of a course and rudder recorder, which gives a graphical 
record of the movements of a ship combined with a 
similar record for the rudder. 

Electric Locomotives.—The first application, it is 
ration of 
wiss firm, 
Messrs. Oerlikon, who built five such locomotives for 
service on the railway from Viége to Zermatt. The 
voltage is 10,500, and each locomotive has two motors 
on each of two bogies. A full description appears in 
@ recent issue of the company’s bulletin, of which a 
copy has reached us from Messrs. Oerlikon, Limited, 
28, Essex-street, Strand, London, W.C.2. 

Driving Ropes and Belts.—Messrs. Crofts’ (Engineers), 
Limited, Bradford, have sent us some further circulars 
describing their driving ropes and belts. The ropes 
are endless, driving in vee-grooved pulleys, and are 
applied to machine tools as well as to motors and line 
shafts. The belts are vee shaped and are also used in a 
variable- unit, the speed variation being effected 
by oppositely closing and opening the pulleys so as to 
vary the diameters on which the belts make contact. 
The several types of each are fully and clearly explained. 

Electrical Repeater—The Midworth distant repeater is 
described in a new | eo mee issued by the makers, 
Messrs. Evershed and Vignoles, Limited, Acton-lane, 
Chiswick, London, W.4. An increasing field of applica- 
tion is being found for this instrument, which may be used 
to transmit information of mechanical movements from 
a distance, or to control distant mechanical movements, 
as well as to indicate or record the results on one or & 
number of receivers. Instruments in use in power 
stations, water works and on railways are described. 
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THE DEVELOPMENT OF A STANDARD | 

HIGH - FREQUENCY OSCILLATOR | 
OF WIDE RANGE. 


By L. G. A. Sms, M.Sc., A.M.IE.E., and M. I.| 
Enwany, M.Sc. 

Tux; following notes describe the development of 
apparatus for the production of standardised high- 
frequency oscillations having appreciable power over 
a range of accurately known frequencies corre- 
sponding to wave-lengths of 5 m. to 4,000 m., 
approximately. The apparatus was developed and 
constructed in the Electrical Engineering Depart- 
ment of the University of Birmingham, to provide a 
means of calibrating wave-meters of all types, but 
particularly those working on the absorption prin- 
ciple, and to yield a supply of high-frequency power 
of known periodicity for laboratory experiments. 
The apparatus also has considerable value for | 








TMAO 


+ 





extension of the range can be made by a hetero- 
dyne method. In that connection, particular 
acknowledgments are due to Professor J. S. Town- 
send, Mr. Gill and Mr. Morrell, whose experiments 
at Oxford are the foundation of the apparatus 
described. There have been other workers in the 
same field, reference to whose work will be found in 
the footnotes. 

Although the general principles of the design 
were thus known from the outset, their successful 
application in practice on the scale desired was 
fraught with considerable difficulty. This was 
due to the very wide range of wave-lengths to be 
covered and to the form of apparatus needed, 
namely, a flexible and portable arrangement of 
high accuracy, suitable for routine use in an engi- 
neering laboratory. 

In Fig. 1 are shown the four essential components 
of the apparatus, in diagrammatic form. The 





Parallel Wires. j 


Standard Oscillator A. 





Fig.1. 























Fig. 


teaching purposes, in that certain important prin- 


2. 


standard oscillator A is loosely coupled to, and 


ciples, including the behaviour of a line having | produces standing waves upon, a pair of parallel 


distributed inductance and capacity, are illustrated | 


by it. 

The method used is that described by Townsend 
and Morrell,* August Hund,+ and others. The 
fundamental measurement of wave-length, and 
hence of frequency, is made by the method originally 
due to E. Lecher, namely, that of inducing standing 
waves on a pair of parallel wires, their wave-length 
being indicated by the behaviour of an instrument 
sliding on the wires and determined by reference to 
a calibrated scale situated below them. The range 
of wave-lengths which can be determined directly 
by this method is clearly limited in practice by 
the length of parallel wires which can be accom- 
modated conveniently, but an almost indefinite 





* Phil. Mag., 1921, page 265, et seq. 

+ Scientific Papers of the Bureau of Standards, 1923- 
1924, page 487 ef seq. See also ‘‘ Researches of the 
Electrotechnical Laboratory of Tokyo,” No. 177, August, 
1926, and correction to No. 177, October, 1927. 





wires when a low-resistance thermal milliammeter, 
TMA, bridging the wires, is moved to a position 
such that the loop it terminates resonates with the 
frequency generated by A. As a long pair of wires 
is capable of a number of modes of oscillation, there 
can be several positions of TMA at which resonance 
will occur, provided that the length of the wires is 
greater than the wave-length of A, and each position 
will be indicated by a deflection of the milliammeter 
pointer. Subject to a small correction, the distance 
between successive positions of resonance is equal 
to the half wave-length of the oscillation generated 
by A. Thus, if p, and p, are two positions at which 
resonance occurs, then 2(p.— p,) = and the 
wave-length and frequency of the standard oscilla- 
tion are thus determined by a simple fundamental 
measurement, that of a length. 

The distance (p, — p,) is not changed if the wires 
be loaded with a concentrated capacity at the 
oscillator end. As this enables the first position of 








resonance p, to be brought near to the closed end of 
the parallel wires, it allows a shorter pair to be 
used, and so is of practical importance. The total 
length of the wires need not, therefore, much exceed 
one-half the standard wave-length, and, in fact, 
should be kept as near to this value as possible. 
With a low-resistance milliammeter, the positions of 
p, and p, can be determined with exactitude. In 
the apparatus described, the standard oscillator A 
can produce wave-lengths between 4 m. and 1] m. 
A 10-m. wave is usually employed, and the half 
wave-length can then be determined readily with 
an error not exceeding 4 mm. If the correction is 
made, the maximum inaccuracy will be less than 
one part in a thousand. For calibration purposes, 
where ordinary wave-meters are concerned, this 
allows of a standardisation of first-grade accuracy, 
and the scales of the instruments under calibration, 
not the fundamental measurement of wave-length, 


Fig.3. CONNECTIONS OF STANDARD 
OSCILLATOR A. 
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fix the ultimate degree of accuracy obtainable. It 
is not, of course, claimed that precision wave- 
meters, of the types in use for the exact control of 
modern telephony transmitters, could be accurately 
standardised, but the accuracy obtainable is more 
than adequate for the type of instrument used in 
routine laboratory work. 

The standard oscillator A is essentially a generator 
of a constant frequency, and is not itself used 
directly in calibration unless the apparatus to be 
standardised requires negligible power. It supplies 
only a small proportion of its available power to the 
parallel-wire system, in order that its frequency of 
oscillation may remain constant under all conditions. 
Calibration of wave-meters of the absorption type is 
made against powerful oscillators B and C, and 
the following description of procedure will apply 
primarily to wave-meters of that type and to the 
supply of power to other external apparatus. 
The standard oscillator is worked under conditions 
which yield the purest possible wave-form. Varia- 
tions of frequency are reduced to a negligible 
amount by the use of a bombarded and aged valve 
having a carbonised filament, by constancy of supply 
voltages, and by mechanical rigidity in its oscilla- 
tory circuits. Its frequency having been adjusted, 
for example, to a value corresponding to a wave- 
length of 10 m., by the aid of the parallel-wire 
system, wave-meter calibration can be commenced, 
using either oscillator B or oscillator C. If B is 
used, calibration over a range of 10 m. to 130 m. 
can be carried out. The range of this oscillater 
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terminates at that value, and C has then to be 
employed in its place. This latter oscillator has a 
range of 110 m. to 4,000 m. The overlap between 
B and C is necessary to enable the change to be made 
from one oscillator to the other. The restricted 
range of B is due to the fact that this oscillator is 
employed for two separate purposes, as will be 
explained later. 

Assuming that C isin use, its exact wave length is 
determined by reference to the standard A in the 
following manner: A strong negative bias and 
tight coupling between the anode and grid coils of 
C result in a wave-form rich in harmonics. The 
standard wave of A is practically pure and exactly 
10 m. in length. An audible heterodyne will occur 
between the 10-m. wave and some harmonic of C 
whenever the fundamental of the latter oscillator 
is a multiple of 10 m., and this is detected by means 
of a listening circuit embodied in C, the wave-length 
of which can thus be standardised in steps 10 m. 
apart. If the wave-length of C at any one of these 
steps be now found, the whole calibration then 
follows. To determine this one point, an absorption 
circuit, coupled to C, is used. This circuit consists 
of a coil tuned by a condenser, the coil consisting of 
two electrically equal sections which can be put in 
series or parallel, at will, by a switch. This opera- 
tion changes the coil inductance by a factor of 4 
exactly, and, the condenser remaining untouched, 
the natural period of the circuit is then doubled or 
halved. If the absorption circuit is brought to 
resonance with C whilst the latter is heterodyning 
with A and the natural wave-length of the absorber 
is then doubled, the wave-length of C can be raised 
until syntony between it and the absorber again 
occurs, and the number of heterodynes heard during 
this process, multiplied by the known wavelength of 
A, gives the original wave-length of C. For 
example, suppose A is set to 10 m., C to 200 m., 
and the absorber is resonating with C with its coils 
in parallel. A heterodyne due to the 20th harmonic 
of C beating with the fundamental of A will be 
audible. If the coils of the absorber are now 
switched in series, its natural wavelength will be 
raised to 400 m., and C will have to be raised to this 
wave-length before syntony again occurs, 20 hetero- 
dynes being heard during the process, corresponding 
to the 21st to the 40th harmonics of C. 

It has already been said that oscillator B is used 
exactly as is C for calibrations of wave-meters in the 
wave range 10 m. to 130 m., but that it has a second 
purpose. T'his results from the fact that a practical 
limit is reached to the interaction of C with A directly 
when the wave-length is in excess of 500 m., the 
50th harmonic being then in use and harmonics 
of a higher order than this being too weak for 
comfortable working. The following procedure is 
then adopted to extend the wave range : Oscillator B 
is standardised from A at wave-lengths of 20 m., 
50 m. or 100 m.; it then takes the place of A and 
works in conjunction with C. For calibration at 
4,000 m., for example, B would be set at 100 m. and 
would heterodyne with the 40th harmonic of C. 
The following table indicates the general procedure : 


Power 
Cali- Oscillator Length of | Primary’ Method of 
bration | Exciting Standard Oscil- | Standardisa- 
Range | Wavemeter | Wave lator. tion of 
(Metres). | under (Metres). Primary 
Calibration. | Oscillator. 
_ so \ - 
10-130 | B | 5 | A Direct by 
| Lecher 
j wires. 
130-500 Cc 10 | A Ditto. 
500-1,000 Cc 20 | Lb Through <A 
' to Lecher 
wires. 
1,000-2,000 ( } 50 b Ditto. 
2,000—4,000 Cc | 100 Bh Ditto 


It will be clear that the known points on the power- 
oscillator scales will be separated by steps equal to 
that of the standard wave-length in use. 

A completely satisfactory design of oscillator B 
is difficult to accomplish, because it has to run both 
as a standard (for which purpose it should generate 
pure sine waves) and as a power oscillator, but it 
was found possible to arrive at a compromise which 
worked well. 

Fig. 2 shows the standard oscillator A, and Fig. 3 
its circuit diagram. A Hartley circuit is used, the 











ING. [AUG. 29, 1930. 














main inductance and capacity existing in a single | pure wave forms or harmonics, the anode-grid 
loop formed by two parallel brass tubes. The | coupling is a compromise, as mentioned above, but 
circuit is made mechanically rigid by brackets | has been made as weak as possible in the interests 
supporting the end plates. The length of loop is |of sinusoidal working. A wide variation of grid 
such thatthe natural period of the system corresponds | bias is provided by potentiometer control, and 
closely to 10 m. A small trimming condenser, con- | vitiation of wave form for harmonic working can be 
sisting of a pair of circular plates actuated by a| accomplished by this means. The final arrange- 
slow-pitch screw with split-nut control, enables the | ment was based upon the results of a number of 
exact standard wave-length to be obtained. One |experiments. Hand-capacity effects, due to the 
plate of this condenser is visible in Fig. 2. proximity of the operator to the condenser centrols, 
If 5-m. waves are to be used as standard, a|are avoided by mounting the condensers upon a 
condenser is bridged across the loop at a suitable | screened sub-panel and fitting them with ebonite 
place, final adjustment being again obtained by the | extension spindles. The high-frequency chokes and 
trimming condenser. The capacity of the bridging | other details are clearly visible in Fig. 4. 
condenser is large relative to the other circuit | Oscillator C is shown in Fig. 6, on the opposite 
constants, so that the latter determine the tuning. | page, and its circuit diagram in Fig. 7. The con- 
High-frequency chokes are inserted in the battery | denser assembly is also typical of that used for 
These, and the bridging condenser, are | oscillator B. The circuit used is one commonly 
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CONNECTIONS OF SUB-STANDARD OSCILLATOR B. 
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Phones. 


2, the supporting brackets which |employed for valve oscillators, but has a listening 


visible in Fig. 2, 
As this generator operates always 


stiffen the end plates having been removed for this | circuit added. 


purpose. A Marconi-Osram type L.S.5 valve is|as a variable-frequency source, more latitude is 
used. If aged, this type of valve is found to be very | allowable in its general layout, but screening of 


constant in operation, and it has the advantage that | the variable-condenser controls was found to be 
powerful oscillations are obtained with an anode | essential. To cover the range of wave-lengths 
voltage below 200, thus reducing battery space and | between 120 m. and 4,000 m., three arrangements 
weight and relieving condenser stresses. |of inductance tappings are employed. For each 





The dual-purpose oscillator B is shown in Fig. 4 | arrangement, tuning can be effected by any one 
jand 5. A Hartley circuit is used, but a listening |of three graded condensers, but is naturally made 
|circuit is added. The tuning inductance is section- |on the one of most appropriate capacity. Extra 
jalised and controlled by tappings taken to a plug | oil-immersed condensers are added in parallel with 
|board. From the circuit diagram it can be seen | the air condensers as the wave-length approaches 
‘that one of the tuning condensers is connected | 4,000 m., terminals for this purpose being provided. 
|across the whole inductance, and one across a | Provision is also made for the addition of a second 
section only. The former can be isolated by a! valve in parallel, for cases where an unusually 
The small section of the | large power output is needed. 
coil and its associated condenser give a wave-| The three oscillators A, B and C are mounted 
length range of 10 m. to 55 m. Rearrangement of | permanently on a wheeled table. A plan view of 
the plugs and condenser switch extends the range | the general assembly, showing the relative dispo- 
to 130 m. To enable this oscillator to yield either | sitions of the oscillators, is given in Fig. 8, on 





single-pole press switch. 
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page 256. The control panel was not fitted when 
this view and that of Fig. 6 were taken; neither 
were the connections to it made. It will be noticed 
that the battery leads come to three separate 
terminal boards. A definite colour scheme was 
used throughout the wiring to facilitate the tracing 
of connections in case of fault, and this has been 
carried out so that the connections in use for each 
separate wave-length can be quickly isolated. 
The degree of coupling between the oscillators is 
of great importance. If too weak, the heterodyne 
notes will be feeble. It is clearly a great advantage 
if these are sufficiently powerful for amplification 
to be unnecessary, but, if a strong coupling is 
used in order to increase the heterodyne, there is 
a danger of one oscillator tending to pull the other 
from its proper frequency as synchronism between 


two sets of batteries suffice. These are selected 
by four double-pole, double-throw switches, visible 
in the centre of the front panel, and these switches 
are mounted so that short circuits, due to wrong 
switching, are impossible, the switches interlocking 
if the wrong combination is attempted. 

The plate-current milliammeter, filament rheostat 
and grid negative potentiometer for the standard 
oscillator A are mounted above the centre of the 
panel. To the right are the oscillation milliammeter, 
the condenser controls, the low-tension rheostat, 
and the grid potentiometer for the dual-purpose 
oscillator B. To the left are the corresponding 
controls for C, but as a fixed bias is sufficient for 
this oscillator no potentiometer is fitted. As battery 
weight becomes a serious matter, part of the high- 





tension voltage supply is provided by a direct- 
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CIRCUIT DIAGRAM OF 
LONG RANGE OSCILLATOR C. 
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them is approached. As this possibility must be 
avoided beyond all doubt, a considerable series 
of experiments was carried out to determine 
positions which would meet both conditions. The 
relative positions are clearly shown in Fig. 8. 
There is no actual coupling loop between any pair 
of oscillators, the incidental interaction being 
sufficient to yield heterodynes of adequate strength. 
No tendency towards pulling can be observed, even 
when two oscillators are working approximately 
on the same wave-length. 

A general view of the apparatus is given in 
Fig. 9, page 256. The batteries (not shown) are 
mounted on the lower shelf, and feed the oscillators 
through isolating switches and fuses mounted on a 
vertical support. Slide-wire rheostats in series with 
the batteries enable the high-tension voltages to be 
adjusted exactly to the specified values. Entirely 
Separate batteries are provided for the oscillators, 


but as only two of the latter are in use at one time, | 
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current battery eliminator running from the labora- 
tory mains. This is the only connection to supply 
mains which is used. The tap-changing plug-board 
for oscillator © is visible on the left-hand end 
panel. Folding flaps are provided at each end of 
the apparatus to carry wavemeters under cali- 
bration, coupling to B or C. 

Careful design of the oscillator systems cannot 
do more than give constancy of operation, since 





the ultimate degree of accuracy is determined by 
ithe parallel-wire system by means of which the 
| primary wave-length is standardised. The apparent 
| simplicity of measurement of wave-length by noting 
| successive current antinodes along the wires may 
| prove very misleading unless it is clearly under- 
stood that it involves a number of approximations. 
Fortunately it is easy to reduce the errors to an 
|order which is negligible in most cases, but certain 
| precautions are essential. 

The wires used in the present apparatus are 








about 13 m. long, and of 10 S.W.G. (3-25 mm.) 
copper. They are maintained at a constant tension 
of 150 Ib. at a height of about 1 m. above a wooden 
balustrade, to which is fixed a pair of accurate 
boxwood scales, each 1 m. long, separated from one 
another by a distance of exactly 5 m. Fig. 10, page 
256, shows one end of the pair, the sliding thermal 
milliammeter used as indicator, the method of 
insulation, and the balustrade. The setting of the 
boxwood scales is accomplished by means of a 
special steel tape, the calibration tension and 
temperature correction of which are known. 

In the early experiments upon the present appa- 
ratus, considerable errors in the wave-length were 
traced to the effect of the wooden balustrade, the 
specific inductive capacity of which, being greater 
than unity, modified the velocity of propagation 
and hence the positions of the current antinodes. 
It was found that the error could be increased to 
several centimetres by introducing masses of 
material of high dielectric constant, such as paraffin 
wax, in the region of the voltage antinodes. For 
this reason, parallel-wire systems should be erected 
as far away from surrounding objects as possible. 
The height of 1 m. above the nearest woodwork, 
which is at present used in the Birmingham 
apparatus, seems to reduce the error from this cause 
to a negligible amount. 

The coupling between the parallel wires and the 
standard oscillator should be as loose as possible. 
If not, the well known ‘ double-humped ”’ effect 
may appear, two antinodes of current being then 
produced instead of a single sharply defined one. 
The confusion and error arising from this cause is 
enhanced if any but a sensitive detector is used upon 
the wires, the employment of a small lamp as an 
indicator being, in the authors’ opinion, most 
unsatisfactory for this reason, as well as from con- 
siderations of resistance. A weak coupling is also 
necessary to enable the apparatus to be wheeled 
away from the wires after standardisation of the 
primary wave, without effect upon the latter. The 
bridge carrying the milliammeter at present in use 
as the resonance indicator, makes contact with the 
parallel wires through vee notches cut in two 
small brass blocks. Two further blocks of ebonite 
keep the bridge in track. The position of the bridge 
is determined by a plumb-bob suspended from it, 
as shown in Fig. 10. Since the instrument deflec- 
tions occur at points where the voltage is minimum, 
adjustments of the bridge may be made by hand, 
but an endless cord and pulley system is preferable. 
Another desirable refinement would be to replace 
the plumb-bob by a small lamp and local battery, 
throwing an image on to the scales by means of a 
lens and hair-line. In all cases, care must be taken 
to design the bridge so that irregular electrical contact 
with the wires does not occur, as ease in arriving at 
an accurate determination of the resonance points 
depends upon reliable contact. 

Alternative ways of using the parallel wires, 
which avoid the use of an indicating instrument on 
the bridge, are as follows: First a sliding short- 
circuit, in the form of a copper bar, may be used, 
resonance being indicated by the slight change in 
the oscillator plate current. This method has the 
advantages that a weaker coupling may be used 
and that the bridge resistance is very low. Two 
operators, however, are likely to be needed, one to 
move the bar and one to observe the oscillator plate 
milliameter, unless a cord and pulley system with 
the control near the oscillator is employed. A 
second method is to use a definitely clamped short- 
circuiting bar and to vary the oscillator frequency 
until the plate milliammeter indicates resonance. 
By this means, the resistance of sliding contacts is 
completely avoided, but the method is inconvenient 
when the heterodyne system of extending a wave- 
length range is employed. The extreme simplicity 
of this system of extension is largely discounted 
unless an exact integral value of wave-length is 
taken as standard, such as 10 m. With the fixed 
bridge, odd values of wave-length, which are not 
integers, may result. If a succession of trials be 
made to obtain an integral value, the operation 
becomes tedious, but in cases where calibrations 
direct from the standard are to be made, the 
clamped-bridge method is probably the best, as it 
is very definite in action, requires only one operator, 








Bi 


and avoids the complication of a cord and pulley 
arrangement. In the Birmingham apparatus, the 
bridge and indicating instrument moved by hand 


has so far been used, and has given reasonable | 


satisfaction, but it is probable that a modification 
on the lines of the first alternative mentioned above, 


adapted to be controlled by a single operator, will | 


eventually be made. 

If the short-circuited parallel wires be regarded 
as having negligible resistance and inter-wire con- 
ductance, the inductance and capacity being 
uniformly distributed, then the well-known line 
equations lead to the following result :— 


L 
X, = / tanwl »J/LC, 


where X, is the reactance of | cm. of line measured 
0 . . 

from the input end, L and C being expressed per 

loop centimetre, and »—27f. Thus the line 


reactance is a periodic function having the value | 
0 or any | 


zero when al ,/LC = Na, where N 
integer. If it be assumed that the velocity of 


propagation of waves along wires be equal to the | 
velocity of electro-magnetic disturbances in the | 
ether (see later comment upon this assumption), | 


we have 4/LC = M = ix where f is the periodicity | 
and A the wave-length of the disturbance. Then | 


NA A 3A 
l=-, eae 


ance becomes zero as the short-circuit is moved to 


distances from the origin which are a multiple of the | 
oscillations. | 
This is the result which underlies the use of parallel | 


half-wave-length of the impressed 
wires as a means of standardising wavelength, and 
it will be clear that the following approximations are 


involved :— 


(a) The line resistance and the inter-line conduct- | 


ance are assumed to be negligible. 


(b) The velocity of propagation along the wires is | 


taken as equal to that of light in the ether. 





5 and so on. Thus the line react- | 
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| If the spacing of the wires is relatively great 

compared with their diameter, the well-known 
| expressions for their distributed inductance and | 
icapacity at low frequencies combine to give the 
| relationship which was used as a substitution above 
| namely :— 





iis = velocity of light in ether. 
| /T C | 
| /L | 
| The effect of an increase of frequency to the order | 
|107 periods per second is chiefly to modify the | 
| quantity L, which has to be regarded as a function 





If the ratio d/a be small compared with unity, 
these expressions may be rewritten and combined in 
the form 

te 


iad a 2a 
8 \/w loge 7 


lor v = t) [1 — Al. 


Since A is clearly a very small quantity, it is co rrect 
to write 

Ao =A] +4] 
where 2, is the true wave-length corresponding to 
























































Fig. 9. 


(c) The line inductance and capacity are taken 
as uniformly distributed. 

(d) The moving bridge :s assumed to have zero 
potential across it. Of the above approximations 
(c) and (d) can be made unimportant, even for 
accurate work, by suspending the wires far from 
surrounding objects and by keeping the resistance 


of the bridge low, using a heavy shunt across the | 
Approxima- | 
tion (a) is probably fully justified at the frequencies | 
The inter-wire conductance is | 


indicating instrument, if one is used. 


usually employed. 
certainly very small if the wires are well insulated 
at the ends, and the resistance is small in comparison 
with the inductive reactance. Approximation (bd) 
leads to errors which are not negligible. Hund has 
shown that a correction factor can be derived. The 
following outlines the argument he uses :— 


of the frequency and of the high-frequency resist- 
ance of the wires. The resulting expression for the 
velocity of propagation along the wires is :—Jy 


1 
log b 
and 


b 


| 
| 
| where v is the actual velocity of propagation, 

v» is the velocity of light. 

ro is the direct-current resistance of the wires per loop 
em, in E.M.U., d and a being their diameter and 
spacing in ems., respectively, and 

2rf. 
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the frequency of the exciting oscillator and } is the 
approximate value calculated simply from the 
positions of the current antinodes. came 
For the Birmingham apparatus, the correction 1s 

small but not negligible. The wire diameter 1s 
0-323 cm., and the spacing 15 cm. The direct- 
current resistance, in E.M.U., for this gauge of 
copper is 41,600, so, for a frequency of 3 x 10? 
periods per second, corresponding to a 10-m. wave, 
we have, d/a = 0-00465, the square of which is 
negligible compared with unity. Thus 

A = 4-1 x 10°4 and 

ho = 10 metres + 4°1 mm. 
Since the current antinodes occur at distances equal 
to the half wave-length, the error due to the assump- 
tion concerned amounts to 2 mm. in the measurement 
of 5 m., or 1 part in 2,500. It is clear that such @ 
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correction, though not negligible, will only be 
important when refined measurements are to be 
made. 

The serious possibility of error which may occur 
in practice due to the proximity of neighbouring 
objects to the wires has already been mentioned, 
but it is of interest to note that it is inherent in the 
factor which relates the electrostatic and the 
electromagnetic systems of units, that is in the 
dielectric constant and permeability of the medium. 

In conclusion, the authors wish to acknowledge 
their indebtedness to Professor Wm. Cramp for 
valuable assistance in experimental work upon the 
parallel-wire system, and for numerous facilities 
granted. 








NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS.—I. 


By Frank W. Skinner, M.Am.Soc.C.E. 


A RECENT authoritative publication reports that 
the present mileage of underground electric rapid 
transit railways installed and in operation, in 
fifteen of the principal cities of the world aggregates 
672-84 track miles, to which some of the leading 
cities are said to contribute as follows :—London 115, 
Liverpool 9-50, New York 261-60, Berlin 43-80, 
Paris 117-70, Boston 16-16, Glasgow 13-12, Ham- 
burg 12, and Philadelphia 71-74. In New York 
construction was commenced in 1900, and there are 
to-day more than 261 miles of track completed, 
and 14 more miles now under construction. 

The. cost of the completed New York subways 
and subsequent improvements, plus that of about 
53 miles of elevated railroad tracks operated in the 
same system, has been, including equipment, about 
one thousand one hundred million dollars. A further 
three hundred and fifty million dollars will be 
required to cover the cost of the-construction of the 
work now authorized. The construction is con- 
templated of about 187 more track miles of subway. 
This it is tentatively estimated will cost about 
six hundred million dollars, so that the total ex- 
pended and contemplated will exceed two thousand 
million dollars for about 362 track miles of subway. 
When these figures are realised, it will give an average 
cost of about 5,524,862 dols. per track-mile of the 
entire system. Costs vary widely with the district. 
At one end of the range is the 1,081 dols. per linear 
foot of subway for certain sections, such as those in 
the borough of Queens, which is largely a residential 
district, or 270 dols. per linear foot of track. On 
the other hand, the most costly construction 
contract awarded, was a recent one for 10,458,000 
dols. for 4,822 ft. of double track subway of Route 
No. 45, in the highly-congested financial district, 
where the streets are narrow, and the excavation 
is in quicksand below the foundations of very tall 
buildings. This works out at a unit cost of 
2,174-41 dols. per linear foot of structure, equivalent 
to 1,087-20 dols. per foot of track, as compared 
with 1,040 dols. per linear foot for the entire 
system of completed and proposed subways, a large 
portion of which was built and equipped when the 
price of labour, materials and other costs were 
much smaller than at present. This system now 
carries about 1,800,000,000 passengers annually, 
which, at the present rate of 5 cents each, produces 
an annual revenue of about 90,000,000 dols., a sum 
which is considered by the operating companies to 
be inadequate compensation. 

The traffic on the subways is increasing at an 
average of about 18 per cent. yearly, and most 
of the lines are very badly overcrowded, sometimes 
to a dangerous, and nearly always to an uncom- 
fortable degree, excepting for a few hours between 
midnight and 6 a.m. A large proportion of the 
passengers travel more than five miles each, and up 
to a possible maximum of nearly 30 miles, for one 
5 cent fare, and the record of accident or injuries to 
passengers is so small as to be practically negligible. 
The local stations are from about 1,000 to 2,000 ft. 
apart, and the express stations from 4,000 to 6,000 ft. 
apart. The whole of the subway system is double 
track, and much of it is laid with four tracks. 

There are about 30-3 track miles of land tunnels 
in the tunnel approaches and crossings of the East 
River and the Harlem River. The cost of the sub- 
merged tunnels most recently constructed was from 
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900 dols. to 1,000 dols. per linear foot of each single 
track tube driven entirely through soft material, 
and about 1,200 dols. per linear foot when driven 
through mixed headings, that is, through boulders, 
rock and earth. The estimated cost of the operating 
equipment, including points and crossings, signals, 
or other installation items, is about 25 per cent. 
of the average cost of construction, and the esti- 
mated cost of operation of the proposed 600,000,000 
dols. extension to the present system is placed at 
from 20,000,000 dols. to 25,000,000 dols. annually, 
according to the intensity of the service developed. 

The subways are now operated by private com- 
panies. The design and supervision is in the hands 
of the New York Transit Commission. Construction 
contracts vary from about 1,000 lin. ft. to about 
5,000 lin. ft., and are completed in an average 
time of about 36 months, from 60 to 72 months being 
generally required for both construction and the 
installation of the equipment ready for operation. 
The character of the equipment may be illustrated by 
that of the 355-5 track miles (exclusive of yards) of 
the Interborough subway system, on which there 
are 2,000 interlocking signals, and 8,000 points and 
crossings, while, for operation, some 2,385 standard 
cars are required costing about 35,000 dols. each. 
The total car equipment for the entire authorised 
system has cost something like 626,000,000 dols. 

With the exception of the submerged tunnels, 
nearly all of the New York subways, saving a few 
of those first constructed, are single and double- 
deck structures, of rectangular cross-section, and 
having from one to four tracks on each level. They 
have a framework of steel columns and roof beams, 
and sometimes floor beams, usually spaced 5 ft. 
apart longitudinally, and built into the concrete 
roof and side walls, the latter being supported on 
the concrete invert. Below ground water level the 
exterior surface is thoroughly waterproofed with 
three-ply membraneous coating. Subgrade varies 
from a minimum of 20 ft. to a maximum of 60 ft. 
below street level for open track construction, and 
the stations are one, two and three storeys in height, 
with side platforms or island platforms, accessible 
from street level by stairs. In the case of very deep 
construction, elevators and escalators are used. 
The subways are all located in the Borough of Man- 
hattan, Brooklyn, and Queens, Long Island, and 
in the Borough of the Bronx on the mainland. 

These subways are located both in the residential 
and the commercial districts, and a small proportion 
of them are in the financial districts. In the resi- 
dential districts, the streets usually are subject to 
much easier traffic requirements, and existing 
structures offer less obstruction and give rise to 
less trouble than in the other districts. Many of 
the streets are broader, and there is less interference 
between the various subways, surface and elevated 
railroads, during trenching and construction work. 
In the financial and commercial districts, great 
traffic congestion exists at certain times and places, 
and at some points two, and even three super- 
imposed tiers of subway, surface and elevated 
railroads under heavy traffic have to be maintained 
uninterrupted during any subway construction 
work beneath them. 

Subway excavation is made in earth and rock, 
much of it above ground water level, in the residential 
and part of the commercial districts. In the financial 
districts and the remainder of the commercial 
districts, especially in the southern part of the 
Borough of Manhattan, the work has to be carried 
through fill and quicksand, containing large 
quantities of ground water and even subterranean 
streams. The work is often quite close to com- 
paratively high-level footings of tall and heavy 
structures. In these districts numerous extensive 
and complicated systems of sewers, steam, gas and 
water pipes, electric ducts and conduits have to be 
dealt with, as well as other sub-surface street 
structures, which all have to be maintained, by- 
passed, or rebuilt at great expense, often involving 
also considerable danger and delay. 

In general, it has been necessary to by-pass or 
rebuild considerable lengths of old brick and concrete 
sewers, often of large capacity, and to elevate or 
by-pass all gas mains at or before the commence- 





ment of construction operations. Usually electric 
conduits and water mains are allowed to remain 


approximately in their original positions, and are 
carried on temporary supports, commonly by some 
form of suspension, until the completion of the 
subway below them. 

Elevated railroad columns running into many 
hundreds, with maximum loads of 70 tons to 100 
tons and under almost constant traffic, have had to 
be temporarily supported or underpinned ; electric 
tramway traffic has had to be maintained on sur- 
face tracks; existing subway structures have occa- 
sionally been passed under, and great numbers of 
building foundations have required under-pinning, 
an operation which is invariably completed before 
the excavation of the main subway trench is 
carried to subgrade. Since the beginning of the 
war, labour and material costs have increased 
more than 100 per cent., but the improvement in 
methods and the substitution of power equipment 
for hand work has avoided a corresponding increase 
in the unit costs, and has materially reduced the 
average time required. 

Before the war a large amount of earth excavation 
in subway trenches was performed by hand; both 
the earth and spoil from rock excavation was loaded 
by hand, and generally transported on narrow gauge 
tracks in the trench to derricks, by which they were 
hoisted and dumped into lorries in the street. 
Longitudinal and transverse sections of the trench 
were often excavated in the open, and were some- 
times partly covered to permit traffic in the street 
before the completion of the subway. The derricks, 
from 250 ft. to 1,000 ft. apart, were located at street 
level. Considerable obstruction to traffic was caused 
by them and by the open trenches. Later, the 
trenches were more completely decked over, and 
the derricks were often installed on elevated plat- 
forms spanning the street with overhead clearances 
of 14 ft., being carried by columns at the kerbs. 
On these platforms large hoppers were provided, 
and from these the material was quickly loaded onto 
motor lorries, and removed with much less obstruc- 
tion to traffic. 

At the commencement of the war, a number of 
large subway contracts being executed at pre-war 
prices were greatly affected by the conditions which 
arose. Many of the contractors made strenuous 
efforts to reduce the labour costs, which more than 
doubled due to increased wages, and many ingenious 
expedients and notable improvements were adopted 
in the methods and equipment employed. 

Sections of the old pavement were replaced at night 
by wooden decks supported on beams and girders 
in shallow trenches, so that street traffic was unin- 
terrupted while excavation was carried on below. 
Improved methods and apparatus for excavating 
both earth and rock, and for handling them, 
enabled the spoil to be more rapidly and cheaply 
disposed of in larger units. The application of 
power was introduced wherever possible instead of 
the handwork which had previously been used. 
Improved power plants were installed, larger con- 
tracts were awarded, operations were arranged 
to be more continuous and organisation was better. 
Greater attention was paid to economy. 

In earth excavation, the sides of the trench were 
generally retained by wooden or steel sheet piles 
driven with air hammers handled with or without 
derricks, except when the pit or trench was sheeted 
above ground water level by 2-in. horizontal planks 
set as fast as the excavation progressed. These hori- 
zontal units were secured by vertical strips braced by 
horizontal transverse struts. The timbering came 
in time to be more and more designed for the 
use of large standard sizes, such as 10 in. by 10 in. 
and 12 in. by 12 in., ordered in commercial lengths 
and cut as little as possible, so that at the completion 
of the job they would still be of considerable value. 

Generally, the spoil was handled by five-ton lorries 
to hopper barges a mile or more distant on the 
river front, but sometimes the contractors were able 
to arrange for it to be removed free of cost, for 
filling on improvement projects and in cases were 
even paid for it. At other times low lying unde- 
veloped land in the metropolitan district was 
secured near enough to be used for a spoil dump, 
this resulting in valuable building sites which were 
sold at a material profit. In some instances, these 
improvements, and others, effected such a saving 
of time and money that otherwise losing contracts, 
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which had been taken under conditions entirely 


different from those which developed during con- 
struction, became profitable. 
experienced contractors, desvite their utmost efforts, 
lost heavily, and in some cases were awarded con- 
siderable damages, because delays for which they 
were not responsible had made it impossible to carry 
out the work as originally planned or estimated. 

Since the close of the war there have been slight 
reductions in the cost of materials, but none in the 
general scale of wages, which have been increased 
rather than reduced, and are now, in some cases, 
200 or 300 per cent. greater than in 1914. This 
condition has stimulated efforts to expedite the 
work and reduce labour costs, and has developed 
new practice, much of which is applicable to general 





Nevertheless, many 


| trenches and tunnels. The spoil is mostly handled 
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IN THREE ROWS. 
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loaded by steam shovels, and entering and leaving 
the trenches by ramps or by vertical elevators ; 
or, again, narrow-gauge tracks are used in trenches 
and tunnels delivering to the hoisting equipment. 
Movable telpher systems are sometimes installed 
for hoisting spoil and loading lorries in the street. 
| In many cases, the trouble from quicksand has 
been entirely eliminated or greatly ameliorated by 
the systematic installation of drainage systems, by 
successive ditching, and by pumping from well 
| points and sumps. . 

Very general use is made of locomotive cranes 
mounted on caterpillar tracks. These, working 
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operations everywhere, and is especially suitable | 
| for congested city districts. 
| The most striking changes in general construction 
‘have been the complete detailed planning in advance | 
|of general operations, careful organisation of the | . 
contractor's forces, the training of men for special | largely at night, hoist the spoil and deliver structural 
| services, and greatly increased expenditure on power | steel through frequent openings in the deck which 
and labour saving equipment—features which | are closed when not in service, so that street traffic 
are now generally conspicuous in most kinds of | is practically unobstructed during business hours. 
| engineering construction in America. Practically all steam hoists are now replaced by 
Excavation in the trenches is largely effected | electric and compressed air machines and mechanical 
with grabs and dragline buckets operated by loco- | equipment. Small tools are operated by compressed 
motive cranes in the streets, or by compressed air | air and electricity distributed from central power 
Shovels mounted upon caterpillar tracks in the | stations established by the principal contractors. 
In decking and bracing, marked improvements 
| have taken place in the initial supports which are 








by large motor lorries, or by trailers and tractors, 
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jin addition to its own weight and that of pipes 
and other subsurface structures, a live load of 200 Ib. 


and roadways, or on any 10 ft. by 10 ft. area of 
footpath or roadway, a loading of 10 tons on an 
axle with wheels spaced at 5 ft. centres. 

The sides of all excavation have to be secured by 
efficient sheet piling or timbering, and stress is 
laid on maintaining stability in such banks by the 
use of wedged bracing members, &c. 

Timbering has to be designed and set so as to 
prevent, as far as possible, movement of the natural 
| ground behind it, providing full bearing against the 
|banks. Voids behind the timbering have to be 
filled when necessary in order to obtain good 
| bearing. Excavation may not be made in advance 





|of, or below the bottom of, the timbering. Where | 


| excavation is carried near a building, the timbering 
| has to be started before the work is taken below the 
| foundations, and at such depth as to avoid displace- 
|ment of the soil supporting any building. It is 
| provided that the contractor shall ensure the safety 
and stability of foundations, walls, and other parts 


made to carry the street traffic, with less posting | of buildings and structures, and prevent disturbance 


and shoring as the successive lifts are excavated. 
Timber has been displaced by rolled and built-up | 


| thereof, making good any damages to them. He 
may, in certain cases, construct retaining walls in 


steel girders, beams, columns and braces, which | liew of underpinning. 


afford greater safety and rigidity. They are also 
more quickly handled, require less maintenance, and 
have a scrap value of almost 100 per cent. at the end 
of the job. The use of electric welding apparatus 


Where the railway passes so close to private 
property as to prohibit the use of timbering methods 
| without encroaching upon such property, the 
| contractor is required, in underpinning the buildings, 





per square foot over the entire area of footpaths | 





pape 


me ——— torches for cutting steel, anc |to construct a continuous concrete retaining wall 
even for von ing rivet = and bolt holes, has been ‘carried to such depth as may be necessary for 
7 poe _ ee seni Improved systems | underpinning purposes, and, in connection with 
ee “tg % & and protecting old foundations | the trench bracing, is required to provide lateral 
ave been a opted. Electric mains and compressed | support in lieu of timbering. 

air pipes, extending the full length of the contract | ‘The trenches have to be backfilled with sand, 
— provide abundant illumination for contin- | orayel or other good clean earth, free from perishable 
uous day and night operations, and power for | material and from stones exceeding 6 in. in diameter, 





arge i i aaa P . 
large equipment, and for great numbers of electric | ang not containing in any place a proportion of 


and pneumatic hand tools for all purposes. Con- 
crete is mixed in central stations having ample 


| stone of or below that size, exceeding one part of 
| stone to five parts of earth. As the backfilling is 


storage capacity, automatic elevating and conveying placed it has to be flushed with water by means 
machinery, measuring and regulating devices, &c., of a hose not less than 2 in. in diameter, in such 
designed to insure large outputs of high-grade | , manner as thoroughly to saturate the material 


concrete, which is satisfactorily transported several 
miles to the forms. 


Contract Specifications.—All contracts for subway 


construction now specify that the excavation of the 
roadway and pavements shall be made in sections 
followed immediately by the placing of the decking. 
On one side or the other of a line 15 ft. away 
from the building line, a roadway must be available 
on which ladder escapes of the fire department can 
work, or equivalent facilities must be provided. 
In all cases, at least one half of the width of the 
roadway and footpaths have to be kept open for 
traffic. The roadway and footpaths may not be 
removed for more than 200 ft. in advance of the 
completed decking. If any portion of the roadway 
or footpath is opened up, the work to be done 
must be prosecuted continuously, otherwise the 
opening has to be decked over. 

The street decking and its supporting system 
have to be provided of sufficient strength to carry, 


so as to wash it into place, and to fill in voids 
| between stones. Where the backfilling has to 
|Support water mains, tramway tracks, sewers, 
| gas mains, or duct banks, it has to be brought up 
|to a level high enough to allow for 15 per cent. 
| shrinkage of the material, and for two weeks the 
surface has to be flooded three times with approxi- 
mately 4 in. of water over the whole area. 





ELECTRICITY DISTRIBUTION IN TORONTO.—The Ontario 
Hydro-Electric Power Commission intends to erect a 
new 220,000-volt transformer station at Toronto. The 
new station is to cost about 6,000,000 dols. and will be 
similar to that at Leaside, which receives power at 
220,000 volts from the Paugan Falls plant of the 
Gatineau Power Company, Quebec. The new station 
will be used in connection with the distribution of 
power received from the new Chats Falls plant on the 
Ottawa River, and the Beauharnois plant on the 





| St. Lawrence, these two being among the largest 
| hydro-electric power installations at present under 
!eonstruction in Canada. 


33,000-36,000-VOLT TURBO-GENERA- 
TOR AT BRIMSDOWN POWER 
STATION. 
(Concluded from page 190.) 

As in all modern power stations, special care 
has been devoted to feed-heating problems, to the 
trapping of all waste heat, and to the thorough 
de-aeration of the feed. The provisions made to this 
end at Brimsdown will be best understood on refer- 
}ence to Figs. 11, 12 and 13, Plate XV. Of these, 
}it should be noted that Fig. 12 is an elevation 
| representing the generator end of No, 2 set, whilst 
| Fig. 13 represents the steam end of set No. 1. 
The arrangement of the condensers below the 
turbines is clearly shown in Fig. 11. There are 
two air extractors, located as shown, of which one 
serves as a stand-by. Each extractor comprises 
two ejectors arranged in series, and cooled by the 
circulation round them of condensate, which is 
supplied through the risers AA. By this device, not 
only is the effectiveness of the ejectors increased, 
but heat is trapped which would otherwise be wasted. 

Special care has been taken to reduce to a minimum 
all straining actions tending to deform the turbine 
casings. To this end, four pipes of small diameter 
are used to connect the main steam belt of the 
turbine with the governor valve. The arrangement 
is clearly shown in Figs. 11 and 13. 

The whole of the condensate is passed through a 
flow meter on its way to the extraction pump, so 
that a continuous record is obtained of the steam 
consumption of the set. The feed heating is effected 
in two stages, the first being operated with steam 
bled from the turbine at the pressure of entry into 
the low-pressure blading, viz., 9 lb. per sq. in. abs., 
| and the second by steam bled from the belt gg, Fig. 3, 
| Plate XI, ante, at an absolute pressure of about 
53 lb. per sq. in. The final temperature of the feed 
|is 265 deg. F. The position and arrangement of the 
| feed heaters is clearly shown in Figs. 11 and 13. 
| The whole of them drain into the condenser. 
| The raw water used for making up the feed is 
; derived from a well and is hard. It is therefore 
| first passed through the raw-water heater, shown 
}on the left of Fig. 12, which is operated with the 
| higher-pressure bled steam. From this heater, the 
| raw water passes to the evaporator shown in Figs. 11 
/and 13, through which it is circulated by a motor- 
| driven pump. The steam thus generated is led down 
| the pipe B to the evaporator heater, shown in Fig. 13, 
‘and also in Fig. 11, in which it is condensed and 
| drained away to the condenser. Here it is thoroughly 
| de-aerated and mixed with the general feed. At 
'normal full load, about 18 per cent. of the total 
| steam supply is bled off to the feed heaters. 
| A section through the alternator is given in 
| Fig. 3, Plate XI, ante, whilst photographs taken 
| at various stages of its construction are reproduced 
|in Figs. 14, 15 and 16, on page 268. Fig. 17 
| illustrates the method of transporting these heavy 
/components, on a special wagon constructed by 
| the London and North-Eastern Railway Company. 
A half end elevation with the end cover removed 
is given in Fig. 18, and a half cross-section in 
Fig. 19 on the opposite page. As already men- 
tioned, this generator had to be proportioned so 
as to fit on the same bedplate as the 11,000-volt 
| generator which it has replaced, and this restric- 
tion involved some sacrifice of efficiency. Whatever 
| the voltage, the output of a generator is fixed by 
the product LD? where L denotes the effective 
length and D the diameter of the rotor. In view 
of the high voltage, it was thought desirable to 
increase the space allotted to the end windings, 
and as the overall length had to be the same 
as that of the normal voltage machine for which 
it serves as spare, the effective length of the rotor 
was reduced. To compensate for this, it was necessary 
to increase its diameter, but as the stator housing 
was the same for the high-voltage as for the normal- 
voltage machine, this involved an increase in the 
density of the magnetic flux near the outer diameter 
of the stator stampings and hence somewhat greater 
leakages. As a consequence, the actual efficiency of 
the Brimsdown high-voltage generator is more than 
} per cent. less than it would have been had there 
been no restrictions on the design, in which case 
the makers are prepared to guarantee a generator 
efficiency of 97 per cent. 
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They claim, moreover, that the no-load losses are 


less than those in the combination of transformer and | 


normal-voltage generator which the new machine 
replaces. Hence if, as is usual in power station 
practice, the average load is well below the designed 
rating, there is, on the whole, a net gain, which it is 
claimed may increase the average thermal efficiency 
of a turbo-generator set from its normal value of 
say 25 per cent. to 26 per cent. The stator con- 
ductors are of the concentric type, and are insulated 
wholly by micanite. A section through one is 
represented in Fig. 20, whilst Fig. 21 represents a 
modified form used at the commencement of each 
winding. Of the three conductors represented in 
Fig. 20, the innermost, or “ bull,’’ conductor is at 
the highest potential and the outermost at the lowest. 
The maximum potential difference between the 
“bull” and the inner conductor, and between the 
latter and the outer, is about 7,000 volts. Moreover, 
the maximum voltage gradient in the insulation is 
only about three-quarters of that usual in normal- 
voltage machines. For each phase there are 88 con- 
ductors distributed over 15 slots per pole. Starting 
from the neutral point, the outer winding passes, in 


effect, in succession through every one of the fifteen | 


slots. It is then coupled up to the inner conductor 
which completes the same circuit and is then coupled 
up to the first section of the “ bull”? conductor. The 
latter, however, is carried through fourteen of the 
slots only, terminating in the lead to the ’bus bars. 
By this arrangement, greater space is provided 
between the end windings having the greatest poten- 
tial difference. It should be noted that, whilst the 
electrical circuit is correctly described above, 
actually, the slot conductor with its insulation is 
moulded in the straight, and bending of it is carefully 
avoided during the whole process of manufacture 
and putting in place. 
coupled up with copper-strip end windings. 

This copper strip is given a quarter turn as indi- 
cated at h, Figs. 22 and 23, and is thus very stiff in 
the direction of the bending forces which may result 
from a surge or short circuit. The strip is held in 


place by the clamps shown in Fig. 18, which are | 


buried in the micanite trough k, Fig. 22. Below this 
comes a narrow block of impregnated wood, and 
similar blocks separate all the windings under the 
clamping piece and transfer the pressure to the 
housing. 

The conductor slots, it will be seen, are of un- 
usual form. An enlarged view of them is given in 


Fig. 24. As there shown, they terminate in narrow | 


slots, the air gap in which prevents any serious 
distortion of the magnetic field in case of a surge 
in the distributing mains. Owing to the large 


number of conductors per pole per phase, the current | 
is very free from harmonics, and there is thus little | 


reaction on the rotor exciting current. Provision is 
made for varying the generator voltage within the 
range of 33,000 to 36,000 volts. This is effected 
wholly by adjusting the exciter field current. 


The slot conductors are proportioned so that even | 


at the hottest spots the stator temperature does not 
exceed 120 deg. C. Owing to the high voltage, the 
C®R losses in the conductors are only one-half as 
much as in a normal-veltage machine, and there is 
thus no difficulty in keeping cool even the “ bull” 
conductor. The cooling of the generator is effected 
on the closed-air system, the arrangement being illus- 
trated in Figs. 25 to 27, page 259. It will be seen 
that part of the cooling is by condensate, thus trap- 
ping some heat which would otherwise be wasted. 

The generator has been at work for about a year 
and nine months, and during that time has been 
severely tested by heavy faults in the distributing 
system to which it is connected with entirely satis- 
factory results. The system ext2nds as an overhead | 
line for 35 miles north of Brimsdown, and, through 
underground cables, to a power station on the north 
side of the Thames. Conclusive evidence of the 
highly satisfactory behaviour of this pioneer plant | 
is afforded by the fact that the North Metropolitan | 
Power Company have just ordered from its makers | 
another high-voltage alternator. 








J Unitep States Propuction oF MaGNesium.— 
The growing importance of magnesium as a commercial 
material is indicated by the fact that the United States 


output of the metal increased from 521,075 lb. in 1928 to | C48 


1,329,669 1b. in 1929. 
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‘THE JORGENSEN DOUBLE-ACTING 
| DIESEL ENGINE. | 


‘ So much has been written recently regarding the | 
|relative merits of different types of Diesel engine for 
|marine use that it is hardly necessary to compare the 
leading characteristics of the various engines at this 
stage. No prescience is required to reach the conclusion | 
| that if the difficulties associated with the type can be | 
overcome, the double-acting, two-stroke cycle engine | 
will ultimately be the predominating type for large | 
powers. It is still debatable, however, whether the | 
airless-injection principle will prove most advantageous | 
|for such engines, though this method of injecting the | 
fuel appears to be firmly established for small units 
running at relatively high speeds. The question of its 
inherent suitability for larger engines was ably dis- | 
| cussed by Mr. O. E. Jorgensen in a paper on the Earles- | 
Jorgensen type engine read before the Hull Association 
of Engineers, on August 8 last, and the conclusion 
was reached that the simplification resulting from the | 
adoption of the airless-injection principle is more | 
apparent than real, and that its disadvantages outweigh 
its advantage for large units. The air-injection system 
has accordingly been adopted by Mr. Jorgensen for 
the new engine which we illustrate in Figs. 1 to 9 on 
this and the opposite pages, and on page 262. 

This engine, which has been built by Messrs. Earles 
Shipbuilding and Engineering Company, Limited, of 
Hull, is a four-cylinder, double-acting unit, operating 
on the two-stroke cycle and developing 2,200 brake 
horse-power at 100 r.p.m. The designer stated, in the 
paper referred to, that the layout had been selected 
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shown in the two part sections in Fig. 3. There are 
four separate lines of chocks under the girders, with 
a view to spreading the forces over the greatest possible 
number of rivets in the tank top on which the engine 
is to be erected, thus dispensing with built seats which 
are often a source of trouble. The inner lines of chocks 
are fitted through the openings in the outer girders 
shown in Fig. 2. There are five A frames, located over 
the main bearings, to support the cylinder entablature, 
and ten bolts pass through the entablature and tie 
it directly to the bed plate. The frame for the scavenge 
pump, which is located in line with the main cylinders 
at the forward end of the engine and is driven from the 
main crankshaft, is cast in two parts, with a vertical 
longitudinal joint on the surface which serves as a 
guide plate for the pump crossheads. The four main 
guide plates are bolted between the A frames, and the 
crankcase is closed in by cast-iron plates fitted with 
large aluminium doors, as shown in Figs. 1 and 2. 
It is stated that these doors are no more costly than 
if made of steel sheeting, but are easier to make tight 
and to handle. The compressor is located at the after 
end of the engine and, like the scavenge pump, is 
driven from the main crankshaft. 

One of the complete cylinder units is shown in 
Fig. 3, while sections are given in Fig. 2. It will be 
seen that the units consist essentially of the upper 
and lower combustion heads separated by a distance 
piece in which the inlet and exhaust ports are cut. 
Each combustion head is provided with flanges at its 
inner and outer ends, the water jacket being welded 
to the outer flange. The fuel valve in the upper head 
is located entirely in the metal joining the combustion 








with a view to low first cost, obtained by the use of | chamber crown to the upper flange, while the two fuel 
plain castings; simple machining operations and erec- | valves in the lower head are located in tubes passing 
tion; ease of supervision, control and overhaul under | through the water space, and made tight by rolling. 
service conditions ; and long life combined with a high | Each cylinder is provided with renewable liners at 


degree of reliability, secured by the adoption of ample 
scantlings and moderate rating. The engine is actually 
rated at 85 lb. m.e.p., and the conservative nature of 
this figure is indicated by the designer’s statement that 
the engine has run for a considerable period on overload 
with clean combustion and no indication of overstress- 
ing. 

The framework of the engine is exceptionally inter- 
esting, as each cylinder is a self-contained unit complete 
with its valve gear, and mounted in such a way that 
complete freedom for expansion is given without stress- 
ing the main framing. The bed plate is of the flat- 
bottom type and is cast in two pieces, weighing, respec- 
tively, 24 tons and 16 tons. From the section, Fig. 2, 
it will be seen that it is in the form of a box girder 
running along each side, and joined by an integrally 
t bottom and the usual bridges carrying the main 
bearings. The bridges are also of box-girder form, as | 





both ends. The heads themselves are steel forgings, 
while the liners, distance pieces, and water jackets 
are of cast iron. The complete cylinder is supported 
on the upper flange of the lower head, which rests on a 
shoulder ia the entablature, and the whole unit is held 
down by a clamping ring through which bolts pass down 
to the entablature itself. The bridges between the 
scavenge and exhaust ports are hollow, to provide a 
passage for the cooling water. It may be mentioned 
that, with this form of construction, no spare head is 
required under Lloyd’s regulations. The outer surface 
of the forged-steel heads is protected against corrosion 
by galvanising. The condition of the cylinder liners, 
piston rings, and the upper part of the piston rod, can 
be inspected through the exhaust ports, as a man can 
enter the exhaust manifold through a door provided in 
each cylinder uptake for this purpose. 

To complete the main frame, four uptake pieces, 
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THE JORGENSEN DOUBLE-ACTING MARINE DIESEL ENGINE. 


MESSRS. EARLES SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, ENGINEERS, HULL. 
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roughly of banjo shape in plan, are fitted above the 
entablature, and the inlet and exhaust trunks are 
bolted to these at the level of the cylinder ports. It 
will be noticed from Fig. 2 that the uptakes bridge 
the space occupied by the distance pieces in the 
cylinders, and that the assembled parts are held in 
position by rings seating on the lower flanges of the 
upper cylinder heads. These rings are secured to the 
entablature by a ring of bolts. It will be noticed that 
the stresses caused by the gas pressure in the lower 
combustion space are transmitted to the main frame 
through the flange on the lower head, the frame being 
in compression. The pressure arising from the 
combustion in the upper space is similarly transferred 
by the ring of bolts to the upper flange of the entabla- 
ture, and thence to the bed plate by the main through 
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bolts, thus_ relieving the main frame of all tension 
stresses. 

Dealing next with the moving parts of the engine, 
the construction of the piston can be followed from 
Fig. 7. It will be seen that the piston rod terminates 
in a double flange, to which the upper and lower piston 
heads are secured by studs asshown. The two headsare 
of Muirhead open-hearth'cast iron, and the through studs 
are of Monel metal. Each head is fitted with six 
rings, and the space between them is bridged by a 
light split skirt. The heads are simple castings, 
mounted with complete freedom to expand. The 
piston-cooling arrangements will be referred to later. 
The connecting rods are of the usual marine type, and 
hardly call for comment. The crankshaft is in two 
pieces, with the joint between the forward main throw 
and the scavenge-pump cranks shown in Fig. 4. The 
crankshaft is of the semi-built up type, with the pins 
and webs in one piece, with the exception of the com- 
pressor end, where the shaft is solid. The shaft is not 
fitted with counter-weights on the main throws, balanc- 





ing being effected by weighting the scavenge pump crank 
and the compressor and scavenge-pump pistons. The 
big-end and small-end bearings, and also the main bear- 
ings, follow standard marine practice, but it may be 
mentioned that the small ends are located by means of 
side facings. ; 

Apart from the automatic relief valves, the only 
valves on the engine are the fuel valves, shown in Figs. 
2and 6, and the starting valves. The camshaft runs 
along the port side of the engine at the level of the 
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two-step chain drive. This drive is shown in Fig. 5, 
and it will be seen that, from a large sprocket on the 
crankshaft, a chain is taken to a short shaft housed 
in a casing on the port side of the compressor. From 
this shaft, the drive is taken through an intermediate 
gear wheel, mounted on the fuel-pump shaft, to a 
second short shaft vertically below the camshaft, the 
final drive to the latter being by a second chain. The 
chain tensions can be adjusted by shims between the 
shaft brackets and the main casing, the correct meshing 
of the gear-wheel teeth being maintained by links 
coupling the short shafts to the intermediate wheel 
shaft. The holes in the brackets through which the 
holding-down bolts pass are slotted to provide the 
necessary movement. The links are not shown in the 
drawing. The operation of the three fuel valves from 
the camshaft can readily be followed from Fig. 2. 
The two fuel valves in the lower cylinder head are 
operated from a single cam through the rocking levers 
and link rod shown. It should be mentioned, however, 
that the two bottom rocking levers are not actually 
pivoted on the fuel valves, but on the main engine 
frame, and that they are coupled to the fuel valves 
through a short link with a pin joint at each end. 
Provision is thus made for the free expansion of the 
cylinders without affecting the valve gear. The upper 
fuel valve is, of course, operated by a separate cam on the 
camshaft. The operation of the starting valves will be 
referred to in connection with the engine control system. 

The engine is cooled throughout by sea-water, thus 
eliminating fresh-water pumps, coolers and other 





entablature, as shown in Fig. 2, and is actuated by a 


ancillary gear, but necessitating unusual precautions 
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so that scale can be removed as it accumulates, and to 
prevent even small quantities of cooling water from 
reaching any vital part of the engine. The sea water is 
pumped, in the first instance, into a chamber formed 
in the entablature on the starboard side, shown in 
section in Fig. 2. This chamber is divided into two 
parts by a baffle extending from the top to within a 
few inches of the bottom. The space on the after 
side of the baffle is always kept full of water by the 
circulating pump, while the upper portion of the space 
on the forward side constitutes an air chamber, to 
which the air is supplied automatically through a small 
valve controlled by a float. The cooling water for the 
cylinder jackets passes through ports below water 
level in the wall of the forward space, and after circu- 
lating round the lower cylinder head, passes through 
the passages, already referred to, in the bridge pieces 
between the scavenge and exhaust ports to the upper 
cylinder jacket. The water finally leaves by the pipe 
shown in Fig. 2, passing through an open tundish 
before being discharged. The water supply for the 
piston-cooling system is drawn off from the chamber 
in the entablature on the after side of the baffle, this 
chamber, as stated, being always full of water. 

The supply is taken through a telescopic pipe, of 
stainless steel, ground on the outside to give a true 
and smooth surface for the packings and scraper 
ring. 

The latter are shown in Fig. 8. The packings 
are made in three pieces with overlapped joints, and 
are pressed against the tube by a rubber band. Water 
can enter the space behind the rubber band, but can 
get no farther, as the joints of the lower ring and the 
joints between this ring and the upper ring, and also 
between the lower ring ard the carrier ring, are sealed 
by a rubber band. A mud box is arranged round the 
packing, from which mud collecting in the water 
chamber may be blown off. A cup is fastened to the 
tube, as shown, to catch any water seeping through the 
packing. Each tube is attached at the bottom to a 
rigid cast-steel bracket bolted to the crosshead, as 
shown in Figs. 2 and 9. The slight side motion to 
which the crosshead is subjected is taken up by the 
elasticity of the tube itself. The water is delivered to 
the bottom of the piston rod, and passes to the upper 
head through a central tube, the latter being held at 
the top only, with freedom to expand at the bottom. 
After entering the upper head through the ports shown 
in Fig. 7, the water passes to the lower head by 
passages cut through the piston rod end, and returns 
through similar passages to the interior of the dome 
shown in Fig. 7, finally passing down the outside of the 
central tube and through a second telescopic pipe to 
a third compartment in the entablature. This com- 
partment, in common with one of the two already 
referred to, is partially filled with air at the top, 
the object of the air chamber in both cases being to 
avoid any possibility of water hammer in the respec- 
tive systems. Before entering the tundish, the water 
from the piston cooling system is carried up the pipe 
shown on the extreme left in Fig. 2 to a point above 
the level of the cylinder head, to ensure that the piston 
is always filled with water. 


(To be continued.) 








NOTES ON NEW BOOKS. 


In the Annual Report of the Director of the Bureau 
of Standards for the Year ended June, 1929 (United 
States Government Printing Office, Washington ; price 
10 cents), the organisation dealing with the work of 
the department is discussed and makes evident the 
wealth of effort brought to bear upon the inquiries 
instituted. The number of tests made during the year 
exceeds 173,000, and the number of determinations is 
over 600,000. An international system of electrical 
units, based on the fundamental centimetre-gramme- 
second system, is referred to as under consideration. 
The constant of gravitation has been the subject of 
study, and some results are given. Many of the 
investigations entered upon are of more interest to the 
physicist than to the engineer—as, for instance, defini- 
tion of units of length in terms of light waves. Efforts 
are reported in the direction of precise scale division, 
and the search for a scale material having the desired 
properties in high degree is referred to. On the more 
directly practical side of the work undertaken by the 
Bureau have been inquiries into building codes and 
city planning, and measurements and variations of 
temperature during and subsequent to the hardening 
of concrete used in a large arch bridge. Durability of 
concrete has also been under consideration, with special 
reference to the use of sodium sulphate and sodium 
chloride in treating the material. Observations on the 
durability of bond between mortar and brick are also 
in progress. Tests of waterproofing compounds for con- 
crete are referred to as showing marked differences in 
the results. Some ticulars of strength tests on 
large-scale models of the tower columns used in the 
Hudson River suspension bridge are given. . The dome 


of the new National Museum having been under repair, 
@ series of observations is reported, involving strain- 
gauge measurements which were undertaken to control 
the operations in hand. Other matters of interest 
relate to the sound absorption qualities of the interior 
finish of auditoriums, in an endeavour to develop a 
lime plaster of suitable properties. The thermal con- 
ductivities of insulating materials at low temperatures 
have also been studied. Inquiry has been made 
into the influence of temperature and humidity on 
the properties of rubber, particularly with reference 
to abrasion, which may be useful in connection with 
the seasonal wear of tyres. Wind pressure measure- 
ments on a smooth cylindrical stack of 10-ft. diameter 
exposed to a natural wind of 100 miles per hour are 
compared with those observed for a brick stack. The 
effects of turbulence in the Bureau’s wind tunnels 
has been subject of study, and reference is made to 
certain discrepancies occurring in tests made at the 
National Physical Laboratory. It is of interest to 
note that the expenditure for the year was well above 
500,000/., and fees received were about one-fifth part 
of this amount. 





Referred to as the statistical and historical annual 
of the States of the world for the year 1930, the sixty- 
seventh annual edition of The Statesman’s Year-Book 
has recently been published by Messrs. Macmillan and 
Company, Limited, St. Martin’s-street, London, W.C.2. 
Dr. M. Epstein, the editor of the work, informs us in 
his preface that each section of the book has been care- 
fully revised, and that the present edition affords a 
statistical survey of every country in the world at the 
end of the first quarter of 1930. The book opens with 
a series of tables showing the world production of a 
number of commodities, including petroleum, wool, 
cotton, andiron and steel. The volume is divided into 
three main parts, respectively dealing with the British 
Empire, the United States, and other countries. Great 
Britain and Northern Ireland, each British Dominion 
or Colony, the United States as a whole and each State 
of the Union, and each country in the ‘* other countries”’ 
section, is treated separately. In all cases detailed 
information and exhaustive statistical data are fur- 
nished regarding constitution and government, area 
and population, religion, education, justice and crime, 
finance, defence, production and industry, commerce, 
shipping and navigation (in the case of maritime States), 
internal communications, banking and credit, money, 
weights and measures, diplomatic and consular repre- 
sentatives, and statistical and other books of reference. 
The colonies of foreign countries are dealt with imme- 
diately after the country to which they belong. The 
style adopted is always lucid, and the numerous tables 
given are clear and well constructed. The book con- 
tains 1,458 neatly-printed pages, and is of a useful 
hand-book size. Two coloured maps are included, 
one of Northern China and the other of Lithuania. 
Bound in red cloth covers, the price of the volume is 
20s. net. 





One of the controlling factors in mine ventilation 
is the loss of energy due to friction offered by the 
irregularities of the air roads and other obstructions, 
such as posts and timbering of various kinds. As 
conditions vary so greatly, this factor has, in practice, 
perforce to be treated empirically, but a number of 
investigations which have been made during recent 
years, particularly in the United States, have added 
very considerably to the data available on this subject. 
Bulletin No. 199 of the Engineering Experiment Station 
of the University of Illinois, entitled The Measurement 
of Air Quantities and Energy Losses in Mine Entries, 
Part IV, by Cloyde M. Smith, supplements the results 
of previous investigations in supplying data as to 
the losses in closely-timbered airways, the energy saved 
by smoothing up such airways, and the losses caused 
by three-piece timber sets and centre props placed at 
various intervals apart. The experiments were carried 
out at coal mines at La Salle and at Verona, respec- 
tively, both in the State of Illinois. In the latter 
mine, the air roads were improved by additional 
timbering and realignment, then the tops and sides 
inside the timber sets were tightly sheathed over with 
1 in. by 6-in. timber, making a smooth-surfaced airway, 
150 ft. in length. Air measurements were made before 
and after the alteration; in the latter case, cross 
sections were measured every 10 ft. along the sheathed 
zone. It was found that the sheathing did not appreci- 
ably affect the quantity of flow. The isovel diagrams 
showed that there was a tendency for each section to 
have two typical velocity distributions; one an 
eccentric bull’s eye at higher quantities, and the other 
having a rough vertical isovel stratification at lower 
quantities. The pressure loss caused by a 70-deg. 
bend and a dead end was about 1-7 times the velocity 
pressure, and its energy loss equivalent to the energy 
loss in about 20 ft. to 30 ft. of straight-timbered road. 
A particularly interesting result of the experiment 





was that the sheathing of the inside timber surfaces 





of the road showed a reduction in energy losses of from 
one-half to three-quarters, depending on the quantity 
of air, the higher relative saving accompanying the 
higher quantities. With the low quantity of air 
normally passing through the air road in question, it 
was estimated that an annual saving effected by the 
lowered resistance to air flow by construction of the 
sheathing would be about 15 per cent. to 20 per cent. 
of the cost of the improvement. This is exclusive of 
any increase of cost of maintenance which might be 
necessary as a result of the alteration ; however, with 
higher velocities, which are common in such air ways, 
the increase in the saving would be considerably 
greater, and would thus, in all probability, more 
than offset any ilicreased cost of maintenance. Re- 
timbering the sheathed zone with three-piece sets 
and with centre props spaced at different intervals 
was found to produce a marked increase in the energy 
losses. Whereas, with a given quantity of air, the net 
energy loss due to each timber set or prop increased 
with increased spacing between timber sets or props, 
the energy loss of a road obstructed with timber sets 
or props relative to that of an equal length of un- 
obstructed sheathed road decreased with increased 
spacing between obstructions. The explanation given 
for this is that the net energy loss caused by each 
obstruction increased relatively less rapidly than did 
the spacing between the obstructions. It will be seen 
that the results of these investigations are likely to 
provide data of practical importance in the operation 
of mine air roads. 





The Annual Report of the United States Geological 
Survey (Washington: Government Printing Office), 
for 1929 is especially noteworthy, as it marks the 
completion of 50 years’ service of this remarkable 
organisation. In the first two pages of his report, the 
director of the Geological Survey makes brief but 
interesting reference to the enormous developments 
which have taken place in the United States and the 
wide scope of the Geological Survey’s operations during 
the period of its existence. Created by Act of Congress 
on March 3, 1879, it was the successor of four Federal 
organisations that had previously made topographic, 
geologic, and other scientific and economic surveys. 
At the time of its inception the vast resources of the 
country had scarcely been touched; since then the 
mineral industry has increased no less than fifteenfold. 
The investigations and research work of the Geological 
Survey are principally concerned with the collection of 
data relating to the natural resources of the country, 
without, however, confining attention to those obviously 
of immediate utility. Much information thus obtained 
has proved of enormous value, for, as is pointed out, 
what may appear of only academical interest to-day 
may prove of the greatest economical importance to- 
morrow. From the original annual sum of 100,000 dols. 
appropriated by Congress for the work of the Survey, 
the expenditure has increased to more than 2,000,000 
dols. per annum; whilst the total expenditure during 
the half-century of its existence has been 75,000,000 dols. 
Of this, 10,000,000 dols. was contributed by individual 
Statesfor co-operative work. The preparation of topo- 
graphical maps as a basis for recording the results of 
geological investigations has attained so high a degree 
of accuracy that they alone are in great demand by all 
sections of the community, from engineer to pleasure 
tourist. The investigations of the natural supply of 
water have provided data of national importance on 
the possibilities of inland navigation, reclamation by 
drainage or irrigation, flood prevention and the 
development of power. Nearly 200,000,000 acres of 
public land still remain unappropriated in the 
United States, and the active policy of the Survey 
has been to plan for its future use without waste of 
resources and taking the time factor into consideration. 
One of the most remarkable developments of the 
Geological Survey has been the number of important 
organisations which it has created from time to time, 
and which now, each in its turn, occupy essential 


“positions in the study and development of the country’s 


resources. These include the Bureau of Mines, the 
Bureau of American Ethnology, the Forest Service, 
the Bureau of Reclamation, and the Geophysical 
Laboratory of the Carnegie Institution. Some idea of 
the vast activities of the U.S. Geological Survey may 
be gathered from the fact that the publications of its 
many investigations cover no less than 400,000 printed 
pages of recorded facts and conclusions relating to the 
natural resources of the United States. 








MAINTENANCE SCHOLARSHIPS IN ARCHITECTURE.—The 
Royal Institute of British Architects informs us that 
the R.I.B.A. Maintenance Scholarship for 1930, the 
value of which is 100/., has been awarded to Mr. R. 
Dickinson, of Birmingham. The scholarship is tenable, 
in the first instance, for one year, and is renewable for 
two further periods of one year each. In addition, 
the scholarships awarded to Messrs. G. G. Laidler, 
H. Bennett, F. W. Wright, and A. K. Brown have 
been renewed for a further period of one year each. 
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LABOUR NOTES. 


A MANIFESTO issued by the Independent Labour 
Party declares that ‘‘ the rapidly increasing numbers 
of unemployed clearly demonstrate the complete 
failure of the policies now being pursued to cope with 
the evil.” “The I.L.P., therefore,” it proceeds, 
“urges the Government to concentrate upon reab- 
sorbing the unemployed into industry by increasing the 
purchasing power of the workers. To this end it de- 
clares in favour of the establishment of :—(1) A living 
income for all workers; (2) children’s allowances ; 
(3) adequate allowances for the unemployed, the aged, 
the widows, and others rendered destitute by capitalism. 
To assist in dealing with unemployment the I.L.P. 
also demands :—(4) A reduction of working hours to 
40 a week. (5) The establishment of import boards to 
stabilise prices through bulk purchase of foodstuffs 
and raw materials, and to prohibit the import of com- 
peting goods made under unfair conditions; and 
export boards to reorganise and control export trade. 
(6) The creation of a national board to direct capital 
and credit into socially useful channels. (7) National 
schemes of house-building, road-making, and similar 
public improvements. (8) The extension of credits 
to Russia and other countries on a long-term basis.” 





“The LL.P. further declares,’ the manifesto 
states, ‘‘ that the increasing failure of capitalism, as 
evidenced by the growing figures of unemployment, 
requires a bold and comprehensive programme deliber- 
ately aimed at hastening the transition to Socialism 
by the national ownership and reorganised use of :— 
(9) The banking system; (10) the power supplies 
(including coal and electrical generation); (11) tran- 
sport; and (12) the land. It calls upon the Labour 
movement to demand at the forthcoming conference 
of the National Labour Party a programme on these 
lines, to be submitted by the Government to Parlia- 
ment, and, if defeated there, to be submitted to the 
electorate.” The main proposals of the manifesto 
have been embodied in a resolution, which is to be sub- 
mitted by the Independent Labour Party, at the 
National Labour Party Conference, in October. 





More than 120,000/. in life insurance protection for 
dependents of the employees of the well-known engineer- 
ing firm of David Brown and Sons (Huddersfield), 
Limited, is now in effect, following the adoption of a 
plan which has resulted from the co-operation of the 
firm and its employees. The plan came into operation 
on August 11. Members are divided into five classes, 
according to earnings, the capital sum of life insurance 
being at the rate of 3d. for each 1001. Class A is for 
employees whose weekly earnings are under 3l.; in 
their case the insurance is for 100/. (including total 
and permanent disability benefit) and the weekly 
contribution 3d. Employees who earn from 31. to 5l. 
per week are in Class B; they are insured for 2001. 
and pay 6d. per week. Class C is for employees who 
earn from 5l. to 101. per week; they are insured for 
4001. and pay at the rate of 1s. per week. Employees 
whose earnings are from 10/. to 201. per week are in 
Class D; they are insured for 800/., and pay at the 
rate of 2s. per week. Employees who earn 20l. per 
week or over are in Class E; the assured sum in their 
case is 1,2001., and members pay at the rate of 3s. 
per week. The entire cost of the insurance and other 
benefits under the plan over and above the weekly 
contributions of employees is paid by the firm, and 
the insurance is available to all employees of the firm 
without any medical examination and without regard 
to age, sex or physical condition. 


In the event of total and permanent disability from 
any cause before the age of 60, the Metropolitan In- 
surance Company of New York, with whom the plan 
has been placed, will pay the capital sum of the insu- 
rance directly to the insured in from 40 to 60 monthly 
instalments, with interest. If death occurs during 
the period of these payments, the balance will be 
paid in a lump sum at once. The liberal attitude 
which has been adopted by the firm in co-operating 
with its employees to make these benefits available 
is shown by the following quotation from the announce- 
ment of the plan :—‘* Whilst this plan is in force the 
life insurance will be continued for employees absent 
from employment through sickness, the firm reserving 
the right to make deductions after return to work in 
respect of cover during such absence. In the event 
of absence from employment on account of a trade 
dispute, the firm will keep the insurance in force 
during such absence up to a maximum period of 
three months, providing the employees arrange to 
continue their own contributions.” The firm has also 


agreed that in the cases of those workers who retire 
with the firm’s consent the firm will keep the insurance 
in force at its own expense throughout the retired 
worker's lifetime. 





There are a number of valuable additional benefits, 
one of which is free nursing service. The life insurance 
company provides a staff of competent visiting nurses, 
who are available for the assistance of any member of 
the plan who may be ill or disabled. These nurses will 
call at the house, assist in carrying out the doctor’s 
instructions, and give any possible aid. The nurses 
only call at the direct request of the member, and 
there is no charge or deduction of any kind for their 
services. Booklets containing valuable advice on 
health and the prevention of disease are also provided 
at regular intervals. The insurance company agrees 
that in the event of a member terminating his or her 
employment with the firm an individual policy for the 
same amount carried in the group plan will be issued 
without medical examination. Such policies must be 
applied for within 31 days of leaving the firm’s service, 
and will be at the attained age and rate of the appli- 
cant. This group life insurance plan in no way super- 
sedes or takes the place of workmen’s compensation, 
benefits payable under any National Insurance Act, 
or any other present benefits, but is entirely in addition 
to them. Inasmuch as the average of life insurance 
protection in Great Britan, including large policies, 
is only about 47/., it is clear that the step taken by 
Messrs. David Brown and Sons marks a very important 
social and economic advance. 


“J. R.,” who contributes the editorial notes to the 
Electrical Trades Journal, the organ of the Electrical 
Trades Union, says that although the general percentage 
of unemployment in the country is still increasing— 
has, in fact, reached a remarkable proportion and 
one that gives serious thought to everyone interested 
in the welfare of the community—“ we of the Electrical 
Trades Union have again been lucky.” ‘‘ Taken on 
the whole,” he proceeds, ‘‘ our percentage has been 
nothing out of the ordinary. If, however, the extent 
of unemployment becomes much more, it must have 
its repercussion on the electrical trade, because no 
one can go on spending money for electrical apparatus 
unless they can see some possibility of a reasonable 
return and interest on money spent. However, it 
can only be hoped that the turn of the tide will soon 
arrive, and that we shall not reach the troubles we 
might otherwise reasonably anticipate.” 





According to “‘ J. R.,”’ the position of the London 
District wages negotiations “‘ is not only rather obscure 
at present, but dangerous.”’ ‘‘ It will be remembered,” 
he says, “ that the London Area went forward with a 
proposal to increase the rates of wages in the ‘A’ 
zone. The first negotiations finished with an offer 
from the employers that the then rate of wages of 
1s. 1ld. under the sliding scale should not fall below 
ls. 103d., while at the same time, if the rate under 
such scale increased above ls. 1ld., the employees 
would receive the benefit. This, unfortunately, was 
not accepted. A further set of negotiations took place 
when a demand was made for Is. 11d. flat rate. This 
culminated in a further deadlock, the final result being 
that the employers decided to stick to the sliding scale 
in itsentirety. The present position is a deadlock, and 
the atmosphere is rather tense. It is possible that the 
National Joint Industrial Council for the Electrical 
Contracting Industry may solve the difficulty. At 
least, it is hoped so.” 





The official organ of the General Federation of Trade 
Unions states that at June 30, the number of affiliated 
societies was 91, of which 58 were on the higher scale, 
30 on the lower scale, and 3 on both scales. The gross 
membership was 528,548, of whom 298,450 were on the 
higher scale, 218,167 on the lower scale, and 11,931 on 
both scales. 





Commenting upon the work of the organisation, 
Mr. Appleton, the general secretary, says :—‘‘ During 
the quarter there have been but few disputes. The 
most serious was that in the woollen trade. Here 
settlements have now been effected, and the task of 
all parties is to aim at repairing losses and improving 
possibilities. A strangled trade is of no use to anybody. 
Neither employers nor merchants, nor employees 
obtain either comfort or livelihood from a lifeless 
industry, and it is to the interest of each that all should 
consort in securing that production, and selling should 
be economic and expeditious. This result can hardly 
be achieved if victimisation is practised on the one 
hand or hostility maintained on the other. The em- 
ployer who wishes to make the best out of any settle- 
ment may sometimes need to forget, and also to forgive ; 
and it will enable him to do this if he remembers that 
resentment against proposals to reduce wages is quite 
a natural sentiment—one, indeed, which he himself 
feels—when his own remuneration is threatened. 
If he remembers these things, and acts with considera- 
tion, the workpeople themselves will react, and progress 
will be certain. In addition to making the best of 


their bargain with the employers, the workpeople have 
the additional task of restoring the usefulness and 
financial stability of their trade unions.” 





A resolution sent in for submission to next week’s 
Trades Union Congress at Nottingham by the Power 
Workers’ Group of the Transport and General Workers’ 
Union, is in the following terms :—‘‘ That this Con- 
ference, whilst appreciating the difficulties in connec- 
tion with the employment of armament workers 
arising from the restriction of production of the imple- 
ments of war, is of opinion that the early institution 
of a 44-hour week, without reduction in weekly earnings, 
would be a reasonable contribution towards the solution 
of the difficulties.” 





In their report for the period August 4 to December 
31, 1929, the General Executive Council of the Tran- 
sport and General Workers Union comment on the 
disappointment that has followed the slow progress 
made by the Government towards a solution of the 
unemployment problem. ‘‘ We have,” they state, 
“ always taken the view that unemployment is synony- 
mous with Capitalism, and, in our opinion, certain 
leaders of the Party made a great blunder when they 
departed from the principles of Socialist thought and 
conceptions, and sought to outbid the Liberals in 
claiming that they had a solution to the problem of 
unemployment. . We gave careful considera- 
tion to the problem, and made up our minds, having 
regard to the falling world prices and the general 
financial situation, that the country would have tu 
face an unemployment figure approaching 2,000,000 
before the year was through, and we shaped our policy 
in relation to industrial movements accordingly.” 


The Bulletin of the Industrial Commissioner of 
New York State reports that all the metal industries 
employed fewer workers in June than in May. The 
largest decreases were returned by the automobile and 
automobile parts industries, and by the pig-iron and 
rolling-mill products’ division. Most concerns making 
automobiles and automobile parts laid off workers, 
the cuts in some cases being large. Part of the decrease, 
which was general in the basic iron and steel industries, 
was probably associated with the falling off in demand 
from automobile manufacturers. The shipbuilding and 
repairing industries employed 4 per cent. fewer workers 
than in May. The other metal industries reported 
decreases in employment ranging from one-half of 
1 per cent. to3 per cent. In the heating apparatus 
industry the movement was generally reported as 
being in a downward direction. In the structural and 
architectural iron division, and in the machinery and 
electrical apparatus industries, there was more irregu- 
larity, but the net change in both cases was also 
downward. 





Railroad repair shops and instrument and optical 
goods’ factories laid off workers, though some of the 
railroad equipment factories were busier in June than 
in May. The brass, copper and aluminium industries 
and the firearms, tools and cutlery divisions reported 
employment almost as great as in May. The gains 
which occurred within these industries were in most 
cases, however, not so large as the losses reported by 
the same firms in May, and were balanced by continued 
losses in other factories. The majority of the concerns 
in the sheet metal and hardware division laid off 
workers, but in contrast with these a few firms reported 
good increases. 





The Ministry of Labour estimates that on August 8 
the numbers of persons on the registers of employment 
exchanges in Great Britain were 1,312,009 wholly 
unemployed, 611,785 temporarily stopped, and 94,163 
normally in casual employment, making a total of 
2,017,957. This was 32,780 less than a week before, 
but 855,673 more than a year before. 


A special report on the five years’ plan submitted 
by Mr. Kuybysev to the recent congress in Moscow 
of the Communist Party stated that individual output 
had greatly increased since 1926-1927, but was not 
yet equal to that of “capitalist” countries. Although 
the improvement shown was equivalent to about 41 
per cent., the annual output of a worker in the produc- 
tion of cast-iron was nevertheless six times greater in 
the United States than in the Soviet Union. According 
to Mr. Kuybysev, this was partly due to the fact that 
the engineers and technical staff did not give adequate 
instructions to the workers, and failed to exercise the 
required supervision. The excessive labour turnover 
also had an important effect. But it was chiefly in 
rationalisation that the essential means of intensifying 








production were to be found. 
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AUTOMATIC BAND-SAW FILING 
AND SETTING MACHINE. 


Users of band saws for cutting wood are beginning 
to appreciate the fact that saws sharpened by machine 
not only cut better but last longer, 7.e., remain sharp 
for a longer time than when sharpened by hand. The 
reason, no doubt, lies in the uniformity and accuracy 
of machine work as compared with hand sharpening. 
There is, in consequence, a growing demard for 
automatic machines which will re-condition a saw 
completely, i.e., will both sharpen and set it, and 
we give a short account, illustrated by Figs. 1 to 3 
on this page, of such a machine. It is made by 
Messrs. Wadkin and Company, Green Lane Works, 
Leicester, and is known as the Wadkin automatic 
band-saw filer and setter. As shown in Fig. 1, the 
machine is very compact, and is carried on a pedestal 





of a convenient height. It may be driven either by 
electric motor or belt, and can be used exclusively 
for sharpening or setting, or for both. The first of 
these operations is effected by means of a standard 
three-cornered file ; for the second a special device is 
provided, which is readily attached after removal of 
the file. Any length of saw can be handled by suitable 
adjustment of the supporting bobbin seen at the 
top of the figure. The maximum width of saw per- 
missible is 2} in., and the maximum pitch of tooth 
is § in. Only } h.p. is required for driving the 
machine. 

The action of the machine, when arranged for filing, 
is best seen in Fig. 2. At the left hand is the vice 
for holding the saw. One of the jaws is hinged and 
carries an adjustable block against which the back 
of the saw is supported. The position of the block 
is regulated to suit the depth of cut required, by 











Fig. 2. 








Fia. 3. 


the knurled knob in the centre of the hinged portion. 
The other knob, behind it, regulates the amount of 
opening between the jaws to suit the thickness of 
the saw under treatment. The saw, while being held 
without play in a lateral direction, is free to move 
vertically to bring successive teeth in position for 
the cutting stroke of the file. This intermittent 
vertical movement is effected by the adjustable 
feed pawl below and to the right of the vice. The 
file is carried on a swinging bracket attached to a 
slide which reciprocates horizontally. At the beginning 
of the cutting stroke, the bracket is swung outward 
so that the file engages the saw, and at the beginning 
of the return stroke it is swung inwards to bring the 
file clear of the saw. The feed pawl comes into action 
during the return stroke. This cycle is continuous, 
and the teeth are filed at the rate of 75 per minute. 
The short oval links by which the file is connected 
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to the swinging carriage enable it to be ‘adjusted | 
so as to cut any desired angle of tooth. 

The setting device is shown in Fig. 3. A small 
bracket clamped to the vice carries a fulerum round 
which a hardened-steel die with a V-shaped recess is 
oscillated. The two faces of the die recess are brought | 
into contact with successive teeth alternately, so 
setting them in opposite directions. The oscillating 
movement necessary to effect this alternate contact 
is derived from the reciprocating slide. This, as will 
be clear from the figure, carries two screws, which 
alternately strike the free end of the oscillating 
die block. One of these screws is seen in the figure 
in contact with the block, and one side of the die is 
pressing upon a tooth of the saw. The reversal of the 
slide clears the die from the tooth, and the feed pawl 
moves the saw upwards for another tooth space 
before the other screw strikes the block and moves 
it in the reverse direction. The amount of set given 
to the tooth is regulated by the position of the 
contact screws. The file is, of course, removed when 
the machine is used for setting, but its supports can 
be readily made out in the figure. The machine shown 
in this figure is a belt-driven one, as indicated by the 
pulleys. The disc at the right hand is a handwheel. 
This, when disengaged from the drive by the knurled 
knob, is used for the preliminary setting of the machine 
as regards angle of filing, feed motion, and so forth. 
All the driving spindles are mounted on ball bearings, 
and the working parts are hardened where necessary. 








LAUNCHES AND TRIAL TRIPS. 


‘‘ CLUMBERHALL.”’—Cargo steamer ; quadruple-expan- 

sion engines. Trial trip, August 20. Main dimensions, 
439 ft. by 55 ft. 3 in. by 28 ft. 4 in. Built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for Messrs. West Hartlepool Steam Navigation Company, 
Limited, West Hartlepool. 
Single-screw cargo motorship 
for the African trade; eight-cylinder, airless-injection 
Harland-B. and W. oil engines. Trial trip, August 20. 
Main dimensions, 370 ft. by 5i ft. 6 in. by 33 ft. 6 in. 
Built by Messrs. Harland and Wolff, Limited, Govan, 
for Messrs. The British and African Steam Navigation 
Company, Limited, Liverpool. 

“D.H. 10."—-Steel towing hopper barge delivered 
recently. Main dimensions, 90 ft. by 22 ft. by 8 ft. 6 in. 
Built by Messrs. James Pollock Sons and Company, 
Limited, Faversham, for the Dover Harbour Board. 

‘“* SPRINGBOK.”’’——Twin-screw hopper dredger;_ triple- 
expansionengines. Launch, August 21, Hopper capacity, 
800 tons. Built by Messrs. Ferguson Brothers (Port 
Glasgow), Limited, Newark Works, Port Glasgow, for 
the South African Railways and Harbours Administration. 


“ALFRED JONES.”’ 


‘** ALcripEs.’’—Single-screw oil-tank motorship; four- 
cylinder, two-cycle, opposed-piston Barclay Curle- 
Doxford airless-injection engine. Trial trip, August 21. 
Main dimensions, 460 ft. by 59 ft. 6 in. by 34 ft. 1 in. 
Built by Messrs. Barclay, Curle and Company, Limited, 
Glasgow, for Messrs. D/S. A/S. Eikland, Risor, Norway. 

‘** CHEYENNE,’’-—Single-screw oil-tank motorship ; four- 
cylinder, opposed-piston, Doxford oil engine supplied by 
Messrs. William Doxford and Sons, Limited, Sunderland. 
Launch, August 22. Main dimensions, 470 ft. by 63 ft. 
9 in. by 34 ft. 9 in. Built’ by Messrs. Palmers Ship- 
building and Iron Company, Limited, Jarrow, to the 
order of Messrs. Anglo-American Oil Company, Limited, 
London. 

‘** Fosna.”’-Twin-screw cargo motorship ; four-cycle 
single-acting Diesel engines supplied and to be installed 
by Messrs. Aktiebolaget G6taverken, Gothenburg. 
Launch, August 22. Main dimensions, 449 ft. 10 in. 
by 59 ft. by 35 ft. 6 in. Built by Messrs. The Caledon 
Shipbuilding and Engineering Company, Limited, Dun- 
dee, to the order of Messrs. Aktiebolaget Gétaverken, 
Gothenburg, Sweden. 

** CERINTHUS.”’—Single-screw oil-tank steamer ; triple- 
expansion engine. Launch, August 23. Main dimen- 
sions,' 352 ft. by 48 ft. 9 in. by 25 ft. 6 in. Built by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, for Messrs. The Hadley Shipping Company, 
Limited, London. 

““Sea Vacour.’’—Timber-carrying and general-cargo 
steamer; propelling machinery supplied by Messrs. 
George Clark, Limited, Sunderland. Launch, August 
25. Main dimensions, 276 ft. by 42 ft. 3 in. by 20 ft. 9 in. 
Built by Messrs. 8. P. Austin and Son, Limited, Wear 
Dock Yard, Sunderland, for Messrs. Dover Navigation 
Company, Limited, London. 

‘“GoLDEN DeEEps.’’—Steel screw trawler. Launch, 
August 25. Main dimensions, 150 ft. by 25 ft. by 14 ft. 
Built by Messrs. Cochrane and Sons, Limited, Selby, 
for owners at Grimsby. 

“Sea VeENTURE.”’—Single-screw coal and general- 
cargo steamer; triple-expansion engine supplied by 
Messrs. North Eastern Marine Engineering Company, 
Limited, Sunderland. Launch, August 25. Main dimen- 
sions, 305 ft. by 43 ft. by 20 ft. 10 in. Built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Sunderland, for Messrs. Dover Navigation Company, 
Limited, London. 

“* ATHELFOAM,’’—Single-screw 
the carriage of oil or molasses ; 


tank motorship for 
six-cylinder, single- 


acting, four-cycle Diesel engine constructed by Messrs. 





North Eastern Marine Engineering Company, Limited, 
Wallsend. Launch, August 26. Main dimensions, 
425 ft. by 55 ft. 9 in. by 32 ft. 3 in. Built by Messrs. 
Cammell Laird and Company, Limited, for Messrs. 
United Molasses, Company, Limited, London. 

“Orato.” —Twin-screw cargo motorship ; four-cylin- 
der opposed-piston Doxford airless-injection engines. 
Launch, August 26. Main dimensions, 490 ft. by 67 ft. 
by 40 ft. Built by Messrs. Vickers-Armstrongs, Limited. 


| Barrow-in-Furness, for Messrs. New Zealand Shipping 


Company, Limited, London and Wellington. 

‘** Norvinn.”’—Single-screw oil-tank motorship ; four- 
cylinder, two-cycle, opposed-piston Barclay Curle- 
Doxford airless-injection oil engine. Launch, August 26. 
Main dimensions, 420 ft. by 58 ft. 6 in. by 32 ft. 3 in. 
Built by Messrs. Barclay, Curle and Company, Limited, 
Scotstoun, for Messrs. Johan Rasmussen and Company, 
a Norwegian firm. 

** GanGEs.”’—Single-screw cargo and emigrant steamer 
for the Indian trade ; triple-expansion engine and low- 
pressure exhaust turbine of Bauer-Wach type, the whole 
supplied by Messrs. D. & W. Henderson and Company, 
Limited, Glasgow. Launch, August 26. Main dimen- 
sions, 423 ft. 6 in. by 53 ft. 9 in. by 31 ft.4 in. Built by 
Messrs. Harland and Wolff, Limited, Govan, for Messrs. 
James Nourse, Limited, London. 

** Ertmo.”’—Steel screw trawler. Launch, August 27. 
Main dimensions, 125 ft. by 22 ft. 6 in. by 13 ft. 6 in. 
Built by Messrs. Cochrane and Sons, Limited, Selby, for 
owners at Grimsby. 








BOOKS RECEIVED. 


Mechanical Engineers’ Handbook. Edited by Liongt S. 
Marks. Third edition. London: McGraw-Hill Pub- 
lishing Company, Limited. [Price 35s. net.] 

Air Ministry. Air Publication No. 1162. Jupiter 
Series IV Aero Engine. Second edition. London: 
His Majesty’s Stationery Office. [Price 2s. 6d. net.] 

The Bolinder Book. By WattTEeR Pottock. Stockholm : 
J. and C. G. Bolinders. London: James Pollock Sons 
and Company, Limited. 

United States Coast and Geodetic Survey. Special Publica- 
tion No. 164. First Order Triangulation in South- 
east Alaska. By W. F. Reynolds. Washington: 
Government Printing Office. [Price 40 cents. ] 

University of Michigan. Engineering Research. Bulletin 
No. 15. Formation and Properties of Boiler Scale. 
By Evertrr P. Partrrivce. Ann Arbor, Mich. : 
University of Michigan. [Price 1 dol.] 

Ueber die Festigkeit ebener gekrempter Kesselbéden ohne 
med mit Langsanker oder Ranchrohr. By Dr. U. A. 
HUGGENBERGER, Zurich: Dr, U. A. HUGGENBERGER. 

The Theory of Heat-Engines including the Action of the 
Muscles. By Dr. J. 8S. Hatpane. London: Oliver 
and Boyd. (Price 6s. net.) 

Ausriistung der Seehifen mit landfesten Pollern. By 
Dr.-Ing. Gustav Roger. Berlin: Wilhelm Ernst 
und Sohn. (Price 5-60 marks.) 

Abhandlungen aus dem Aerodynamischen Institut an 
der Technischen Hochschule Aachen. Edited by 
Prof. Dr. Ta. v. KArmdy. Part 9. By _K. Frie- 
pricus, Prof. Dr. Tu. v. KArmAn, F. Exrds and 
C. Scumirr. Berlin: Julius Springer. (Price 6-60 
marks.) 

Department of Scientific and Industrial Research. Food 
Investigation. Special Report No. 38. Wastage in 
Imported Fruit: its Nature, Extent and Prevention. 
By Dr. J. BARKER. London: His Majesty’s Stationery 
Office. (Price ls. 6d. net.) 

Aeronautical Research Committee. 





Reports and Memo- 


randa, No. 1290. The Equations of Motion of a 
Viscous Fluid in Tensor Notation. By C. N. H. Lock. 
(Price 1s. 6d, net.) No. 1306. Lateral Stability 


Calculations for the Bristol Fighter Aeroplane. By 
Dr. A. 8. Hatirpay and C. H. Burce. (Price ls. net.) 
London: His Majesty’s Stationery Office. 

Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 26. The Influence 
of Size of Coal during Gas Manufacture. London: 
His Majesty’s Stationery Office. (Price ls. 3d.) 

Canada. Department of Mines. Mines Branch No. 710. 
Investigations of Mineral Resources and the Mining 
Industry, 1928. Mines Branch No. 711. Investi- 
gations in Ore Dressing and Metallurgy (Testing and 
Research Laboratories), 1928. Ottawa: F. A. Acland, 

United States Department of Commerce. Bureau of 


Mines. Technical Paper No. 473. Chemistry of 
Leaching Chalcocite. By J. D. Sututvan. (Price 
10 cents.) Bulletin No. 315. Construction and 


Operation of the Bureau of Mines Experimental Oil- 
Shale Plant, 1925-1927. By M. J. Gavin and J. 8. 
DesMonpD. (Price 70 cents.) Bulletin No. 317. 
Rock-Strata Gases of the Cripple Creek District, Colo., and 
their Effect on Mining. By EF. H. Denny, K. L. 
MARSHALL, A. C. FreELpNER, A. H. Emery, W. P. 
Yant and W. A. Setvic. (Price 20 cents.) Bulletin 
No. 321. Innovations in Copper Leaching Employing 
Ferric Sulphate-Sulphuric Acid. By H. E. Keyes. 
(Price 20 cents.) Washington: Government Printing 
Office. 

United States Department of Labor. Bulletin of the 
United States Bureau of Labor Statistics No. 511. 
Workmen’s Insurance and Compensation Series. 
Proceedings of the Sixteenth Annual Meeting of the 
International Association of Industrial Accident Boards 
and Commissions held at Buffalo, N.Y., October 8-11, 
1929. (Price 50 cents.) Bulletin of the United States 
Bureau of Labor Statistics, No. 514. Wages and 
Hours of Labor Series. Pennsylvania Railroad Wage 
Data from Report of Joint Fact Finding Committee 
in Wage Negotiations, 1927. (Price 35 cents.) Wash- 
ington: Government Printing Office. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Shearing Machines._-The supply of shearing machines 
for }-in. and }-in. metal. The Board of the Port and 
Railways of Lourengo Marques, October 20: (Ref. No. 
A.X. 10,132.) 


Well Pump.—The supply of a well pump, with spares 
and tools, for El Tor Quarantine station, Sinai. Le 
Conseil Sanitaire Maritime et Quarantenaire, Alexandria 
Egypt; November 14. (Ref. No. A.X. 10,131.) ; 


Sanitary Service Vehicles—The supply of one petrol- 
driven road tractor and one combined motor sweeping, 
washing, and spraying machine. The Municipality of 
Alexandria, Egypt, September 16. (Ref. No. A.X. 
10,141.) 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—While new business still 
develops very slowly, quotations are on a level that should 
tempt customers to operate fairly freely when they enter 
the market to make provision for autumn needs, and 
expansion of transactions in the near future is quite 
expected. Quantities of Cleveland iron stored at the 
blast furnaces are not inconveniently large, and may be 
reduced as the restricted output is very little more than 
sufficient for present requirements. A large proportion 
of the make continues to go into direct use in its molten 
state at producers’ own consuming departments, and most 
of the surplus, that is converted into pig for the market. 
is disposed of by ironmasters’ direct sales to local and 
other home users. Demand from overseas remains light. 
Second hands are not in a position to enter into contracts 
of moment, and makers’ fixed minimum quotations stand : 
No. 1 grade of Cleveland, 66s. ; No. 3, g.m.b., 63s. 6d. ; 
No. 4, foundry, 62s. 6d.; and No. 4, forge. 62s. 

Hematite.—Producers of East Coast hematite iron are 
still burdened with heavy stocks. Much of the iron 
stored is, however, sold, and if, as is hoped, customers 
shortly find themselves in a position to accept arrears 
of delivery fairly freely, the unsatisfactory statistical 
position will quickly undergo a welcome change. Mean- 
while, makers are taking quite a firm stand notwithstand- 
ing that merchants are underselling them. The latter 
still have considerable quantities on hand and are keen 
to unload their holdings. Overseas customers who used 
to draw supplies mostly from this district, continue to 
accept comparatively cheap Continental hematite, but 
home demand for East Coast brands is expected to 
improve. For ordinary qualities of local iron, makers 
quote 71s., and ask a premium of 6d. for No. 1. 

Foreign Ore.—There is very little activity in foreign ore. 
Consumers have larger stocks than they care to carry, 
and have heavy forward contracts made. Best rubio 
is 19s., c.i.f. Tees. 

Blast-furnace Coke.—Durham blast-furnace coke is 
plentiful and in only moderate demand. Good average 
qualities are 16s, 6d. for early delivery to local works, 
but for forward supply sellers ask up to 17s. 6d. 

Manufactured Iron and Steel.—Producers of manufac- 
tured iron and steel are in need of orders, but quotations 
are upheld. Common iron bars are 10]. 15s. ; best bars, 
1ll. 5s.; double best bars, 11/. 15s.; treble best bars, 
121. 5s.; iron rivets, 111. 10s.; packing (parallel), 8J. ; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 12s. 6d. ; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship plates, 8/. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 87. 10s. for parcels of 500 tons and 
over, and 91. for smaller lots ; fish plates, 127. 10s. ; black 
sheets (No. 24 gauge), 91. 12s. 6d. ; and galvanised corru- 
gated sheets (No. 24 gauge), 111. 17s. 6d. 

Scrap.—Scrap is abundant and slow of sale. Heavy 
machinery metal and heavy ordinary cast iron are each 
down ls. The former is now 56s. 6d., and the latter 
55s. Turnings remain at 40s., and borings at 35s. ; while 
heavy steel scrap remains at 47s. 6d. 














Coxe ConsumPTION IN CANADA.—According to figures 
issued by the Canadian Bureau of Statistics, at Ottawa, 
2,314,127 tons of coke were produced in the Dominion 
during 1928. Imports amounted to 1,060,029 tons, and 
exports to 25,058 tons, making the total quantity avail- 
able for consumption during the year, 3,349,098 tons. 


PERSONAL.—Messrs. Edward G. Herbert, Limited, 
Atlas Works, Chapel-street, Levenshulme, Manchester, 
have been appointed sole agents, for the British Empire, 
for Messrs. Ateliers G.S.P., of Albert (Somme) and Paris. 
Messrs. Ateliers G.S.P. are an amalgamation of three 
French machine-tool manufacturers, namely, Messrs. 
Guillemin; Sergot; and Pégard, Jérony et Letureq.— 
Mr. S. C. Icke has been appointed Chairman of Messrs. 
The Brooke Tool Manufacturing Company, Limited, 
Warwick-road, Greet, Birmingham, in succession to the 
late Mr. A. E. Owen, who died last December. Mr. 
Icke has served the company in the position of managing 
director for the past 20 years.——Dr. Gerald Stoney, 
F.R.S., has relinquished his position with Messrs. C. A. 
Parsons and Company, Limited, Newcastle-upon-Tyne, 
and is taking up consulting work. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The state of the Scottish steel 
trade has not altered, and producers report a very poor 
demand. Specifications have not been coming in at 
all freely as consumers, not being able to see much ahead, 
are not buying for more than their immediate require- 
ments. Shipbuilding is becoming quieter again, and with 
new contracts so very scarce the demand from that 
industry is only a shadow of its former self. In the 
black-sheet trade the lighter gauges are, perhaps, a shade 
less active, although quite a good business continues 
to be done. The heavier grades are still in poor request 
and galvanised sorts are just moderately fair. Prices 
are nominally unchanged and are as follow :—Boiler 
plates, 10/. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
91. per ton; and galvanised corrugated sheets (No. 24 
gauge), 127. 15s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There is still no change for the 
better to report in connection with the malleable-iron 
trade of the West of Scotland. Plant is only in partial 
commission, and orders are just of a hand-to-mouth 
description. The re-rollers of steel bars are likewise 
very hard up for business, and are suffering to some 
extent owing to the very low quotations of Continental 
makers. The current prices are as follow :—‘‘ Crown ”’ 
bars, 10/. 5s, per ton for home delivery and 9/. 15s. per 
ton for export; and re-rolled steel bars, 7/. 12s. 6d. per 
ton for home delivery and for export. 

Scottish Pig-Iron Trade——Only a very moderate 
business is passing in Scottish pig iron at the present 
time, and makers find difficulty in placing even to-day’s 
reduced output. Unless the demand increases it would 
appear as if a further curtailment of production will 
have to be considered. Meantime prices are easier, 
and the following are the current market quotations :— 
Hematite, 78s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending last 
Saturday, August 23, amounted to 647 tons. Of that 
total 337 tons went overseas and 310 tons coastwise. 
During the corresponding week of last year the figures 
were 338 tons for overseas destinations and 35 tons 
coastwise, making a total shipment of 373 tons. 








INSTITUTION OF NAVAL ARCHITECTS.—The Council of 
the Institution of Naval Architects has awarded the 
Institution Scholarship, for 1930, which has a value of 
130/., per annum for three years, and is tenable at Liver- 
pool University, to Mr. H. J. Tabb, of H.M. Dockyard, 
Devonport. The Earl of Durham Prize has been gained 
by Mr. M. C. Dunstan, also of H.M. Dockyard, Devonport. 





BritisH EXHIBITION, BUENOS AIRES, INDUSTRIAL 
Fitm Section.—The management of the British Empire 
Trade Exhibition, Buenos Aires, 1931, has arranged a 
special film section, in which British industrial and 
other special films will be exhibited at the lowest possible 
charge commensurate with the expenses involved. 
Messrs. Commercial and Maritime Film Service have been 
appointed sole agents and The Educational Film Bureau 
will act as honorary consultants in the presentation, 
titling and editing of the films entered. A _ special 
office, to be called, British Empire Trade Exhibition, 
Buenos Aires, 1931: Film Section, has been opened 
at 24, Denmark-street, London, W.C.2. As time is of 
great value it is highly important that intending exhi- 
bitors should apply immediately for details, at the 
address given. 





Tue Crrrus AERO Encine.—The recent All-American 
Aerial Derby, which is said to be the longest organised 
race run so far, the total length of the course being 5,541 
miles, was won by Mr. Lee Gehlbach, flying a Command- 
Aire Little Rocket machine fitted with a supercharged 
Cirrus engine. Eighteen competitors started in the race 
and ten completed the course, seven of the machines 
which finished being fitted with Cirrus engines. The 
winning machine covered the Detroit-Buffalo lap, of 
222 miles, at a speed of 200-15 miles per hour, which 
is believed to be the highest speed yet attained in cross- 
country aeroplane racing. The Cirrus engine is made in 
this country by Messrs. Cirrus Aero-Engines, Limited, 
Regent House, 89, Kingsway, London, W.C.2, and their 
American licensees are Messrs. American Cirrus Engines, 
Inc., Marysville, Mich., U.S.A. 





British Economic Mission To THE Far East.—The 
Department of Overseas Trade announces that the 
Economic Mission to the Far East, the formation of 
which was recently announced by Mr. G. M. Gillett, 
M.P., will leave this country on September 19 next. 
The chairmantis Sir Ernest Thompson, and the secretary, 
Mr. T. St. Quintin Hill. The terms of reference of the 
Mission are: to inquire into the present position of 
British trade with China and Japan, and to report 
what action should be taken to develop and increase 
that trade. A special Cotton Sub-Mission, of which 
Sir Ernest Thompson is also chairman, is attached to the 
Mission, to assist in the inquiries to be made, so far as 
these relate to cotton goods. The Mission is desirous of 
obtaining the views of those interested in Far Eastern 
trade, and the Department of Overseas Trade, 35, Old 
Queen-street, London, §8.W.1, would, therefore, be glad 
to receive, as early as possible, any communications 
which those concerned feel disposed to make. All 
information received by the Department will be com- 
municated to the Mission. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—A close and careful study of the posi- 
tion shows that the depression which has gripped the 
basic trades during the last few months is less acute, 
and that a slow and steady revival may be imminent. 
Manufacturers are doing all in their power to develop 
a better state of affairs, but keen foreign competition, 
coupled with the dumping of cheap Continental materials 
into this country, are factors that militate against their 
efforts. In the steel-producing sections it is indeed 
difficult to strike a bright note. It is a long time since 
orders presented such a neglected appearance. At many 
firms two out of every three furnaces are out of com- 
mission, while strip, bar, and wire-rod mills are working 
at greatly reduced capacity. Rolling-mill and forge 
masters report that they have the same difficulty, being 
unable to book sufficient work to replace expiring con- 
tracts. The recent cut in the price of pig iron has so far 
failed to stimulate buying, and the market is featureless. 
The demand for steel billets ebbs and flows according 
to the current tendency, while ferro-alloys are suffering 
from the same malady as the steel trade generally. 
The sustained activity of stainless steel accounts for 
ferro-chrome being a progressive line. Latest quotations 
are as follow: Siemens acid-steel billets, 9J. 10s. ; hard 
basic-steel billets, 9J. 2s. 6d. to 91. 12s. 6d.; medium hard 
basic-steel billets, 7/. 12s. 6d. to 81. 2s. 6d.; soft basic 
steel billets, 67. 10s.; Derbyshire foundry pig iron, 
8s. 6d.; Derbyshire forge iron, 64s. 6d.; crown iron 
bars, 10/7. 58.; iron hoops, 12/.; steel hoops, 92. 10s. ; 
basic-steel scrap, 50s. Though departments generally 
could handle a much greater volume of work, orders for 
finished steel products are being booked more freely. 
Of the less favourably situated sections, railway rolling- 
stock, along with shipbuilding requirements, are lines that 
afford little encouragement as to the future. <A revival 
in the foreign demand for the former product, which is 
at present unlikely, would improve the position con- 
siderably. Headway continues to be made by makers 
of electrical apparatus, while there is a consistent call 
for automobile steel and fittings. There has been a 
decline in agricultural appliances, though scythes, sickles 
and hooks are active lines. Engineers’ tools have 
weakened, but this is compensated by increased activity 
in high efficiency twist drills, hacksaws and blades, and 
quarrying and roadmaking implements. Makers of light 
castings are only moderately employed. 


South Yorkshire Coal Trade.—Though the position has 
developed several encouraging features, the gross demand 
for most classes of fuel is below normal. The decision 
to raise house coal by 2s. per ton from the beginning 
of September is likely to result in heavy buying before 
that date. During the past few weeks the market has 
shown improvement in several directions. Business in 
industrial fuel is on the quiet side. Steams are poorly 
supported. South Yorkshire hards have risen 3d. per 
ton, but washed nuts have declined a corresponding 
amount. Cokes are only in moderate demand. Steady 
selling is taking place in foundry and furnace sorts, 
but blast furnace descriptions have received a setback. 
Gas coke is firm at 2ls. to 25s. Quotations: Best branch 
hand-picked, 24s. to 25s. 6d; Derbyshire best brights, 
19s. to 2ls.; Derbyshire best house, 18s. to 19s. 6d. ; 
screened house coal, 16s. to 17s. ; screened house nuts, 
14s. to 16s.; Yorkshire hards, 14s. to 15s. 6d. ; Derby- 
shire hards, 14s. to 15s. 6d. ; rough slacks, 8s. 6d. to 9s. ; 
nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








Contracts.—Messrs. J. W. Brooke and Company, 
Limited, Adrian Works, Lowestoft, have recently secured 
an order for a twin-screw motor houseboat for use chiefly 
on the Broads. The boat will have a length of 65 ft., 
and a breadth of 14 ft., and the propelling machinery 
will comprise two Brooke engines.—Contracts have been 
placed, by the Central Electricity Board, for general 
cables with Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, London, for general meters with 
Messrs. Chamberlain and Hookham, Limited, Birming- 
ham, and for switchgear with Messrs. A. Reyrolle and 
Company, Limited, Hebburn-on-Tyne. 





Highway Lay-Out anp Construction.—A circular 
letter and memorandum (No. 336—Roads) on the subject 
of the lay-out and construction of roads have been issued 
to all highway authorities by the Ministry of Transport, 
7, Whitehall-gardens, London, 8S.W.1. The memorandum 
has been prepared by officers of the Ministry, in collabora- 
tion with representatives of the Institution of Municipal 
and County Engineers and of the County Surveyors’ 
Society, and deals with such matters as the acquisition 
of land, the line of roads, carriageway, visibility and 
curves, gradients, footways, fencing, kerbing, road cross- 
ings, and bridges. Further copies of the memorandum 
can be obtained, price 2d. net, from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2. 


Lienite Deposits in OntTARIO0,—Drilling operations 
in the Moose River basin in Northern Ontario, Canada, 
have revealed the fact that 80 million tons of lignite 
exist in the Onakawana district, in an area of about 
3 sq. miles. Moreover, the estimate obtained does not 
take into consideration any area. in which the seam is 
less than 10 ft. thick. The average thickness of the lig- 
nite seam is between 20 ft. and 25 ft. In one particular 
area of 300 acres, however, the average thickness was 
found to be 45 ft., and in one place in this area a 
thickness of 64 ft. was registered. A shaft has been 
sunk to a depth of 77 ft., and about 300 tons of the lignite 
mined and dispatched for investigation at the Fuel 
Research Laboratories, Ottawa, and elsewhere. ~ 





NOTES FROM THE SOUTH-WEST. 


CarpiFrr, Wednesday. 

The Coal Trade.—Extremely quiet conditions continue 
in the Welsh steam-coal trade, and the prospects of any 
appreciable improvement are remote. Millions of tons 
of coal are in stock on the railway sidings, and the 
demand is insufficient to absorb current outputs, which 
have been curtailed because of the lack of new demand. 
Collieries are unable to work regularly, yet the South 
Wales Miners’ Federation are following their annual 
round-up of non-unionists, and talking about giving 
14 days’ notices at various pits to terminate contracts 
and stop work until the defaulters join the Union. 
Though individual concerns may suffer from the stoppages 
the coalowners, as a body, will not suffer any serious 
harm, for the plentiful supply of stocks in hand will 
enable them to fulfil orders without difficulty. Buyers 
tied to named coals might, however, experience difficulty 
in securing their needs, while some ships might also be 
delayed, waiting for special varieties. Forward business 
is also held up by the waiting policy adopted by operators, 
pending the reorganisation necessary to meet the require- 
ments of the new Coal Mines Bill. The arrangement of 
& new wages agreement is also awaited with keen interest, 
and until that is completed it is impossible for the 
owners to estimate, with any degree of accuracy, the 
likely cost of production. Business, in the circumstances, 
is rendered almost impossible. Meanwhile, the small 
parcels changing hands can obtain no more than the 
minimum price, based on 20s. for best Admiralty large, 
and 13s, 6d. for best bunker smalls, though some of the dry 
sized varieties, on account of a scarcity due to a reduction 
in the output of large, realises a premium on the minima. 

Colliery Operations—The annual reports of two 
colliery companies for the year ended June 30 were 
issued this week. One shows a loss and the other a 
gain, but in both cases there is no dividend for the 
shareholders. Messrs. Insoles, Limited, the owners of the 
Cymmer Collieries, sustained a loss on trading of 42,0441., 
increasing the debit balance carried forward to 148,3061. 
The preference dividend is now five years in arrear. 
Messrs. Fernhill Collieries, Limited, on the other hand, 
showed a profit of 17,7671. reducing the debit balance 
forward to 2,438. No dividend has been paid on the 
preference shares since 1924. 


Iron and Steel.—Exports of iron and steel goods last 
week totalled 9,589 tons, or just over half the total of 
the preceding six days. Shipments of tin-plates fell 
from 13,588 tons to 5,632 tons, and of galvanised sheets 
from 1,676 tons to 406 tons, but of black-plates was 
increased from 672 tons to 1,160 tons, and of other iron 
and steel goods from 2,075 tons to 2,392 tons. 








THE Drepainc OF REGENT’S CanaL.—Dredging 
operations were initiated in the Regent’s Canal section of 
the Grand Union Canal Company in 1917. The advan- 
tages gained are shown by the fact that, in that year, 
a coal barge carried an average of 65 tons, whereas in 
1929 the average was 75 tons. In other words, during 
1929, the coal cargo carried, namely 364,560 tons, 
required only 4,813 barges, as against 5,467 if no dredging 
had been carried out. Thus, last year, as compared with 
1917, as many as 654 lock operations were saved, with a 
consequent economy of water and saving in wear and 
tear. All new barges being built for use on the Regent’s 
Canal are of 100 tons capacity. 





BRIDGE OVER THE ST. LAWRENCE AT CORNWALL, 
OnrTario.—Surveying operations, for the purpose of 
selecting the most favourable site for the new all- 
Canadian bridge, which it is proposed to erect across 
the St. Lawrence near Cornwall, Ontario, have been 
commenced. We understand that Messrs. The Cornwall 
Bridge Company received the necessary authority for 
the erection of the bridge during the recent session of 
the Canadian Parliament. The bridge is to cost approxi- 
mately 5,000,000 dols., and the north end is likely to 
be placed about 4 miles east of Cornwall, at Flanagan’s 
Point. The south end will be in the Province of Quebec, 
not far from the Canada-United States frontier. The 
structure, when complete, will greatly facilitate inter- 
national highway traffic by obviating the crossing of 
the river by ferry at points above Montreal. 





ProposED STEELWORKS IN BriITIsH CoLUMBIA,— 
Arrangements are stated to be in progress for the estab- 
lishment of a steelworks in the neighbourhood of Van- 
couver, British Columbia, Canada. Investigations have 
recently been carried out, on behalf of the concern 
involved, Messrs. Coast Range Steel Company, Limited, 
by Messrs. The Freyn Engineering Company, of Chicago. 
The latter have issued a report in which they state that 
the ore field, which it is intended to develop, on Texada 
Island, in Georgia Strait, 50 miles north-west of Van- 
couver, contains 6,924,000 tons of high-grade magnetite 
ore, together with a further probable supply of 5,000,000 
tons. The average iron content is given as 61-7 per cent., 
while the phosphorus is stated to be low. The ore 
contains a satisfactory percentage of manganese and is 
low in silica and alumina. Zinc, arsenic and titanium 
are entirely absent. Suitable coal is found on Vancouver 
Island close at hand, and deposits of high-grade limestone, 
which, it is said, contain 98 per cent. of calcite (CaCOs), 
occur also on Texada Island, five miles from the ore field. 
The climatic conditions are such that the mining of the 
ore, the quarrying of the limestone, and the shipping of 
the raw materials by means of barges to the blast- 
furnace site can be carried on throughout the year. A 
plant capable of absorbing 300,000 tons of ore per annum 
1s envisaged, and it is hoped that the necessary arrange- 
ments for the establishment of the steelworks will be 
completed shortly. 
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THE ORGANISATION OF RAILWAY 
WORKSHOPS. 

THE present position of the British railways is 
causing very justifiable concern, not only to the 
shareholders, but to all who are not unduly biassed 
in favour of road transport. Toa considerable 
extent, the shrunken railway receipts are merely 
symptomatic of the depressed condition of industry 
generally throughout the country. While this 
aspect of the question can hardly be discussed with- 
out entering into political controversy, there remains 
ample matter for consideration in the migration 
to the roads of both goods and passenger traffic, 
and the possibilities of further economy in railway 
operation. It cannot be denied that the recent 
enormous development in road transport has been 
to the advantage of the public, as it has resulted in 
greatly-increased facilities for interurban travel, 
and has enabled even long-distance journeys to 
be made at rates which would be quite uneconomical 
on the railways. It may be questioned, however, 
whether these facilities have not been purchased at 
too high a price from the national standpoint. 
While the railways possessed a virtual monopoly 
of all transport other than that provided by purely 
local services, there was no great stimulus for them 
to go out of their way to provide improved facilities, 
or to reduce their charges to the public, except in so 
far as they were in competition with one another. 
It is clear, however, that this state of affairs merely 
constituted a minor abuse of their powers, and 
afforded no justification for the railways being 
forced out of existence. Apart altogether from the 
fact that the latter measure would result in such 
congestion on the roads that a demand would 
inevitably arise for the re-establishment railways 
operation, it would in effect merely transfer the mon- 
opoly from one group of interests to another. That 
the road companies would not be too altruistic 
to take advantage of their position is sufficiently 





shown by the schedules of fares at present ruling 
where there is no railway competition. The fact 
is that whatever may be the case in the distant 
future, both types of service are now essential for 
efficient and economic transport, and the railways 
have every justification in their demand for a square 
deal. 

We have always been of the opinion that as 
between road and rail transport, the former enjoys 
privileges which give it an unfair advantage. 
It cannot be argued, for example, that the contri- 
bution made by public-service vehicles to the cost 
of maintaining and improving the roads represents 
at all an adequate proportion of the odd 60,000,000/. 
which is yearly devoted to this purpose. The 
railways have to pay rates on their stations, which, 
in the case of the termini in the larger towns, amount 
to very considerable sums, while the companies 
operating passenger road services are at liberty, 
with only limited restrictions as to locality, to 
utilise the roads themselves as stations. To 
quote an extreme case, it is not uncommon to see 
twenty or thirty long-distance coaches waiting 
on the Thames Embankment to take up their 





| passengers. In the service of small towns and 
| villages, the railways have to maintain a considerable 
| establishment—a passenger station and full staff, 
}as well as goods dock or yard, and possibly ware- 
‘house. Compared with this a street corner suffices 
'for the motor ’bus, with perhaps the help of some 
| near-by confectioner or newsagent. Other examples 
lof preferential treatment of the road interests 
ireadily come to mind, but one further instance 
|may suffice. The railway companies are obliged 
by law to take the most stringent precautions to 
guard not only the safety of their passengers, but 
that of any member of the general public who may 
be tempted to stray on their property. Up till 
the present, similar regulations covering road 
services have been conspicuous only by their absence, 
and although the coming into operation of the new 
Roads Act will improve matters in this respect, 
the regulations in the two cases will still bear more 
hardly on the railway companies. The only ade- 
quate safeguard for the pedestrian, in particular, 
will be his own nimbleness in avoiding oncoming 
vehicles. Taken all in all, therefore, the railway 
authorities have good cause for complaint ; but that 
their grievances may ultimately be redressed is 
suggested by the stiffening up of the road regulations 
under the new Act, and by the extensive powers 
recently granted to them to operate road services. 
As we have previously pointed out, they have 
wisely utilised the latter to negotiate working 
agreements with existing road organisations, rather 
than in inaugurating their own rival services. 

The problem of effecting economies in railway 
operation has been receiving the most careful atten- 
tion from the companies. Progress has been made 
in closing down lines rendered obsolete by modern 
traffic conditions, by the elimination of redundant, 
staff, and by the reduction of running expenses 
achieved by the development of more economical 
locomotives and of stock designed to reduce handling 
charges on goods. The constructional methods in 
vogue before the war in some of the railway 
workshops were, possibly in certain cases, open to 
criticism. The shops were largely governed by tradi- 
tion, and the widespread system of internal promo- 
tion, while valuable in that it fostered a spirit of 
loyalty throughout the staff, was not always calcu- 
lated to encourage innovations of a more or less dras- 
tic character. To a great extent, each railway was 
individualistic in its design of stock, and local con- 
ditions had given rise to a great multiplicity of 
types. The amalgamation of the various companies 














into groups under the Railways Act of 1921 provided 
an opportunity for widespread reforms of a 
character previously impossible, although it is 
only fair to state that some of the larger companies 


|were already taking steps to bring about such 


changes as were possible in their individual 
spheres. It is obvious, however, that the great 
reduction in the number of companies operating, 
effected by the step, favoured large scale standard- 
isation, without which full advantage could not have 
been taken of present methods of construction. 


On the occasion of a paper read by Sir Henry 
Fowler, before the Institute of Transport, in 
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November last, we referred to the economies effected 
on the London, Midland and Scottish Railway by 
reducing the number of types of locomotives in use 
and by organising the repair works to the greatest 
advantage. Similar action has been taken in the 
case of the carriage and wagon works, and the 
procedure adopted formed the subject of a second 
paper recently read by Mr. E. J. H. Lemon before 
the same institution. In some respects, the re- 
organisation of carriage and wagon construction 
presents a more difficult problem than that associ- 
ated with locomotives. It is quite impossible, for 
example, to eliminate a number of special types of 
vehicle, such as refrigerator vans, fish vans, fruit 
vans, and glass-lined milk tanks. It is needless to 
comment on the difficulty of working in the con- 
struction of such special types without undue inter- 
ference with the production of standardised vehicles, 
such as passenger rolling stock. The organisation 
of the repair works, again, presented a problem which 
does not arise in the case of an ordinary commercial 
firm, as, owing to the wide area covered by the 
operations of any one of the railway groups, undue 
centralisation would involve the frequent trans- 
ference of defective stock over long and unecono- 
mical distances. 

In the case of the London, Midland and Scottish 
Railway, the experience gained during the reorgani- 
sation of the carriage works at Derby, which was 
effected before the amalgamations came into opera- 
tion, proved of great value when it became necessary 
to reorganise the nine works embraced in the L.M.S. 
group, and to embody them in one balanced system. 
It was decided to confine the building of new rolling 
stock to the four works located at Derby, Earlestown, 
Newton Heath, and Wolverton, while the works at 
Barassie, St. Rollox, and Inverness were reorganised 
for dealing with heavy repairs. The object aimed 
at in each works was to standardise the types of 
vehicle in use so far as possible, and to place their 
manufacture on an interchangeable basis, time lost 
in setting up machines being reduced to a minimum. 
Broadly speaking, each of the four shops referred to 
specialises in the construction of a minimum number 
of standardised vehicles, one, for example, being 
entirely devoted to the construction of wood under- 
frame mineral wagons. The methods of manu- 
facture employed are generally in harmony with the 
most advanced practice in wagon building, and the 
success achieved by the reorganisation may be 
gauged by some figures given by Mr. C. E. R. 
Sherrington in the discussion on Mr. Lemon’s paper. 

Mr. Sherrington mentioned that the L.M.S. 
Railway costs, if measured by per seat in a carriage, 
were rather less than 50 per cent. of those of Conti- 
nental railways, in spite of the latter’s lower wages, 
absence of social insurance, and so forth. He 
pointed out that private industry could not hope 
to compete with the railway workshops, and said that 
the curious position arose that even if this country’s 
rolling-stock industry could not compete with that, 
say, of Belgium or France, there was a railway 
company in the country which could, if it had the 
chance, compete on even better terms. 








THE TEMPERATURE OF SHIPS’ 
HOLDS. 

A FEW years ago The Times published a letter 
from Lord Harris. It described how, after having 
renewed his vouth for some weeks on a diet of 
paw-paw in the island of Jamaica, he had been 


returned to his normal age because supplies of that | 
tropical product could not be secured in this | 


country. With the natural instinct of a Briton, 
he called upon the editor of Zhe Times to give him 
back in England the peace of mind and body he 
had enjoyed in Jamaica. Whatever may have 
been the ultimate result of the appeal, paw-paw 
does not seem yet to have become accessible to the 
general body of the British community. It may 
be that the shipping interests of Jamaica are em- 
ployed too profitably in the banana trade to 
make it worth their while to study whether and 
how paw-paws can be carried safely and econo- 
mically. 


Whatever the reason, the general public of this | 


country remains without what is considered an 
unequalled source of bien-etre, or well-being, and 


there is no evidence that any systematic attempt 
has been made to ascertain whether this desirable 
product could be put on our market. 

It is undoubtedly a difficult fruit to deal with, 
and present practice is far from sufficient to secure 
what may be regarded as reasonably complete 
freedom from wastage with products much easier 
to handle. The normal changes of condition in 
the paw-paw during its life-history, on and off 
the tree, are much more extensive and rapid than, 
for instance, those that occur in the apple; but 
in spite of the large amount of work which has 
been done, and the considerable progress which has 
been made, even the transport and distribution 
of apples in sound condition is not performed with 
the certainty which is desirable. Presumably 
because the changes in apples during ripening 
are less extensive than those in other fruits and 
because of its popularity, more study has been 
given to ascertaining the causes of wastage of 
this particular fruit than to others. It has been 
shown that even in this case much depends on 
a variety of biological and horticultural factors; 
but when provision has been made for all these, 
there remain physical conditions of satisfactory 
transport which must be provided for mechanically. 
Of these by far the most important is temperature, 
but no one class of measure can wholly replace 
another, and other physical cireumstances, such as 
atmospheric humidity and ventilation, have to be 
likewise controlled. 

A preliminary difficulty in connection with the 
problem is that the most desirable temperature is 
not known with certainty for all species, and still 
less for all fruits, while the knowledge of the degree 
of humidity and extent of ventilation that are 
most favourable are not even as complete. It is 
known that for most species the optimum tem- 
peratures lie within a very narrow range, often 
as little as 2 deg. F., and storage at either too 
high a temperature or too low may in different ways 
‘cause wastage of the product. The range of varia- 
tion between the optimum temperatures for different 
fruits is very imperfectly known, but on present 
practice it may be as low as 30 to 32 deg. F. for 
pears and as high as 54 deg. F. for bananas. For 
apples the usual range aimed at is from 32 to 34 deg. 
F., though there seems reason to believe that some 
i varieties would avoid diseases which they show a 
disposition to develop at these temperatures if 
they were carried at perhaps 36 to 38 deg. F. The 
action of these physical conditions in the extent 
to which they can be safely applied appears to be 
essentially either to retard or to stimulate the 
maturing of the fruit or the progress of a disease, 
but not to arrest it. A satisfactory practice would, 
therefore, have to take account of all of them, and 
of the circumstances in which the course of tran- 
sport and distribution enables them to be con- 
trolled. 

Before, therefore, any final practice can be 
defined for even the best-known fruits, and still 
more before it can be developed for the more 
difficult but possibly not less valuable fruits, the 
necessary biological data will have to be ascertained 
with certainty. This is a long and difficult task, 
but we have now made considerable progress in 
realising that merely empirical records of existing 
practice do not afford sufficient assistance. The cir- 
cumstances of the fruit at every stage from the 
‘orchard to the consumer are all material to the 
result, and each has to be studied scientifically 
so that we may learn not only what happens at each 
stage, but also what is the effect of each change. 
There seems to be no doubt that ultimately such 
a body of knowledge will become available. It is 
being sought, not only for fruits but for meat, 
fish and other perishable commodities, in the 
' preservation of which the control of temperature 
_is used, and already sufficient is known to provide 
a use for a perfected practice of such control, if it 
were available. The most recent observations, 
however, go to show that as yet there is no such 
settled practice, and even the bases of those methods 
/which have given the most successful results are 
far from having been definitely established. 

The latest accounts of the investigations now in 
progress on the subject are contained in two reports 
| by Dr. J. Barker, to the Food Investigation Board 


of the Department of Scientific Industrial Research 
(Technical Papers Nos. 38 and 39), which contain 
respectively a general summary of knowledge in 
regard to the nature, extent, and methods of pre- 
venting wastage in imported fruit, and a particular 
account of an investigation into the prevention of 
wastage in New Zealand apples, carried out over a 
period of two years by the joint staff of the Dominion 
and British Research Departments in co-operation 
with certain shipping companies, the Empire 
Marketing Board, and other public bodies. These 
documents record observations made in the field, 
the store and the ship, and researches in the biologi- 
cal, chemical and low-temperature laboratories ; and 
they show more clearly than is seen in an account of 
many similar subjects how each aspect has an 
immediate bearing on the practical problems in 
question. 

From the engineering point of view their most 
notable moral is that the demands for the control 
of temperature during transit are much in excess 
of the control that is usually practised. It seems 
clear that, unless, in some way as yet not 
quantitatively defined, the permissible range of 
optimum temperature for a given fruit can be 
extended, the variations often found in the tempera- 
ture of different parts of a ship’s hold at one time, or 
in the average temperature at different times of a 
journey may be several times as large as the range 
within which they ought to be restricted. 


Instances are found of methods of cooling ships’ 
holds in which the arrangements certainly give a 
much closer result. In one, for instance, quite 
satisfactory control seems to have been obtained by 
lining the hold with brine-cooled coils and passing a 
flow of air over the whole of the coil-lined side before 
allowing it to escape into the cargo within. Here, 
however, the use of more powerful fans introduces a 
much larger air-supply than is provided in earlier 
systems, in which the air is allowed to escape through 
perforated screens running in front of the coils, and 
it carmot be said how far the mere increase in the 
volume of refrigerant air is responsible for the im- 
provement, and not the larger refrigerating surface 
over which the air has to pass. There is, in fact, 
no evidence of a systematic attempt having been 
made to analyse the working of refrigerating sur- 
faces, analogous to the investigations that are being 
made in various countries into the action of the 
heating surfaces of boilers. With so much un- 
certainty regarding the exact requirements of the 
traffic, it is perhaps intelligible that this work has 
not been undertaken, but the progress which is being 
made in acquiring exact knowledge of the other 
factors of wastage seems to show that it is now 
time for it to be considered. It is essentially an 
engineering question, calling for accurate enquiry 
into the operation of physical laws in practical 
conditions, and the importance of the subject seems 
to be sufficient to warrant an enquiry planned and 
carried out by engineers. 


In two ways the importance is perhaps wider than 
the mere solution of the problem in question, con- 
siderable though that is. On the one hand any suc- 
cess would be of material assistance to inter-Imperial 
trade, and on the other hand the course which has 
been taken of late years in these investigations has 
included some intimate co-operation between the 
corresponding authorities in this country and the 
Dominions. The advantage of increasing inter- 
Imperial trade is nowadays a commonplace, and 
probably the removal of technical obstacles which 
obstruct progress, difficult though it may sometimes 
be, should certainly be effective to this end. The 
successful issue of a co-operative effort between 
corresponding workers on both sides may have 
scarcely less value. 

To increase the extent of co-operation in scientific 
and industrial investigation would doubtless lack 
the publicity and spectacular attraction which 
attend other more popular enterprises, but it 
would certainly give opportunities for more constant 
relations between a much larger number of men in 
the parts of the Empire concerned, and the material 
results which could be expected with confidence 
from the systematic and determined working of a 
mechanism to that end would constantly extend 





the disposition to further co-operation. 
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NOTES. 
Tur Port oF LONDON. 


From the point of view of the total tonnage of 
vessels arriving and departing, London is the 
largest port in the world. During 1929, the net 
register tonnage of ocean-going and coastwise 
vessels entering and leaving the Port came to the 
striking total of 57,578,355. Not the least remark- 
able feature is that this total has grown steadily 
since 1919, when it stood at but 26,335,191 tons, 
and is now well above the 1913 figure of 40 million 
tons. Excluding coastwise goods, the value of 
London’s total imports and exports was 705,237,524. 
in 1929, an increase of nearly 2 per cent. over the 
figure for 1928. It will be readily understood that 
in such a great undertaking as the Port of London, 
comprising as it does the whole of the tidal portion 
of the Thames from Teddington Lock to the estuary 
of the River, maintenance and improvement 
works are continually in progress. Some promin- 
ence is always given to these in the annual reports 
of the administrative body, The Port of London 
Authority, and, in this respect, the last report, 
just issued, which covers the year ending March 31, 
1930, is no exception to the rule. The more import- 
ant of these works are dealt with from time to time 
in our columns ; the new works at Tilbury Docks, 
for instance, were very fully described and illustra- 
ted on page 395 of vol. cxxviii (1929) of ENGINEER- 
1nG. Itis, therefore, only necessary to recall that the 
new entrance lock to Tilbury Docks, which is 1,000 ft. 
long, 110 ft. wide, with sill at 45 ft. 6 in. below 
Thames high water, and the new dry dock, which 
has a length of 750 ft., a width of 110 ft., and a 
depth, on sill and blocks, of 37 ft. 6 in. below Thames 
high water, were formally opened by Lady Ritchie, 
on September 26, 1929. The works also include 
a landing stage, 1,140 ft. in length, the berth at 
which has been dredged to a depth of 35 ft. at 
low water. The improvement works at the India 
and Millwall Docks have progressed satisfactorily ; 
the new entrance lock, 590 ft. long, 80 ft. wide, 
and 35 ft. deep at Thames high water, which 
is approximately on the site of the original South 
West India Dock entrance, was brought into 
service on September 5, 1929. Good progress has 
also been made in the development of Lavender 
and Acorn ponds, Surrey Commercial Docks, to 
provide additional accommodation for the soft- 
wood trade. At the western entrance of the Royal 
Victoria Dock, the outer gate chamber has been 
repaired, and the gates restepped ; repairs to the 
inner gate chamber are now in hand. Some idea 
of the magnitude of what might be termed the ordin- 
ary maintenance work may be gauged from the 
fact that during the twelve months ending March 31, 
1930, the material removed by dredging, in order 
to maintain and improve the channels of the river, 
totalled 1,212,770 cubic yards. In addition, nearly 
1} million cubic yards of mud were removed from the 
docks. In connection with Government schemes 
for the relief of unemployment, proposals have 
been submitted to the Minister of Transport, the 
object of which is to increase the road-transport 
facilities to and from the Docks, and a definite 
programme of improvement works at the Docks 
has been submitted to the Unemployment Grants 
Committee. 


THe NatuRAL RESOURCES OF YUGOSLAVIA. 
The kingdom of the Serbs, Croats, and Slovenes 


has a population of 13,290,000, and occupies an | 








merce and Industry, at Belgrade, that obsolete im- 
plements are used and that agricultural machinery 
is practically unknown. It is stated in the pamphlet 
that the Yugoslavian peasant stands in need of 
enlightenment, and one of the methods suggested 
for attaining this end is to make modern agricultural 
machines “familiar” to him. Quite how this is 
to be accomplished is not, however, explained. 
The fact nevertheless stands out that Yugoslavia 
is a large potential market for agricultural machinery 
of all kinds. Of the minerals extracted, the most 
important is coal, about 5,000,000 tons being 
mined annually. Yugoslavia is stated to possess 
coal reserves totalling 5,000,000,000 tons. These 
comprise all grades of the fuel from brown coal 
to the anthracitic variety. While it is claimed 
that enormous deposits of iron ore occur in various 
parts of the country, the total produced in 1929, 
mainly from mines in Bosnia and Herzegovina, 
was only 450,000 tons. The ore is exported to 
Austria and Hungary. The manganese-ore deposits 
are claimed to be the third richest in Europe, 
but appear to be little exploited. Yugoslavia 
occupies, it is stated, the first place in Europe 
in respect of the quantity of copper produced. 
The best mines are at Bor, where a French company, 
Les Mines de Bor, has been operating since 1903. 
In 1928 some 328,000 tons of copper were produced 
at Bor, much of which seems to have been sold 
and used in the country itself. From 100,000 tons 
to 120,000 tons of bauxite are extracted annually, 
and large quantities are exported to Holland, 
Germany, and Italy. There are rich deposits of 
lead ore in Slovenia, and these are exploited by 
a British company, Messrs. The Central European 
Mines, Limited. Nine-tenths of the total annual 
production of lead, which amounts to from 
100,000 tons to 150,000 tons, are exported. Zinc 
ore, pyrites, and antimony ores have also been 
located, but little has so far been done to work 
them. As is to be expected in a country like 
Yugoslavia, the main item in the list of imports 
consists of manufactured goods. During 1928 over 
31 per cent. of the total imports belonged to this 
class, and nearly 240,000 tons, or 25 per cent. 
of the total, comprised hardware and machinery. 
It is a little disappointing to note that Great 
Britain was responsible for only 5-61 per cent. 
of the total value of imports in 1929, but it is 
some consolation to find that our position comes 
immediately after those of the neighbouring states 
of Czechoslovakia, Austria, Germany, Italy and 
Hungary, who together were responsible for 62-87 
per cent. of the total value of the imports. 








NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 242.) 
ELEctTRIcITry DEPARTMENT—(continued). 


Radio-Frequency Research and Piezo-Electric Re- 
sonators.—International comparison of the quartz 


THE 


| resonators and oscillators of the various national 


institutions shows a remarkable agreement. The 
Laboratory standard of frequency is the multi- 
vibrator wavemeter, which is based on a tuning 
fork of nominally 1,000 cycles per second, measured 
in terms of the second given by the Shortt clock, 
which is itself rated by comparison with the radio- 
time signals. 
and contacts are made by toothed gearing driven 
from the wheel. Special comparisons of the seconds, 


area of 96,134 sq. miles, i.e., the country is larger| given by the fork and by the Shortt clock, and 
F ae a oa Ingland, Wales | how that instant f 
by some 7,000 sq. miles than England, Wales | other experiments, show that instantaneous Irequency 


and Scotland combined. Although rich in minerals | 
of many kinds, Yugoslavia is pre-eminently an | 
agricultural and pastoral country, as much as| 
46 per cent. of its total area being under culti- | 


vation, while a fair proportion of the remainder 
consists of forests. Although large quantities of 


cereals, vegetables and such produce as hemp, | 
sugar beet, tobacco, grapes and fruit are produced, | 
the Yugoslavian Government is of opinion that | 
the yield of agricultural produce per acre of, 
cultivated land is comparatively low, owing to | 


the fact that primitive methods are used. It 
appears obvious from comments made in a pamphlet 
entitled Economic Yugoslavia, and issued recently 


by the Office for Foreign Trade, Ministry of Com | 


can be measured absolutely to 1 part in 100,000, 
but not to 1 in 1,000,000, unless two or three vibra- 
tors of the tuning-fork or mechanical-vibrator type 
are maintained in continuous oscillation, while one 
of them also records continuously as a clock. This 
is being arranged for. 

In continuing his experimental and mathematical 
investigation of quartz oscillators, with respect to 
circuits in which the quartz resonator is inserted 
either between the plate and grid or between the 
filament and grid, and their frequency output 
and capacity relations, Dr. Dye has also extended 
his interferometer studies of vibrating quartz plates. 
We illustrated last year (ENGINEERING, vol. cxxviii, 
page 179, some interference patterns. The curved 


The fork drives a phonic wheel,. 





interference lines were virtually contour maps of 
the surface, and may be regarded as traces of parallel 
equidistant planes on the slightly inclined and 
distorted quartz surface. Figs. 16 and 17, page 272, 
illustrate complex patterns, and are reproduced 
from photographs of eight plaques made in relief on 
erinoid (a casein preparation), which were pro- 
duced in the following way: An enlargement of the 
original contour map was set up on the table of an 
engraving machine in such a way that the general 
direction of the interference bands was parallel with 
the trace which the surface to be carved made 
with the horizontal plane. The plate of the material 
to be carved was set up under the engraving tool at 
an angle depending upon the relief desired. The 
pointer of the pantograph was run along the first band, 
with the tool set to carve out the corresponding 
ledge. The surface was then moved up to multiples of 
the half-wave length corresponding to its slope, and 
the next line was engraved, the whole pattern being 
copied step by step in this way. The figures show, 
(a) a pure flexural vibration; (b) a nearly pure 
torsional vibration ; (c) and (d) compound flexural 
vibration in a square or disc; (e) a radial flexural 
vibration, with an elliptical flexural central seg- 
ment; (f) and (g) vibrations corresponding to the 
thickness of the disc or rectangular plate; (h) a 
very complicated vibration partly flexural and 
partly torsional. The ratio of diameter to thick- 
ness in the quartz plate is important; in p ates 
for 5 million cycles made at the Laboratory the 
ratio was 30:1, and the temperature coefficient 
of frequency was only — 12 parts in a million. In 
an oscillator with 200 volts on the anode, the tem- 
perature of the plate may rise by 2 deg. C. 

Magnetic Work.—The precision measurements on 
straight bars and strips in the region of high per- 
meability have been made by Messrs. C. E. Webb 
and L. H. Ford by the yoke tester at magnetising 
forces ranging fom H = 0-2 up to 2,500. The 
purest iron of the Metallurgy Department had a 
permeability of 31,500, a remanence of 13,300 and 
a coercivity of 0-195 c.g.s. units. As regards 
alloys for compass correctors, an Armco iron 
Flinders bar has proved preferable to the standard 
Flinders bar, but bars of stalloy sheet seem to re- 
main the best. Total loss measurements at high 
frequencies are made by the Epstein method, at 
power and telephone frequencies by the bridge and 
wattmeter methods; the accuracy of the bridge 
method is more restricted to certain ranges. 

Wireless Work.—The work of this division 
follows broadly the programme laid down by the 
Radio Research Board. We mentioned last year 
the observations of the vertical distributions 
of radiation from an antenna situated at Farn- 
borough taken in an aeroplane. Similar measure- 
ments have been made from a Post Office beam 
station at Grimsby. The agreement between the 
theoretical and measured distribution was fairly 
satisfactory, considering the difficulties of the 
observation, caused, in this case, largely by the 
directivity of the beam, which affected even small 
deviations from the proper line of flight. In the 
study of the field in the neighbourhood of a trans- 
mitting antenna, the aerial is considered as a series 
of infinitesimal doublets, each carrying unit current, 
the calculations being based upon the equations of 
Hertz. A special study has been made by Dr. 
R. L. Smith-Rose and Mr. J. S. McPetrie of appara- 
tus for the transmission and reception of ultra- 
short waves of less than 15 m. wave-length. The 
nature of the modulation of radio waves, and the 
existence of the so-called side-bands in broadcasting, 
have been investigated by Mr. F. M. Colebrook, 
as we explained in connection with the Royal 
Society Conversazione on page 696 of our last 
volume. 

The disturbing night effects on bearing deter- 
minations have been overcome by the aerial arrange- 
ment of the rotating beacon of Mr. F. Adcock, 
of the Metallurgy Department, which is illustrated 
in the diagram, Fig. 18. There are four vertical 
antenne, loaded by screened coils, at the four 
corners of a square. The master oscillator is supplied 
with 300 volts by means of a motor-generator to 
feed the grids of a push-pull amplifier. The tuned 
output circuit consists of two identical primary 
cireuit coils A and B, screened from one another. 
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Each of the rotating coupling coils C and D has 
two identical windings, one for each aerial, and the 
coils are so arranged that one has its maximum 
e.m.f. when the other has zero induced e.m.f. 
The leads from each coil are taken through a small 
variometer to the aerials, which are tuned to the 
frequency of the master oscillator. The coils are 
rotated by a phonic motor, driven by a slave fork 
under control of a master fork which has no contacts. 
A large disc, with notches operating a contact, is 
fixed to one of the rotating-coil spindles, in order to 
break the main oscillating circuit and to send the 
north and east navigation signals. 


have a positive or negative coefficient, according 
to the proportions of the two metals, but an alloy 
of zero coefficient is difficult to obtain. This, Mr. 
R. S. J. Spilsbury finds, is partly due to the fact that 
the coefficient tends to become more negative on 
annealing and drawing the material into wire. A 
wire of 1 mm. diameter may have a positive co- 
efficient, but the coefficient of the wire drawn out to 
0-1 mm. may be negative. In practice, the co- 
efficient has been reduced to + 0-00001, which is 
one-fortieth of the former value, or a few parts in 
10,000, within a temperature range of 100 deg. C., 





by constructing resistors from selected batches of 








Fia. 


16. 





For the measurement of current at radio-frequency 
and the high-frequency resistances of standard 
inductive coils, use is made of the mercury-in-glass 
coils of Mr. R. M. Wilmotte, the expansion of which 
is compared to the expansion producted by direct 
currents. The end effects are eliminated by making 
the current leads of rods of non-magnetic steel 
fitting into the tubes. Resistances and reactances 
at 10 million cycles per second are further determined 
by a modification of the method of Willans. 

Alternating Current Measurements.—In the further 
development of methods of alternating current 
measurements, Dr. E. H. Rayner has found trans- 
formers with nickel-iron cores very useful in reducing 
the phase difference between the primary and 
secondary currents (which might range from 5 to 80 
minutes with the usual type) to 1 minute, even at 
small fractions of the rated load, the variation in 
phase angle from full load to a tenth load amount- 
ing only to 0-2 minute. The nickel-iron ( metal) 
transformers have been tested under different 
conditions for measuring currents of 5,000 amperes 
and more. The whole range of resistors from 
2,000 amperes downwards has been re-examined, 
the phase angle due to inductance being determined 
within 0-05 minute. The resistors of low tempera- 
ture coefficient required for these measurements are 
of the constantan type (copper-nickel). These alloys 





the two kinds of wire; a shielded resistor for 
40 kv. is now under construction. This resistor, for 
transformer testing, is wound on bakelite cards of 
29 by 8-5 by 3 cm.; each of the six resistor units 
consists of 80 cards of 2,500 ohms each, and the 
machine used can wind 12 cards a day. 

High-Voltage Laboratory.—Peak voltages are 
measured by the rectification of condenser current, 
which involves accurate determination of inter- 
mittent currents of the order of 0-0001 ampere. 
Insulator tests for the 132-kv. national electricity 
scheme are made on suspended systems, both dry 
and under artificial rain, and on single and duplex 
tension insulators. The artificial rain tests should 
be made with water having a resistivity of 20,000 
ohm per cub. cm., but the supply water is only of 
a resistivity of 3,000 ohms. per cub. cm. Two 
distilled-water tanks, each holding 1,000 gallons, 
have therefore been installed, and this water is 
mixed with the supply water. 

Photometry Division.—Direct interchanges of 
photometric standards have not taken place, but 


American lamps have been measured and heterochro- | 
matic comparisons of blue glasses from other | 


national institutions are proceeding. In the funda- 
mental photometric researches by Dr. J. W. T. 


Walsh and his collaborators, much use is now made | 


of photo-electric cells, instead of the eye, for colour 


comparisons. The cells do not appear to suffer at 
all from fatigue, and individual errors of observers 
are avoided. One of the first points to be settled 
in this connection was whether Talbot’s law could 
be applied to the cells. According to this law, the 
resultant luminous effect of a periodic excitation 
of the retina is equal to that which would have 
arisen if the amount of light intermittently reaching 
the retina had been uniformly distributed over the 
whole period of stimulation, provided the frequency 
of the excitation be greater than that at which flicker 
ceases to be perceptible. As long as the relation 
between light flux and photo-current is linear, 
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Talbot's law should hold. It was found by Dr. 
| W.S. Stiles and others that it did hold, at any rate 
|approximately, even when the relation was not 
‘linear. Thus, an electrometer photo-electric photo- 
'meter can be constructed. For gas-filled cell 

tests, a thermionic bridge photometer, comprising 

a photo-electric cell, a shutter and a colour filter, 
is used. The photo-electric cell and the eye unfortu- 
‘nately do not agree as to colour, and different cells, 
|containing films of potassium, sodium, caesium or 
|compound films, vary much in sensitiveness to 
different parts of the spectrum. Improved sensitive- 
ness to red and infra-red is obtained with the aid 
of caesium. Some films consist of successive layers 
of silver, silver oxide, oxygen, caesium oxide and 
caesium though very thin altogether; others of 
layers of a few molecules of potassium on copper. 
A good deal of further research has, therefore, to be 
done on the use of colour filters in connection with 
photo-electric cells. 

The Y/B ratio is one of these problems. The term 
is due to H. E. Ives, and concerns the yellow and 
blue solutions (potassium dichromate and copper 
sulphate in water in the proportions of 72 and 57 
grammes per litre); it is the ratio of the transmis- 
sions of these liquids for light of a colour temperature 
of 2,080 deg. K., corresponding in quality to that 
given out by carbon lamps at 4 watts per mean hori- 
zontal candle. The flicker photometer observations 


| for this work were taken by 25 observers in 
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conjunction with Mr. J. Guild of the Optical Division. 
The new spectrophotometer of Mr. H. Buckley for 
flicker photometry with large colour differences is 
explained by the diagram Fig. 19. A and A, are in- 
ternally-frosted lamps, Band B, diaphragms, 6 mm. 
wide ; the lenses C and C, give parallel beams which, 
passing through the Lummer-Brodhun prism D, 
produce two superposed images on the slit F of the 
constant-deviation spectroscope G, with the aid of the 
lens E, which also throws an image of the interface 
of D on to the telescope lens H; this lens has no 
eye piece, the eye being placed at the focus of H. 
The photometric scale is obtained by varying the 
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voltage of the lamp A, and by the sectors at S. The 
filter under test is first placed at S, the voltage on 
A is adjusted for photometric balance, and the sector 
is then substituted for the filter. 


MrrroLogy DEPARTMENT. 

Standards of Length—Complete intercomparisons 
of four one-metre bars, made to verify the lengths 
of two Invar bars, confirm the growth of these 
bars at the rate of one part in five million per 
annum, while the 4-m. bar is growing by 1 part in 
4,000,000. Three nickel-steel (58 per cent. of 
nickel) standards for Palestine have been verified 
on behalf of the Board of Trade; Mr. J. E. Sears, 
Jun., Superintendent of the Department, is deputy 
warden of the standards. As to the thermal 
coefficients of several bars of nickel and Invar there 
is agreement between Teddington and the Bureau 
International des Poids et Mesures at Sévres, but the 
slight discrepancy of old standing with respect to 
four 24-m. surveying wires has not been cleared up, 
though representatives from Sévres have repeated 
the comparisons at Teddington. 

The preparatory work for establishing an inter- 
national wave-length standard of length is practi- 
cally completed. The whole apparatus, mentioned 
in the last report, is mounted on an insulated 
concrete foundation, extending 6 ft. into the ground, 
in a lagged wooden case, 13 ft. long. The tempera- 
ture in the case is thermostatically maintained at a 
value slightly above that of the constant tempera- 
ture of the room. In spite of stirring the air by 
fans, a temperature difference of 1 deg. C. was dis- 
covered between the ends and the centre of the 
case; it was traced to heat conduction by the 
concrete, the lower portion of which has therefore 
been replaced by several courses of diatoma- 
ceous bricks. Block gauge measurements by the 
mechanical and the interferometer methods are in 
perfect accord; the optical measurements were 
made with the aid of special krypton tubes from the 
Reichanstalt, in which the glow of a fine tube is 
viewed end on. 

Barometers and Mass Standards.—Mr. Sears’ 
equipment for testing mercurial barometers com- 
prises a large vacuum chamber to hold six baro- 
meters during the tests over a wide range of pressures, 
a special standard barometer, and a barostat for 
controlling the vacuum in the chamber. The 
chamber has a hexagonal base and a hexagonal shell, 
which can be raised to mount the barometers and is 
bolted to the base. Each of the six hexagonal 
faces of the shell has a window of the full length 
of the barometer. 


The primary standard barometer allows of com- 
paring the height of the mercury column directly 
with alinestandard. The barometer and linestandard 
are mounted side by side, and the two micrometer 
microscopes, disposed vertically one above the other, 
are moved sideways in V grooves. The casing 
is made of stainless steel, and is provided with pairs 
of optically-flat glass windows, 30 in. apart. The 
vacuum above the mercury is maintained at less 
than 0:5u of mercury above the mercury in the 
barometer, by an annular mercury-vapour pump 
backed by a rotary oil pump. The level of the 











mercury in the lower reservoir is regulated by a 


Illustrations of these friction effects, with and 
without lubrication, are given in Figs. 20 to 23. 
In the experiments, two hardened steel pivots 
finished to a cone of 60 deg., terminating in a 
portion of a sphere of radius 0-4 mm., were used 
in conjunction with two sapphire jewels of 1-7 mm. 
radius of curvature ; the pivot load was 25 grammes. 
One of the pivots was rotated in a vertical spindle 
without lubrication, the friction being measured at 
intervals. A deposit of rust began to accumulate, 
but the torque due to friction between pivot and 
jewel remained practically constant during the 
first half-million revolutions, at 2 dyne-cms., and 
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plunger of stainless steel. The mercury thermo- 
meter has a length of 30 in. and is immersed in the 
mercury contained in a long bore of the casing. The 
standard of mass of the Laboratory, 1 lb. of plati- 
nised Tobin bronze, has kept remarkably stable 
in mass, within 1 part in 20,000,000, since 1922. 
Stellite and other standard weights are still under 
observation by Mr. F. A. Gould, but do not appear 
to be superior to nickel-chromium (50 : 50). 

Diffraction Gratings, Clocks and Watches.—The 
new grating-ruling machine of Mr. Sears is of a 
novel type, and does not depend upon the perfection 
of any leading screw, but it is still under test. The 
old Blythwood machine ruled last year 19 first- 
quality gratings, plane and concave, on speculum 
metal, glass and gilt brass, in addition to other 
gratings. The main problems in the design of 
the new vibration clock have been solved. A 
bar of Elinvar of accurately-known length is kept 
in longitudinal vibration by electrostatic forces 
under small stress, and the vibrations are counted 
by a phonic motor running in synchronism with 
the bar. A clock train is driven from the motor 
spindle, the seconds being marked by the breaking 
of a contact ; the spindle lifts a light spring tongue 
once in every revolution, and the breaking of a 
contact removes a negative bias from the grid of a 
valve. An elaborate toluene thermostat keeps the 
temperature constant. No perfect method of test- 
ing the precision of successive seconds being at 
present available, use is made of microscopic 
measurements of the close spiral traced by a fine 
needle on a smoked-glass disc driven by a phonic 
motor without gearing. The standard clock of 
the Laboratory is a Shortt clock, as at Greenwich ; 
the control is partly by time signals from Greenwich, 
Paris and Hamburg. In the commercial watch 
tests, the highest marks, 97:3, yet obtained fell 
again to the Zenith Watch Company, of Le Locle, 
Switzerland. The number of Class A watches and 
of chronometers submitted decreased considerably 
last year. 

Pivot and Jewel Friction.—Mr. V. Stott’s apparatus 
for testing eight spindles simultaneously was men- 
tioned in our notice of the Royal Society Con- 
versazione, on page 676 of our last volume. 
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&c., will be ready for issue after January 1, 1931. 
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then increased to 48 dyne-cms. before the million 
revolutions were completed. The second pivot was 
run after placing a drop of clock oil on the bearing ; 
this oil was renewed after each torque determina- 
tion. The friction did not increase during the first 
million revolutions ; the oil was not renewed after- 
wards, and the torque still remained at 2 dyne-cms. 
until 15 million revolutions had been completed, 
when it rose to 10 dyne-cms. Thus, the presence of 


oil did not make any difference in the friction at the 
outset, but it made a difference finally, and increased 


the length of useful service greatly, though it did not 
prevent rustformation. Of our illustrations, Fig. 20 


shows the jewel surface after 10 million revolutions 
with lubrication, and Figs. 21 and 22 the profile 


of the pivot run for one million revolutions without 


and with oil, respectively. Fig. 25 shows the profile 
of the pivot run with oil after 164 million revolutions. 
The magnification of the reproductions is 60 dia- 
meters in the case of Fig. 20, and 53 diameters in 
the case of Figs. 21, 22 and 23. The simple method 
of measuring the radius of curvature of small jewel 
surfaces used by Mr. Stott is due to Mr. J. Guild. 
The jewel is put under a microscope with vertical] 
illumination. 


The jewel surface itself serves as 
reflector, and, assuming a spherical surface, is 


seen as a circular disc on a scale which is calibrated 
with the aid of steel balls. 


(To be continued.) 








RoyaL AGRICULTURAL SociEty’s SHow, 1931.—The 
ninetieth annual show of the Royal Agricultural Society 
of England will be held at Warwick from July 7 to 
July 11, 1931. Copies of the implement regulations, 
The 
offices of the Society are at 16, Bedford-square, London, 
W.C.1. 





Tue Use or Farm Tractors IN Eaypt.—The demand 
for tractors in Egypt is increasing. The Monthly Journal 
of the British Chamber of Commerce of Egypt states 
that the fellaheen are beginning to realise the value of 
these machines. Many small landowners buy tractors, 
primarily to till their own land, and if time permits, 
they hire out their machines to neighbours. The Customs 
import figures show that 1,098 tractors came into Egypt 
in 1929, against 651 in 1928. Out of the 1929 total, 
628, or 59 per cent., came from the United States, and 
only 20 from the United Kingdom. 
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——— 
Electric Traction. By A.T. Dover, M.1.E.E., A.A.I.E.E. 
Second edition, revised and re-written. London: Sir 
Isaac Pitman & Sons, Ltd. [Price 25s. net.] 
THE contributions of Mr. Dover to the literature 
of electrical transport have always the assurance 
of practical authority. The first edition of ‘‘ Electric 
Traction,’ which appeared in 1917, was one of the 
early really important and comprehensive accounts 
of the art in its then state. After 12 years, full 
of progress and crystallisation, the second edition 
has appeared—revised and largely re-written. 
It will suffice to examine the book in the light of 
recent advances. The outstanding features of 
the last decade have been the development of 
Diesel-electric haulage and of trolley-bus systems ; 
the use of mercury-are rectifiers; the increasing 
tendency to employ automatic substations; the 
disappearance of many regenerative braking 
systems ; and the emergence of the series motor 
as the only alternating-current commutator machine 
suitable for railway operation. Internal-combustion 
engined vehicles with electric drive are not dealt 
with, but considerable attention has been paid to 
railless traction by the introduction of new matter 
dealing with trolley-bus equipment and line con- 
struction. The author has wisely excluded all 
single-phase motors except the neutralised series 
machine, and of this he has given interesting 
details of the latest forms in which the neutralising 
winding is omitted. The chapter on single-phase 
motors has been reduced from 50 pages in the 
first to 36 pages in the second edition. With this 
exception, most of the chapters have been enlarged. 
The material on regenerative braking has been 
revised, and only a few successful systems are 
now included. Mention might have been made 
of the Ernesto Breda and della Riccia systems for 
regeneration down to standstill. An informative 
section on mercury-are rectifiers—which were not 
dealt with in the first edition—is included, also a 
brief description of two automatic sub-station lay- 
outs. A few errors remain uncorrected, in spite of 
an errata slip, but adverse criticisms are trifling, 
because as an example of the combination of theory, 
practice and illustration, the book cannot be too 
highly praised. For those interested in electric 
traction, there may be many books which are 
desirable ; this one is essential. 





Pickling of Iron and Steel. By Wattace G. Innorr. 
Cleveland, Ohio, and London: The Penton ublishing 
Company, Limited. [Price 25s. net. | 

In this book the author, who was for five years 
engaged on the investigation of pickling and galva- 
nising at the Mellon Institute of Industrial Research, 
University of Pittsburgh, has placed on record the 
results of his own practical experience, and the 
information he was able to obtain from others 
interested in the subject. He states that it is 
intended for the man in the plant rather than for 
the one in the laboratory, but a careful perusal 
leads to the endorsement of the opinion that it 
should appeal to men in oth fields. 

Conditions in pickling and galvanising plants 
were far from ideal within recent times, but con- 
siderable improvement has been found possible, 
and the author’s analysis of the factors which 
render such improvement practicable should prove 
distinctly helpful and stimulating. It is pointed 
out that much of the material had already been 
published in The Iron Trade Review, which, no 
doubt, explains a certain Ieck of arrangement, 
the various chapters reading like separate articles, 
more or less complete in theraselves, resulting in 
occasional repetition to an extent not necessary 
in a volume of this nature. At the same time, 
information which might well be collected together 
is found in different chapters, sometimes rather 
unexpectedly and also sometimes in a rather con- 
tradictory way. This is to some extent met by the 


index, which, however, is not so complete as might 
be expected from its length. 

The first point to be determined is, of course, the 
kind of material to be pickled and its condition, 
the author pointing out the different treatments 
given to steel and cast-iron, also the limitations to 
the use of sulphuric acid, and the importance of the 


class of scale or oxide. He naturally deals on a 
number of occasions with the coating ratio, or 
ratio of the galvanised weight to the pickled weight, 
showing the effect of different treatments as affecting 


this ratio, and the importance of figuring costs on | 
the pickled weight and not on the black weight, | 


also of reducing as far as possible the loss of weight 
in pickling. For the removal of sand and slag 
from castings, the author recommends the use of 
1 part hydrofluoric acid with 1-2 parts of hydro- 
chloric acid and 12 parts of water, kept at about 
130 deg. F., the pickling taking about an hour. 
The possibility of a large waste of acid through 
failure to clean off the sand from the sand-blasting 
operations is emphasised. 

A useful chapter is given on the different types 
of iron oxides and scale, showing that these fall 
into two main classes, those with ferric-oxide base 
ranging from a bright yellow, formed at low tem- 
peratures with excess water, to a deep blue formed 
at high temperatures without the presence of any 
water and those of the magnetic oxide series pro- 
duced at moderately high, falling, temperatures 
with an abundant supply of water. The latter is 
extremely hard and difficult to pickle, to the extent 
that some steel companies expose it to the weather 
for periods up to six months to change it into a 


form more easily dealt with. Particulars are given | 


of the acids commercially available, attention being 
called to the quick changes in the freezing point of 
sulphuric acid with alterations in strength—for 
instance, from — 7 deg. F. at 59 deg. Beaume to 
12-6 deg. F. at 60 deg. Beaume. The methods of 


heating and agitating the pickle, with the results | 


obtained, are discussed, and the importance of the 
adoption of suitable control methods for the strength 
of the solutions, such as test capsules, instead of 


LETTERS TO THE EDITOR. 


THE CALCULATION OF CONVECTION 
HEAT TRANSFER. 
To THE Eprror oF ENGINEERING. 


Str,—In the interesting communication from the 
Fuel Research Division, in your issues of August 8 
and 15, there are some curves which have a practical 
application in heat transmission problems. With 
regard to one of these—Fig. 6 on page 194—it is 
stated that the air temperature is taken at 65 deg. F., 
but in the case of the two others—Fig. 2 on page 178, 
and Fig. 4 on page 179—-the air temperature does 
|not appear to be given. From remarks made in the 
|communication, it seems that the combined effect 
| of the constants C and R does not vary greatly at 
| different temperatures. At the same time it would 
| complete the data if the authors would kindly state 
|the temperature assumed in plotting these two 
| curves, Figs. 2 and 4. 
| There appears to be a small misprint on page 193, 


should 





| 
| 


}column 3, line 13. Presumably for 


ko We 
| H 
| read b6 
Yours very truly, 

| W. 8S. Dovetas. 
Douglas Wharf, 
Putney, 8.W.15. 

August 25, 1930. 








|THE RIGHTING OF THE SKEGNESS 
WATER TOWER. 
To THE Epitor oF ENGINEERING. 
Str,—In the interesting account of the ** Righting of 
the Skegness Water Tower,” in your issue for August 
15, on page 201, it is stated that “ while the extrusion 
‘naturally ’ had the effect of converting the circum- 





guessing, and also for the temperatures, is empha- | ference of each borehole from a circle into an ellipse, 
sised, equally with the necessity for proper balancing | the major axis of each ellipse was observed to be radial 
of the strengths of the pickle and the hydrochloric | to the piling-circle, instead of tangential to it, as might 





acid. An important factor is the iron content of 
the tanks, which affects acid consumption, speed of 
pickling and, more important in many cases, the 
quality of the product. Inhibitors, the use of which 
has increased rapidly of recent years, are discussed, 
with an explanation of their action, improvements 
resulting therefrom being given, including reduction 
in the loss of iron which goes into solution, less 
pitting and better surfaces, improved working 
conditions, and increased life of buildings and 
equipment. Particulars are given of the design of 
pickling plants, the methods of handling the mate- 
rials and dealing with the fumes, the construction 
of pickling tanks, including the use of concrete. 
The last three chapters deal specifically with 
pickling for tinning, zinc-coating, and lead-coating. 
A comprehensive bibliography, which includes 
electrolytic pickling and the recovery of spent 
liquors—not otherwise dealt with in the present 
volume—is given covering publications up to the 
beginning of 1929. This is a revision of that issued 
in 1924 by the Carnegie Library, Pittsburgh. 








STEEL MANUFACTURE IN Brazil.—According to a 
statement issued by the Royal Bank of Canada, large 
deposits of high-grade iron ore exist in the State of 
Minas Geraes, Brazil. The greater part of the ore body 
is concentrated in an area about 300 miles from the 
coast. The Itabara Iron Ore Company has been granted 
a concession in this State, and it appears that a blast 
furnace having a daily capacity of 500 tons is to be 
built. A steel-making plant will also be constructed. 
Furthermore, a railway will be built from the coast to 
Itabara, enabling the necessary coal to be imported and 
a portion of the ore to be exported. 

INTERNATIONAL CONGRESS OF THE TECHNICAL PREss, 
Bretcium.—The sixth International Congress of the 
Technical and Professional Press is to be held in Belgium 
from September 4 to 8 next. The inaugural proceedings 
will take place at 9.30 a.m., on September 4, in Brussels, 
and meetings of the various sections will be held, in 
the same city, on the afternoons of September 4 and 5, 
and a plenary session at 10 a.m. on September 7. The 
whole of September 6 will be devoted to a visit to Antwerp 
Exhibition, a boat excursion of the port having also been 
arranged, Liége will be visited on September 8, where 
the closing session of the Congress will be held from 
10 a.m. to noon, the afternoon being devoted to a visit 
to the Exhibition. The Congress has been organised 
by La Fédération Internationale de la Presse Technique 
et Professionnelle and by l'Union Professionelle de la 
Presse Périodique Belge. The general secretary of the 
organising committee is M. P. Peiren, 161, Rue Roosen- 
dael, Brussels, from whom full particulars may be 
obtained. 


have been expected.” 

[ think very little thought is necessary to show that 
| The 
| stress in the ground is mainly a radial thrust. If we 
| consider the column of earth between two boreholes, 
the thrust in this column will be greater than in the 
surrounding earth, and will be a maximum on the 
| centre line of the holes, where the cross section of the 
| column is a minimum. Therefore, the greater part of 
the earth movement will occur in these columns and 
mainly in the centre of the columns. In fact, as a 


| the major axes of the ellipses should be radial. 
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first approximation for the movement, we may assume, 
referring to the accompanying diagram, that the 
lamina PP’Q’Q, which is parallel to the line joining 
the centres O R. of two holes, will move so as to remain 
approximately parallel to itself. Now, if the holes 
are considered to be very long, there can be no vertical 
movement, i.e., in the figure, no movement perpen- 
dicular to the plane of the paper. The problem then 
reduces to a simple two-dimensional flow. The lamina 
PP’Q’Q will become thinner and its length PQ will 
increase. The boundary of the earth, initially the 
semi-circle [I PC A, will therefore take up a new 
position, say, the curve TS A. You say that “ natu- 
rally this is an ellipse.” The exact shape of this curve 
could only be calculated if the full physical character- 
istics of the material in question were known, after 
elaborate mathematics, but, if we assume that it is 
an ellipse, it is easy to find the eccentricity, for we can 
assume the earth to be approximately incompressible, 
ie., the volume of the column of earth between the 
holes to remain constant. 

Let O R = d, let the radius of original holes be c, 
let AT = 2a, and let the other axis of the ellipse 
be 2b. ThenareaACPDFQEB=ASTT’S’B 

2cd—we=2ad—rab. 


t.€.5 

Let a=c—é6c 

Then 2cd— mc? = (2d — mb) (c — 6c) 
-9ed—wbce—2dic+rbéc 

or rb(c—8c)=we—2dbc 


Neglecting higher powers of 6 c 
re.b=(ret — 2d6c) 
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=~mce—2déc+mcedc 
= mwe— §c(2d — rc) 
. 9 
b=c—6c oo . 
we 

7.e., if d = 27, which is about correct for the actual 
case illustrated, b = c — 38c = a — 28c, and origin- 
allyc = 6in. Hence if the major axis 2 a is reduced to 
114 in., the minor axis 2 6 will be reduced to 10} in. 
It may be noted if d=7c. then the holes remain 
circular initially, but as they decrease they must 
become elliptical. 

I think the reason one expects the holes to close up 
in the opposite direction is due to the known fact that 
a thin plate with a line of holes in it, when stretched 
under tension, stretches so that each hole elongates in 
the direction of the stress. In this case, however, the 
flow is three-dimensional, for if the diameters and 
spacing of the holes are greater than the thickness of 
the plate, the flow of the material will be mainly normal 
to the surface of the plate. If the plate were thick 
compared with the diameters and spacing of the holes, 
I think the holes would undoubtedly elongate in the 
direction at right angles to the stress. 

Your faithfully, 
C. C. Mason. 

Cambridge, August, 19, 1930. 








THE COLLOIDAL NATURE AND 
WATER CONTENT OF CLAYS. 


To THE EpIror or ENGINEERING. 

Str,—With reference to the articles by Mr. Berridge 
in your issues of July 4 and 18, I should like to con- 
gratulate the author on the practical manner in which 
he has dealt with the subject. I think, however, that 
he will find that the priority of most of his conclusions 
would be contested by Dr. Terzaghi, whose investiga- 
tions were published in 1925. 

The actual nature of the forces which produce internal 
compressions of several hundred atmospheres in shrink- 
ing clay and produce expansive pressures of five or more 
atmospheres in swelling clay is still somewhat obscure. 
Terzaghi shows that the surface tension in capillaries 
corresponding to the porediameters in clay would induce 
hydrostatic tension in the capillary water (and an equal 
and opposite pressure in the grains) amounting to 
about 30 atmospheres. Similar adhesion values occur 
with wrung precision gauges. Terzaghi holds that the 
much greater values actually deducible in shrinking 
clays are due to enhanced surface tension in very fine 
capillaries. 

There are, however, at least two other possibilities :— 

(a) The water on the walls of the capillaries may 
become partially rigid so that the effective diameter of 
the capillaries in respect to surface tension is reduced. 

(b) When particulars are separated by exceedingly 
thin films of water they may exert a definite attraction 
on each other through the film, lessthan, but comparable 
with, that in a solid. 

It is rather difficult to understand why such enormous 
tensions in the fluid (during shrinking) do not fail by 
reason of increased evaporation. The resistance to 
evaporation caused by curvature of the menisci 
in the capillaries is the only obvious explanation. 

According to Terzaghi the swelling pressure in 
wetted dry clay is due to the abolition of capillary 
surface tension by flooding, annulling the induced 
compression in the grains so that elastic reaction comes 
into play and expansion occurs. 

Yours faithfully, 
HERBERT CHATLEY. 
Whangpoo Conservancy Board, 
Shanghai. 
August 6, 1930. 








ELASTIC AND MAGNETIC 
PHENOMENA. 


To THE EpITOR OF ENGINEERING. 

Sir,—Referring to Mr. C. Macmillan’s letter under 
the above heading in your issue of August 15, 1930, 
on page 211, it may be found interesting to examine 
the load alteration in gauge length curves given in 
Professor Dalby’s paper, ‘‘ The Mechanical Properties 
of Steel”? (Minutes Proc. Inst. C.E., vol. 221, 1926). 
In endeavouring to observe an analogy between H-B 
curves and stress-strain curves, it is well to bear in 
mind that, in the former, the ‘‘ cause” or magnetic 
force H is usually the abscissa, while in the latter 
the “cause,” or stress, is usually plotted as an 
ordinate. 

An observable fact which may have some bearing 
on the matter is that materials of construction, ¢.g., 
inild steel, cast iron, concrete, &c., exhibit some 
plastic yield during their elastic extension and com- 
pression. In addition, mild steel, unlike cast iron 
and concrete, shows a definite yield point. The 
separation of the ‘plastic yield from the elastic 
deformation within the elastic range of the materia 





can be accomplished. Such separation, both in 
tension and compression for the case of cast iron 
is very clearly shown in the diagram on page 36 of 
the ninth edition of Hlastizitét und Festigkeit, by C. Bach 
and R. Baumann, published by Julius Springer, Berlin. 

It is probable that the ‘‘ narrow important range 
in which Hooke’s law of elasticity is satisfactory ” 
would be much more quickly elucidated and linked 
up with a more comprehensive conception of elasticity 
were it not for the fact that, unlike the magnetic 
force and induction curves, which are unbiassed by 
a pre-conceived notion about proportionality, stress- 
strain curves of materials are assumed to fit into a 
tremendous mathematical theory of elasticity founded 
on Hooke’s law. Actual observation shows the law 
to be extremely limited in scope. In the same way 
Rankine’s mathematical theory of earth pressure, 
based upon a material the characteristics of which 
are not often met with in practice, has not encouraged 
the testing upon a broader basis which is now at 
last taking place. 

Yours faithfully, 
A. C. VIVIAN. 
Mount Grace-road, 
Potters Bar, Middlesex. 
August 21, 1930. 








THE LATE MR. G. G. SIM. 


Tue news of the death, on August 19, at the early 
age of 52, of Mr. George Gall Sim, C.S.I., C.LE., will 
be received with regret by a wide circle of professional 
men both in this country and in India. Mr. Sim, who 
was deputy chairman of Messrs. Vickers Limited, 
and of Messrs. Vickers-Armstrongs Limited, passed 
away, after a very short illness, from pneumonia com- 
plicated with malaria, in a nursing home at Elgin, 
Scotland. He was born on January 12, 1878, at 
Strichen, near Peterhead, Aberdeenshire, and was 
educated at the University of Aberdeen and at Christ 
Church, Oxford. He entered the Indian Civil Service 
in 1901, and for the next seven years served as assistant 
magistrate in the United Provinces. While still 
quite a young man, Mr. Sim became Under-Secretary 
to the Government of the United Provinces in 1908. 
Some four years later he was appointed Chairman 
of the Cawnpore Municipal Board and, during the 
ensuing five years, he did much to improve the housing 
and sanitation conditions in that city. In 1917, he was 
selected for the post of financial secretary to the 
Government of the United Provinces, and, after 
serving in this capacity for some three years, was 
transferred to the Government of India for special duty 
in the Finance Department. 

Mr. Sim’s name will always be associated with two 
measures of outstanding importance in the financial 
history of India. As a member of the Board of Inland 
Revenue, he carried through to a successful conclusion 
the onerous task of consolidating and improving the 
Indian income-tax law. As Financial Commissioner 
to the Railway Department of the Government of 
India, which position he occupied from 1923 until his 
resignation from the Service in 1926, he rendered 
invaluable service. He played a prominent part in 
the separation of railway from general finance, a 
reform which has been characterised as the greatest 
achievement in Indian Government finances of recent 
years. As matters now stand, the railways contribute 
annually a definite sum to the general revenues, and 
have the use of surplus profits after the payment of 
the fixed charges. In recognition of his services, 
Mr. Sim was awarded Companionships of the Order 
of the Indian Empire in 1920, and of the Order of the 
Star of India in 1926. He joined Messrs. Vickers 
Limited on July 1, 1926, and was appointed secretary 
to the firm a fortnight later. Subsequently, he became a 
director of Messrs. Vickers Limited, of Messrs. Vickers- 
Armstrongs Limited, and of several of the associated 
companies. On March 11, 1929, he was appointed 
deputy-chairman of Messrs. Vickers-Armstrongs 
Limited, and as recently as November 6, 1929, deputy- 
chairman of Messrs. Vickers Limited. 








THE LATE PROFESSOR H. H. TURNER. 


Proressor H. H. Turner, F.R.S., of Oxford, who 
gained distinction as an astronomer, a seismologist and 
@ popular writer and lecturer, was suddenly taken ill 
while attending the Geodetical Congress at Stockholm, 
and died there a few days later, on August 20. 

Herbert Hall Turner, the son of John Turner, 
was born at Leeds in 1861, and proceeded from the 
Modern School of Leeds to Clifton College and to 
Trinity College, Cambridge, which subsequently 
elected the second wrangler and Smith’s prizeman a 
Fellow. By 1884 he was senior assistant at Greenwich 
Observatory, and in 1893 he was appointed Savilian 
Professor of Astronomy and director of the University 
Observatory at Oxford, an appointment which he 
still held at his death. His chief work at Oxford was 





connected with the international scheme of mapping 
the heavens; when this work was resumed after the 
war, he was elected chairman of the committee of the 
International Astronomical Union which dealt with 
this scheme, in recognition of the energy and ability 
he had exhibited. He wrote some 200 papers on 
astronomy and other scientific subjects, sometimes 
advancing bold views which met with more criticism 
than support. Thus his sun spot theory and his 
views on the two star-streams of J.C. Kapteyn found 
little approval, but his improvements of the tech- 
nique of deducing the position of stars by photography 
were highly valued. His popular astronomical books 
where on Modern Astronomy, Astronomical Discovery, 
the Great Star Map, and A Voyage in Space, this last 
based upon the Royal Institution Juvenile Lectures of 
1913. Turner took part in the eclipse expeditions of 
1896 to Japan and of 1905 to Egypt, was President. of 
the Royal Astronomical Societyin 1903 and, since 1919, 
foreign secretary of that Society. His interest in 
seismology made him a member, and soon chairman, 
of the British Association Committee on Seismological 
Investigations, which will issue its 35th report this 
year. When John Milne died in 1913, Turner took 
over the control of the Milne observatory at Shide, 
Isle of Wight, and subsequently removed the bureau 
to Oxford, where he set up a Milne instrument in the 
basement of a Clarendon Laboratory. This modest 
installation has recently been enlarged in new buildings, 
the completion of which he has not seen. Turner’s 
seismological work was statistical and analytical, not 
experimental. Of an energetic, kindly, jovial dis- 
position and wide interests he stood up for his own 
standpoint in many controversies. He married Miss 
A. M. Whyte, of Blackheath, and leaves one daughter. 
Turner was honorary general secretary of the British 
Association in the period 1913 to 1922. He was 
elected a Fellow of the Royal Society in 1896, and 
received many honorary degrees and distinctions 
from British and foreign institutions. 








THE BRISTOL MEETING OF THE 
BRITISH ASSOCIATION. 


On Wednesday next, September 3, the British 
Association for the Advancement of Science will 
open its ninety-eighth meeting and the hundredth 
year of its existence in the City of Bristol, to which 
it had been invited on three previous occasions. The 
first visit to Bristol, then a city of 60,000 inhabitants, 
took place in 1836, following the inaugural meeting at 
York in 1831, and visits to Oxford, Cambridge, Edin- 
burgh and Dublin. This first meeting is memorable to 
engineers in several respects. It was the first occasion 
on which they could discuss their problems in a section 
of their own, then called Mechanical Science (now 
Engineering) under the presidency of Dr. Davies 
Gilbert. The vice-president of the Association, Lord 
Northampton—the Marquis ot Lansdowne was the 
president—laid the foundation stone to the Clifton 
suspension bridge in connection with the meeting, 
at 7.0 in the morning, there apparently being no 
need for enforced daylight saving in those days, and 
the geologists of Section C made the best of the oppor- 
tunities of exploring the cuttings made for the Great 
Western Railway. Although England at that time 
possessed 588 steamships, Dr. Lardner asserted at the 
meeting that no steamer could ever cross the Atlantic as 
it could not carry coal for a journey of several thousand 
miles. Two years later the Sirius and the Great 
Western started from Bristol for New York and 
achieved the impossible. When the Association came 
to Bristol again in 1875, Sir John Hawkshawe, who 
had been consulted on the Avon River improvement 
schemes, was President. The president of the Bristol 
meeting of 1898, by which time the town had 320,000 
inhabitants, Sir William Crookes talked about the 
insufficiency of the world’s wheat supply, and the indus- 
trial fixation of atmospheric nitrogen, which at present 
seems to require restriction rather than stimulation, 
At that meeting William Froude presided in Section G, 

Though Bristol is not mentioned in archives before 
the time of Alfred the Great, it was an important 
shipping centre in its earliest days, and it was still 
the second port of the kingdom early in the nineteenth 
century. Pope found the River Avon in 1739 more 
closely crowded with ships than the Thames below 
London Bridge. But the tidal range, which is 41-5 ft. 
on average, with a maximum of 50 ft., left most of 
the boats stranded at low tide, and the private dock 
companies established later charged far higher dock 
dues than did London and Liverpool. The Corporation 
acquired the docks in 1846. Bristol University 
College opened in 1876, which in 1898 accommodated 
some of the sections, will this year, thanks largely 
to the munificence of the Wills family, be able to 
give shelter to almost all the sections in its remarkably 
fine buildings. The reception room will be in the 
Great Hall of the University. Although the meeting 
will occupy a full week, from Wednesday, September 3, 
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to Wednesday, September 10, it will not be over- 
burdened with papers. Saturday will, as usual, be 
devoted to excursions, some of which, arranged by the 
sections, rightly rank as sectional proceedings. The 
afternoons will be largely reserved for visits, partly 
again sectional, to works and institutions, and several 
of the sections will conclude their transactions on 
Tuesday. The concluding meeting, generally held 
on the second Wednesday, has been abandoned. 

The inaugural general meeting will be held on 
Wednesday, September 3, at 8.30 p.m., in the Colston 
Hall, when Dr. Frederick Orpen Bower, F.R.S. 
Emeritus Professor of Botany at the University of 
Glasgow, will deliver his presidential address on 
Size and Form in Plants. 

We have already outlined the programme of Section 
G (Engineering), on page 833 of our previous volume. 
Section A (Mathematical and Physical Sciences) will 
subdivide once more into a general section and a mathe- 
matical department. The president is Dr. F. E. Smith, 
F.R.S., Secretary of the Department for Scientific and 
Industrial Research, who will deliver his address on 
Theories of Terrestrial Magnetism on Monday, 
September 8. Mr. W. M. H. Greaves, of Greenwich 
Observatory, is recorder of the Section. On Thursday, 
September 4, Mr. R. A. Watson Watts, Professor E. V. 
Appleton, and Mr. M. A. Giblett (Air Ministry) and 
M. R. Bureau (France) will initiate a discussion on the 
Meteorological Relations of Atmospherics. Papers by 
Professor Manne Siegbahn (Sweden) on Highly Lonised 
Spectra in the Extreme Ultra-violet, and by Mr. W. 
Sucksmith (Bristol) on the Gyromagnetic Effect are to 
follow. For the afternoon, an inspection of the Henry 
Herbert Wills Physical Laboratory, which was opened 
two years ago, and is outside the main block of Univer- 
sity buildings, has been arranged, where a large num- 
ber of demonstrations on recent researches will be 
given by Professor A. M. Tyndall and Dr. C. F. Powell 
on Mobility of the Ions in Pure Gases; Synthesis of 
Ammonia by Controlled Electrons; (G. F. Brett) ; 
Angular Distribution of Photoelectrons from Copper 
Crystals and a Vacuum Spectrograph (Drs. H. W. B. 
Skinner and §. H. Piper); A Self-Recording Photometer 
(Mr. J. H. Lees) ; Magnetic Alloys (Dr. H. H. Potter) ; 
on various X-ray and spectroscopic researches (Mrs. G. I. 
and Mr. W. R. Harper, Dr. G. and Mrs. L. Herzberg, 
Dr. L. C. Jackson and others); and on Glass-Metal 
Seals (Mr. J. H. Burrow). On Friday, papers on the 
Solid State will be presented by Professor J. E. Lennard- 
Jones, Professor W. L. Bragg and Dr. E. Bloch. Mon- 
day, after the presidential address, Dr. P. A. M. 
Dirac will speak on the Proton and Mr. R. Stoneley will 
bring up the subject of the Identification of the Phases 
of Earthquake Shocks, before the report on Seismo- 
logical Investigations is presented. A discussion on the 
Flow in Gases (by Messrs. E. Ower, F. C. Johannsen, 
G. Bilham and M. A. Giblett) is planned for Tuesday, 
after which Mr. W. 8S. Tucker will describe the suc- 
cessful experiments on the Screening of Southend 
from Gun Fire, and Mr. Rothwell will speak on Meteoro- 
logical Acoustics. Of the large number of mathe- 
matical papers, we may mention those by Dr. R. A. 
Fisher on Inverse Probability, Dr. L. J. Comrie 
on Modern Babbage Machines, Dr. J. Wishart on 
. Combinational Methods in Problems of Sampling, 
and Professor P. J. Daniell on the Mathematical 
Theory of Flame Motion. 

In Section B (Chemistry), Professor G. T. Morgan, of 
the Chemical Research Laboratory, Teddington, will 
open the proceedings by delivering his presidential 
address on A State Experiment in Chemical Research. 
The discussion on the Present Position of the British 
Dye Stuff Industry on Friday is to be opened by 
Professor A. G. Green, who surveyed the industry at 
Glasgow in 1901, and is to be continued by Professor 
J. F. Thorpe, Mr. Tom Taylor, of the Licensing and 
Development Committees, Mr. W. J. Woolcock, chair- 
man of the Dyestuffs Industry Development Com- 
mittee, and others. Monday will be given to a discussion 
on Chemotherapy by Professors Pyman, G. Barger, 
R. Robinson and others. For Tuesday, papers by 
Professor M. W. Travers on Experimental Methods for 
the Study of Gas Reactions, by Dr. N. Semenoff on the 
Initiation of Combustion, and Dr. F. G. Soper on the 
Effect of the Solvent on Reaction Velocity are put 
down. Professor C. S. Gibson, of Guy’s Hospital 
Chemical Department, is recorder of the Section. 

Section C (Geology) has a variety of papers on the 
Geology of the Bristol Area, by Messrs. S. H. Reynolds, 
J. W. Tutcher and L. 8. Palmer ; while the presidential 
address, by Professor O. T, Jones, also deals with the 
Geological History of the Bristol Channel Region. 
Other discussions of more general interest concern the 
validity of the Permian System (between the car- 
boniferous and the jurassic) by Dr. Bernard Smith and 
others, the Succession of Marine Bands in the York- 
hire Coals Measures, by Drs. D. A. Wray and Trueman, 
and the Recent Cable Fractures in the Western 
Atlantic, by Professor J. W. Gregory. 

In Section D (Zoology), the president, Dr. W. T. 
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Zoology, and Locust Invasions will be discussed by 
Dr. Uvarov, and the Barrier Reef by Mr. A. P. Orr, the 
president, and others. In Section E (Geography), 
Professor P. M. Roxby will speak on The Scope and Aim 
of Human Geography, and Mr. C. M. Yonge will deal 
with the Bristol District from a different standpoint 
from the geological. Mr. Peirson Frank will refer to 
the South-West Lancashire Regional Town Planning 
Report, Professor T. E. Gregory will address Sec- 
tion F, (Economic Science and Statistics) on Rationali- 
sation and Technological Unemployment ; Mr. R. B. 
Forrester is recorder of the section. A discussion on 
the Value and Limitation of Costing in Industry and 
Agriculture will be opened by Mr. A. Cathles, Dr. J. A. 
Venn, and Professor J. H. Jones; Professor F. W. 
Ogilvie will speak on Margins, and Mr. W. Hamilton 
White on the Standard of Living and the Post-War 
Trade Depression, while Professor P. Sargant Florence 
will make a Statistical Contribution to the Theory of 
Women’s Wages. Other subjects to be raised comprise 
the Incidence of the Cost of Road Maintenance and 
Construction (by Mr. G. Ponsonby), Some Neglected 
Aspects of the Housing Problem (by Sir John Mann), 
and the Inheritance Inquiry (by Sir Josiah Stamp). 

The president of Section H (Anthropology), Dr. 
H. S. Harrison, has selected Evolution in Material 
Culture as the subject for his address. There will be 
discussions on A Proposed National Folk Museum, to 
which Sir Henry A. Miers and Professor J. L. Myres 
will contribute; and on the Relations between Past 
Pluvial and Glacial Periods, jointly with Sections C 
and E; there are further papers on explorations and the 
antiquity of man in Great Britain, in the East, and in 
Africa. The latter by Miss G. Caton-Thompson (on 
Zimbabwe), Mr. A. L. Armstrong (Victoria Falls), and 
Mr. L. S. B. Leakey (Kenya), are likely to lead to lively 
controversy. Section I (Physiology). The president 
(Professor H. 8. Raper) will speak on the Synthetic 
Activities of the Cell, and the question, In what Sense 
can we Speak of Primary Colours, and the Detection of 
Colour Blindness will be dealt with by Dr. F. W. Edridge 
Green; the joint discussion with Section G, on Physio- 
logical Effects of Air-Pressure Variations, will take 
place in this latter section. Several of the com- 
munications presented in Section J (Psychology) deal 
with subjects allied to that of the presidential address 
by Professor C. W. Valentine on the Foundations of 
Child Psychology and their Bearing on General 
Psychology. 

Dr. A. W. Hill will address Section K (Botany) on 
Recent Development and Problems in Taxonomic and 
Economic Botany, and Dr. Macgregor Skene will lecture 
on Dormancy and Germination. The department of 
Forestry K* will, under the chairmanship of Sir John 
Stirling-Maxwell, Bart., discuss Hardwoods Cultivation 
by Mr. D. W. Young and A. Howard, and Artificial 
Regeneration of Oak by Mr. W. H. Guilleband, 
papers on Decay in Timber (Frost Damage in Larches, 
&c.) by Messrs. Day, I. H. J. Cartwright and W. P. K. 
Findlay ; Antiseptic Treatment of Conifers (by Mr. J. 
Bryan); and also Air Surveys in Forestry (by Captain 
C. R. Robbins), and Afforestable Lands of Great Britain 
(by Mr. W. L. Taylor). Professor H. 8S. Holden, of 
Nottingham University College, is recorder of the 
Section, and Dr. E. V. Laing is secretary. 

A Policy of Higher Education will be the subject 
of the address of Lord Eustace Percy to Section L 
(Education). The Curricula of Central Modern and 
Senior Schools will be reviewed by Mr. W. A. Brocking- 
ton, Mr. J. A. White, Mr. H. F. Morgan and Miss Carr 
Gordon, while the education of the Pre-school Child 
will also be considered. Disciplinary Values in Educa- 
tion are to be brought up by Sir Percy Nunn, Miss H. M. 
Wodehouse, Professor F. A. Cavanagh and others, and 
there will be a considerable number of papers on 
English and Foreign Methods of Industrial and 
Commercial Education. 

In Section M (Agriculture), Dr. P. J. Du Toit will 
preside, and his address will be on Veterinary Science 
and Agriculture. Among the many other subjects 
on the agenda are Influence of Fertilisers on Various 
Crops (Sir John Russell and others), and Problems of 
the Establishment of a Canning Industry (Mr. F. 
Hirst), discussions on Mineral Elements in Plant 
Nutrition (in conjunction with Section K), and on Grass 
Land Improvement. 

The evening discourses, to be delivered in the Victoria 
Rooms at 8 p.m., are by Professor E. V. Appleton on 
Wireless Echoes, and by Dr. R. E. Slade on the Nitro- 
gen Industry and our Food Supply. There will be 
receptions by the Lord Mayor on Thursday, by the 
President on Sunday afternoon, at the Zoological 
Gardens, and at the University on Monday. The 
general secretaries of the Association are Professor J. L. 
Myres (Oxford) and Professor F. J. M. Stratton (Cam- 
bridge), in succession to Dr. F. E. Smith. The treasurer 





is Sir Josiah Stamp, and Mr. O. J. R. Howarth, M.A., 
of Burlington House, W.1, is secretary. The local | 
honorary secretaries are Dr. W. Ludford Freeman, | 
Dr. Bertram K. Rogers and Professor A. M. Tyndall; 
Mr. Frank N. Colin is the local honorary treasurer. 





PULVERISED-FUEL FIRING ON 
THE S.S. ‘* INCEMORE.’’ 


In ENGINEERING, vol. cxxviii, page 87 (1929), we 
described the Todd unit system for firing pulverised 
coal on board ship, as fitted to an American vessel, 
the West Alsek. The following account, illustrated 
by Figs. 1 to 4, on the opposite page, describes 
the same system recently installed in the steamer 
Incemore, of the Johnson Line, Limited, under the 
control of Messrs. Furness-Withy and Company, 
Limited. As the Incemore is the first British vessel 
to be fitted with the Todd unit system, and as the 
installation differs somewhat from that of the West 
Alsek, a brief description of it may not be without 
interest. Like some other instances of pulverised-fuel- 
fired vessels noticed in these columns, the Incemore has 
not been specially constructed to burn this fuel, 
but the existing stokeholds have been altered to 
accommodate the new plant. The vessel is of about 
4,100 tons gross, and is 360 ft. long by 52 ft. broad, 
with a depth of 24 ft. 6in. The machinery consists of 
a set of triple-expansion engines, with cylinders 26 in., 
43 in., and 73 in., in diameter, by 48 in. stroke, driving 
a single propeller and obtaining steam from three single- 
ended cylindrical boilers, each having three furnaces. 
As this means nine furnaces to provide! fuel for, and, as 
the basis of the Todd system is that of having an inde- 
pendent mill to each burner, nine mills are necessary. 
These are, however, not separate, but are grouped in 
three triplex mills, which are arranged as shown in 
Fig. 1. To accommodate them, part of the water- 
tight bulkhead forward of the stokehold was moved 
five frame spaces forward, creating a recess of 15 ft. 
by 11 ft. The sides of this recess under the main 
deck are formed by deep wing tanks already existing, 
and, between the lower and upper ’tween decks, by 
short fore and aft bulkheads to complete the water-tight 
division necessary to comply with classification 
requirements. 

A view of one of the triplex pulverisers is given in 
Fig. 2. This illustrates both the internal structure and 
its degree of accessibility, one side of the casing being 
completely removable as shown. Each unit of the 
pulveriser consists of two sets of beating paddles and a 
fan. The coal, entering from the common feeder above, 
is led to the axis of the first set of paddles and is then 
carried radially outwards to undergo its first reduction. 
The heavier particles are kept by centrifugal action 
at the periphery of the mill until reduction, but the 
finer particles are carried by the air stream from the 
fan along the axis to the second set of beaters, where 
the process is repeated, only the finest coal being finally 
carried out through the fan and discharged with the 
primary air, by way of the 4-in. flexible pipes, shown in 
Fig. 1, to the burners. The first stage beaters have a 
clearance of } in. within the casing, and the second 
stage a clearance of $ in. All three units in the triplex 
mill are driven together, at a speed of approximately 
3,600 r.p.m., by direct-coupled steam turbines, of a total 
rated horse-power of 30. Each unit has a capacity 
of from 100 lb. to 1,000 Ib. of coal per hour, thus provid- 
ing great flexibility of operation. Under reduced loads, 
i.e., When the vessel is in port or manceuvring, the 
coal supply can be shut off from one or more of the 
mills. The coal is fed into the small conical hopper on 
top of the mill at about {-in. cube, whence it falls 
on to a revolving table having three scrapers, 1.¢., one 
for each unit, in order to give equal distribution to the 
three furnaces. The rate of feed is regulated by a 
vertical adjustable sleeve according to requirements. 
The small motor, of $ h.p., on the left in Fig. 2, 
drives the revolving table, and the control switch 
permits instantaneous stopping of the feed without 
interfering with the driving turbine. 

The daily supply bin for the crushed coal is situated 
above the pulveriser recess, already referred to, and in 
a recess formed in it is situated the primary crusher. 
This crusher is fed with coal from the bunkers through 
a 6 in. mesh grizzly, and the discharge from it to the 
bin passes through four {-in. mesh grizzlies. A view 
looking on to the deck of the crusher recess is reproduced 
in Fig. 3. The lower part of the crusher can be seen in the 
top right-hand corner of the figure. The driving shaft 
i sconnected, by means of a flexible coupling, to the 
speed-reducing gear-box in the centre, to the pinion 
shaft of which is coupled the steam turbine at the 
bottom left-hand corner of the figure. The position of 
the bunkers on the upper and lower ’tween-decks, 
enables all elevators or screw conveyors to be dispensed 
with, as the coal can be fed directly on to the large- 
mesh grizzly, and discharged from the crusher into 
the lower part of the daily supply bin. It will thus 
be realised that the installation of the handling and 
pulverising plant has been effected with a minimum of 
alteration to the existing ship’s structure and pipe 
a ement. The provision of a crusher enables the 
vessel to be coaled at any bunkering port, irrespective 

f the size of coal there stocked. 

One of the burners and its furnace front is shown 

in Fig. 4. The boilers were already fitted with the 
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Howden forced-draught apparatus which supplies 
heated secondary air, and the only alterations necessary 
were those analogous to the changes which would have 
been required had a change-over to oil-firing been 
made. The burner is provided with cast-iron dia- 
phragms, air ports, registers, and controlling mechanism 
to give a short turbulent flame completely sweeping 
the full circumference of the furnace, the rotation of the 
flame being augmented by the tangential flow of the 
secondary air through registers fitted in the Howden 
fronts. The small pipe to the right of the figure 
Supplies an oil pilot flame. used instead of a hand torch 


INSTALLATION ON THE 


8.8. ‘“INCEMORE.” 




















|for lighting up. The front part of the furnace is lined 
| with firebrick for a length of 27 in., and the pilot flame 
is used until this has become semi-incandescent. Ash 
or slag accumulations are removed through the door 
seen below the burner. This door, and also the 
‘furnace front, are lined with refractory material. 

The installation was subjected to a satisfactory trial 
}on August 7, and the vessel sailed from London on 
| August 27. The work of converting the vessel to burn 
| pulverised fuel has been carried out by Messrs. R. and 
| H. Green and Silley Weir, Limited, 130, Leadenhall- 
! street, E.C.3, a firm whose experience in similar conver- 














Fig. 4. 


sions has already been recorded in these columns. 
Mr. W. E. Keller, representing Messrs. The Todd Dry 
Dock and Engineering Company, a subsidiary firm 
of Messrs. Todd Shipyards Corporation, of New York, 
was the supervising engineer. 





CuHarinc Cross Exectricity Suppty ComPpany.— 
The annual report of The Charing Cross Electricity 
Supply Company, Limited, shows that 32-6 million 
units of electricity were sold by the West-End under- 
taking of the company and 42-4 million units by its City 
undertaking during 1929. 
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RESERVE TURBO-GENERATORS. 


(For Description, see Opposite Page.) 








AN APPLICATION OF THE METHOD TO THE HIGH 
PRESSURE PARTS ‘OF A MULTICYLINDER TURBINE. 


Fig. 9. | | Fug. 10. il 









































Fug.i3. ARRANGEMENT OF 
THERMO-ELEMENTS. 








SECTION THROUGH A 1200-1500 KW. TURBINE. 
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RESERVE TURBO-GENERATORS. 


Fi ig./4. TEMPERATURE TIME CURVES FOR OBTAINING FULL LOAD FROM NON-OPERATION 
WITHIN 25 SECONDS. 
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THE NON-OPERATIVE TURBO-GEN- 
ERATOR AS AN IMMEDIATELY 
AVAILABLE POWER RESERVE.* 

By Eric Brown. 
(Concluded from page 247.) 


THE method can be applied in various ways, and 
the amount of heat required for its application is far 
less than for that of any other method of maintain- 
ing a turbine as an immediately available stand-by. 
One means of applying this for maintaining an 
inoperative turbine in the hot state, consists in the 
use of air as a heat carrier, which is maintained in 
circulation by means of a motor-driven fan over an 
auxiliary source of heat and over the surfaces to be 
protected from cooling. The flow may be through 
the interior of the turbine or of its high-pressure 
parts, or over its outside surfaces, or a combination of 
these two may be used. The necessary heat can be 
obtained from electric resistances, or. if the saturation 
temperature is sufficiently high, by steam-heated 
heat exchangers. Electric resistances are generally 
to be preferred, as high temperatures are easily ob- 
tained ; further, the supply of energy is a simple one, 
the space occupied small and the first cost low. 

An application of the method to the high-pressure 
parts of a multi-cylinder turbine is shown in Figs. 9, 
10 and 11. The cylinder 1 and the two valve chests 
2 and 3 are encased in a double air-tight lagging 4, 5. 
The space 6 between the two casings 4 and 5 is filled 
with insulating material. The air in the enclosed 
space 7 is utilised as a heat carrier, and is kept in 
circulation over the resistances 10 by means of the 
fan 9. The latter is driven by the motor 8. The 


Muuttes. 
Fig. 16. CURVES SHOWING THE COOLING WITH & WITHOUT THE HEATING SYSTEM. 
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| determined by guiding plates 11, which at the same 
| time form the casing of the overhung fan. Fan and 
| motor form a separate auxiliary unit. As in the case 
| illustrated two valve chests are provided, two fan 
| sets are installed to preserve the symmetry of the 
heat flow. An air circulation of from four to six 
times the enclosed volume per minute should usually 
| be sufficient to ensure a uniform heating effect and a 
small temperature difference across the resistance. 
Another means of application is the bedding of resist- 
ances in the form of a net throughout the insulating 
| material 6 or over the inner surface 5 of the lagging. 
| The air enclosed in the space 7 can, if necessary, be 
| kept in circulation. Sufficient heat must be supplied 
to prevent the temperature of the turbine during the 
| period of non-operation from falling below the satura- 
tion temperature. The auxiliary heating should be 
| switched in and out, preferably automatically, as the 
| unit is shut down or started up. By these or equivalent 
means, the temperature gradients incident on starting 
| up can be given the character of those shown in Figs. 5 
and 6, on page 245, ante. 

The new method has been tested on an old type 
| 1,200-1,500 kw. turbo-generator in the power station 
|of the Brown Boveri works in Baden, Switzerland. 
The turbine, a section of which is shown in Fig. 12, 
has a cast-iron cylinder. It was fitted with an arrange- 
| ment similar to that shown in Figs. 9, 10 and 11, the 
| heat resistances being incorporated inside the casing. 
|The conditions were not favourable for a perfect 
| application of the method, and the insulation was 
|only imperfectly improved by surrounding it with 
| asbestos mattresses. But, nevertheless, reliable data 
| were obtained for practical applications. Thermo- 
elements were located as shown in Fig. 13, giving the 





path of the heat carrier, as indicated by the arrows, is | temperatures at the following points :— 





* Paper read before the Second World Power Con- 
ference, Berlin, June 16 to 26, 1930. 
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A temperature in wheel chamber. 
temperature in the centre of the wheel- 


chamber wall (17 mm.) 





Fig./5. ENLARGED PORTION OF Fig. 14 
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Fig.17. SEQUENCE OF EVENTS IN STARTING UP. 
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1 
fe 


C temperature on the outer surface of 


the wheel-chamber wall (4mm.) 
F temperature at the flange... ae (7 mm.) 
G temperature of inner wall of steam 

connection ... “es ies wa (40 mm.) 
H_ temperature of outer wall of same ... (4mm.) 


The numbers in brackets denote the distance of the 
thermo-elements from the outer surface. The volume 
of air circulated per minute was five times the en- 
closed volume. 

The tests included among others: (1) The usual 
starting up from the completely cold state within 12 
minutes. (2) Immediate starting on full load from 
the completely cold state. (3) Immediate starting 
on full load from a heated state as maintained by this 
method. (4) Determination of the cooling curves 
from full load conditions to room temperature. 
(5) Determination of the cooling curves from full load 
conditions to approximately ty, = fs. 

For test No. 3, a heating power of 10 kw. had been 
switched in immediately the turbine was shut down 
from full load, thus maintaining ¢, approximately 
equal to ¢,. After thermal equilibrium was reached, 
the auxiliary oil pump was started and the connection 
with the vacuum made. The turbo-generator was 
then immediately run up to speed and fully loaded by 
means of water resistances. The live-steam valve was 
rapidly opened fully and the generator excited. The 
turbo-generator reached full speed and full load within 
25 seconds. 

Fig. 14 shows the temperature-time curves for the 
first 60 minutes from starting measured at the points 
shown in Fig. 13, and in Fig. 15 curves for the first 
five minutes are drawn to a larger scale. The dotted 
curves B” ©” F” are those for test No. 2. A com- 
parison with the equivalent curves B’ C’ F’ shows 
the beneficial effect of the application of the method 
even to so small a turbine as the one under considera- 
tion, 
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In Fig. 14, the symbols used denote :— 


p  live-steam pressure. 

ty, live-steam superheated temperature. 
ts _ live-steam saturation temperature. 
Pp. pressure in wheel chamber. 

t, temperature in wheel chamber. 

kw load in kilowatts. 


nn Y¥.p.m, 


The vacuum was low, but the full amount of steam 
was passed through, which was of chief importance for 
this test. Several repetitions of this test produced no 
deformation of cylinder or rotor. Test No. 2 was not 
repeated owing to the danger of over-stressing the 
material. Local conditions did not allow the applica- 
tion of more than 10 kw. for maintaining the heated | 
state. In spite of the inefficient insulation, a steady | 
temperature of 140 deg. C. was maintained inside the 
casing, with a room temperature of about 25 deg. C. | 
This was sufficient to show the advantages of the | 
method. 

Fig. 16 shows the cooling process down to wall | 
temperatures t, > t;, the curves A:, B., C. and F. 
corresponding to the points A, B, C and F in Fig. 13. | 
The curves A.,, B,C, and F., show the cooling process | 
without application of the method and continued 
towards room temperature. The curve Q;, < ts shows | 
the heat flow across the inner surface of the wall on | 
starting up the turbine after different non-operative | 
periods. In the case where ty, < ts, the larger value | 
of a, applies, and the heat flow is consequently very | 
large. The other curve Qt, > ts shows the result of 
applying the method, ty. being always greater than tg. 
The surface of the lagging was 11 sq.m. ; the protruding 
cylinder surfaces, especially at the exhaust end, were 
very large and the insulation imperfect, but, neverthe- 
less, 10 kw. sufficed, as already shown, for maintaining 
the temperature within the casing at about 140 deg. C. 

It may, therefore, be assumed that, for well-insulated 
high-pressure cylinders and valve chests, 1 kw. per sq. 
m. of lagging surface will maintain t,, equal or higher 
than a ¢, of average value. This is corroborated by 
a test on a normally insulated high-pressure cylinder of 
a 30,000 kw., 3,000 r.p.m. three-cylinder turbine, 
with a total lagging surface (cylinder casing alone) of 
19-3 sq.m. With a temperature of this surface above 
its surroundings of 41-5 deg. C., the heat loss was about 
15,000 kcal. perhr. This heat loss expressed in kw. units | 
is equivalent to 17-5 kw.-h. The amount of electric 
energy required to compensate for this loss per sq. m. 


a 0:9 kw. 





of lagging surface per hour is thus ae 
approximately. 

The amount of steam corresponding to this energy 
consumption, assuming an overall station steam con- 
sumption of about 5 jkg. per kw.-hour, is 0-9 x 5 = 
4-5kg. persq.m. perhr. Further, if we include not only | 
the cylinder, but also its valve chests and steam connec- | 
tions, the total area will be increased to about 30-5 sq. | 
m., and the corresponding steam consumption necessary | 
for maintaining the turbine in the heated state will be | 
30:5 x 4-5 = 140 kg. per hour, or less than 0-1 per | 
cent. of full-load steam consumption. If the method is | 
extended to the intermediate and low-pressure cylinders, | 
the total steam consumption required forits application | 
will be approximately doubled. 

The amount of steam necessary to run the unexcited | 
unit at normal speed is about 9,000 kg. per hr., or about 
thirty times more than the above amount, and if the set 
is run at. reduced speed this may be reduced to 5,000 
kg. per hr., or some eighteen times more. Moreover, the 
wall temperatures other than in the immediate neigh- 
bourhood of the main valves are at little more than 
the saturation temperatures, which are low on account 
of the pressure often being far below atmospheric. 
The result is that the use of such means to maintain the 
unit as an immediately available reserve subjects 
parts of the metal masses to heat flows of the order of 
that shown by the point 6 in Fig. 7, page 245, ante. 
For this reason, when a reserve turbo-generator is 
maintained in a hot state by no-load running, it can 
only be immediately subjected to partial loads, and 
full load must be gradually applied. 

From the above it will be seen that the application 
of the proposed method is more economical than that 
of any other; the first cost of the 1ecessary auxiliary 
plant is, for this reason, soon recovered. It should, 
further, be taken into consideration, when comparing 
this method with that of starting up by preheating 
from the cold, that the amount of heat used in this pre- 
heating is not required, and, therefore, in estimating 
the economy effected, it should be subtracted from the 
heat used to maintain the turbine in the hot state. 
The importance of this point depends upon the duration 
of the period of non-operation. The use of imme- 
diately available full-power reserves, i.e., of reserves 
capable of being started and run up to full load almost 
as quickly as was done in test No. 3, makes special 
demands on both boiler and condensing plant. 

In cases in which units fail and must immediately 








be replaced by others, the steam supply is available, 
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and, indeed, its uninterrupted consumption is desirable. 
Also, in many power stations, a further unit can 
ordinarily be put into service under full load at any 
time. But should a pure steam power station be liable 
to be called on unexpectedly to supply additional power 
to the extent of a large fraction of its installed capacity, 
then at least an adequate part of the boiler plant must 
be such that it is capable of supplying the increased 
steam demand within twotofour minutes. For modern 
boiler plant this capacity for dealing rapidly with such 
loads should be obtained with the expenditure of a 
relatively small amount of fuel. Oil and pulverised- 
coal firing lend themselves to this. 

In order to obtain the full economic advantages 
from the application of the method, the non-operative 
condenser plant must be capable of being started, 


| and of producing a vacuum of 60 to 70 per cent. within 


a fraction of the usual time. This can be effected, for 
example, by the assistance of auxiliary steam air ejectors, 
when supplied with a large part of the available steam, 
in about 15 seconds. This steam can be allowed to 


| exhaust to atmosphere during this short period. The 


circulating pumps are to be started at the same time. 
An advantage of this arrangement is that on starting 
the turbine the working steam is already in a state of 
fullflow. Fig. 17 shows diagrammatically the sequence 
of events in the starting up of a large two-cylinder 
turbo-generator. All high-pressure parts, including the 
high-pressure cylinder 1, the valve chest 2 and the 
steam connections, and also the centre part of the 
double-ended low-pressure cylinder 3 are included in 
the heating system. The heating plant consists of 
the motor-driven fan 4, the heating resistances 5 and 
the connecting air ducts 6, 8 and 9, the latter forming 
the connections with the air space round the low- 
pressure cylinder, where a lower temperature is main- 
tained. The process of starting up is begun at the 
point 12, when, approximately simultaneously, the 
auxiliary and main air ejectors 10 and the circulating 
pump 11 are put in operation. After a lapse of 15 
seconds, a vacuum of about 65 per cent. is reached, 
whereupon, at the point 13, the auxiliary air ejector 
is stopped, and the main steam valve 18 is fully opened. 
At 14, full-load steam flow is established, and at 15, 
after a further 15 seconds, the set has reached its normal 
synchronous speed. From 15 to 16 the automatic 
paralleling apparatus 19 connects the generator 20 with 
the network, and at 17, after a total time of 45 seconds, 
full load is attained, the generator being excited by the 
direct-driven dynamo 21. The heating system has 
already been automatically put out of operation at the 
point 12 to be restarted at the commencement of the 
next non-operative period of the unit. The whole of 
this process can be effected from the central control 
by means of special apparatus. Even should two or 
three minutes be required to put a turbo-generator 
set into full load service, that set can still be regarded 
as an immediately available reserve. 

The method can also be so applied and operated that 
a perfect instantaneously available power reserve is 
maintained, whereby, and within wide limits, uninter- 
rupted generation of energy is ensured in the event of 
the occurrence of sudden and unforeseen increase of load 
in excess of the full-load capacity of the turbo-generators 
in service. In order to effect such operation, the gene- 
rators must be so built that they are capable of gene- 
rating electric energy in excess of their continuous 
rating by at least 50 per cent. during two minutes, 
during which time the power reserves are put on the 
network. In addition, their turbines must be provided 
with the necessary overloading gear. 

It may finally be pointed out that a turbo-generator 
with short cylinders can be restarted without dele- 
terious effects, if the time of non-operation is as short as 
that of two hours’ duration shown in Fig. 1, page 245, 
ante, so that the walls have not cooled below the 
saturation temperature of the working steam to which 
they are subjected on starting. A necessary precaution 
is to rotate the rotors slowly, by means of the bar- 
ring gear 22, shown in Fig. 17, for example. 

The generator can be protected by a similar method 
from the effects of sudden temperature changes conse- 
quent on loading after a period of non-operation during 
which it has cooled down. This protection can be 
effected for a generator with a closed cooling system 
by similar means to those illustrated in Figs. 9, 10 and 
i. 








British ScreNcE GuiLp.—The sixth annual Norman 
Lockyer lecture will be delivered by Professor Sir William 
Pope, F.R.S., on November 13 next, at 4.30 p.m., in 
the Goldsmiths’ Hall, London. The President of the 
British Science Guild, Sir Samuel Hoare, will take the 
Chair at the lecture, the title of which will be announced 
later. The second annual Alexander Pedler lecture 
will be delivered by Lieut.-Colonel Sir David Prain, F.R.S., 
on October 22 next, at 5.30 p.m. “‘ Science Discipline ”’ 
is the general subject of this lecture, which will be 

iven in Liverpool under the joint auspices of the 

niversity of Liverpool and the British Science Guild. 
The offices of the Guild are at 6, John-street, Adelphi, 
London, W.C.2. 





THE PHYSICAL AND MECHANICAL 
PROPERTIES OF METALS. 


A NuMBER of papers and committee reports dealing 
with the mechanical properties of various materials, 
and with the fatigue and corrosion-resisting qualities 
of metals and alloys, were presented at the thirty-third 
annual meeting of the American Society for Testing 
Materials, held at Atlantic City, New Jersey, U.S.A., 
from June 23 to 27 last. Brief outlines of the con- 
tributions concerned are given below. Papers and 
reports at the same meeting on the subjects of 
cement and concrete, and petroleum products were 
dealt with on page 105, ante. 


AtLoy STEELS. 


In a paper entitled “‘ The Relative Merits of Some 
Different Alloy Steels with Respect to Certain Mech- 
anical Properties,” Professor B. Stoughton and Mr. W. 
E. Harvey stated that, if steel were to resist structural 
strains, the two most important properties it should 
possess were strength and ductility, because resist- 
ance to static, dynamic, and impact strains was made 
up of combinations of these two. Attempts had been 
made to establish so-called ‘‘ quality factors’ which 
should represent, in a general way, the value of a 
steel for structural purposes. The quality factor 
which had probably been most employed in this con- 
nection was the tensile strength multiplied by the 
elongation in 2 in. Further quality factors, obtained 
by multiplying together other mechanical test values of 
the materials under examination, gave rise to interesting 
figures which, when compared, enabled certain tentative 
conclusions to be drawn. Taking as a basis about 
650 binary and ternary alloy steels, the chemical 
analysis and mechanical properties of which had 
been published, about 1,800 numerical calculations 
had been made. The materials had been graded in 
order of their relative standing, according to the 
numerical value of the product of some function of 
their strength multiplied by a function of their ductility, 
or according to strength values multiplied by Izod 
impact value. 

The nickel steels gave high quality factors, this 
being due to a high elastic limit and a high reduction of 
area. The chromium steels were characterised by a 
high percentage of elongation, this being specially true 
of the stainless irons. The chromium-vanadium steels 
stood at the top when a high combination of strength 
and elongation was demanded, provided that very 
high strength was not essential. These high combina- 
tions were obtained by tempering at a high temperature. 
The chromium-nickel steels were predominant when 
reduction of area was important and elongation was 
not so influential ; they also stood well when high 
elastic limit had a large influence. It would thus be 
seen that the chromiun.-nickel steels resembled the 
nickel steels, while the chromium-vanadium steels 
resembled those containing chromium alone. In other 
words, the effect of the nickel rather overpowered 
that of chromium, while that of chromium was stronger 
than that of vanadium. This might, or might not, 
be due to the circumstance that in structural steels the 
nickel was always more than 24 times the chromium, 
while the chromium was always from four to five times 
the vanadium. It was evident from the results 
obtained that no one type of alloy steel excelled in all 
combinations of strength and ductility factors, but 
that nickel, chromium-nickel, and chromium steels 
excelled in a greater number of instances than any other. 
The so-called medium-manganese structural steel, 
containing from 1 to 1-75 per cent. of manganese, 
found a good place under the quality factor based on 
tensile strength multiplied by Izod impact value, but it 
did not have a high position under any of the quality 
factors based only on static tests. 

“Some Effects of Nickel Content in Austenitic 
Iron-Chromium-Nickel Alloys,’ formed the subject 
of a second contribution dealing with alloy steels. 
The author, Mr. N. B. Pilling, stated that the chromium- 
nickel stainless alloys had certain undesirable properties 
which, at times, interfered with their fullest applica- 
tion. These included such properties as excessive 
hardening on cold working, loss of ductility, both 
cold and at moderately high temperatures, loss of 
corrosion resistance, and weld decay. Many who had 
handled the early 18 per cent. chromium, 8 per cent. 
nickel alloys, containing carbon contents greater 
than those aimed at at the present time, had been 
impressed by the rapid increase in hardness, and the 
very great increase in magnetic permeability which 
they developed after even a moderate amount of 
cold working. It might be tentatively assumed that 
the change which occurred involved the precipitation 
and coalescence of some «-iron phase, perhaps further 
complicated by a carbide precipitation. This type 
of instability could only be escaped by increasing 
either the nickel or the chromium content, and it was 
accomplished most effectively by an increase of nickel. 
Experiments appeared to show that an increase to 
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12 per cent. of nickel should suffice to secure stability, 
but by further increasing this to 13 or 14 per cent. a 
more generally useful alloy, also possessing the full 
value of resistance to reducing acids, was obtained. 
Some experiments had been carried out on two series 
of steels, the first containing 18 per cent. of chromium, 
8 per cent. of nickel, and 0-06, 0-10 and 0-14 per 
cent. of carbon, and the second series, 18 per cent. of 
ohromium, 14 per cent. of nickel, and 0-06, 0-10 and 
0-23 per cent. of carbon. The important distinction 
between the two series of alloys was found to lie in 
the difference in their response to an increase in carbon 
content. The lower-nickel alloy was shown, by tensile- 
test results, to harden rapidly and to lose ductility 
when the carbon was increased, while the higher- 
nickel alloy, which possessed a completely austenitic 
structure, hardened only moderately and retained its 
ductility in similar circumstances. Again, when 
subjected to cold rolling, the lower-nickel alloy was 
found to harden far more rapidly with increase in 
carbon content than the higher-nickel alloy. 

A third paper dealing with alloy steels was by Mr. 
K. E. Thum, and bore the title, ‘‘ The New Manganese 
Alley Steels.” The author stated that well over 
250,000 tons of medium-manganese steels were used 
per annum in the United States alone. In the as-rolled 
and normalised condition, they were used for steel 
rails, high-strength structural-steel members, ship 
and boiler plates, seamless steel tubing, and compressed- 
gas cylinders. In the heat-treated condition, medium- 
manganese steels, with or without another alloying 
element, found good use for such diversified parts as 
shock-resisting castings, carburised gears and machine 
parts, heat-treated forgings and pressed work, rifle 
barrels, leaf and helical springs, shear blades and 
non-deforming gauges. The standard open-hearth 
carbon-steel rails could be measurably improved by 
lowering the carbon to a range of from 0-55 to 0-70 
per cent., and increasing the manganese to from 
1-25 to 1-50 per cent. For seamless vessels to resist 
high pressures and temperatures, medium-manganese 
steels plus a little chromium offered good prospects. 
Steel of this type had also been used commercially for 
tubing. Medium-manganese steel containing a maxi- 
mum of 0-30 per cent. carbon, together with 0-30 per 
cent. silicon and 1-50 per cent. manganese, was used 
exclusively in Great Britain for drawing into thin- 
walled tubing for aircraft fuselages, especially for 
members with welded joints, a service for which a 
steel containing chromium (0-80 to 1-10 per cent.), 
and molybdenum (0-15 to 0-25 per cent.) was used 
almost exclusively in the United States. Each type 
had its advantages. 

An interesting application of the 0-35 per cent. 
carbon, 1-35 per cent. manganese steel was for cast 
anchor chain; besides its strength and toughness 
it resisted sea-water corrosion excellently. This was 
probably due to the very fine grain size of the sorbitic 
structure and the lack of free ferrite, rather than to 
any intrinsic characteristic of the manganese. Loco- 
motive frames and other large castings had been made 
of such steels, to which from 0-60 to 0-70 chromium 
had been added. The physical properties obtained after 
very careful heat-treatments were: Tensile strength, 
49 tons per square inch; yield point, 29 tons per 
square inch; elongation in 2 in., 18 per cent.; and 
reduction of area, 24 per cent. A most interesting 
recent development in steels for case hardening con- 
sisted in the adoption of a medium-manganese steel, to 
which a little molybdenum had been added. This re- 
duced the difference in properties, from surface to centre, 
in a heat-treated piece, improved the Izod impact 
value of the material, and refined the structure. More- 
over, medium-manganese steels containing molyb- 
denum carburised about 75 per cent. deeper in a given 
time than the nickel-molybdenum steels. This steel 
proved useful for inexpensive gears, where the load 
was steady and not severe, and where lubrication 
might at times be deficient. Gun-recoil springs for 
small-calibre naval ordnance were made of steel con- 
taining about 0-60 per cent. of carbon and 1-15 per 
cent. of manganese. Helical springs made of }-in. 
round rod of this material, oil-quenched and tempered, 
had withstood severe proof tests and behaved well 
in service. Steel containing as much as 0-80 per cent. 
of carbon and 2-0 per cent. of manganese could be 
successfully hardened in masses weighing 500 Ib., 
and was suitable for shear-blades for cold-cutting 
iron bars and scrap. After oil quenching and temper- 
ing, these comparatively cheap steels would give as 
good, or better, service than a chromium or chromium- 





vanadium steel with the same carbon content. 
Cast-Iron AND Wrovaurt-Iron. 

A paper entitled, “‘ Effect of Section Size on Physical 
Properties of Cast-Iron,” by Mr. A. L. Boegehold, | 
was embodied in the report of the Committe on Cast 
Iron. The author stated that the problem of the corre- 
lation of test-bar and casting involved the question of | 
the influence of the section size of the casting, and the 
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of the iron. In the present investigation, a pattern 
had been made up for pouring six test bars all from 
the same gate. The central portions of the test bars 
were all 1} in. in width, but the thicknesses ranged 
from } in. to 1} in. Two sides of each test bar were 
left as cast, and the other two sides were machined to 
remove the layer of metal affected by the skin cooling. 
The tensile-strength results showed higher strength 
in the smaller sections, and also higher strength in the 
low-carbon irons than in the high-carbon irons. This 
was in accord with existing information on this subject. 
As a means of determining the physical properties of 
iron in a casting, however, test bars such as those 
described could be used only in an indirect manner. 
The only way in which any correlation might be 
established between test-bar and casting was to make 
a Brinell hardness test on the particular section 
of the casting in question, and then assume that 
its tensile strength was the same as that of the test 
bar having the same Brinell hardness. Tensile tests 
on specimens cut from a casting would not be accurate, 
because the shape of the casting would, in most in- 
stances, not permit of cutting a test-bar of the proper 
shape to give an accurate tensile test. The success of 





this type of test, therefore, depended upon the ability 
to establish a relation between tensile strength and 
Brinell hardness for each iron composition. 

A second paper dealing with a similar subject also 
formed part of the Society’s Cast-Iron Committee’s 
report. This was entitled, ‘‘Comparison of the 
Physical Properties of Different Sections of Cast-Iron 
and of the Standard Arbitration Test Bar,” and was 
by Mr. M. V. Healey. The author stated that to pro- 


vide specimens for testing, a casting having wall thick- | 


nesses of } in., 1 in., 2 in. and 4 in. had been made 
in green sand, with adry-sand core. A pair of arbitra- 
tion test bars, conforming to Standard Specification 
A124-29 of the Society, was cast with the test casting 
in dry sand. The iron used was a variety adopted 
for making refrigerator-cylinder castings. Both the 
test casting and the arbitration test bars were allowed 
to cool before being broken out of the moulds. The 
results indicated that an arbitration test bar was 
harder and stronger than any section of a casting 





made from the same material, that a l-in. section had 
better physical properties than thinner or thicker sec- | 
tions, and that, above 1 in., the properties were in- 
versely proportioned to wall thickness. Both 1-in. | 
and }-in. section had practically the same microstruc- | 
ture. Specific gravity determinations showed, how- | 
ever, that the 1-in. section was appreciably the denser. 
The suggested explanation was that the $-in. section, 
owing to poor feeding, had a sub-microscopic porosity 
which accounted for its lower hardness and other 
inferior properties. 

The report of the Society’s Committee on Wrought 
Iron contained a new definition of that material. This 
was to the effect that the product was a ferrous material, 
aggregated from a solidifying mass of pasty particles of 
highly-refined metallic iron, with which, without subse- | 
quent fusion, was incorporated a minutely and uni- | 
formly distributed quantity of slag. A paper by '| 
Mr. J. H. Higgins was added to the report as an appen- | 
dix. This was an account of an “ Investigation of | 
the Effect of Phosphorous in Wrought-Iron.” Mr. | 
Higgins stated that the materials employed in the | 
investigation comprised 11 lots of 6 bars, making a 
total of 66 bars, of stay-bolt quality, box-piled wrought- 
iron. The phosphorus content ranged from 0-059 per 
cent. to 0-452 per cent. The deduction to be drawn 
from the test data was to the effect that the tensile | 
strength and yield point of wrought-iron were in- 
creased, and that the elongation and reduction of area 
were decreased, with an increase in the phosphorus 
content. The vibratory tests also showed an increase 
in vibrations before failure as the phosphorus increased. 
The results of the vibratory test did not confirm the 
experience of the users of wrought-iron in service, 
where ductility was considered of great importance, 
although they did confirm the results of Mr. H. F. 
Moore’s investigation of the fatigue of metals, in which 
he had found that the endurance limit of wrought 
ferrous metals was a function of the tensile strength 
rather than of the ductility of the material. Some 
metallurgists maintained that wrought-iron had par- 
ticular merit in being able to recover during idle 
periods, following repeated stresses. If the ability 
of metal to recover varied directly with the ductility, 
the superior performance of the lower-phosphorus 
wrought-iron in actual service might be thus explained. 
In the vibratory test adopted in the present investiga- 
tions, there were no rest or recovery periods, and the 
higher-phosphorus irons, possessing increased tensile 
strength and lower ductility, withstood a greater 
number of vibrations than the low-phosphorus irons | 
having a lower tensile strength and greater ductility. 


ENDURANCE AND MECHANICAL PROPERTIES OF 
METALS. 


In a paper on “ Fatigue Tests of Fillet Welds,’ 
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fatigue test data on fillet welds, covering the effects 
of machining, spacing, and size of weld. The authors 
stated that the tests were all made on rotating-cantilever 
specimens 1 in. in diameter. The size of the fillet 
weld was found to have a distinct influence. If a 
comparatively large fillet weld were tested, fracture 
occurred at the base of the weld. If, however, the 
thickness of the weld metal were reduced, in the cases 
investigated, to 0-3 in., or less, failure occurred through 
the weld metal, and, in such a case, failure commenced 
at the inside. Further, it was found that the fatigue 
strength of a fillet weld could not be increased 
appreciably by machining a radius at the base of the 
weld. Spacing was found to reduce the fatigue strength 
considerably. Some of this effect was undoubtedly 
due to the fact that the section modulus was somewhat 
reduced by separating the two bars which, when 
butted tight, were capable of carrying compressive 
stresses. 

‘* Specimens for Torsion Tests of Metals” formed 
the subject of a contribution by Messrs. R. L. Templin 
and R. L. Moore, who stated that the problem of 
torsion-specimen design resolved itself into one of 
determining what limitations must be observed in 
the use of specimens of hollow section. In the present 
tests on wrought and other aluminium alloys, the 
influence on the observed shearing properties of two 
variable elements had been considered, namely, the 
effect of the ratio of the outside diameter of the 


specimen to wall thickness, 2 , and that of the ratio 
of the length of thin-walled section to the diameter, 
- The results indicated that, for determinations 
of shearing strength, the hollow specimen having a 
> ratio of from 12 to 14 and an ; ratio of about 0-5 


was satisfactory. Specimens having a > ratio of 


about 10 were apparently best suited for elastic-limit 
and shearing yield-point determinations. Comparative 
results from hollow and solid specimens showed little 
variation in the values of the modulus of elasticity 
in shear. In the authors’ opinion, the increasing 
demand for accurate information regarding the shearing 
properties of structural materials emphasised the need 
for a definite form of specimen and method of test. 
A paper entitled, ‘“‘ The Effect of Temperature upon 
the Torsional Modulus of Spring Materials,” was 
presented by Mr. F. P. Zimmerli, Professor W. P. 
Wood, and Mr. G. D. Wilson. The authors stated that 
the torsional moduli of a number of metals and alloys 


‘in wire form had been investigated over a temperature 


range extending from — 75 deg. C. to 425 deg. C. 
These values had been determined on account of the 
increasing use of metals in torsion at temperatures other 
than atmospheric. The valve springs of aircraft engines 
furnished an example of this. The results showed that 
there was a general downward trend in the modulus 
as the temperature increased from 25 deg. C. to 455 deg. 
C; on the other hand, as the temperature increased 
from — 75 deg. C. to 25 deg. C., the alloy steels and 
non-ferrous metals showed no regular change in their 
moduli. The carbon steels, however, showed a regular 
decrease in modulus through this temperature range. 
The modulus of the stainless steel known as KA-2 
(containing 0-08 per cent. carbon, 17-90 per cent. 
chromium, and 8-20 per cent. nickel) was lower than 
that of any of the other steels. Monel metal showed 
great superiority at all temperatures to phosphor 
bronze and brass. 

In his paper, “‘ The Effect of Under-Stressing on 
Cast Iron and Open-Hearth Iron,” Professor J. B. 
Kommers stated that many investigators had reported 
that repeated stresses, at or just below the endurance 
limit, would strengthen the material, so that the 
new endurance limit was higher than before. With 
the object of increasing the present knowledge of 
fatigue phenomena, some under-stressing tests had 
been made on grey cast-iron, a relatively non- 
homogeneous material, and on Armco open-hearth 
iron, a very homogeneous material. The results 
obtained led to the conclusion that, in an ordinary 
fatigue test, there was usually a strengthening and 
a destructive process going on simultaneously. A 
homogeneous material like Armco iron developed a 
greater proportion of the maximum possible endurance 
limit than did a non-homogeneous material like 
grey cast-iron. The reason for this seemed to be 
that in Armco iron there were no large flaws like the 
graphite “notches” in cast-iron, and in the race 
between the strengthening effect and the destructive 
effect, there was opportunity for the strengthening 
process to achieve results. In the case of the grey 
iron, on the other hand, it was probable that the 
graphite notches produced concentrations of stress 
which prevented the strengthening process from being 
effective. In under-stressing, as distinguished from an 
ordinary fatigue test, the Armco iron could be 


attendant cooling rate, upon the physical properties! Messrs. R. E. Peterson and C. H. Jennings, gave strengthened somewhat, but not a great amount, 
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because, even in the ordinary fatigue test, Armco 
,iron was strengthened very considerably, as shown 
' by the fact that the endurance limit was higher than 
the yield point. In under-stressing grey cast-iron, 
the stress, being below the endurance limit, permitted 
the strengthening process to take place because cracks 
were not being rapidly propagated. The strengthening 
process which was not effective before had now an 
opportunity to proceed, with the result that grey 
cast-iron could be strengthened by very considerable 
percentages. 

In ‘‘A Note on Fatigue Tests of Nitrided Steel,” 
Mr. N. L. Mochel showed that a steel of commercial 
quality, having the following percentage composition ; 
C, 0-35; Mn, 0-54; Si, 0-22; Ni, 0-20; Cr, 1-67; 
Al, 0-91; and Mo, 0-20, had an endurance limit when 
tested in a rotating cantilever machine, of 34 tons per 
square inch. After nitriding the endurance limit was 
37-5 tons per square inch. Two specimens were tested 
at 37-5 tons per square inch to 225,000,000 reversals 
without failure. 

In the course of their annual report to the Society, the 
Corrosion Committee stated that the results of field 
tests on metallic coatings indicated conclusively that 
the sulphur atmosphere of industrial centres produced 
soluble zine components which greatly shortened the 
life of a zinc-coated sheet. Hardware specimens, at 
the end of about 16 months’ exposure, were showing 
failures in the cadmium, lead, calorised, and the 
Sherardised and electroplated zinc coatings. The 
hot-dipped galvanised and _ hot-dipped aluminium 
coatings were giving very good results with no failures. 
Total immersion tests in running Severn River water 
at Annapolis, Maryland, extending over 10 years, 
had indicated that there was no material difference in 
corrosion resistance between copper-bearing iron and 
steel under the conditions of the test. 

An interesting paper by Professor I. H. Cowdrey, 
dealt with ‘‘ Hardness by Mutual Indentation.” The 
author stated that his investigation had shown that the 
mutual indentation of cylinders, identical in size, 
made from the same material and pressed together 
under proper loads while their axes were maintained 


parallel, afforded a means of determining Brinell 
hardness. Over a wide range of materials and hardness 
values, there was a constant relation between the 


Brinell hardness and the quotient obtained by dividing 
the load applied by the area of the mutual indentation 
produced. This relation appeared to be independent of 
size and proportion of cylinders, between fairly wide 
limits. Moreover, the relation appeared to be indepen- 
dent of the load, when the Brinell hardness was less 
than 150; with higher values of Brinell hardness, it 
appeared to be necessary to employ pressures of not less 
than 3,000 kg. The diameter of the cylinders used 
ranged from 5 to 15 mm. and their length was either 
10 mm. or 15 mm. The continuous introduction of 
harder and harder alloys had made the measurement of 
of their hardness a problem of increasing difficulty. 
As the hardness of the materials approached that of 
the Brinell ball, its determination became more and 
more unreliable. Mutual indentation entirely elimi- 
nated this difficulty. Furthermore, by means of 
mutual indentation, tests could be made at tempera- 
tures at which the Brinell method could not be used 
directly. 
AIRCRAFT MATERIALS. 


A symposium of seventeen papers on the choice, 
treatment, and testing of aircraft materials was also 
presented at the Atlantic City meeting of the Society. 
One of these, by Mr. J. Strauss, referred to ** Special 
Alloy Steels Used in Aircraft Construction,” and in 
the course of it the author mentioned a chromium- 
cobalt-molybdenum steel used to a large extent for 
aero-engine valves. Its percentage composition was 
as follows: Carbon, 1-30; chromium, 12-00; cobalt, 
3-50; and molybdenum, 0-75. The heat-treatment 
employed usually consisted in heating to 900 deg. C., 
followed by relatively slow cooling to 700 deg. C., and 
then cooling in air. This steel, at the maximum 
temperatures employed, scaled slightly as a result of 
the attack of exhaust gases, but possessed excellent 
strength and consequently did not show distortion or 
galling of the stem. In another paper dealing with 
‘** Corrosion-Prevention Methods,” Dr, H. S. Rawdon 
stated that corrosion-resisting steels were used only 
to a limited extent in the aircraft industry. Whenever 


practicable, all the steel structural parts of an aeroplane | 


were plated, either with zinc or cadmium, the preference 
being apparently somewhat in favour of cadmium. 
The plating was followed by a priming coat of iron- 
oxide linseed-oil paint, and finally by a lacquer or 
enamel. The inside of closed tubular members were 
filled with raw linseed oil, drained and sealed,while 
open-ended tubular members were coated inside with 
the iron-oxide priming paint. Duralumin parts of 


seaplanes were treated by the anodic-oxidation process 
prior to the application of the priming coat of paint 
and of the final finishing coating. 

a contribution on 


In “Metal Joints in Aircraft 





Construction,” submitted by Mr. T. Watson Downes, 
the author was of opinion that satisfactory gas and 
arc welds of the usual aircraft-constructional steels 
could be accomplished with the aid of a good grade 
of steel welding rod containing not more than 0-06 
per cent. of carbon, 0-15 per cent. of manganese, 0-04 
per cent. each of phosphorus and sulphur, and 0-08 per 
cent. of silicon. When making butt welds of aluminium, 
a filler rod was necessary. This might be either the 
parent metal or an alloy containing 5 per cent. of 
silicon and 95 per cent. of aluminium. The silicon- 
alloy had a lower melting point than the metal to be 
welded, and was not hot shot, which characteristics 
helped to reduce cracking at welds. Heat treatment 
of Duralumin after welding should be carried out for 
the double purpose of minimising corrosion at the 
weld and improving its strength. Unless heat treated, 
corrosion would occur, apparently by electro-chemical 
action. Most aluminium solders were zinc-tin base 
alloys with or without additions of aluminium, cadmium, 
and copper. On account of the strongly electro- 
positive nature of the metal, soldered joints of alumin- 
ium were subject to rapid disintegration in the presence 
of moisture, owing to galvanic action. If moisture 
were excluded, however, the condition of the joint would 
be unaffected by age. 

Another of the papers in the symposium dealt with 
“ Applications of Stampings, Forgings and Castings in 
Aircraft Construction.”” The author, Mr. H. G. Runde, 
stated that in the last few years the aircraft industry 
had increased its use of stampings, castings and forgings 
to a very great extent, and, with a demand for increased 
production of aeroplanes, there would com: a still 
wider use of these methods of manufacture. In the 
past, cost had not been so important as it had been in 
other industries, the effort having been to develop 
the best aeroplane by any means available. The cost 
of producing machines was now being recognised, and 
was playing a part of ever-increasing importance. 
Typical parts for which stampings might be effectively | 
employed, in addition to fittings, were radiator shells | 
for water-cooled motors, stream-line shapes for exposed | 
struts and similar work, fuel and oil tanks, wheels, and | 
brake and shock-absorbing units. A most fertile field 
for stampings lay in the many ribs of all types, whether | 
for wings, tail surfaces, floor or walk bracing. Castings | 
had found, perhaps, a wider us2 in the past than had | 
forgings, on account of their cheapness in limited num- 
bers and the convenience with which difficult shapes 
could be formed. Aluminium alloys predominated in 
this field because they offered a satisfactory strength- 
weight ratio, combined with good casting qualities, 
good machinability and comparative freedom from 
flaws. 


THE DARDELET SELF-LOCKING 
SCREW THREAD. 


ALTHOUGH we have had neither the time nor the 
inclination to calculate the length of bolt required to 
accommodate all the nut-locking devices produced so 
far, we are confident that both the task and the bolt 
would be a very long one. The number of such inven- 
tions is, perhaps, a measure of the importance of the 
problem, and the fact that they continue to appear is 
certainly an indication that it has not yet been solved 
to the satisfaction of all concerned. Sometimes nut- 
locking devices which would be quite effective depend 
upon the employment of a separate part which may 
be omitted, others require special tools for their appli- 
cation or removal, involve a special operation which 
may be forgotten, or are costly and complicated. 
These and other drawbacks of a similar character 
appear to be absent from a device to which our atten- 
tion has recently been called, known as the Dardelet 
self-locking screw thread, and illustrated in the accom- 
panying figures. 

As will be seen, the forms of the threads for the nut 
and bolt are somewhat different. The portion of the 
bolt between the threads is made slightly tapered, 
with the parts of smaller diameter nearer the head, 
i.e., towards the left in the figures, while the crests of 
the threads in the nut are tapered to the same angle 
in both directions. Fig. | shows the relative positions 
of the bolt and nut while the latter is being run on. 
The thread of the nut, it will be seen, then moves in 
the deepest part of the groove on the bolt, and as 
there is ample clearance, the nut can easily be applied 
with the fingers only. When, however, the nut is 
seated on to the work it first takes up the position on 
the bolt shown in Fig. 2, in which one of the tapered 
surfaces on the crests of the threads of the nut makes 
contact with the tapered surface between the threads 
on the bolt, and the locking effect commences. This is 
completed by tightening up the nut with an ordinary 
spanner, the nut, owing to the slight stretching of its 
material, finally taking up the position shown in Fig. 3, 
in which the threads on the nut abut against those of 
the bolt. It will be noticed that with the nut in the 
locked position the load is mainly supported on the 

















abutting surfaces of the threads. 


In tensile tests, carried out at the National Physical 
Laboratory, on four $-in. bolts screwed and fitted at 
one end with Whitworth nuts and at the other end with 
Dardelet nuts, the former failed in all cases while the 
Dardelet threads and nuts were undamaged. Similar 
results were obtained in comparative tests with British 
Standard fine threads and Dardelet threads. In 
impact-tensile tests carried out at the same institution, 
the energy absorbed in fracturing the Dardelet bolt 
and nut was found to be 71 per cent. greater, on the 
average, than the corresponding figures for British 
Standard Whitworth bolts of the same size, tested 
under identical conditions. For these tests, four pairs 
of 4-in. bolts were machined from two bars of mild steel 
and two of free-cutting steel, one bolt in each pair being 
screwed with a Whitworth thread and the other with a 
Dardelet thread. Special nuts, having a threaded 
length of 1} in., were fitted to each bolt, but the two 
bolts forming a pair were not separated until after 
their arrival at the Laboratory ; there can thus be no 
question that the same material was employed in each 
pair. The actual figures for the energy absorption, 
in the case of the mild-steel bolts with the Dardelet 
threads, were 466 ft.-lb. and 384 ft.-lb., and for the 
bolts of the same material with Whitworth threads, 
278 ft.-lb. and 236 ft.-lb. The corresponding figures 
for the bolts of free-cutting steel were 462 ft.-lb. and 
359 ft.-lb. with the Dardelet threads, and 220 lb. and 
250 lb. with the Whitworth threads. 

Dardelet bolts and nuts were also subjected to 
vibration tests on the shaking machine of the Labora- 
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tory, the bolts being used to attach masses of about 
12-lb. weight to various parts of the vibrating frame 
of the machine. The average speed of the oscillator 
on the frame was 1,230 r.p.m., and the amplitude of the 
motion was from } in. to % in. The test was continued 
for a total duration of 70 hours 40 minutes, during 
which the frame received about 5,250,000 vibrations, 
but at the end of the test no movement of the nuts on 
the bolts could be detected. The nuts and bolts are 
made in this country by Messrs. British Dardelet 
Threadlock (D.D.G.) Corporation, Limited, whose 
London office is at 42, Kingsway, W.C.2, their works 
address being Gorst Road, North Acton, Middlesex. 








West AvusTRALIAN AIR SERVICES.—The north-west 
service of Messrs. The West Australian Airways, Limited, 
has recently been extended from Broome and Derby to 
Wyndham, in the extreme north of West Australia. The 
extended service will operate during eight months of 
each year, omitting the four midsummer months. A 
bi-weekly air service between Kalgoorlie in the south, 
and Wiluna, via Leonora, has also been instituted. 

Science Hovusr, SypNeEy.—The foundation stone of 
Science House, Sydney, was laid by the Governor of 
the State of New South Wales, Air Vice-Marshal Sir 
Philip Game, K.C.B., on June 24 last. As has been al- 
ready stated in ENGINEERING this building is intended 
to accommodate a number of learned societies, among 
which are the Royal Society of New South Wales, the 
Linnean Society of New South Wales and the Institution 
of Engineers, Australia. The House will be controlled 
by a committee composed of members of the several 
societies. The building has a frontage of 111 ft. on 
Gloucester-street, and of 57 ft. on Essex-street. It will 
have six storeys, but the construction will be such that 
three further storeys can be added, if necessary, at a 
later date. The main hall will normally seat 240, but, 
if required, space can be found for another 100 persons. 
The first floor will be occupied by the Royal Society, 
while the second floor will be tenanted by the Institution 
of Engineers. The third, fourth, and fifth floors have 
been reserved for the Linnean Society, the Standards 
Association, and the Institute of Architects respectively. 
Rooms on most of the floors, however, have not yet been 
allocated and will be at the disposal of other kindred 
bodies. The architects are Messrs. Peddle, Thorp, 
and Walker, and the builders, Messrs. John Grant and 
Sons, Sydney. The cost of the building will be in the 
neighbourhood of 45,0002. 
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THE RATIONAL DEFINITION OF 
STEAM TURBINE EFFICIENCIES. 
By G. Darrievs. 


RECENT improvements in power-station practice 
have been mainly due to the more general adop- 
tion of higher pressures and superheats, and to 
the introduction of progressive feed heating and the 
device of reheating. They have been based mainly 
on a belated but nevertheless rational application 
of the fundamental principles discovered by Carnot. 
The complications thus arising have led, little by 
little, to the abandonment of the long established 
practice of basing guarantees on the steam con- 
sumption, its place being taken by the number of 
heat units required per kilowatt-hour. 

This plan, which presupposes an adequate know- 
ledge of the properties of steam, may be satis- 
factory for the purposes of a contract but it fails 
to bring out the intrinsic merits of the turbine 
proper, since the heat rate depends not only on 
the excellence of the turbine but also on the quality 
of the steam supplied. It was to meet this draw- 
back that the concept of thermodynamic efficiency 
was originally introduced, and the author proposes 
to show that the doctrine of available energy makes 
it possible to define this efficiency in a perfectly 
rational and non-ambiguous way. The usual 
definition cannot, in fact, be applied to the more 
complex cases which have now to be considered, 
save in a somewhat uncertain and arbitrary manner. 
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Suppose that the steam supplied to’ a 
turbine has, at entry, the total heat or 
enthalpy, I= U+ ApV, and that the 
condenser pressure is specified. Then 
according to ordinary usage, the thermodynamic 
efficiency is defined as the ratio between the power 
actually developed by the turbine and the power 
due from an ideal turbine operated with the same 
steam and with the same condenser pressure, there 
being no frictional losses, and the expansion being, 
therefore, adiabatic. In the Mollier diagram the 
change of state due to this adiabatic expansion 
will be represented in Fig. 1 by the segment of the 
ordinate A P taken between the initial state-point 
A, and the point P, where this ordinate cuts the 
isobar which corresponds to the condenser pressure. 
The adiabatic heat-drop a is then given by the 
relation 4 = I, — Ip. In the equivalent case of an 
actual turbine the condition line is represented 
by a curve such as A B, corresponding to which we 
have (bearing friction and radiation losses being 
neglected), the smaller heat-drop a! = I, — Is. 

The thermodynamic efficiency is then the ratio 


A This is directly 


analogous to the usual expression for the efficiency 
of an hydraulic turbine, and the procedure can, 
moreover, be justified by the fact that if the ratio 
of expansion be small and the speeds of efflux 
moderate, it is legitimate to neglect the elasticity 
of the fluid. In that case not only are the losses 
in the steam and the hydraulic turbine identical 
in kind, but the hydraulic efficiency is the same 
for both, provided always that both are also 
characterised by the same Reynolds number. 

In the simple case of an ordinary turbine operated 
without bleeding, the above definition, moreover, 
requires a knowledge only of the initial and final 
states of the steam, and is thus quite free from 
ambiguity. Matters are very different with the 
plant now usual in large power stations, where the 
turbines are bled for feed heating, reheating, and the 


of the two heat drops, or 








like. It is then necessary to consider, in addition to 
the condenser pressure and the state of the steam as 
delivered at the stop valve, a series of other inter- 
mediate states, which depend at least partially 
on the working of the turbine, and cannot be 
specified entirely a priori. It thus becomes 
impossible to define unambiguously an ideal cycle 
of operation, which might serve as a basis for com- 
parison. 

Indeed the various definitions which have been 
proffered to meet this general case have all been 
more or less arbitrary, so that the very notion of 
thermodynamic efficiency thus conceived is affected 
by a fundamental uncertainty, which has been 
avoided by no rational criterion* as yet proposed. 

A rational definition which can be applied 
without ambiguity to the most general case of heat 
engines, appears possible only when concepts 
derived from hydraulics are abandoned and replaced 
by others based on the doctrine of available 
energy.T 

By available energy is denoted the maximum of 
useful work, which given T, as the absolute tem- 
perature of the surroundings can be developed by 
a system of which the initial state is known. This 
maximum of useful work is attainable by every 
reversible cycle realisable by any kind of perfect 
heat engine, the initial internal energy being U, 
and the system after having done its work, being 
at rest, and in equilibrium with its surroundings, 
both as regards temperature and pressure. 





In the most general case the data may comprise 
not only a specification of the working agents 
(such as fuel of a definite quality and condition, 
or steam at a given pressure and temperature, 
&c.), but may also provide that the system dis- 
charges these bodies or working agents, in states 
also specified (such as burnt gases at a given tempera- 
ture, or condensate, or exhaust at a stated pressure). 

In every case the available energy is equal to the 
decrease, from the initial to the final state, of the 
quantity U — T, 8, where S denotes the entropy 
of the system. 

In'short, the passage from one state to another, 
provided it is effected through the agency of a per- 
fect engine; that is to say, with perfect reversi- 
bility, must involve no increase of entropy for the 
ensemble constituted by the system and its sur- 
roundings. Hence the changes in the entropy of 
this system, and in that of the medium around it, 
must be equal and of contrary sign. It follows, 
accordingly, that whatever heat passes from the 
system to the medium must satisfy the relation- 
ship f T,dS=T, AS, where AS denotes the 
decrease in the entropy of the working agent 
and the increase in that of the surroundings. The 
corresponding diminution AU in the internal 
energy of the system yields, therefore, a maximum 
useful work or of available energy which can 





* This difficulty has been impressed on the author 

rincipally by Professor A. Anastasi, of the Royal 
Delacecing School, Rome, and by Mr. H. L. a 
of the Metropolitan Vickers Company. He is further 
indebted to Dr. von Freudenreich and Mr. C. Seippel, 
of the firm of Messrs. Brown, Boveri and Company, for a 
number of interesting criticisms, of which account has been 
taken below. . 

+ This notion of available energy, introduced by 
Maxwell, has been developed mainly by Kelvin and Gibbs, 
and later on by Gouy. 





be expressed as A U — T, AS-= a (U — T, S).* 
Coming next to the case of an engine operated 
with steam which follows a closed cycle, the work 
due to the pressure p for a displacement V, corre- 
sponds to an addition to the flux of the internal 
energy which accompanies the displacement of the 
fluid. This supplementary term is proportional to 
pV, or, say, to pv per unit of mass, where v 
denotes the specific volume of the fluid. Hence 
the available energy is in this case represented by 
the decrease in the value of w= u+Apv—Tys 
= t — T, s, where u, i and s, represent, respectively, 
the internal energy, the total heat and the entropy 
per unit of mass. 

The term T,s represents the minimum. tribute, 
which, by Carnot’s principle, the ambient medium 
must levy on the total energy u under the form of 
heat discharged to the sink. é 

The whole of the available energy, defined as 
above, is capable of being transformed into work 
by a perfect engine, so that the rational, and, in- 
deed, necessary definition of the efficiency of an 
actual engine, is the ratio of the useful work done 
by it to the available energy supplied to it. The 
latter can be calculated for any turbine whatever 
by drawing up a balance sheet of the available 
energies supplied to it, and delivered from it. The 
entries in question will be the exchanges, at different 
pressures and temperatures, of fluid with the 
exterior, placing to debit the quantities which 
represent the admission of steam to different stages, 
and to credit those corresponding to the extraction 
of steam, drain losses, condensate, &c. : 

In the simple case of a turbine which is not bled, 
and in which it is assumed that, the condenser 
temperature represents that of the surroundings, 
the evaluation made, as described above, of the 
supply of available energy or decrease, in the 
expression u-+ A pv — Ts, between steam chest 
and condenser, coincides with the heat drop for an 
ideal adiabatic expansion from the initial state 
of the steam to the isobar corresponding to T), 
provided that the steam is wet at the end of the 
expansion. In this case indeed the available energy 
w =1— Ts is constant along the isotherm Ty, 
which corresponds to the temperature and to the 
pressure of the condensate, since along this line, 
the entry of which constitutes the increase of 
total heat, corresponds also to the increase of the 
term T,s. At every other pressure, on the con- 
trary, corresponding to higher temperatures, the 


variation f T d 8 of i, along the isobar, for increasing 


temperatures and entropies, is greater than that of 
T, A8, so that the available energy also increases 
along the isobar. 

In the case of a back-pressure turbine, for example, 
the superheating due to the frictional losses and 
throttlings, which accompany the expansion, adds 
to the thermodynamic value of the steam discharged, 
which is thus greater than if the expansion had been 
adiabatic. The passage from the one state to the other 
by a reversible path would, in fact, yield a certain 
quantity of heat, of which some part would be 
available for conversion into work, since its tem- 
perature would be higher than the ambient. 

Owing to this phenomenon, which is represented 
under another form (less lucid in the writer’s 
opinion) by the reheat factor, the thermodynamic 
efficiency corresponding to the same ratio AQ: AP 
(Fig. 1) of the actual and adiabatic heat drops, 
or to the same efficiency as usually defined, only 
coincides with this latter if the expansion is carried 
down to the ambient temperature, and the dis- 
crepancy will be the greater the higher the tem- 
perature of the exhaust. 

The concept of available energy, in making it 
possible to fix precisely through all its changes of 
state the true value of the working agent, has 
therefore the advantage of providing at every stage 
an estimate, at once exact and immediate, of the 
efficiency of operation, as well as a definite estimate 
of the losses, lacking which it would be necessary to 





* The system in question is supposed to be isolated, 
and entirely surrounded by a medium at the temperature 
T, of the sink. Hence any useful work done must be at 
the expense of the internal energy of the working agent. 
The quantity of heat delivered to the sink is T, A 8S, and 
hence the difference between this and the decrease of 
internal energy must represent the useful work done. 
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lump them together and provide for them by correc- 
tions based on auxiliary considerations such as 
the “reheat factor.” For example, a throttling 
at constant total heat which increases the entropy 
by As involves a loss T,A8, which represents 
directly the corresponding decrease in the available 
energy, 1 — Ty s. 

The constancy, for the system under consideration, 
of the basic temperature T, involves the deduction 
that the lines of equal available energy are repre- 
sented on the Mollier diagram by parallel straight 
lines inclined at the same slope, T,. 

One of these straight lines coincides, in the satu- 
rated field, to the isotherm T, and to the corre- 
sponding isobar (Fig. 2). But the other lines of 
equal available energy coincide with the isobars only 
at the points where, if any, these intersect the isotherm 


T,. This follows from the relationship (3: ) = T, 
* D 
from which we get [$F = T — T,.* 

It is natural to assume for the zero of available 
energy the state corresponding to saturation at the 
temperature T,. In that case the energy which has 
been available in an adiabatic expansion from the 
point A (Fig. 2) down to the line w, is simply the 
intercept A A). Similarly, the 





pressure of 14-8 kg. per square centimetre, and at 
a temperature of 450 deg. C. It is then expanded 
down to an absolute pressure of 0-033 kg. per square 
centimetre which corresponds to a vacuum of 
96-5 per cent., and to a condensation temperature 
of 27 deg. C. It will therefore be assumed that 
T, = 273 + 27 = 300 deg. K. 

Let us further assume that the turbine is bled, for 
feed heating purposes at two points, at the first of 
which the fraction «,= 0-08 of the original supply 
of live steam is withdrawn at a pressure of 3-5 kg. 
per square centimetre, whilst at the other the 
corresponding fraction is «, = 0-09 and the pressure 
is 0-8 kg. per square centimetre. It will, moreover, 
be assumed that, following the ordinary definition, 
the efficiency ratio of the high pressure section is 
80 per cent., that of the remainder being 86 per 
cent. 

On plotting on the Mollier diagram of Stodola, 
the state points defined above, as in Fig. 3, we get 
the table given below. 

The minus sign in the last line arises from the 
fact that the zero for the expression 1 — T, s, which 
represents the available energy, corresponds to the 
identical state (water at 0°C.), which has been arbi- 























ing to saturation at the temperature T, = 27 deg. C 
It is then merely necessary to measure from the 
diagram the ordinates from this line to the state 
points concerned, or what comes to the same thing, 
to add four calories to every number in the last 
column of the table already given. 

The balance sheet representing the debit and 
credit of the available energy supplied to the turbine 
per kilogram of steam is then as follows :— 














—— Debit. | Credit. 
Live steam sh - aA 312-5 — 
Steam withdrawn for reheating ; _ 220 
Steam returned from reheater <a --| 269-5 _ 
Eight per cent. of total steam bled at 3-5 kg. 
per square centimetre ae ea gs — 14-3 
Nine per cent. of total steam bled at 0-8 kg. 
per —— centimetre ai es ee _ 9-6 
Steam —— to the condenser (83 per 
cent. of total) a af wa an _ —3°3 
Totals 582-0 | 240-6 








Balance = 341-4 k. cal. 





This balance represents the energy which could 
have been converted wholly into work by a perfect 
turbine, receiving and delivering the same quantities 
































energy available between any two ig. 3. : Fig.4. ‘ 
states A and B is represented by Pai . re v ” Py a Wye ie 
AP’, where P’ represents the point 800 4 | nae Cn em Pe. Pil 
where A A) is cut by a line through . Fs 9 it Le we 
B drawn parallel to the line w = 0. (S, W0Kg: Gn? xg Za yer Os ay oy 
The corresponding rational thermo- 4 / \ 450° - & Sz ii cai a 
dynamic efficiency is equal to the KY ~ Pa iil 2 i se 
ratio» = “&> where A Q repre- / | al a Pgh a  “ 
+” <2 P / 3-5Kg: Cn? Na Fg ne a 
sents the useful work actually done. vie hz OO awe awe p< = 
As ordinarily defined the thermo- 700 4 z 49; Ws_- ss 2 wWo eee Z 
dynamic efficiency is represented Wf. 1§Kg: Cn’ y Ws ee (4 {oe  _ ae 
a? , NZ- i- ee See 

by the ratio AP’ : , Ry. we O-8Kg: ™ m aa = we 
" Since the slope T, of the w lines So —_1 4 ~ ail ye 
is {uniform throughout the whole ,§ ra a Ihe nt! ales 
diagram, we have, corresponding 7 yy i ot oe Ss >_< S 
to each value of the efficiency, a $97 * oe ane “ENGINEERING” 
definite inclination of the line A B. 600 ye ral 
This consideration simplifies the Ps wr -~ |of steam at the same pressures and temperatures, 
tracing of the condition lines and (2097.0) that is to say, working on the same cycle but re- 
constitutes an interesting practical F versibly. The efficiency will then be represented by 
advantage of the proposed new 7 trarily chosen as| the ratio to this of the work done by the actual 
definition of thermodynamic effi- AY the zero of the| turbine. 
ciency. ca functions ¢ and| This work, can, if we neglect bearing friction and 

Thanks to this property, the 8. Nevertheless | radiation losses, be obtained at once from the total 
overall thermodynamic efficiency, 500 oA s _ this state, since| heats i already tabulated and is thus equal to 
as defined above, of any system bi 6 +7 18 19 it corresponds to 7172-5 — 692 + 0-08 (802-5 — 720) 
is always equal to the properly  (2097.c) Entropy “ENGINEERING” a temperature + 0-09 (802-5 — 656) + 0-83 (802-5 — 561) = 
weighted mean of the efficiencies 27 deg. below 300-8 k. cal. 


of the components, and in particular is equal 
to their common value if all have the same 
efficiency. This is not the case if the ordinary 
definition be adopted, since on this basis the overall 
efficiency ratio of a steam turbine is, owing to the 
reheat, greater than that of the stage efficiency. 
This disturbing discrepancy demonstrates the 
artificial and defective character of the usual 
definition. 

To fix the ideas, consider the case of a steam tur- 
bine supplied with steam at a pressure of 100 kg. per 
square centimetre,and at « temperature of 450 deg. C. 
Let the steam be expanded down to a pressure of 
18 kg. per square centimetre, and then withdrawn 
and reheated, being returned to the turbine at a 





* We have the relationship 
Op , 
A = > A 
Pm 5é 1, isi 


Hence, if p is constant, we gei 


OP 


AY ,4* 


but 


represents the tangent to the p curve on the chart. 
Moreover, T, also 

Hence when T = Ty 
gent to w.—Ep. E.] 


yg mgs the slope] of the w line. 
the line of constant pressure is tan- 


that adopted as the temperature of the condenser, 
possesses as a source of cold, a positive available 
energy with regard to thecondenser. Thisis shown 
on the diagram by the fact that the straight line wy, 
lies under the zero point (see Fig. 4). Indeed if, in the 
Mollier diagram we neglect the specific volume of the 





i — Ts. 





State of Steam. t | e | i 








Deg. 

Live steam at 100 kg. per 
square centimetre and 
at 450 deg. C. .. of 

Steam expanded down to 
18 kg. per square centi- 


450 1-553 772-5 312-5 


244 1-574 692 220 


me! es * a 
Steam at 14-8 kg. per 
square centimetre, re- 
heated to 450deg.C .. 
Steam bled at 3-5 kg. 
per square centimetre. . 
Steam bled at 0-8 kg. 
per square centimetre. . 
Exhaust at 0-035 kg. per 
square centimetre 


269-5 
179 
107 
—4 


802-5 
720 
656 
561 


1-778 
1-803 
1-830 
1-883 


450 
275 
135 


27 

















liquid as compared with that of the vapour, all the 
static points representing the liquid phase lie very 
nearly on a single line which coincides with the branch 
OC of the saturation line (Fig.4). Hence the isotherms 
and isobars in the saturation field and in particular 
the straight line w) have the curve O C for envelope, 


in virtue of the relation ES Else- 


where they stand quite clear of the saturation line. 
In practice, therefore, it is preferable to adopt 
as the zero line of available energy that correspond- 


=v=0. 





The rational thermodynamic efficiency of the 

turbine is therefore 
300-8 
"= 341-4 

This value is, therefore, notably greater than 
the efficiency ratios of either section of the turbine. 
This is as it should be, in view of the partial recovery 
of the losses which is particularly marked in those 
portions of the cycle which correspond to tempera- 
tures much above that of the condenser, and which 
alone are concerned with the fractions of the total 
flow which are bled off for reheating. 

This higher estimate of efficiency, far from being 
open to objection, ought to be considered as just 
and opportune since, in the first place, it leads to a 
more precise appreciation of the real value of the 
losses in the high pressure stages, where, owing to 
the small blade heights, the relative importance 
of tip clearances and gland leakages makes it difficult 
to obtain high efficiency ratios. Secondly, it 
provides a truer measure of the remarkable improve- 
ment in.the turbines supplied to power stations 
during recent years. 

If it appears, at first sight, open to criticism to 
retain for the new concept suggested above the same 
term already in use with a different signification, 
this procedure can be justified by the following 
considerations. In the first place the two definitions 
coincide for the case of ordinary condensing turbines, 
whilst in all other cases, the usual definition is 
more or less faulty since, if the demand were made 


= 88 per cent. 





on experts in every country to formulate an exact 
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definition, it is exceedingly probable that there would 
be great differences of opinion and much uncertainty. 
On the other hand, the ordinary definition being 
based wholly on mechanical considerations relating 
to hydraulic turbines, hardly justifies the qualifi- 
cation thermodynamic, whilst, as we hope to have 
shown, the new definition is a rational deduction 
from thermodynamic principles. It correctly 
expresses the true form of what the various but, 
up till now, inexact proposals were intended to 
represent, and is thus justified in claiming the same 
name without being open to the charge of usurpation. 

Moreover, the practical application of the new 
concept, which differs but little from the old, is 
characterised by some minor advantages, besides 
the very important one of being free from ambiguity. 
The author hopes, therefore, that its use may be 
easily introduced into the drawing office. 





APPENDIX. 

Although it should be, in principle, unnecessary 
to formulate a method of operating an ideal turbine, 
with the energy available in a real cycle, since all 
such processes are equivalent provided they are 
reversible, it may, nevertheless, not be without 
interest to show how this might be accomplished, 
at least theoretically. If we consider, for example, 
the high pressure portion of the cycle, a true adia- 
batic expansion would carry the vapour from the 
state point A to another point P on the same ordinate 
developing in the process useful work no longer equal 
to 772-5-692 = 80-5 calories, but to this value 
divided by the assumed efficiency ratio of the actual 
cycle, viz., 100-6 kcal. The surplus is therefore 
20'1 keal., but a quantity of heat equal to this 
must be added to the steam in order to bring it 
to the state point B, representing the condition 
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of the steam at the corresponding point of the real 
cycle. This heat could be obtained by degrading 
into heat an equivalent amount of the useful work 
due from the adiabatic cycle; but the same state 
point could also be reached by the aid of a perfect 
engine operated asa heat pump. With the ambient 
temperature as a source of heat it would then suffice 


to furnish the fraction =~ 7% To of the 20-1 kcal. 


in the form of mechanical work, where T represents 
a mean temperature, lying between the two extreme 
values of 211 + 273 and 244 + 273 of the reheat 
temperatures (see Fig. 3). 

In the present case, T = 227 + 273 = 500 deg. K 
so that the work to be returned to the steam would 


bana x = . s keal., and the steam 


would thus be brought to the same condition as 
in the actual cycle. The ideal cycle would there- 
fore show a surplus over the actual of 20-1 — 8 = 
12-1 keal. of useful work, which is equal (within 
about 1 per cent.) to the difference between the 
values of 92-5 kcal., and 80-5 kcal. of the energies, 
available and used in the actual turbine. 











THE WELLAND SHIP CANAL.—XIV. 

WHEN dealing with the south end of Section No. 6, 
in our issue of October 11 last (see vol. cxxviii, 
page 462), we gave a brief account of the arrange- 
ments made for the crossing of the Chippawa 
Creek at Welland. It will be remembered that the 
second and third canals crossed this Creek by means 
of cut stone arch aqueducts. In the present recon- 
struction it was originally intended to render any 
such crossing unnecessary, by placing a weir at 
Port Robinson with the idea of raising the Creek 
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level to that of the Ship Canal. This, however, 
was found on more complete survey to threaten, 
at times, the flooding of a good deal of land in the 
city of Welland itself and elsewhere, and to avoid 
risk of litigation the plan was abandoned. Alterna- 
tives were therefore considered, including two types 
of crossing and four possible sites. 

The designs considered were both of the inverted 
syphon type, one consisting of two tubes 39 ft. in 
diameter, in the rock under the canal, and the 
other of six parallel tubes 22 ft. in diameter. The 
former would have necessitated excavation and 
concrete lining work at depths of 158 ft. below 
water level in the Canal, with the possibility of 
having to contend with large quantities of water 
during the work. The second plan it was considered 
feasible to follow by means of open-cut work, 
the tubes being set at much higher level and founded 
on piles. The rock is of a soft shaly nature, and 
as soon as it was entered by trial borings, water 
rose at once under considerable pressure. The 
first alternative, therefore, seemed to offer too great 
a risk, and was abandoned. The design adopted 
is shown in Figs. 532 to 538 annexed. It involved 
open-cut work in clay down to El. + 500, or 68 ft. 
below canal water level, the rock surface being at 
about El. -+ 481. As regards location, it was 
found that any considerable diversion of the Creek 
in the neighbourhood would involve heavy costs for 
compensation, the crossing being in the centre of 
Welland. It was therefore decided to change the 
site from the second and old aqueducts only to the 
extent necessary to make it possible to carry out 
the new work. The site was shown in Fig. 140c, 
page 463 of our issue of October 11, last, when we 
were dealing with Section No. 6. It is shown in 
detail in Figs. 532 and 539, page 286, and from this 
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it will be noticed that the new syphon projected 
a distance, which was actually 125 ft., into the 
so-called present canal, slightly to the north of 
the two old aqueducts. In order to carry out 
the work, it was necessary to construct round 
the east end of the site, a cofferdam which extended 
half way across the available navigation channel, 
and to compensate for this the east bank of the 
existing canal at this point was cut back consider- 
ably, at the same time being reinforced by new 
material dumped behind it. In this way a channel 
of reasonable width was provided, embodying, 
however, as will be clear, some awkward bends. | 
These, after some little difficulty at first, were 
found to be easily negotiable by shipping, and no | 
real trouble arose from this cause. The relation of | 
the cofferdam to the old and temporary channels 
may be gathered from Figs. 539 and 543, annexed. | 
The projecting end of the cofferdam was protected 
by piling and rock-fill, as shown in Fig. 539. At the | 
north-east and south-east corners 10-ft. diameter 
clusters, each of 50 piles, were driven, each cluster | 
being bound together by coils of #-in. cable at the | 
head. The protection was continued on the south 
side by 18 clusters of about the same diameter, but | 
filled with a rock core. Along the east and north 
sides, the clusters were replaced by double rows of | 
piles driven 8 ft. apart, as shown in Fig. 540, the | 
pairs being at 6-ft. centres. Oak wales of 8 in. by 
12 in. and 12 in. by 12 in. section, extended along | 
the face at the top and water line. The front | 
face of this protection was 15 ft. in front of the | 
cofferdam wall. Similar piling and waling was | 
run from the east bank across the channel. of | 
the old aqueduct, which was thus closed. The east | 
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bank, where cut back, was protected by a line of | 
interlocking arch-web piling, anchored back, as in | 
Fig. 541, by cable and straining buckles to piles | 


(2088 A) 








40 ft. away, driven 12 ft. apart. 
face was furnished with 18-in. by 18-in. wales at the | 


top and similar floating timbers at the water line, | 





threaded on chains weighted with concrete blocks 
as indicated in Fig. 542. 
The flow of the Creek is variable, ranging from as 


spring, when rain coincides with melting snow. 
The free area of the first aqueduct was 1,699 sq. ft., 
that provided by the second 2,161 sq. ft. The new 
syphon provides 2,281 sq. ft., allowing a flow of 
as much as 10,000 cusecs. The maximum flood 
recorded had a flow estimated at 8,700 cusecs. 
Before proceeding to the construction of this 
syphon, we propose to describe it with the aid} 
of Figs. 544 to 574 on Plates XVI, XVII and/| 
XVIII, and page 287. | 

Figs. 547 and 548, Plate X VII, show the structure 
to consist of six low-level tubes, 22 ft. in internal 
diameter with, at each end, vertical tubes of the | 
same size rising to the surface. The upper ends | 
of each set of six tubes terminate in a concrete | 
structure divided by walls into three sections, each 
containing two tubes, as shown in the plan, Fig. | 
559. Each section is again subdivided by two | 
piers, which provide for the accommodation of 
stop logs for unwatering any particular pair of 
tubes. As shown in Fig. 532, the width across | 
the canal at this point is 244 ft. 6 in. The tubes 
lie at an angle of 59 dey. with the axis of the canal. 
On both sides there are curved approach walls, 
and wing walls are placed on the sides of the syphon | 
intake and discharge. The Creek has been diverted | 
about 100 yards, having been turned at the old 
crossing parallel with the canal and then swung 
round to bring it fairly to the intake. It now 
flows over the site of an old lock leading from 
the third and recently styled “ present”? canal to 
the Creek. On the discharg> side the flow is for a 
short distance at right angles to the canal, after 
which it is turned through a 90-deg. bend to north- 
east. Beyond this we need not follow it as its course 
was dealt with in our article on Section No. 6. Fig. 
544, a view taken in October, 1929, shows the 
structure completed, the Canal cleared and the 
Creek flowing into and out of the syphon. 

Coming now to details, the low-level tubes are 
shown in section in Fig. 558. The bearing piles were 
spaced about 4 ft. centre to centre. The whole width 
of the syphon is 176 ft. 34 in., which allowed 5 ft. 
minimum thickness between the three centre tubes, 


| 
little as 200 cusecs in summer to 8,000 cusecs in| 
| 








The sheet pile | 

















Fig. 543. AERIAL VIEW OF SITE. 


5 ft. 6 in. between those next outside, and 9 ft. 1} in. 
for the outside walls. The minimum thickness below 
the tubes, on the vertical diameter is about 5 ft., 
cover to the same amount being provided above. 


|The tubes are each 331 ft. long from edge to edge of 


the vertical shaft, and in this length a fall of 6 in. 
is provided towards the east. The concrete is 
reinforced all round the tubes by means of straight 
bars ; no hoop reinforcement was used. The main 
reinforcement of the low-level tubes is shown in 
Fig. 558, and consists of 2-in. bars at 12-in. centres, 
placed vertically and horizontally 4 in. away from 
the inner face of the tubes ; 3-in. longitudinal rods 
were inserted for spacing purposes. At the outside 
faces of construction units vertical 3-in. rods were 
placed at 18-in. centres, and under the top surface 
similar sized rods were employed at 3-ft. centres. 
For construction purposes the low-level part of the 





structure was divided into a number of units, of 
which those in the centre had square ends, while 
others at each end had ends on a slant corresponding 
to the lie of the syphon and the vertical-tube 
structures. At these end units the transverse, 
horizontal reinforcement, after being laid as far as 
possible at right angles to the tube axis, was con- 
tinued at normal spacing on the long side, but 
bunched together on the short side. This is clearly 
indicated in Figs. 551, 556 and 557, showing typical 
parts in plan. The end joints between the various 
construction units were made with checks or keys 
8 in. deep, as already described in other connections, 
and metal cut-offs were also inserted across the ends. 

Fig. 551 shows a section through three of the 
vertical tubes, at the south end of the east side. 
The northernmost tube on this side is shown in 
Fig. 557, while Fig. 556 represents two units W, 
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Fie. 544. GENERAL VIEW OF FINISHED SYPHON SHOWING INTAKES. 








Fic. 545. Discuarce Sipe UNDER CoxstRUCTION ; OLD AQUEDUCTS IN DISTANCE. 

















Fic. 546. DiscHarGE SIDE OF SYPHON. <r 
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GENERAL PLAN 
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Fig. 556. 
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THE CHIPPAWA CREEK SYPHON; WELLAND SHIP CANAL. 
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Fic. 569. Upper Works or INTAKE. 


and X,, correspondingly indicated in Fig. 547 at 
the south-west corner. On the extreme outside, 
as stated, the concrete is 9 ft. 1} in. thick. Between 
tubes it is 6 ft. or 5 ft. 6 in. The minimum from 
outer face to the tubes on the diameter normal to 
the end face is 10 ft. 1} in. The bottom of the 
vertical shafts is 3 ft. below the bottom of the hori- 
zontal tubes. The latter are belled into the shafts by 
radii of 2 ft. below, enlarging to 5 ft. on the top. 
The vertical tubes are finished at the top to a 3-ft. 
radius. These tubes are also reinforced with }-in. 





rods.. At the bottom are two layers at 6-in. centres. 
Up the outside the horizontals are at 12-in. centres, 
and on the inside they are spaced at 3-ft. centres. 
A view looking up one of the tubes is reproduced in 
Fig. 568, above. 

In their main features the intake and discharge 
are similar and can be taken as being illustrated by 
Figs. 559 to 563. The upper structure enclosing the 
mouths of the six vertical tubes is arranged parallel 
with the canal axis, instead of normal to the line 
of direction of the low-level tubes. The concrete 
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wall on the canal side is finished to the standard 
coping. The wall itself is 18 ft. thick, as shown in 
the cross-section, Fig. 560. The inside face is in 
line with the edge of the vertical tubes, and from 
this face the structure extends forward 40 ft. 6 in., 
beyond which are the apron slabs. The intake 
apron is 20 ft. long, while on the discharge side a 
length of 92 ft. is provided. The intake and dis- 
charge sills are both at El. + 550. The tube mouths 
are separated, pair from pair, by walls 6 ft. 4 in. 
thick, reinforced with vertical and horizontal }-in. 
rods, at from 12-in. to 24-in. spacing. These walls 
extend out for 40 ft. 6 in., as stated above, from 
the back, and 3 ft. 8 in. from the front end are 
provided with 16-in. grooves for 14-in. by 12-in. 
stop logs. The structures are 180 ft. 8 in. long 
between end walls, and the bays between the 
division walls are 56 ft. wide. Each bay is sub- 
divided into three by piers 5 ft. 6 in. thick, also 
furnished with stop-log grooves. These piers, 
shown in Figs. 562 and 563, are 15 ft. 6 in. wide 
at the base, tapering to 12 ft., 19 ft. above floor 
level, after which they are continued parallel up to 
the deck, which is 12 ft. wide. The piers are 
finished front and back to 2-ft. 9-in. radii. The 
division walls between the pairs of tubes are only 
22 ft. high, compared with 32 ft. for the whole 
structure, and these walls are therefore continued 
upward under the 12-ft. wide deck, by means of 
piers similar to the upper parts of the intermediate 
piers. The decking is of 12-in. thick reinforced 
slabs, let into the pier heads. On the canal wall 
side a roadway and path are provided, the overall 
width of deck being 30 ft. This is obtained by 
means of a 12-ft. overhang over the tube mouths, 
as shown in Fig. 560. Hand-rails are provided on 
each side of this deck and on the inside of the 12-ft, 
deck provided for handling the stop-logs. The upper 
works on the intake side are shown in Fig. 569. 
The end walls are of gravity section and are carried 
on piles. They have a stepped back, and are 
about 18 ft. thick at the base, reduced to about 
5 ft. at the top. They do not extend forward of 
the thick apron slab on the intake side, where 
short gravity-section return walls are run out into 
the slopes of the Creek channel, parallel with the 
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intake structure. On the discharge side the end 
walls extend 92 ft. forward of the concrete struc- 
ture, as parallel’gravity walls of diminishing section 
with a 1:2 battered back. Fig. 546, Plate XVI, 
shows the discharge. It should be added that 
beyond the apron on the intake side stone pitching 
is laid on the Creek bed for a width of 17 ft. 9 in. 
The wing walls forming a continuation of the 
structure on both sides of the canal are gravity 
walls, founded on piles. These walls were built 
of monoliths, between which were arranged checks 
and metal cut-offs, and sheet pile cut-offs were 
driven below the deeper sections. The walls on 
the west side were laid out on reverse curves, 
but on the east side both are given a simple 
backward sweep followed by straight lengths. 
Figs. 570 to 574, page 287, show the north wing 
walls on the west side, while the view given in 
Fig. 545 shows on the right the north wing on the 
east side. Four views of the intake are given in 
Figs. 564 to 567, Plate XVIII. The first shows the 
structure before the Creek was let into the new 
channel; the second after that stage had been 
reached, and shows the slab protection to the banks. 
Figs. 566 and 567 show the Creek channel, the first 
in course of excavation and the slab work being 
laid ; the second after the Creek had been admitted. 
The site was explored by test borings in 1920, 
and it was found that most of the material likely 
to be encountered was clay containing but few 
large stones. This extended from near the surface 
to El. + 490, a depth of about 90 ft. Below this 
came a shallow layer of sand and gravel, and rock 
was met with at about El. + 489-4 to El. + 479-8. 
The rock was found to be gypsum with bands of 
dolomite. Until rock was reached little water 
was encountered. After only slight penetration 
into rock, however, water rose at once to El. + 578 
and El.+ 584, and one _ bore-hole delivered 
15 gallons per minute. Later, in 1924, other 
bores were sunk with similar results. The bores 
were carried further into the rock, but without 
revealing fresh information. The design of syphon 
adopted involved the construction of the low level 
part of the work in clay which was so plastie that 
it would rise from 6 ft. to 12 ft. in a 10-in. bore 
tube. The material was particularly soft between 
El. + 535 and + 500, i.e. the lower parts of the 
work. These conditions produced a number of 
interesting problems which complicated the task and 
made it probably unique of its kind. An idea of the 
soft nature of the clay may be formed from the 
fact that bearing piles penetrated 10 ft. to 15 ft. 
merely with the weight of a 6720 lb. hammer, after 
which two blows would carry a pile down another 
two feet. In places the driving of the bearing 
piles heaved the material up a couple of feet. 
When rock was reached penetration at once 


stopped. ; 
(T'o be continued.) 








British PropuctTion oF Pic-IRoN AND STEEL.— 
The number of blast furnaces in operation at the end 
of July was 105, a net decrease of 28 since the beginning 
of the month. The production of pig-iron during July 
amounted to 486,100 tons, compared with 563,200 tons 
in June, and 671,900 tons in July, 1929. The July 
output of steel ingots and castings totalled 621,400 tons, 
compared with 600,100 tons in June, when production 
was affected by the Whitsun holidays, and 804,800 tons 
in July, 1929. The above figures were furnished to us 
by the National Federation of Iron and Steel Manufac- 
turers, Caxton House (East), Tothill-street, London, 
§.W.1. 





Eayptian Coat Imports.—About 1,170,000 tons of 
coal, patent fuel, and coke, weve imported into Egypt 
through the port of Alexandria during 1929. Only 
about 120,000 tons were impcrted from non-British 
sources. In its comments on the situation, however, 
the Monthly Journal of the British Chamber of Commerce 
of Egypt, states that the importation of certain classes 
of foreign coal and its products are definitely increasing 
to the detriment of British exporters. For example, in 
1929 about 38,000 tons of a were imported from 
Germany, against 6,400 tons from England, so that this 
section of the trade, which was formerly in British hands, 
has been almost entirely captured by Germany. It is 
encouraging to note, however, that the British briquette 
exports have combined and intend to make a determined 
effort to recapture the trade. Although no German 
steam coal was imported through Alexandria, Russian 
steam coal is being imported in increasing quantities, 
about 35,000 tons arriving in Alexandria in 1929, in 
addition to 2,450 tons of Russian anthracite nuts and 


peas. 
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RUBBER-MAKING MACHINERY. 
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RUBBER-MAKING MACHINERY. 
(Concluded from page 227.) 


A MACHINE also of considerable interest but on a 
much larger scale is the lathe illustrated in Figs. 35 
to 46, page 288, and Fig. 50, page 298. The lathe 
is designed for turning or grinding the bodies of 
large rolls such as are used in the paper and other 
industries. Such rolls have generally to be turned 
with either a convex or a concave camber, and 
the machine is accordingly fitted with a cambering 
mechanism enabling either of these operations to 
be performed to a very high degree of accuracy. 
The machine is capable of handling rolls or cylin- 
ders from 3 in. to 60 in. in diameter and having 
a length over the journals not exceeding 35 ft. 
Its general arrangement is best seen in Fig. 50. 
The lathe bed proper consists of a substantial 
base carrying the headstock and its driving 
mechanism, beyond this is the bed carrying two 
cross slides for supporting the roll. These slides 
can, of course, be traversed longitudinally. In front 
of the lathe bed and parallel to it is another 
of more massive construction. This carries the 
grinding head, and at its left hand end is the motor 
and gearbox for traversing the grinding head. The 
grinding head and one of the cross-slides with its 
journal supports is shown in more detail in Fig. 35. 
The latter will be seen to consist of three adjustable 
curved pads, upon the two lower of which the 
journal is supported, while the third one at the 
back takes the grinding wheel pressure. The 
cross slides are bolted-down to the lathe bed in 
suitable positions for the journals of the roll being 
dealt with and the height of the roll centre is adjusted 
by the use of thicker or thinner pads as may be 
necessary, together with lateral movement of the 
blocks carrying them either in an inward or outward 
direction. 
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The roll is driven from a sliding spindle with a 
special chuck having a universal joint. The spindle 
is rotated independently of the other motions by a 
constant speed motor, transmission being through 
a speed changing gearbox. This drive is seen to 
the left of Fig. 50, and immediately in front of it is 
that for traversing the grinding head, which opera- 
tion is done in the normal way by a screw between 
the ways of the bed. In this case also, there is a 
separate constant speed motor with a speed changing 
gear-box. Reference should now again be made to 
Fig. 35, showing the grinding head. To the front 
of this is seen the cross slide and tool holder for 
use when the lathe is employed in turning instead 
of grinding. This slide is mounted on a portion 
of the grinding head slide. The grinding head, 
with its variable speed driving motor, is carried on 
two points on the slide, one being a knife-edge 
pivot immediately under the wheel spindle, the 
other being a contact on the series of levers forming 
part of the cambering mechanism. The object of 
this is to enable the grinding wheel to be held still 
for forming a parallel surface on the roll, or tilted 
slowly inwards as it traverses the roll when a 
concave surface has to be ground, or tilted slowly 
outwards when a convex surface is required. This 
action is automatic aud it should be understood 
that the amount of feed to make the desired cut is 
made by hand at the commencement of the cut. 
This feed is given by a screw fitted with a graduated 
dial, which indicates the depth of the cut to within 
0-0005 in. 

The cambering mechanism may be identified in 
Fig. 35, immediately below the spindle driving motor. 
Motion is imparted to it by a pinion meshing with a 
fixed rack along the outer edge of the bed, longi- 
tudinal traverse of the slide causing this pinion to 
rotate. This rack and pinion are indicated at A in 


ro 


end to the rack, a change wheel which meshes 
with a similar wheel on a parallel shaft carrying a 
worm. This arrangement will be clear from Fig. 40, 
and is adopted to admit of an increase in the varia- 
tion of the cam controlling the mechanism, without 
providing extracams. The worm on the secondary 
shaft gears with a worm-wheel mounted on the shaft 
B, Fig. 36, to the end of which is attached the cam 
C, determining the contour of the curve to which the 
roll is to be ground. The method of preventing 
backlash between the worm and wheel deserves 
attention. As will be seen in Fig. 36, the wheel is 
split vertically so that the two halves of the tooth 
can be altered circumferentially relatively to each 
other should wear take place either in them or the 
thread of the worm. The two halves of the wheel 
are coupled by eight screws, four of which have 
parallel shanks passing through holes larger than 
themselves to allow for circumferential movement. 
The function of these is merely to keep the 
two halves in contact. Two others have conical 
shanks set eccentrically to the screwed part. The 
rotation of these effects the adjustment of the two 
halves. The remaining two pins have conical 
shanks, the holes for which are reamered out after 
the adjustment is made and the shanks formed 





to suit so that no relative circumferential movement 
of the halves can take place. The cam, at the 
other end of ‘the shaft, takes the form of a ring. 
Itis of chrome nickel steel and is bolted to the centre 
which is keyed to the shaft, in order that cams of the 
desired contour may be more easily made and more 
readily fitted. The cover for the cam case is portable 
and is cut away at one part to carry a pointer indi- 
cating the amount of movement of the cam. It 
is provided with a ball bearing in order to obviate 
possible deflection of the cam which might occur 
if the latter was overhung. 

The motion of the cam is transferred to the 
pivoted grinding head through the lever system 
shown assembled in Fig. 41, and in detail in Figs. 42 
to 46. A roller D, of hard steel and carried in 
roller bearings at one end of a lever E, is in contact 
with the periphery of the cam, with the result that 
an oscillatory movement is imparted to the lever 
as the cam is revolved. Midway between the ful- 
crum of the lever and the roller is a hard-steel con- 
tact block F, which bears upon the underside of a 
second lever G, pivoted in the reverse direction. 
A projection on the upper side of this second lever 
bears upon the underside of the grinding head 
casting, and so effects the lifting or depressing 
movement necessary to advance or withdraw the 
grinding wheel. The amount of camber is varied 
by moving the contact block F along the lever E. 
This is done by a screw contained in the body of 
the lever, as shown in Fig. 45. ‘The screw is operated 
by a rod along the side of the lever, with a square 
at one end for the adjusting spanner, and having 
at the other with a bevel wheel gearing with another 





Fig. 39. The pinion shaft carries, at the opposite 


on a short shaft carrying a helical gear. The latter 
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meshes with a corresponding pinion on the screw. 
As the square end of the rod projects well beyond 
the roller, it is clear that the amount of camber 
can be adjusted, if necessary, while the machine is 
in motion. 

The initial setting for cambering is made by tra- 
versing the grinding head along the bed to the 
centre of the roll and adjusting the cam to its 
highest or lowest point, depending on whether a 
concave or convex roller is being ground. The 
cambering gear is then connected to the rack by a 
clutch so that it is driven by the normal head 
traverse. The cambering motion is, of course, 
reversed when the direction of traverse of the head 
is reversed. The total amount of leverage between 
the grinding wheel spindle and the cam may be 
varied by alteration in the position of the contact 
block from a ratio of 36 to 1 to a ratio of 6 to l. 
By this means it is possible on long rolls to obtain 
cambers varying from a minimum of 0-015 in. to 
a maximum of 0-10 in.—that is, with the standard 
cam employed—which gives a lift of 0-75 in. 
in a half-revolution. The cambers derived from 
this motion are perfect curves. Straight cambers 
can be obtained by off-setting the roll in its bearings 
in relation to the wheel and grinding without the 
cambering gear being engaged. The machine was 
designed and constructed by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, 
Openshaw, Manchester. 

The rolls mentioned as being handled in the 
lathe described above are in general, as indeed 
will be clear in Fig. 50, covered with rubber, and it 
is necessary to have some means of vulcanising this 
before grinding to form. This is provided for 
in the large vulcanising chamber seen in the back- 
ground of Fig. 50 at the end of the lathe, and more 
closely in Fig. 51, page 298.. This chamber is 40 ft. 
long by 7 ft. in diameter, and although situated 
near the lathe is used for the vulcanisation of other 
long parts, such as pipes and cylinders, all the work 
being handled by the double-sling electrically- 
operated crane, of which the lifting beam is seen 
in Fig. 51. This beam is capable of being rotated 
in a horizontal plane, being provided for that purpose 
with roller bearings. This is to facilitate transfer 
to and from other shops at right angles to that 
housing the chamber. The construction of the 
chamber is shown in Figs. 47, 48 and 49, page 289. 
It has a door at one end, and is made of riveted 
steel plates 4 in. thick, suitable for a working 
pressure of 100 Ib. per square inch. It is carried 
on six cast-iron stools, and is provided with internal 
rails of 3 ft. gauge. A similar set of rails is pro- 
vided outside the chamber, the two sets being 
connected by short portable lengths when work is 
being inserted or withdrawn. These operations are 
carried out by loading the work on to the carriages 
shown in Fig. 51, which are traversed by means of 
an electrically-operated winch. The door is of 
steel, of dished form, and is carried on heavy cast- 
steel hinges articulated at the centre to ensure 
even closing, which is very rapidly effected by a 
bayonet type of fastening, necessitating only a 
small angular movement of the door to lock it. 
A rack and pinion gear is provided to facilitate 
opening. An even temperature is ensured through- 
out the entire length of the vessel by the provision 
of suitable recording instruments to enable it to be 
watched and regulated. 

In concluding this short series of articles on rub- 
ber-making machinery, it is necessary to repeat 
that the subject has by no means been exhaustively 
treated, but it is submitted that they give some idea 
at least of the large scale on which operations on 
rubber products in which the engineer is interested 
have to be carried out nowadays. 








LaND IMPROVEMENT EXHIBITION, CZECHOSLOVAKIA, 
1931.—The Czechoslovakian Ministry of Agriculture, 
acting in consultation with the chief official, public and 
other bodies connected with land improvement, drainage 
and civil engineering, has entered into preliminary arrange- 
ments with a view to holding a land improvement exhibi- 
tionin 1931. The exhibition will form part of the annual 
exhibition of the Agricultural League and will take place 
during the International Agricultural: Congress, to be 
held in Prague from the end of May to the beginning of 
June. Further information on the subject may be 
obtained on application to the Agricultural League, 
Prague, Czechoslovakia. 





THE INFLUENCE OF TURBULENCE 
UPON HIGHEST USEFUL COMPRES- 
SION RATIO IN PETROL ENGINES.* 

By T. F. Huruey and R. Cook. 


Ons of the programmes of research being conducted 
at the Fuel Research Station deals with the influence 
of vortex and turbulent motions of various types on 
combustion. The present paper deals with the influence 
of turbulence on the highest useful compression ratio 
(H.U.C.R.) in internal-combustion engines, and in view 
of the interest being taken at the present time in this 
branch of the subject, the Director of Fuel Research 
has granted permission for the presentation of this 
paper in advance of a report on the general programme, 
of which it forms a part. 

The work performed fell naturally into two distinct 
parts: Firstly, the promotion of various types of 
turbulence in the charge and the examination of the 
movement obtained while motoring the engine; and 
secondly, the measurement of the H.U.C.R. resulting 
from the employment of the types of turbulence 
observed. 

The engine used for these tests is an E.5 Ricardo 
variable-compression engine, of 2%-in. bore by 3}-in. 
stroke, in which the compression ratio can be altered 
while the engine is running by moving a piston in the 
cylinder head nearer to or further from the engine 
piston. Having a single sleeve-valve with two inlet 
ports it is particularly suitable for work upon turbu- 
lence, since arrangements can be made whereby the 
charge entering either inlet port can be given any 
desired direction and velocity. It is, for example, 
possible to cause the air from both ports to enter 
tangentially in the same direction, thus setting up a 
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swirling motion, or to cause the streams to impinge 
upon one another, thus causing an indiscriminate 
eddying in the cylinder. 

The method employed to give the desired direction 
to the air as it entered the cylinder was to insert in 
the ports, as close to the sleeve as possible, groups of 
directional vanes consisting of thin curved parallel 
plates, spaced about 4 in. apart. Fig. 1 shows one 
arrangement of these vanes, i.e., “‘ One port, upward,”’ 
in side elevation, and Fig. 2 the same arrangement in 
plan. In this case, the ingoing air through one port 
was given a radial and upward motion, and the other 
port was blanked off. Other typical arrangements 
are shown in Figs. 3 to 5, namely, “‘ Two ports, uni- 
directional swirl,” in which the air left both ports 
with a tangential velocity in the same direction ; 
“Two ports, radial,” in which the air left both ports 
horizontally and radially; and ‘Two adjacent 
opposed streams,” in which the streams of air entered 
tangentially, but immediately impinged upon one 
another. 

In all, tests were made with seven vane arrange- 
ments, the remaining three being: ‘‘ One port, uni- 
directional swirl”; ‘“‘ One port, downward,” in 
which the air was given a radial and downward direc- 
tion, and ‘Two opposed swirls,” in which the air 
left the two ports tangentially, but in opposite direc- 
tions. In addition, observations were made without 
vanes, firstly using two ports, and secondly using the 
right-hand port with the left-hand port blanked off. 


Part I.—Mororrine TEsts. 


Four distinct methods were employed to observe 
the movement of the air with each arrangement of 
the directional vanes. ; 

Method A. Spark Experiments with a Glass Plate 
in Place of Cylinder Head.—The junk head shown in 

ig. 6 was removed from the engine, and a flat glass 
plate, }-in. thick, was bolted down over the top of the 





* Paper read before the British Association at Bristol 
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cylinder. The engine was then motored at various 
speeds, and sparks from burning material were allowed 
to enter the cylinder with the intake air. It was found 
that the sparks could easily be observed through the 
glass plate, and even at the normal running speed of 
1,500 r.p.m. the path of each individual spark was 
clearly discernible. Distinctly different types of 
movement were obtained with different arrangements 
of vanes, and it was evident that even if the glowing 
particles did not exactly follow the path of the air, 
they gave a strong and reliable indication of the nature 
of the movement. 

Numerous substances were tried as spark producing 
materials, the best results being obtained with car- 
bonised sawdust. A series of photographs of the 
movement of the sparks with each vane arrangement 
were taken. Typical examples are reproduced in Figs. 
2 to 5, which also show diagrammatically the shape of 
the ports and directional vanes. 

Due to the comparatively low luminosity of the 
sparks, from a photographic point of view, several 
seconds exposure had to be given. The path of 
individual sparks is therefore not apparent in all the 
photographs. Thus, the white band around the 
cylinder circumference represents the path of a large 
number of sparks. Nevertheless, although these 
photographs fail to give an adequate conception of the 
ease with which the path of the sparks could be seen, 
they do serve to illustrate the general character of the 
air movement. 

It should be noted, however, that owing to the 
influence upon their movement of their size and 
density and of the temperature of the gases, they do 
not necessarily follow exactly the same path as that 
taken by the air or by the small nuclear drops of fuel 
which, according to Callendar, may persist in the 
cylinder, even at the end of the compression stroke. 

Method B. Spark Experiments with Dummy Head.— 
In the experiments just described, the shape of the 
combustion chamber was somewhat different from 
that obtaining when actually running under power 
conditions. In both cases, the shape is approximately 
cylindrical, but when running under power, it is con- 
siderably smaller, and moreover there is formed, 
towards the end of the compression stroke a shallow 
annular space between the rim of the piston and the 
junk head, so that there will be a tendency for gas in 
this space to be ejected into the main portion of the 
combustion chamber. This will be appreciated from 
Fig. 6, which shows the shape of the head under power 
conditions. A dummy head, of exactly the same 
shape as the junk head, was therefore made with a 
small circular glass plate in the centre, through which 
observation could be made. Provision was made so 
that the glass window could be fitted at either of two 
heights corresponding to compression ratios of 5:1 
and 8:1. The arrangement is shown in Fig. 7. 

Method C. Experiments with the Underside of the 
Glass Window Coated with Oil.—The third method of 
observing the movement of the air in the cylinder 
consisted of coating the glass window in the dummy 
head with a viscous oil containing small carbon particles 
and examining the movement of the oil whilst the 
engine was motored at the normal running speed of 
1,500 r.p.m. 

Method D. Experiments with Water Injection.— 
Observations were also made of the movement of 
drops of water introduced into the cylinder with the 
air. 

Observations and Deductions from Part I.—Observa- 
tions made by the first two methods appeared to give 
a strong indication of the movement taking place in 
the main body of the charge in the cylinder under 
motoring conditions. It is highly probable that the 
deductions made from these observations apply to 
running conditions at least up to the point of ignition. 
Many of the following deductions can be verified from 
the photographs reproduced, 

Although the actual velocity of the sparks appeared 
to be lower at 200 r.p.m. than at 1,500 r.p.m., the 
nature of the movement was quite unchanged. It is 
therefore inferred that the general character of the 
air movement is not affected by engine speed. 

A rotational swirl once initiated has a strong tendency 
to persist throughout the cycle. Thus a swirl set 
up on the induction stroke was not damped to any 
appreciable extent by piston movement. To the eye 
the movement appeared to be one of continuous rota- 
tion. This tendency would appear to be so marked 
that, with rotational swirl, little or no indiscriminate 
turbulence is caused by the ejection of air from the 
annular space formed between the piston and junk 
head at the end of the compression stroke. 

All single port arrangements gave rise to swirling 
of the air about a vertical axis. Although some 
measure of indiscriminate turbulence was probably 
given to the air, particularly in the early stages of 
entry into the cylinder, the predominant movement was 
essentially one of rotation. This also applied to the 
use of two ports with radial entry. The “ Two port, 
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radial” arrangement resulted, not in indiscriminate 
turbulence as might at first be expected, but in a fairly 
high speed of swirl (see Fig. 3). In fact eddying 
turbulence was only created when the air entered 
the cylinder in two opposed streams or swirls and 
even then was accompanied by a varying degree of 
rotational movement. 

A very high speed of rotation of the air was set up 
when using either the “Two port, uni-directional 
swirl” or “‘ One port, uni-directional swirl” arrange- 
ments. A lower speed of rotation was obtained with 
the following arrangements :—-(a) “‘No vanes, one 
port,” (5) “Two port, radial,” (c) ‘‘ One port, 
upward,” and (d) “One port, downward.” A fair 





The observations made by the third and fourth 
methods, i.e, with viscous oil in contact with the 
glass plate in the dummy head and with water injection 
were particularly interesting, because they appeared 
to show the type of movement taking place near the 
top of the cylinder. It was found that in all cases of 
rotational air movement the oil moved slowly in 
equiangular spirals towards a central nucleus. With 
the ‘ Uni-directional swirl” arrangements this 
nucleus was on the cylinder axis (see Fig. 8), but with 
all other arrangements giving a swirl to the air the 
nucleus was somewhat to one side of the geometrical 
axis (see Fig. 9). 

When water was injected into the cylinder with 
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degree of eddying turbulence was obtained with three 
arrangements of vanes, viz.:—(a) “Two adjacent 
opposed streams,” (b) ‘‘ Two ports, no vanes,” and 
(c) ‘‘ Two opposed swirls.” Of these three arrange- 
ments the first mentioned appeared to give the greatest 
amount of eddying, whilst little difference was dis- 
cernible between the other two. 

It is interesting to observe that with rotational 
air movement the sparks did not follow a smooth 
circular course, but travelled round the cylinder edge 
in a series of short slightly curved chords, the curvature 
being concave to the cylinder wall. Their path, there- 
fore, approximated to a polygon rather than to a 
circle. The higher the speed of rotation the smaller | 
were the lengths of these chords. 

With vane arrangements giving indiscriminate 
turbulence the movement of the air in the upper 
portion of the combustion chamber was found to 
vary with the depth of the combustion chamber, 
the tendency being for rotational movement to occur 
when it took the form of a deep cylindrical pocket. 





the entering air, large drops were flung on to the 
underside of the glass. In all cases of rotational 
turbulence these drops appeared to rotate very rapidly 
round a central nucleus, the speed of rotation being 
much greater near the centre than at the circumference. 
After a short while these drops were broken up and 
diminished in size, after which their motion changed 
from one of pure rotation to a spiral movement towards 
the nucleus. 

The tendency of the oil and water to move towards 
a nucleus appears to indicate the existence in the 
cylinder of an axis of low pressure towards which the 
drops were compelled to move. This movement would 
be influenced by the relative movement of the air. 
Owing to the effect of viscosity and surface tension, 
the movement of the oil was slow, and it was not influ- 
enced by centrifugal force, but the velocity of the 
drops of water approximated more closely to the velocity 
of the rotating air, and they therefore tended to be 
thrown outwards by this force. While the drops 
were large this balanced the pressure effect, with the 


consequence that they moved in circles until reduced in 
size, when the inward force exceeded the outward and 
the drops moved spirally towards the centre. 

It might quite reasonably be inferred that the move- 
ment of air inJclose proximity to the cylinder head 
resembles that of the oil. Thus the frictional resistance 
of the head surface will reduce the velocity of the 
air, and consequently its centrifugal force will become 
insufficient to overcome the tendency to inward flow, 
produced by the centre of low pressure. Air near the 
head will, therefore, have a tendency to flow inwards 
towards the centre. 

That a similar state of affairs exists at the surface of 








the piston is shown in Fig. 10. This photograph was 


Fig.6. SHAPE OF CLEARANCE VOLUME 
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taken after running for a short while with a “ Uni- 
directional swirl’? arrangement. The three equi- 
angular spirals on the piston surface were probably 
caused by oil drops flung off the sleeve. 

The fact that the drops of water revolved more 
quickly near the central axis than further out, is 
interesting, as it appeats to indicate that the swirling 
motion of the charge is actually free vortex motion, 
and not a forced vortex as is sometimes assumed. This 
supposition incidentally affords an explanation of the 
curvature of the paths traversed by the sparks, since 
their angular velocity will be reduced as they approach 
the cylinder wall, whilst their radia] velocity will 
remain substantially unaltered, 

With indiscriminate turbulence it was found that 
both the oil and water tended to collect at definite 
nuclei, the position of which depended on the vane 
arrangement and depth of combustion chamber, but 
no spiral movement was observable. The nuclei 
were such as to suggest that, in certain cases, a stream 
of air came up and across the glass, and in others 
that there were two separate swirls, ¢e.g., with the 
“Two opposed swirls” arrangement. The observation 
as regards nuclei were similar with both oil and water. 

The experiments described have been necessarily 
of a qualitative rather than a quantitative nature, but 
they seem to throw a good deal of light on the movement 
of the air under running conditions. Those carried 
out with luminous particles indicate the general move- 
ment taking place in the cylinder, whilst those wherein 
observations were made of the movement of the oil 
and water in contact with the glass plate in the cylinder 
head, indicate the motion of the air close to the cylinder 
head. The latter experiments show that when a swirl- 
ing motion is set up, the pressure is least, and the linear 
velocity greatest, near the centre. These conditions 
are characteristic of a free vortex, in which the linear 
velocity varies inversely as the radius. It is, however, 
not clear whether the movement under such conditions 
approximates to that of a free cylindrical or a free 
spiral vortex. When air is supplied tangentially to the 
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base of a cylindrical vessel with an orifice at the top, 
a free spiral vortex results. It may be that on the 
induction stroke, the downward motion of the piston 
corresponds to an orifice, and that the resulting free 
spiral vortex motion changes to a free cylindrical 
vortex on the compression stroke. Although these 
experiments do not definitely show the presence of 
inward radial flow, as in a free spiral vortex, they do 
suggest the occurrence of inward radial flow near the 
surfaces of the head and piston. 


Part JI.—H.U.C.R. or a Stanparp FvEL wITH 
Various CONDITIONS OF TURBULENCE. 

The conditions adopted for H.U.C.R. determination 

were as follows:—(1) Engine speed 1,500 r.p.m. ; 


testing the influence upon H.U.C.R. of the port arrange- 
ments described in the previous section, a number of 
tests were made with reduced port areas, so as to deter- 
mine the effect of increased air entry speed. Care 
was taken to restrict the port area in such a way as 
not to affect the port timing. As already mentioned, 
the fuel used was an ordinary No. 1 petrol. 

Discussion of Results. 1. H.U.C.R.—Typical results 
and observations from a large number of tests are 
shown in the Table annexed. 

Examination of the results shows that a very high 
H.U.C.R. is obtained by the use of one or two groups 
of ‘‘ Uni-directional swirl” vanes, i.e., when the air 
enters the cylinder in an undisturbed tangential flow. 
A much lower H.U.C.R. is obtained when a rotational 





Fig.6. UNI-DIRECTIONAL SWIRL 
ONE PORT 


Fig... No VANES. ONE PorT 



































deflection of the air upwards resulted in a greater speed 
of swirl in the combustion chamber than when the air 
was deflected downwards. 

The test results}show that reduction of port area had 
a negligible effect on H.U.C.R. with both of the extreme 
arrangements, namely, “Two port, uni-directional 
swirl” and ‘‘ Two adjacent opposed streams,” whilst 
in the case of the ‘‘ Two opposed swirls”’ arrangement 
the effect was very small. With the “Two port, 
radial”? arrangement the effect of a 50 per cent. 
reduction in the area of each port was to reduce the 
H.U.C.R. by 0°35 of a ratio. In light of these facts 
it would appear that the initial direction of the entering 
air is the determining factor, rather than the initial 
speed. It is, of course, possible that there is a certain 
critical value of gas speed through the inlet ports, 
above which little or no further increase of H.U.C.R. 
is obtainable, and that the minimum gas speed through 
the ports of this engine is already at or above this 
critical value. 

2. Smoothness of Running.—The running of the 
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aed At Compression Ratio of 5-15 : 1. | At Highest Useful Compression Ratio. 
Area Rite Ria Fat te Pe ees 
Directional Vanes = sd | i | 
| ports | Port : 7 ’ | Optimum] Brake | Exhaust | H.U.C.R. Optimum Brake Exhaust 
| Used. Util- Smoothness of Running. | Spark Load. Tempera- Smoothness of Running. Spark Load. Tempera- 
| ised. Advance. | Lb. | ture deg. C. Advance. Lb. ture deg. C. 
Bi ae sed Nl l l 
rae - ' | i 2 Full | Slight—moderate knock. 254 9°75 | 540 7°88 Extremely heavy knock. 154 11-30* 490 
Uni-directional swirl 4 | Very regular } | Regular 
}| 2 + | , - | 29 9-64 | 530 7°85 i Pe 17 11-30 480 
© ee ee | | 273 9-45 | 524 7°75 i * 16 11-10 472 
One port, upward we Full | Heavy knock. Slightly | 254 | 9-97 650 6-77 | Heavy knock. Slightly 22 10-80 529 
ee er irregular | | ircegular 
One port, downward. . 1 | Full | Slight knock. Irregular 27 9-89 ay 6-44 “ql Slight to moderate knock. 23 11-10 —_— 
Dyan 1 | Irregular 
. | 2 Full Slight—moderate knock. | 214 9-86 | 61 | 6-70 | Moderate knock. Irregular 20 11-25 548 
Radial, two ports | | Irregular 
sam ae 2 | 4 | ” 23 9-97 | 570 6-35 = " 19 10-84 550 
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wats —_ t 4 4 | ” 9 | 20 9-76 562 6°47 ‘* “. 18 10-96 552 
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wo adjacent opposed { | | 1 é 97 j 7 Very slight knock. Ir 34 10-59 
streams. ws one |  Tegular regular 
zi} % » 35 | 9-96 598 5°73 * an 334 10-56 590 

















(2) mixture strength giving maximum power; (3) 
optimum spark advance; (4) intake air temperature 
32-2 deg. C. (90 deg. F.); (5) cvoling water outlet 
temperature 60 deg. C.; (6) air consumption 29-6 Ib. 
per hour. The normal air consumption at full throttle, 
under the above conditions of speed and intake air 
temperature, is 33-8 lb. per hour. This consumption 
was not, however, obtainable when using directional 
vanes, owing to restriction of port area. All tests were 
therefore performed at the reduced consumption, the 
throttle position being varied for this purpose. The 
corresponding volumetric efficiency is approximately 
70 per cent. 

In order to avoid discrepancies arising through 
differences in engine conditions, such as variations in 
carbon deposit, two precautions were taken. Firstly, 





the engine was decarbonised prior to each test, and 
secondly, a check test was made without vanes as | 
soon as possible after each test. 


In addition to ! 


* Mean of several tests. 


swirl is set up by other means, such as the use of a 
single port with or without vanes or the use of two 
ports with radial entry vanes ; #.e., when the direction 
of entry is across and not tangential to the swirl. A 
very low H.U.C.R. is obtained when two ports are 
arranged so as to give eddying or indiscriminate 
turbulence. It will be seen that the difference in 
H.U.C.R. between the “ Uni-directional swirl” and 
“Two adjacent opposed stream ” arrangement is over 
two whole compression ratios, whilst the remainder 
of the results come well between these extremes, their 
total variation being only 0-66 of a ratio, t.e., from 
6-11: 1 to 6-77: 1. 

The “ One port, upward ” arrangement gave a higher 
H.U.C.R. than the ‘‘ One port, downward” arrange- 
ment. It would seem probable that the initial upward 
swirl of the entering air tends to scour away the residual 
exhaust gases from the vicinity of the sparking plug, 
thus leading to more rapid combustion. Further, 


engine under all conditions dealt with in these tests 
is accompanied by a form of harshness or “‘ combustion 
knock,” the characteristics of which are quite different 
from those of pinking or detonation. 

It will be seen from the Table that there is no direct 
relationship between the intensity of the knock at a 
compression ratio of 5-15:1, and the H.U.C.R. 
corresponding to the port arrangement. With “ Uni- 
directional swirl,” however, the knock was very regular 
in character, whereas with other arrangements it was 
more or less irregular. At this compression ratio 
(5-15:1) the heaviest knock was obtained when 
using the ‘ One port, upward” arrangement, a fact 
which suggests that the incidence of the knock is a 
function of the movement of the charge close to the 
plug at the moment of ignition. 

The intensity and regularity of the knock at the 
H.U.C.R. was greatest with those arrangements giving 
a high H.U.C.R., very harsh running being obtained 
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with ‘ Uni-directional swirl” and exceptionally 
smooth running with the “Two adjacent opposed 
streams” arrangement. With the former the knock 
increased rapidly in severity as the compression ratio 
was increased, until near the H.U.C.R. it became 
extremely heavy. These heavy combustion knock 
conditions appeared to be very severe on the sparking 
plug. It was found that after a few minutes runnin 
at compression ratios near the H.U.C.R. with ‘“ Uni- 
directional swirl,” pre-ignition was liable to occur 
even although the plug used, a K.L.G. 396, would stand 
up quite satisfactorily to a much higher compression 
ratio, when using a non-pinking fuel with the normal 
port arrangement without vanes. This, again, would 
suggest that combustion knock is connected with the 
movement of the air in the vicinity of the sparking 
lug. 
" 3. Spark Advance.—Examination of the Table shows 
no simple relation between the optimum spark advance 
at a compression ratio of 5-15:1 and either the 
H.U.C.R. or the port arrangement. It seems remark- 
able that the spark advance, and therefore the 
combustion period, should be approximately the 
same for port arrangements giving a very high and a 
low H.U.C.R. respectively. Thus, with the “ Uni- 
directional swirl, one port” and the ‘‘ No vane, two 
port ” arrangements at a compression ratio of 5-15: 1, 
the spark advance was practically constant at 274° 
and 28° respectively, whereas the corresponding 
H.U.C.R.’s were 7°75:1 and 6-11:1 respectively. 
The smallest spark advance was associated with 
arrangements giving intermediate values of H.U.C.R. 

An explanation may be found if the combustion 
period be divided into three sections :—(a) A period of 
lag between the passage of the spark and the first 
signs of pressure rise, (6) the ignition of the charge in 
close proximity to the sparking plug, and (c) the 
spread of the flame through the main charge. It is at 
least conceivable that the type of turbulence affects 
these three periods differently, e.g., that swirling turbu- 
lence may tend to reduce the first two periods but 
increase the third, whereas indiscriminate turbulence 
may increase, say, the first two periods and decrease 
the last. Hence, although the time taken for complete 
combustion may be the same, the length of any one 
period may be vastly different. The very small spark 
advance at a compression ratio of 5-15: 1 with those 
arrangements giving intermediate values of H.U.C.R., 
is possibly due to the displacement of the centre of the 
vortex relative to the sparking plug, as shown in the 
“ oil” experiments. 

A comparison of the optimum spark advance at a 
compression ratio of 5-15: 1 with that at the H.U.C.R., 
shows that, with ‘“‘ Uni-directional swirl,” there is a 
rapid decrease in spark advance with increase of 
compression ratio. 

Part of this is no doubt due to the normal effect of 
increased pressure and temperature, but it is thought 
that it may also, in part, be due to an increased speed of 
swirl at high compression ratios, resulting from a 
decrease in the depth of the combustion chamber. 

Power Output.—The primary object of these experi- 
ments was to determine the influence of turbulence 
upon H.U.C.R. and brake readings were merely taken 
incidentally. It is of interest to note, however, that 
at the same compression ratio with “ Uni-directional 
swirl” the power output was some 4 per cent. less 
than with indiscriminate turbulence. Furthermore, it 
was noted that with “‘ Uni-directional swirl ” the rate of 
increase of power output with increase of compression 
ratio was somewhat less than with indiscriminate 
turbulence. The observations made do not provide 
sufficient data to justify conclusions as to the cause of 
this loss of power with swirling turbulence, but it seems 
probable that part at least of the loss was due to 
increased frictional losses. 

Exhaust Temperature.—It was noticed during the 
course of the tests that there existed a striking paral- 
lelism between the exhaust temperature at a given 
compression ratio and the H.U.C.R., the lower the 
exhaust temperature the higher being the H.U.C.R., 
and vice-versa. Typical figures are given in the Table. 
Here, again, sufficient data are not available to show the 
reason for this phenomenon, but it is probable that the 
lower exhaust temperature with uni-directional swirl 
is due to increased cooling water losses, resulting from 
the scrubbing action of the rotating gases upon the 
cylinder walls. 

Conclusions.—Strictly speaking, the tests described 
comprise only the first section of a programme dealing 
with turbulence. Any comprehensive attempt to bring 
them into line with the many theories and published 
data regarding engine detonation would, therefore, 
be premature, but it is felt that an explanation of 
the observed facts is of interest, even although it may 
be revised in light of subsequent experiments. It is 
known that the velocity of flame propagation in a 
stagnant mixture is so low that it could not be burned 
in the time available for its combustion in an engine. 
Reliance must, therefore, be placed upon turbulent 
motion between the burnt and unburnt portions of 





the mixture, to speed up combustion and spread 
inflammation rapidly throughout the charge. 

As with pure rotation there is no radial movement, 
it might be expected that the time taken for combustion 
with swirling turbulence would be large. Actually, it 
was found that the optimum spark advance at a given 
compression ratio with indiscriminate turbulence was, 


&| generally speaking, larger than that necessary with 


rotational turbulence. A possible explanation of this 
has already been put forward, namely, that with 
rotational turbulence the earlier stages of combustion 
take place more rapidly than with indiscriminate 
turbulence, and that the reverse is the case in the later 
stages, i.e., when the flame, now firmly established, 
spreads throughout the main body of the charge. 

It is suggested that the process of combustion with 
rotational turbulence is as follows: On the suction 
stroke a mixture of air and mainly liquid fuel is drawn 
into the cylinder and, as demonstrated by Callendar, 
the liquid will tend to persist in the charge as drops, 
even at the end of the compression. These drops will 
be acted upon by two radial forces, viz., (1) centrifugal 
force tending to throw them outwards, and (2) an 
inward force, due to the low pressure in the centre of 
the vortex, tending to carry them inwards; possibly 
supplemented, at any rate near the surfaces of the head 
and piston, by inward radial air flow. As a result of 
these opposed forces, the swirling charge will consist of a 
gaseous core, around which particles of fuel rotate at 
various equilibrium radii, according to their size, 
density, &c., the largest particles being at the outside. 
As the drops diminish in size by evaporation they will 
move inwards, and the resulting scrubbing action will 
cause further and rapid evaporation. 

When the spark passes across the plug points, the 
adjacent gaseous core will ignite rapidly, since the 
lack of indiscriminate movement and the absence of 
liquid drops will both tend to conserve the initial 
heat of the flame. The flame will then travel rapidly 
down the central low-pressure core and, much more 
slowly, outwards towards the cylinder walls. The 
rise of pressure along the axis will, by destroying the 
vortex, probably give rise to some measure of 
indiscriminate movement, but it is felt that the 
movement, although general throughout the charge, 
will not, from the nature of its origin, involve the 
rapid transference of portions of the charge from one 
portion of the cylinder to another. The flame will, 
therefore, travel outwards with sufficient speed to 
complete combustion in the time available, but not 
as rapidly as it would in a highly-turbulent charge. 

On the other hand, with indiscriminate turbulence, 
the rapid movement of the mixture and evaporation 
of liquid drops in the vicinity of the sparking plug 
both tend to dissipate the heat energy of the initial 
flame, so that the first stages of combustion are slow. 
Once ignition is properly established, the later stages 
of combustion will be rapidly completed, due to the 
high degree of relative movement between the various 
portions of the charge. 

This theory affords an explanation of most of the 
observed phenomena, including that in connection 
with spark advance. The rapid and essentially local 
combustion, in the neighbourhood of the sparking 
plug, with rotational turbulence, explains the quick 
initial pressure rise, causing “combustion knock,” 
and overheating of the sparking plug. It can also 
be made to reconcile the experimental results with 
various theories of engine detonation. If, for example, 
we accept that in which pinking is considered to be 
due to auto-ignition of the unburnt portion of the 
charge when compressed beyond its self-ignition 
temperature by the expansion of the burning portion, 
an explanation of the difference in H.U.C.R. obtained 
with swirling and indiscriminate turbulence is easily 
made. With the former, the rate of flame propagation 
during the later stages of combustion will be too low 
to establish the necessary conditions for the spon- 
taneous ignition of the unburnt charge, and, moreover, 
the length of flame travel from the central core will be 
small, whereas, with the latter, the rapid movement of 
the flame will favour the attainment of a critical tempera- 
ture and pressure by any gas trapped in a pocket. 

If this theory is correct, it should give rise to a new 
tendency in combustion-chamber design, viz., the 
arrangement of the cylinder in such a way that part 
of the mixture is maintained near the sparking plug 
either stagnant or in a state of indiscriminate turbu- 
lence, thus ensuring the absence of ‘“ combustion 
knock,” whilst the main body of the charge is given 
a definite uni-directional swirl, thus enabling a high 
compression ratio to be used without detonation. 








Wiretess Apparatus For TRAWLERS.—Upwards of 
forty Marconi telegraph installations have recently been 
ordered for fishing trawlers in the Humber district. 
The specially-designed Marconi trawler installations 
comprise a telegraph transmitter, a receiver, and, usually, 
a direction finder. 











THE DRUMM STORAGE BATTERY 
FOR RAILWAY TRACTION. 


For the operation of branch and other lines, the traffic 
conditions on which do not justify the capital 
expenditure involved in complete electrification, a 
certain amount of work has been done with accumu- 
lator vehicles. For any considerable extension of this 
type of operation, particularly its extension to heavier 
traffic, however, it has generally been considered that 
a battery having characteristics somewhat different 
from anything so far available was necessary. 
Particularly must it be capable of supplying a heavy 
discharge during periods of acceleration, and of being 
rapidly charged to its full capacity. 

A type of battery invented by Dr. J. J. Drumm, of 
University College, Dublin, is said to comply with 
these requirements, and, to investigate its suitability 
for railway service, a coach equipped with a Drumm 
battery has been under test on the Great Southern Rail- 
way of Ireland for some few weeks past. The coach, 
which was specially constructed at the Inchicore works 
of the Great Southern Railway, is similar in appearance 
to a single-deck tramcar and can be controlled from 
either end. It is equipped with two 110-volt motors, 
one at each end, coupled to the axles through gearing 
giving a reduction ratio of approximately 4:1. Each 
motor is rated at 35 h.p., and is capable of sustaining 
an overload of 100 per cent. for 10 minutes and of 
200 per cent. for a short period. The battery consists 
of 77 cells, each measuring 12 in. by 18 in. by 10 in. 
the total weight of the battery, with its crates, being 
6,000 Ib. (2-68 tons), and the weight of the vehicle 
fully loaded being about 13 tons. 

Full technical details of the cells are not yet available 
for publication, but each comprises 18 positive plates 
and 17 negative plates, spaced about } in. apart by 
means of ebonite rods and held together by means of 
nickel strap plates. The positive plates are of the 
ordinary alkaline-battery type, of nickel and graphite, 
but the negative plates are of special design and 
appear to be of nickel gauze. The containers are of 
Monel metal, and the electrolyte is stated to be mainly 
a solution of caustic potash in distilled water. It is 
filled into the cell through a tube which extends to 
the bottom, in order to ensure the thorough mixing of 
any new electrolyte which may be added with that 
remaining in the container from the previous filling. 
A vent is provided at the top of each cell to enable the 
level of the electrolyte to be inspected. The claims 
for the Drumm battery are that it has a lower resistance, 
a higher E.M.F., and can be charged and discharged 
at a higher rate than existing alkaline batteries. The 
probable life of the battery cannot yet be given defi- 
nitely, but life tests are in progress, and it is stated 
that the evidence so far collected indicates a high 
degree of durability. The energy efficiency is given 
as 75 per cent. under ordinary working conditions. 

The Irish Free State Government has a controlling 
interest in the invention, and the particulars given 
below of a day’s run of the test coach above referred 
to, were supplied to the Minister for Industry and 
Commerce by the Advisory Committee on Electric 
Traction. During the day the coach covered a total 
distance of 173 miles in a series of short journeys to 
and from the railway company’s works at Inchicore. 
The main charge was put into the battery at a slow 
rate during the night, but boosting charges at 200 
amperes for 10 minutes, 400 amperes for 20 minutes, 
and 600 amperes for 10 minutes were supplied at 
intervals during the day. The average voltage on 
charge was 152 volts. The total output from the 
battery during the day’s operation was 193 kw.-hours 
at an average voltage of 122, but during acceleration 
periods the normal maximum current was about 
800 amperes, the pressure drop with this current being 
20 volts. The maximum speed obtained was 48-5 
m.p.h., and the average running speed for the day 
29 m.p.h. At the end of the day the battery registered 
122 volts and the temperature of the cells was 30 deg. C., 
the air temperature being 13 deg. C. During subse- 
quent test runs, made on August 27 last, the maximum 
current during acceleration was about 1,000 amperes, 
and the power developed 110 kw. The maximum 
speed attained in these tests was 50 m.p.h., and the 
average speed for the day 40 m.p.h. The maximum 
acceleration rates recorded were 1-24 m.p.h. per second 
up to 30 m.p.h. on the level, and 0-6 m.p.h. per second 
up to 30 m.p.h. on an up-grade of 1 in 100. It is 
pointed out, in connection with these trials, that the 
energy consumption of the coach amounted to about 
85 watt-hours per ton-mile, which would be about 
twice that of a specially built train. 

It is stated that the coach runs very smoothly 
and that the rapid acceleration is a particularly 
valuable feature which should render this type of 
vehicle useful for the suburban lines of the Great 
Southern Railway Company’s system. It has also 
been suggested that the battery should be charged 
while a train is in motion by picking up current from 
a third rail fixed at certain points. 
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4-6-2 TYPE LOCOMOTIVES FOR THE 
INDIAN STATE RAILWAYS. 


THE locomotives illustrated by Figs. 1 to 3 on this 
and the opposite pages are under construction by Messrs. 
William Beardmore and Company, Limited, at their 
Dalmuir Works, for the Indian State Railways, the 
order being for 32. They are being built to the 
designs and under the inspection of Messrs. Rendel, 
Palmer and Tritton, consulting engineers to the Indian 
State Railways, 55, Broadway, Westminster, S.W.1. 
The engines are for the 5-ft. 6-in. gauge, 26 of them 
being destined for the North Western Railway, and 
the remaining six for the East Indian Railway. The 
cylinders are 23 in. in diameter by 28 in. stroke, and 
the coupled wheels 6 ft. 2 in. in diameter. The total 
evaporative heating surface is 2,429 sq. ft., superheating 
surface amounting to 636 sq. ft. being provided in 
addition. The grate area is 51 sq. ft. The boiler 
pressure is 180 lb. per square inch, and at 85 per cent. 
of this the traction effort works out at 30,625 lb. The 
ratio of adhesion to traction effort is 4-32: 1. 

The opportunity has been taken to fit a number of 
alternative devices on these locomotives. For instance 
the Superheater Company’s standard superheater 
header has been fitted on 26 engines and the same 
company’s combined multiple regulator and header 
has n fitted on six engines. Soot blowers of the 
Clyde, Parry and Diamond types are also provided. 
The fire doors are of heat-resisting alloy steel, Firth’s 
Staybrite being employed on 16 engines and Messrs. 
Vickers’ Vickro steel on the remainder. ‘ Sun- 
beam” electric lighting equipment is installed on half 
the engines and Stone’s on the rest. The 26 engines 
for the North Western Railway are fitted with electric 
lighting for the buffer lamps, but this is not provided 
on the E.L.R. The Franklin system of grease lubri- 
cation has been adopted for the axle boxes, and the 
Henry system for the connecting and coupling rods. 

The tenders are of the double bogie type, with wheels 
3 ft. 7 in. in diameter. Sixteen of the tenders have 
a capacity of 6,000 galls. and 14 tons of coal, the re- 
mainder carrying 4,500 galls. and 10 tons of coal. 








Fia. 1. 


The following are the general particulars of the 
locomotive and tender :— 


Locomotive— 


Cylinders, diameter 23 in. 

= stroke 28 in. 
Valves, piston, diameter 12 in. 
Wheels, bogie, diameter 3 ft. 

» coupled, diameter 6 ft. 2 in. 

» trailing, diameter 3 ft. 7 in. 
Wheelbase, driving ; 13 ft. 2 in. 

as total... see 35 ft. 1 in. 

Boiler barrel, O.D. - 6 ft. 3 in. 


9 » length between tube 


plates ... ° 18 ft. 6 in. 
Tubes, 2} O.D. ... ay 129 
‘SSR. se. s 30 


» 3in. O.D. arch it 


woe 6 & 
Heating surface, 2}-in. tubes ... 1,405 sq. ft. 


me Re 5}-in. tubes 795 sq. ft. 
* “3 arch tubes 22 sq. ft. 
» firebox . 207 sq. ft. 

a cs totalevaporative 2,429 sq. ft. 

ve »» superheater 636 sq. ft. 
Grate area ese ae 51 sq. ft. 
Boiler pressure ... san 180 lb. per sq. in. 
Weight, total, empty . 87-0375 tons 


working order 98-1625 tons. 


Tender— 


Wheels, diameter 3 ft. 7 in. 
Wheelbase, total 22 ft. 6 in. 
Water capacity ... 6,000 gallons, 
Coal capacity 14 tons. 
Locomotive and Tender— 
Wheelbase, total 66 ft. 10 in. 
Length over buffers 76 ft. 1§ in. 
Weight, total, empty 124-49 tons. 
ms » working order 176-2 tons, 








Ea@yptiAN AGRICULTURE AND AGRICULTURAL IMPLE- 
MENTS.—A confidential report on agriculture in Egypt 
and the agricultural implements employed has been 
prepared by the Department of Overseas Trade. United 
Kingdom firms interested in this matter and desirous of 
receiving a copy of the report should communicate 
with the Department, at 35, Old Queen-street, London, 
S.W.1, quoting Reference No. A.X. 10,054, 








LETTERS TO THE EDITOR. 


THE SAFETY OF ROTORS OF HIGH 
SPEED TURBO-GENERATORS OF 
LARGE OUTPUT. 

To THE Eprror or ENGINEERING. 


Smr,—With reference to the article ‘‘ The Safety of 
Rotors of High-Speed Turbo-Generators of Large 
Output,” by R. W. Bailey and G. A. Juhlin, and which 
appeared in your issue of August 22nd. On page 242, 
I notice the authors say ‘“ Alloy steels of the nickel, 
nickel-chromium and_nickel-chromium-molybdenum 
types have been used. All of these, in certain compo- 
sitions, are prone to develop extensively the serious 
defect generally known in this country as hair cracks.” 

Whilst it is well-known that certain alloy steels of 
the nickel-chromium type are under certain conditions 
of manufacture prone to develop the so-called hair line 
defect, I was not aware that straight nickel steels suffer 
to any extent in this respect, and should be glad if the 
authors of the paper would say whether they have found 
‘* hair cracks ’’ in rotor forgings made of say 1 per cent., 
2 per cent., or 3 per cent. nickel steel, when such forg- 
ings have been supplied in the unquenched condition 
i.e., normalised and tempered. 

“* Hair cracks ”’ as found in certain types of alloy steel 
forgings are in my opinion the direct result of over- 
stress at some stage in manufacture. The risk of these 
being produced being greatly increased when steels of 
the air hardening or semi air hardening type containing 
chromium are used, and especially if a quenching and 
tempering treatment is given. ; 

Notwithstanding the occasional scrapping of a forging 
owing to the presence of such defects, however, the 
excellent reputation of the English makers of such forg- 
ings is no doubt due to the very great care they are 
at present taking at all stages of manufacture, begin- 
ning with the melting furnace. On the other hand it is 
quite certain that the inspection methods employed by 
Mr. Bailey, and his colleagues in the electrical engineer- 
ing industry generally, have done, and are doing, much 
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“ENGINEERING” 

TONS TONS TONS TONS TONS TONS TONS 

WEIGHT IN WORKING ORDER.....27°-7125 .-----.--..--------- 19-675 19:75 198. 17:225 39-1875. 38°85 

WEIGHT EMPTY. 19°9. 17-5 17-8875. 17:5625 19-1875 1905 18-4 

(2207 8.) 
Fig.3 on values to be readily obtained. For example, when} THE EFFICIENCY OF AIR FILTERS 
10-6 $ = 0-325, then C = 0-581 + 0-019 =0-600. When} FOR INTERNAL COMBUSTION 
ENGINES. 











an intermediate value is not easily calculated at sight, 
it can be obtained by slide rule. 

The table can be used either for heaters or coolers of 
parallel or of contra-flow type, and Fahrenheit or 
Centrigrade units can be used. 

It should be observed that if T, and T, = inlet and 
outlet temperatures, respectively, of the hotter medium 


























To THE Eprror OF ENGINEERING. 

Srr,—I have read with much interest, in your issue 
of August 22, the article on “The Efficiency of Air 
Filters for Internal-Combustion Engines,” but as the 
only centrifugal separator of which test results are 
given by the authors of the article is the old-fashioned 
cyclone, it is hoped you will find space for the following 












































remarks. 
f@ Coefficient} , ¢ d_ | Coefficient ac The cyclone does not give the best extraction results 
D C. : D C. * | obtainable from the vortex principle, for these reasons : 
(1) Separation depends not only on the intensity 
0-0025 | 0-166 | 0-20 | 0-497 ‘a1 
ont | eae bf OO ek eat Peas. 
<teit 0-01 0-215 we 0-22 0-515 ies 
- 0-036 0-009 / 
Gann a 0-02 0-251 | tog | 22% | 25 | o.009 | 
F | P ~ / ae: cui 
to raise the standard of excellence of the forgings which| °° oF 0-021 CR) Oe 0-009 3 
ultimately go into service, and on these grounds, the} 0-04 0-298 || 0-25 0-541 Ss t 
publication of papers such as the one above referred 0-019 | 0-008 
to is to befcommended. 0-05 0-317 euiial 0-30 | 0-581 pee 
Yours faithfully, 0-06 0-334 0-35 0-619 
A. P. Hacuz. 0-016 0-038 
Clydach, near Swansea, 0-07 | a ee en te 
August 27, 1930. 0-08 0-36 ug | OF | 2 | ooae 
-014 ; 5 
MEAN TEMPERATURE-DIFFERENCE| |) | )o, | oi 0) | 00" | o-ss — “execs” 
CHART. 0-10 0-391 | pine: 0-55 | 0-753 0-031 | Of separating centrifugal force on the particles, and on 
0-11 0-408 | 0-60 | 0-783 the width of air stream they require to cross to be 
To THe Eprror of ENGINEERING. 0-012 0-030 | extracted, but also on the time during which the 
Sm,—In your issue of August 15, you published} 912 0-415 ‘ais 0-65 | 0-812 0-o29 | centrifugal force can act, which time factor the 
a “‘Mean Temperature Difference Chart’? by R.| 9.13 0-426 | | o-7o | 0-841 “| authors of the article seem to neglect in comparing the 
Johnson. I think you will agree that the attached | 9-011 | | 0-029 | principles of the two tested separators. Now, in the 
table enables the mean temperature difference to be| 14 iil eer || 0-75 | 0-869 0-028 | Cyclone of the tests, and in any cyclone of usual design, 
found more accurately, and with greater ease than by| 9.15 0-448 | | 0-80 | 0-896 the entering air moves mainly in a horizontal direction 
use of the chart. In the text, it is suggested that the | 0-010 | 0-027 | to the central outlet pipe, because the large proportion 
chart be enlarged. This means an unwieldy size for| 9-16 0-458 cote | 0°85 | 0-923 0-027 | of whirling air below the end of the air discharge pipe 
everyday use, whereas the table herewith is easily} 9.17 0-468 | 0-90 | 0-949 | ~ |is more or less permanently retained in the cyclone. 
made of pocket-book size. | 0-010 | | 0-026 | In other words, the air is short-circuited between the in- 
Hausbrand, in his book “ Evaporating, Condensing| 9:18 0-478 | e-oso | 0°05 | 0°975 | 4.096 | let and outlet, and there is, consequently, comparatively 
and Cooling Apparatus,” gives a table on somewhat} 9.19 | 0-488 | | 4.00 | 1-000 | “| little time for separation. 
similar lines. The first edition, in German, was pub- 0-009 | 0-025 (2) There are now applied to carburettor inlets 


lished in 1899, and the first English edition was a 
translation of the second German edition. In this, 
the values of some of the coefficients C were obviously 
incorrect. 

The latest German edition (sixth) has the table 
altered for some of the values. 
_ The accompanying table has been worked out by 
five-figure logarithms and is given to the nearest third 
place of decimals. 








in heater or cooler, ¢, and t, = inlet and outlet tempera- 
tures, respectively, of the colder medium in heater or 
cooler. 

For parallel fow{? 1, | t 


For contra flow (tore 


vortical separators, of recent introduction and of 
through-flow type, which give a movement to the air 
much nearer to the stream-line motion of a “free” or 
Rankine vortex than is given by the cyclone. An 
example of the more modern type, called the 
“Supreme” vortex separator, is illustrated in the 
accompanying sketch. In such modern vortical separa- 
tors it is seen that the effective vortical length is the 
axial distance between the inlet vanes and the air 


i i _P-8 : discharge pipe, and that practically all the air in the 
Basis of table is MTD = 66s D’ where D= Yours a ay separating chamber is continuously displace d. Thus 
wg! ‘ . or * | as compared with the ordinary cyclone there are at least 

Reniien, Coehietnrdaaend, Dasani these advantages—(a) there is a much longer time for 


greater difference in temperature, d = smaller dif- 

—— = temperature. Then M T D (logarithmic) 
x ©. 

The columns A C give the differences of C between 


the respective values of D’ and allow intermediate 


[The use of the temperature difference chart, or of 
a table is merely a matter of choice, but it appears to 
us that while the tabular method may give slightly 
more accurate results, the chart is less likely to lead to 
errors.—ED., E.] 








separation ; (5) the admitted stream of air, being com- 
paratively narrow, there is a short path for particles 
to cross to reach the sides of the separator, and there is 
a uniform extraction effect on the air stream throughout 


the separator. 





‘ 
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Tests which the writer has done on a separator of 
the type illustrated show an extraction x er least 
99-5 per cent. of any suspended flour in the entering 
air, over a wide range of air velocities and dust con- 
centrations, and this high efficiency is maintained even 
although the dust box is not cleared until it is nearly 
full. The separator has no moving parts, and the dust 
box requires no oil or viscous substance within. Inci- 
dentally, it should be further noted that another 
important advantage of vortical dust extraction on 
motor vehicles is an increase of two to three miles per 
gallon of petrol used. This is explained by the air 
retaining to a large extent its vortical motion in the 
induction pipe beyond the carburettor. Thus, any 
liquid petrol is thrown out to the sides of the induction 
pipe, and is given off in the form of vapour, so that there 
results a better mixture in the cylinder. 

It may be of interest that through-flow vortical separa- 
tors up to 24 ft. high and 9 ft. 6 in. diameter are now in 
operation purifying the fuel gases of power boilers, and 
that the users are thoroughly satisfied with the results. 
As silencer-spark-arrestors for the exhaust gases of 
marine main Diesel engines, many are installed up to 
24 ft. high and 5 ft. 6 in. diameter, an extraction of 
practically 100 per cent. being obtained. Also, for the 
removal of oil, water, and solid matter from exhaust 
steam they have been largely applied, with excellent 
results, to marine main reciprocating engines exhausting 
to low-pressure turbines installed for assisted pro- 
pulsion. 

Yours faithfully, 
Wm. ALEXANDER. 

167, St. Vincent-street, 

Glasgow. 

August 30, 1930. 








ENGINEERING TRAINING AND 
EDUCATION. 


School of Metallurgy, Chelsea Polytechnic.—A pamph- 
let, giving particulars of the courses in metallurgy and 
assaying at the School of Metallurgy, Chelsea Poly- 
technic, Manresa-road, London, 8.W.3, has just 
reached us. Full-time, part-time, and evening courses 
are available, and are intended for candidates preparing 
themselves for the London University degree in 
metallurgy and for students desiring to become 
industrial and analytical metallurgists or mining and 
metallurgical engineers. The courses in metallurgy 
are recognised by the University of London for the 
B.Sc., and higher degrees, by the Institute of Chemistry 
for the diploma in metallurgical chemistry, and by 
the City and Guilds of London Institute for ferrous 
and non-ferrous metallurgy. Diplomas and certificates 
are also awarded, by the School, to successful students. 
The autumn term will begin on September 22 next. 
Copies of the prospectus pamphlet and further par- 
ticulars may be obtained on application to the Principal, 
at the address given above. 


Sir John Cass Technical Institute-—The new session 
of the Sir John Cass Technical Institute, Jewry-street, 
Aldgate, London, E.C.3, which extends over about 
36 weeks, will begin on September 22 next. The 
Institute provides evening instruction in pure and 
applied mathematics, physics, chemistry, petroleum 
technology, fuel technology, metallurgy, assaying, 
geology, modern languages, and other subjects. The 
science courses are arranged to meet the requirements 
of those engaged in the chemical, metallurgical, 
electrical, and petroleum industries, and are held from 
6 p.m. to 10 p.m. The instruction in experimental 
science also provides systematic courses for the 
examinations of London University and the Institute 
of Chemistry. The syllabus of the classes, in pamphlet 
form, is now available, and may be obtained from the 
Principal of the Institute. 


Lectures for Teachers.—The handbook, for the session 
1930-31, of evening lectures and classes for teachers, 
organised by the London County Council, has just 
been issued by the Education Officer, The County Hall, 
Westminster Bridge, London, 8.E.1. These lectures 
form an important part of the educational system in 
London. They are designed to bring London teachers 
into touch with the latest developments in educational 
methods, and to give them ———— of hearing 
leading authorities in various branches of learning on 
current questions of importance. While the majority 
of the courses deal with history, geography, literature, 
and the arts, some are devoted to mathematics, physics, 
and other scientific subjects. The fees are exceptionally 
low. Copies of the handbook and further information 
may be obtained on application to the Education Officer, 
at the London County Hall. 





Roya Sanrrary InstTiTuTE CONGRESS AND EXHIBI- 
TION, 1931.—The 42nd Congress and Health Exhibition 
of the Royal Sanitary Institute will be held at Glasgow 
from July 4 to 11, 1931, under the presidency of Sir 
Henry Mechan. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Laboratory Testing Machines.—The supply of labora- 
tory testing machines and apparatus. The Argentine 
State Railways, Buenos Aires; October 13. (Ref. No. 
A.X. 10,149.) 

Swing Bridge.—The construction of a swing bridge 
over the Mahmudia Canal at Zargun Syphon. The 
Egyptian Ministry of Public Works, Cairo; September 
30. (Ref. No. A.X. 10,151.) 

Water Meters.—The supply of water meters to the 
Damanhour Municipality. The Egyptian Ministry of 
the Interior; October 5. (Ref. No. A.X. 10,157.) 

Air Compressor.—The supply of one air compressor. 
The New Zealand Government Railways Department ; 
November 6. (Ref. No. A.X. 10,172.) 

Plate Bending Rolls.—The supply of combined plate 
bending and straightening rolls of four-roller type. The 
New Zealand Government Railways Department, 
Wellington ; November 6. (Ref. No. A.X. 10,173.) 








BOOKS RECEIVED. 


United States Department of the Interior. Geological 
Survey. Water-Supply Paper No. 615. Surface 
Water-Supply of Hawaii, July 1, 1924, to June 30, 1925. 
By N. C. Grover and M. H. Carson. [Price 20 cents. ] 
Water-Supply Paper No. 616. Geology and Water 
Resources of the Kau District, Hawaii. By H. T. 
Stearns, W. O. CuarK and O. E. Mervzer. [Price 
85 cents.] Water-Supply Paper No. 629. Surface 
Water Supply of the United States, 1926. Part IX. 
Colorado River Basin. By N. C. Grover, R. Fot- 
LANSBEE, A. B. Purton and W. E. Dickryson. 
[Price 20 cents.] Water-Supply Paper No. 632. 
Surface Water Supply of the United States, 1926. 
Part XII. North Pacific Slope Drainage Basins. 
A. Pacific Slope Basins in Washington and Upper 
Columbia River Basin. By N. C. Grover, G. L. 
PaRKER and W. A. Lams. [Price 20 cents.] Profes- 
sional Paper No. 156. Revision of the Lower Eocene 
Wilcox Flora of the South-Eastern States with Descriptions 
of New Species, chiefly from Tennessee and Kentucky. 
By E. W. Berry. [Price 75 cents.] Washington : 
Government Printing Office. 

Practical Geometry and Graphics. By P. F. Harrop. 
London : Oxford University Press (Humphrey Milford). 
[Price 3s. 6d.} 

Physikalische Staubbestimmungen. 


By O. M. Faser. 
Halle (Saale): Wilhelm Knapp. [Price 3-50 marks. ] 
Maschinenelemente. By W. TocHTERMANN. Berlin: 


Julius Springer. [Price 15 marks.] 

The Engineers’ Year-Book of Formule, Rules, Tables, 
Data, and Memoranda for 1930. Originally compiled 
by H. R. Kempe and W. HANnNEForD SmiTH. 37th 
Annual Issue. Revised under the direction of the 
Editor of The Engineer. London: Morgan Bros. 
(Publishers), Limited; and Crosby Lockwood and 


Son. [Price 3ls. 6d. net.] 

Wind Stresses in Buildings. By Rox,ins FLemina. 
New York: John Wiley and Sons, Incorporated. 
London: Chapman and Hall, Limited. [Price 
17s. 6d. net. ] 


Diesel Engine Operation, Maintenance, and Repair. By 
C. BusHNELL. New York: John Wiley and 
Sons, Incorporated. London: Chapman and Hall, 
Limited. [Price 17s. 6d. net.] 

Acoustics of Buildings, including Acoustics of Auditoriums 
and Soundproofing of Rooms. By F. R. Watson. 
Second Edition, Revised. New York: John Wiley 
and Sons, Incorporated. London: Chapman and 
Hall, Limited. [Price 15s. net.] 

The Elements of Ferrous Metallurgy. By Dr. J. N. 
RoOsENHOLTZ, New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 15s. net.] 

Automobile Steels. By Dr.-Ing. A. Mitter-Havurr and 
Dr.-Ing. K. Srerm. Translated from the German 
by Dr. H. Gotpscumipt. New York: John Wiley 
and Sons, Incorporated. London: Chapman and 
Hall, Limited. [Price 17s. 6d. net.] 

Water Supply and Utilisation. By D. M. Baker and 
H. Conxurne. New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 30s. net.] 

Rapid Methods for the Chemical Analysis of Special Steels, 
Steel-Making Alloys, their Ores, Graphites, and Bearing 
Metals. By C. M. Jonnson. Fourth edition. New 
York : John Wiley and Sons, Incorporated. London: 
Chapman and Hall, Limited. [Price 37s. 6d. net.] 

Experimental Mechanical Engineering for Engineers and 
for Students in Engineering Laboratories. Vol. 
Engineering Instruments. By H. DrepErRIcHs and 
W. C. ANDRAE. New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 40s. net.] 

Journal of the Institute of Metals. Vol. XLIII. Edited 
by G. SHaw Scorr. London: The Offices of the 
Institute. 

Arrol’s Reinforced Concrete Reference Book of Examples, 
General Formule, Model Regulations, and Designing 
Tables, as Used by the Reinforced Concrete Department 
of Sir William Arrol and Company, Limited. By E. A. 
Scorr. London: E. and F. N. Spon, Limited. 
[Price 16s, net.] 





LAUNCHES AND TRIAL TRIPS. 


** BEAULIEU.”’—Single-screw oil-tank motorship; six- 
cylinder, single-acting, two-cycle Armstrong-Sulzer Diesel 
engine. Trial trip, August 16. Main dimensions, length, 
408 ft. ; beam, 54 ft. 9in. ; deadweight carrying capacity, 
9,000 tons on a draught of 26 ft. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company (Ship- 
builders), Limited, Newcastle-upon-Tyne, for Messrs. 
Biorn Biornstad and Company, Oslo, Norway. 


“* Kim.”’—Single-screw oil-tank motorship ; six-cylin- 
der, single-acting, ,two-cycle, Armstrong-Sulzer Diesel 
engine. Trial trip, August 18. Main dimensions : 
length, 408 ft.; beam, 54 ft. 9 in.; deadweight carrying 
capacity, 9,000 tons on a draught of 26 ft. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Walker-on-Tyne for Mr. Sverre 
Sturlung, Bergen, Norway. 


“In Nomine Der.’’—Lighter. Launch, August 26. 
Main dimensions, 344 ft. 6 in. by 39 ft. 4 in. by 9 ft. 
Built by Messrs. The ‘‘De Maas” Shipbuilding Com- 
pany, Slikkerveer, Holland, for a German firm. 


** Kenya.”’—Twin-screw passenger and cargo steamer 
for service between India and the east coast of Africa ; 
single-reduction geared-turbine propelling machinery. 
Launch, August 27. Main dimensions, 470 ft. by 64 ft. 
by 41 ft. Built by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, for Messrs. British India 
Steam Navigation Company, Limited, London. 


‘“‘ SILVFRTEAK.”—Twin-screw cargo motorship, six- 
cylinder, single-acting Harland-B. & W. Diesel engines. 
Trial trip, September 2. Main dimensions, 433 ft. by 
61 ft. 9 in. by 40 ft. Built by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Silver Line, Limited, 
London. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland pig-iron 
trade presents few new features. The ironmasters’ 
own consuming departments are likely to continue to 
use, in its molten state, the bulk of the make. Producers, 
however, report inquiries, encouraging the belief that home 
users who have to come on the market for supplies will 
rather readily accept the surplus output that is run 
into the pig beds. There is little prospect of much 
expansion of export demand. Second-hand opportunities 
of putting through much business continue meagre, owing 
to conditions of contract with ironmasters prohibiting 
extensive merchants’ sales to principal home consumers, 
and continued obstacles to transactions with overseas 
firms. JIronmasters’ fixed minimum prices stand : No. 1, 
Cleveland, 66s. ; No. 3, g.m.b., 63s. 6d. ; No. 4, foundry, 
62s. 6d.; and No. 4, forge, 62s. 

Hematite-—A steady tone pervades the East Coast 
hematite branch of the staple industry, notwithstanding 
the burden of heavy stocks, and the opinion prevails 
that a slight change for the better is at hand. Substantial 
proportions of the quantities stored are sold, and customers 
who have been unable to take up iron as it has fallen 
due against contract, hope shortly to accept considerable 
arrears of delivery, so that the present unsatisfactory 
statistical position may quickly change for the better. 
Meanwhile producers hold to their quotations of 71s. for 
ordinary qualities, and 71s. 6d. for No. 1 grade of iron, 
on which terms they report home and export sales, 
though merchants are accepting rather less, and have 
considerable parcels to dispose of. 


Foreign Ore.—There is still no market for foreign ore, 
consumers being well stocked, and having large supplies 
to come in against old contracts. Best rubio remains 
at 19s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues plentiful. Prompt parcels of good average quali- 
ties are obtainable at 16s. 6d., delivered to works in this 
area, but sellers ask up to 17s. 6d. for forward supply. 


Manufactured Iron and Steel.—Little change is notice- 
able in the various branches of manufactu ed iron and 
steel, but while prospect of early material expansion of 
trade is by no means bright, the outlook generally is 
regarded as less discouraging than of late. Producers 
of several descriptions of material have still a good deal 
of work to execute, and a few new orders have been 
secured. Departments best employed are those manu- 
facturing railway material, constructional steel and 
sheets, but in all branches, orders are needed. Among 
the principal market quotations are :—Common iron 
bars, 10/. 15s.; best bars, 11l. 5s.; double best bars, 
1ll. 15s. ; treble-best bars, 12/. 5s. ; iron rivets, 11/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft); 62. 15s. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 87. 2s. 6d.; steel rivets, 11l. 5s. ; 
steel ship plates, 8/7. 15s. ; steel angles, 8/. 7s. 6d. ; steel 
joists, 81. 10s.; heavy sections of steel rails, 8/. 10s. for 
parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 
91. 12s. 6d.; and galvanised corrugated sheets (No. 24 
gauge), 117. 17s. 6d. 

Scrap.—Scrap is slow of sale, and prices are weak. 
Borings are 35s.; turnings, 40s.; heavy ordinary cast 
iron, 55s.; heavy machinery metal, 5/s. 6d.; and 
heavy steel scrap, 47s. 6d. 

Imports of Iron and Steel.—Returns issued. by the 
Tees Conservancy Commission give the imports of iron 
and steel to Middlesbrough and district for the ten 
months ending August 31 last from Belgium, Holland, 
France, Norway, Sweden, Finland, India, Germany, 
and coastwise, together with the figures for the same 
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months a year ago, and for the corresponding pre-war 
period of 1913-14. Pig-iron imported during the 
months just ended was returned at 10,405 tons, as com- 
pared with 25,900 tons a year ago, and 312 tons in the 
pre-war period. Crude sheet bars, billets, blooms and 
slabs unloaded to the end of last month amounted to 
84,872 tons, as compared with 89,063 tons a year ago, 
and 33,646 tons in the pre-war period; and plates, 
bars, angles, rails, sheets and joists unshipped to the end 
of August last reached 27,802 tons, as compared with 
40,960 tons a year ago, and 19,441 tons in the pre-war 
period. The total imports of iron and steel in the past 
ten months amounted to 123,079 tons, as compared with 
155,232 tons for the same months a year ago, and only 
53,399 tons in the pre-war period. 

Shipments of Iron and Steel.—August shipments of 
iron and steel from the Tees totalled 63,039 tons, com- 
prising 16,863 tons of pig-iron, 4,223 tons of manufac- 
tured iron, and 41,953 tons of steel. Aggregate ship- 
ments for July reached 71,345 tons. Of the pig-iron 
loaded last month, 9,885 tons went to foreign destina- 
tions and 6,978 tons went coastwise; of the manufac- 
tured iron cleared, 3,136 tons went abroad and 1,087 
tons coastwise; and of the steel shipped, 26,395 tons 
went overseas and 15,558 tons coastwise. Scotland was, 
as usual, the largest buyer of pig-iron, accepting 4,530 
tons; while Wales took 2,448 tons; Italy, 2,400 tons ; 
Canada, 1,300 tons; Spain, 1,140 tons; and France, 
1,117 tons. The Union of South Africa was the heaviest 
purchaser of both manufactured iron and steel, importing 
2,027 tons of the former and 7,890 tons of the latter. 
Other principal customers for steel were: India, 4,647 


tons; Argentina, 4,113 tons; Canada, 1,771 tons; 
Norway, 1,414 tons; and Portuguese East Africa, 
1,100 tons. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—-No improvement falls to be 
recorded in the Scottish steel trade this week, and 
hand-to-mouth conditions continue to exist. The 
present lowly state of the trade is not due solely to 
dullness locally, but is largely caused by the world- 
wide depression, and unfortunately there is not a single 
sign visible of any change for the better in the near 
future. Home consumers are only specifying for their 
actual requirements—-which are small—and inquiries 
from overseas buyers are of little account. The ship- 
building industry has done fairly well this year so far, 
but the prospects for the remainder of the year are so 
poor that steelmakers cannot expect much business 
from that quarter. The black-sheet makers have struck 
a slightly duller patch, and dealing is a little quieter 
this week, although there is still a fair number of orders 
on hand for light sheets. The heavier gauges are no 
better and makers of galvanised sheets are far from 
busy; in fact, they are extremely quiet. Conditions 
all round are the opposite of bright. Prices, wltile 
weak, are unchanged and are as follow :—Boiler plates, 
101. 10s. per ton; ship plates, 8/. 15s. per ton ; sections, 
8l. 7s. 6d. per ton; black steel sheets, } in., 9/. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 
127. 15s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is still very dull, and it is with difficulty that 
even part of the plant is being kept moving. Specifi- 
cations are coming in very slowly, and inquiries represent 
only a small tonnage. The re-rollers of steel bars are 
in a similar position, and are up against what may be 
termed ridiculous quotations for Continental bars, 
which tends to show the lowly state of trade on the 
Continent. The current local prices are as follow :— 
“Crown ”’ bars, 101. 5s. per ton for home delivery, and 
91. 15s. per ton for export; and re-rolled steel bars, 
71. 12s. 6d. per ton for home delivery and for export. 


Scottish Piq-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade except perhaps that 
production has been curtailed by the damping down of 
more furnaces, and, at the present time, there are no more 
than eight furnaces in blast. The demand is of the 
smallest description, both on home and export account, 
and keen competition is being experienced from foreign 
and Indian imports. Inquiry is very poor. Market 
quotations are as follow —Hematite, 78s. 6d. per ton 
delivered at the steel works; foundry iron, No. 1, 79s. 
per ton and No. 3, 76s. 6d. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, August 30, was extremely small and only 
amounted to 121 tons. Of the total, 120 tons went 
overseas and only 1 ton coastwise. During the corre- 
sponding week of last year the figures were 411 tons over- 
seas and 101 tons coast-wise, making a total shipment of 
512 tons. 


Scottish Shipbuilding.—The shipbuilding industry, if 
one were to judge from the monthly output this year, 
would seem to be in quite a healthy state, but while the 
figures show that there has been a fair amount of activity, 
the number of empty berths is steadily increasing. Old 
contracts have been gradually worked off and new 
contracts have been so scarce for many months back that 
a very quiet winter is being looked forward to in the 
industry. During last month only two new orders were 
reported, and while there were rumours of others, no 
official intimation has been made. Indeed, shipbuilders, 
on thewhole, are guarding their secrets a little more closely 
now, and are endeavouring to prevent information leaking 
out until contracts are officially signed and all details 
fixed up. By so doing they are preventing annoyance 
to themselves and owners, and also awkward situations 





from arising. The output figures for the past month show 
that the tonnage launched was well over the average 
figure for the month of August. The following are the 
details for the different districts :— 


Vessels. Tons. 

The Clyde ova 19 59,531 
The Forth aa ae nee 7 5,879 
The Tay Nc tet Cee 1 8,000 
The Dee and Moray Firth ... 4 550 
31 73,960 


For the previous month the total was 17 vessels of 34,598 
tons. The Clyde total is the second largest for this year, 
and it brings the output for the eight months up to 
144 vessels of 384,549 tons, which is ninth highest 
tonnage for the period during the last quarter of a century, 
omitting, of course, the output during the war years. 
The record tonnage from the Clyde yards for the corre- 
sponding period was in 1920, when the figures were 142 
vessels of 440,174 tons, and so this year is just 55,625 tons 
less. Employment at the shipyards is gradually getting 
less, and the outlook is not very promising. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—In view of the divergent conditions 
which exist in the steel and engineering trades of this 
area, it is difficult to say whether actual progress is 
being made. Where headway is reported it is of a slow 
and arduous character. Many departments which sus- 
pended operations at the beginning of August, owing to 
the holidays, have not yet restarted. More steel-producing 
furnaces have been put out of commission. Order books 
generally are still in a neglected condition, but taken 
on the whole, prospects tend to become brighter. There 
is only a poor demand for billets, strips, and rods. Acid 
steel is a weak market, while ferro-alloys are not attracting 
many buyers. Scrap merchants are doing a shade more 
business. Prices of iron and steel materials have under- 
gone little or no change. Latest quotations :—Siemens 
acid billets, 97. 10s.; hard basic billets, 97. 2s. 6d. to 
91. 12s. 6d. ; medium-hard basic billets, 7/. 12s. 6d. to 
81. 2s. 6d.; soft basic billets, 67. 10s.; Derbyshire 
foundry pig iron, 68s. 6d. ; Derbyshire forge iron, 64s. 5d. ; 
crown iron bars, 107. 15s. ; iron hoops, 12/.; steel hoops, 
91. 10s. to 101. ; basic-steel scrap, 50s. There is only a 
moderate call for ship steel, while railway rolling-stock 
requisites do not represent much in the bulk. A revival 
of business with India would help to improve the position. 
Steelworks machinery is in demand from oversea countries 
including South Africa, Italy, Holland, and Australia. 
Orders from foreign users have been received locally for 
special grinding machinery and brick and tile making 
plant. Heating apparatus is on order in connection with 
public wash houses for Sheffield, Nottingham, and Liver- 
pool corporations. Makers of automobile steel and fittings 
have recovered from the temporary set-back recently 
sustained. High-class steel manufacture is an expanding 
line. There is a consistent call for hollow tool steel 
and high-class drill steel. The tool trades are only 
moderately employed. Weak tendencies have developed 
in several directions. 


South Yorkshire Coal Trade.—Though the position 
has taken on a brighter appearance, supplies of most 
classes of fuel are in excess of the current demand. The 
export market is stronger. Industrial requirements 
are on a very low level, largely as a result of the depression 
in the iron and steel trades. Steam coal is steady. The 
decision to increase house coal by 1s. a ton before Septem- 
ber 1 has resulted in a steady improvement. Whether 
it will be maintained is doubtful, though buying for 
winter-stocking purposes is expected to take place in the 
immediate future. Foundry and furnace coke are 
moderately active on home and export account, while 
gas coke is firm. Foundry and furnace sorts are realising 
17s. to 188, 6d. per ton, and gas coke 21s. to 25s. Quota- 
tions :—Best hand-picked branch, 24s. to 258. 6d.; 
Derbyshire best bright house, 19s. to 2ls.; best house 
coal, 18s. to 19s. 6d. ; screened house coal, 16s. to 17s. ; 
screened house nuts, 14s. to 16s.; Yorkshire hards, 
14s. to 15s. 6d.; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls, 3s. to 58. 








THE LIVERPOOL CoRPORATION TRAMWAYS.—The length 
of track operated by the Liverpool Corporation Tram- 
ways is 164 miles and the estimated population served is 
987,000. The total revenue for the twelve months 
ending March 31, 1930, amounted to 1,602,228/., while 
the operating costs, including the rental of leased lines, 
totalled 1,392,5267. The net surplus, after deducting all 
charges, was 72,015/. and this sum was transferred to 
the reserve, renewal and depreciation fund. Accordin 
to the annual report of Mr. P. Priestly, the genera 
manager of the undertaking, the car-mile earnings, during 
the year under review, were 16-532d., while the total 
charges, per car-mile, were 16-026d. It is interesting to 
find that 1,918,280 free rides have been given to blind 
persons, ex-Servicemen, and others, during the year, and 
that the estimated value of these rides is 15,4937. Further- 
more, the Tramways Committee has decided to allow 
Old Age Pensioners to ride free on the tramway cars for 
an experimental period of three months. Express 
omnibus services from the centre of the City to districts 
already served by tramcars, at fares higher than tram- 
way-car fares, have been introduced. These services 
are fairly well patronised during the rush-hour periods, 
but, during the other portions of the day, passengers 
travel by the tramway-cars and pay the lower fares. 





NOTICE OF MEETING. 





Institute oF Metats.—Autumn Meeting, Tuesday, 
September 9, to Friday, September 12. Chantry Hall, 
Chapel-road, Southampton. Tuesday, September 9, 
8 p.m. Lecture: “The Use of Non-Ferrous Metals in 
the Aeronautical Industry,’ by Professor D. Hanson. 
Wednesday, September 10, 9.30 a.m. “ Rolled Gold: 
Its Origin and Development,” by Mr. E, A. Smith. 
**Gas Removal and Grain Refinement of Aluminium 
Alloys,” by Dr. W. Rosenhain, Mr. J. D. Grogan and 
Mr. T. H. Schofield. ‘‘ Pressure Die-Cast Aluminium 


Alloy Test-Pieces,” by Mr. J. D. Grogan. ‘“ The 
Diffusion of Aluminium into Tron,” by Mr. N. W. 
Ageew and Miss O. I. Vher. ‘The Artificial Ageing 
of Duralumin and Super-Duralumin,” by Dr.-Ing. 


‘Lattice Distortion as a Factor in 
by Dr. W. L. Fink and 


K. L. Meissner. 
the Hardening of Metals,” 


Dr. K. R. Von Horn. ‘“ A Study of the Relation between 
Macro- and Micro-structure in Some Non-Ferrous 
Alloys,” by Dr. M. L. V. Gayler. Thursday, 


September 1], 9 am. ‘‘The Effect of Two’ Years’ 
Atmospheric Exposure on the Breaking Load of 
Hard-drawn Non-Ferrous Wires,” by Dr. J. C. Hudson. 
‘The Open-Air Corrosion of Copper. Part II.—The 
Mineralogical Relationships of Corrosion Products,” 
by Dr. W. H. J. Vernon and Mr. L. Whitby. “‘ Silicon- 
Copper Alloys and Silicon-Manganese-Copper Alloys,” 
by Dr. E. Voce. ‘‘A New Silicon-Zinc-Copper Alloy,” 
by Mr. E. Vaders. “The Effects of Phosphorus on 
the Strength of Admiralty Gun-Metal,” by Mr, H. C. 
Dews. ‘‘A Note on the Constitution of the Cadmium- 
Zine Alloys,” by Dr. D. Stockdale. ‘*‘ Pendulum Hard- 
ness Tests of Commercially-Pure Metals,”’ by Mr. D. A. N. 
Sandifer. ‘‘ Heat Treatment, Ball Hardness and Allo- 
tropy of Lead,” by Mr. F. Hargreaves. ‘‘On the 
Determination of Crystallite Orientation,’” by Professor 
G. Tammann. Friday, September 12. All-day Excur- 
sions. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


Large Contract Lost.—An order for 250,000 tons of coal 
to be delivered at Rio de Janeiro for the Brazilian 
Central Railways during the next six months has been 
lost to South Wales. The order has been secured by the 
Germans at 2s. per ton less than the price quoted for 
Welsh coal. Coming as it does on top of the passing of the 
Coal Mines Bill, which is expected to result in increased 
production costs, the outlook is regarded as gloomy by 
Welsh coal operators, who feel that there must be a 
reduction in costs or else business will be lost, and the 
pits rendered idle. The whole of the blame for the 
success of German coal in undercutting Welsh coal 
does not rest on the miners, for shipment charges are 
also lower at Rotterdam, enabling shipowners to take 
smaller rates than are required for vessels loading at the 
Welsh ports. Several South American contracts have 
been lost by Welsh colliery owners and exporters this 
year, aggregating more than 1,000,000 tons, which 
explains why shipments of coal foreign have declined, 
and the fact that some 10,000 miners have been thrown 
out of work. The present minimum prices of Welsh coal 
are insufficient to enable the industry to secure a profit. 
Without any hope of successfully competing for business 
at higher figures, the outlook is indeed dismal. The 
coalowners have made arrangements to comply with 
the terms of the new Coal Mines Act which, it is ex- 
pected, will add at least 1s. per ton to the cost of 
production. 


Three Months’ Results.—The working of the Welsh 
coal trade during the quarter ended July 31 produced a 
trading profit of 28,3110. or 0 -67d. per ton, compared with 
314,324/. or 6-71d. per ton in the previous three months. 
Had it not been for the benefit of the railway rates 
rebate allowed under the De-Rating Act a loss would 
have been sustained : as it is, the result is only sufficient 
to pay the men 8-66 per cent. on the 1915 standard 
rates, but as the minimum wages are 28 per cent, over 
the 1915 rates the coalowners have to make up. the 
difference. The retrogression is attributed chiefly to 
the contraction in inland consumption, partly owing to 
the depressed state of the iron and steel trades, while 
the export traffic too has fallen off. Production during 
the quarter amounted to 10,171,864 tons, against 
11,235,055 tons in the preceding three months, while 
exports totalled 5,857,817 tons compared with 6,055,994 
tons. In 1913 the South Wales output represented 
9-64 per cent. of the European production, but it is now 
only 7? per cent. of it. 














PERSONAL.—On page 234 ante we referred to the 
fact that Messrs. W. E. Burnand and Company, ‘Duo 
Works, 66-106, Shoreham-street, Sheffield, had acquired 
the Phoenix electro lifting magnet business from Messrs. 
Steel, Peech, and Tozer, Limited. We now learn that the 
sole selling agency is still to be continued by Messrs. 
ial and Company, 70, Victoria-street, London, 
8.W.1.—Owing to increased orders for their Empire, 
Dominion, Hundred, and Fifteen-Forty marine motors, 
Messrs. J. W. Brooke and Company, Limited, Adrian 
Works, Lowestoft, have found it necessary to reorganise 
their engine factory. Furthermore, the firm has recently 
secured the services of Mr. W. A. Davenport.—Messrs. 
Mosers Limited, 4, Marshalsea-road and Borough High- 
street, London, S.E.1, have just concluded an arrange- 
ment with Messrs. R. and J. Rankin, Liverpool, to act as 
sole distributing agents for the Johnston patent auto- 
matic wrench and spanner, for London and the South 
of England. 
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RUBBER-MAKING MACHINERY. 


(For Description, see Page 289.) 
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TRADE UNION POLICY. 


IN modern times, both before and since the war, 
it has often been necessary to consider the opera- 
tions of the trade-union organisations. and their 
effect upon industry. The action of these bodies 
has always been found to be dominated by the 
fact that they included two parties with broadly 
contrasted objects, the one industrial and the other 
political. This division appeared publicly in pro- 
ceedings of the trade-union representative bodies, 
and was known to be operating in many or most of 
their individual societies and lodges. Sometimes, 
and in some districts, one party would be dominant, 
and sometimes another, while very often conflict 
was avoided by compromise, and arrangements 
adopted which, while insufficient to satisfy either 
industrial needs or political aspirations, were 
enough to provide a modus vivendi between the 
parties. These compromises were reflected in the 
arrangements come to between the employers and 
the workmen of the industry, which often left the 
industries badly handicapped in international 
competition, and, to that extent, prejudiced the 
employment of the workmen. On still less fortu- 
nate occasions the political interests within the 
union, while unable to procure the arrangements 
they professed to be seeking, were sufficiently strong 
to prevent a compromise from being adopted, and 
succeeded in determining strikes, from the effects 
of the gravest of which the industries have never 
yet recovered. Those who know at first hand the 
views and feelings of industrial workers have 
never failed to recognise that these ill-advised 
proceedings, so far as the men were parties to them, 
had been forced upon them. One of the most 
deplorable aspects of these calamities was, indeed, 
that through loyalty to their leaders, or through 
still more coercive influences, men were being led 
or driven to take part in action opposed to their 





own interests, and would be forced to do so again 
whenever the sinister political influences got the 
upper hand of the sane industrial leaders. 

The opening proceedings of the Trades Union 
Congress now meeting at Nottingham give reason 
to hope that at the present critical time the indus- 
trial element is at last coming by its own in the 
trade-union organisations. A notable indication, 
among several that suggest this conclusion, may be 
found in the recent action of the General Council, 
which for some time past has been in intimate 
conference with the Federation of British Industries, 
and has published a memorandum on Economic 
Groups and Imperial Trade, conceived wholly from 
the point of view of industry and of Imperial in- 
terests, and in no way from that of sectional politics. 
The key note, however, of the temper in which 
a trades union congress meets is usually struck 


8) by the Presidential address, and that of Mr. John 


Beard gives a good deal more than an indication 
that the policy he represents is exclusively industrial. 
The final proceedings of the Congress will show 
to what. extent he is supported by the delegates 
of its constituent unions, but the fact of his appear- 
ing in his high office is evidence that those who 
appointed him to it were prepared for a declaration 
on such lines. It is understood generally that 
throughout the controversies of the last ten years 
he has been in constant opposition to the Com- 
munist influences which have had so baleful an 
effect on the trade unions and their industries, 
and that he was prominent among those who 


8 opposed the disastrous policy which led to the 


General Strike of 1926. The views which, if this 
impression is correct, he must have urged upon 
his colleagues in their private conferences, he has 
now expressed publicly. Temperately, but without 
reserve or ambiguity, he has disclaimed the desire 
to displace the capitalist system by “Socialism in 
our time,” and with equal emphasis he has approved 
the General Council’s consultation and co-operation 
with the employers’ organisations as a natural 
evolution of proper trade-union policy. In common 
with the Council, he believes that closer economic 
connection with the rest of the Empire would have 
an important bearing upon unemployment in this 
country, if ways to establish it could be wrought out 
in consultation with the representatives of the 
Dominions. Still more emphatically he repudiates 
for trade unions any disposition to be bound by 
either a free trade or a protectionist fetish. In 
his view, it would be as foolish and impossible to 
consider free trade a categorical necessity as it would 
be to imagine that tariffs are a cure for all industrial 
ills. Every proposal must be judged on its own 
merits without being prejudiced by some “ abstract 
principle,” such as free trade, which may be totally 
inapplicable to existing circumstances. In his view, 
the country is faced with a grave economic crisis, and 
no section or party in industry and commerce 
should be “unwilling to sink petty differences, 
and to place itself at the disposal of the nation for 
the organisation of victory over the common enemy 
of pove 

No language could give better assurance of an 
intention to consider the grave circumstances of 
the time exclusively from the industrial point of 
view, which the Trades Union Congress has it in 
trust to safeguard. In particular, the repudiation 
of preconceived formule will be welcomed by 
those who know the crippling effects which formule 
have when applied without consideration of cir- 
cumstances. Nothing, indeed, can be more neces- 
sary and helpful to dealing wisely and effectively 
with the difficult situations that have to be faced, 
than the determination to consider each of them 
with an open mind. Not the least difficult of 
these is the fundamental dilemma involved in 
what is known as Rationalisation. An essential 
purpose of the various operations included under 
that term is to obtain more work at a less expense 
of energy, which is the same thing as employing 
fewer men to produce a given amount of work, 
and there is obvious difficulty in deciding what to 
do with the men whose labour is saved. Under 
most circumstances in which the question is likely 
to arise at the present time, Mr. Beard will see 
that his suggestion of turning the unemployment 
into a holiday with pay would be impracticable. 
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Improvement of manufacturing plant is not being 
sought at the present time in order to obtain 
enhanced profit. It is required in order to enable 
manufacturers to regain, and if possible increase, 
their markets by reducing their prices to the 
level at which their foreign competitors work. At 
the present time whole industries are working on 
the dole, in the sense that, carrying on their under- 
takings without profit, they are living on the profit 
that is due to the owners of their capital, and 
perhaps even at the expense of adequate provision 
for depreciation. While, however, the immediate 
intention of obtaining more efficient plant is to 
enable works to hold their existing markets, the 
hope must always be entertained that the same 
efficiency as enables them to do this will also 
lead to an extension of their trade. It is to that 
extension that the industry must look for finding 
employment for those men who are displaced 
temporarily when the efficiency of the new plant 
first becomes felt; for except to such extent as 
employment can be found for them in other parts 
of the industry, there is no other course. In this 
connection it must be remarked incidentally that 
some unemployment arises through artificial 
demarcation restrictions, which prevent men from 
taking work they could do because it is not supposed 
to be in their trade. 

The substantial question, however, is by what 
means an increased output can be absorbed. 
Rationalisation in its full sense includes improved 
methods of selling, which may do something to 
relieve the situation, but on a broad view it does 
not seem likely that by itself an improved selling 
organisation will be sufficient. At the present time 
British industry is working under artificial handi- 
caps, arising from the tariffs that prevent or impede 
its efforts to penetrate into other countries. How 
far it would be in this country’s interest to institute 
tariffs of its own, either for affording important 
industries the protection that other countries secure 
by such means, or for providing a basis for give- 
and-take negotiations, is a matter which, as 
Mr. Beard says, cannot be settled in general terms. 
It must depend on the circumstances of each case, 
and perhaps the most encouraging prospect opened 
up by his address is that not only the investigation 
of such questions but the action necessary to procure 
effect to be given to the conclusions they suggest 
will be taken with the undivided influence of all 
parties to industry as a whole. Measures, however, 
such as tariffs, may affect the distribution of work 
among the factories of the world, but they do not 
in themselves increase its amount. Such increase 
is to be obtained by developing markets beyond 
their present extent. Experience has shown con- 
clusively that such development requires the energy 
and enthusiasm of individual enterprise, but many 
circumstances arise in which, in more ways than one, 
the assistance of the State might operate to make 
the efforts towards such development more fruitful 
or even possible. Here again {the difficult problem 
could be solved best if all parties to industry could 
agree on what practicable help they wanted, and 
bring their united influence to bear in order to 
get it. Engineers, whose profession is to convert 
the forces of Nature to the use and convenience of 
man, do not need to be told that economic laws 
may be diverted or applied to such ends no less than 
physical laws. By painful experience, however, 
dating back from the days of King Canute and often 
renewed by devisers of mechanism for perpetual 
motion, they have learned that such control has 
its inexorable limits. If all parties to industry 
recognise the limitations within which they have 
to work, and address themselves with a single mind 
to their common interests, they will obtain a 
recognition of those interests within the State 
which their divided forces could never procure. 








RUBBER AS AN ENGINEERING 
MATERIAL. 
Ir is stated on good authority that the Spaniards 
used rubber in its crude form to waterproof their 
cloaks during the conquest of Mexico. The material 


has thus been known for at least 400 years, and 
its value for flexible pipe connections, for buffers, 
‘and for packing was, no doubt, appreciated at a 





very early date. It was not until the beginning 
of the present century, however, when the pneu- 
matic tyre came into general use, that the material 
became of any great importance to engineers. It 
can hardly be doubted that the enormous develop- 
ment in road transport, which forms one of the 
outstanding features of the present decade, would 
have been impossible without the pneumatic tyre, 
since none of the numerous attempts which have 
been made to discover a satisfactory substitute 
has met with any appreciable success. Although 
the application of rubber in this direction dwarfs 
all others in magnitude, its high elasticity and 
other singular properties have led to its employment 
in a number of unexpected directions, of which, 
perhaps, the most striking is its use as a lining for 
ball mills. It is claimed that the output of the 
mills has actually been increased by the application 
of such linings, but it should be explained that 
the grinding takes place between the balls, and not 
between the balls and the lining. 

One of the outstanding characteristics of rubber is 
its resistance to dilute acids and alkalies, and on 
account of this property, the linings of tanks for 
the chemical industry is becoming a special branch 
of the rubber industry, and a very extensive field 
has thus been opened for its development. The 
same property, in conjunction with its elasticity, 
has led to the application of rubber as a preservative 
for Duralumin and other aluminium alloys. These 
alloys are of particular value in aircraft manufac- 
ture, and many systems have been evolved to protect 
them against corrosion, which is one of the chief 
disadvantages of these metals. Among other 
methods of protection, lanoline coating of internal 
parts, painting, and anodic oxidation may be 
mentioned. Despite the very heavy expense of 
the latter method, it has been very widely used, and 
was until recently thought to be perfectly satis- 
factory. Such a method of electro-deposition of an 
oxide film on metal cannot, however, be regarded 
as a permanent preservative because the film is 
very thin, and violent rubbing or distortion of the 
surface breaks it sufficiently to allow corrosion to 
begin. This spreads rapidly if once started, as 
was shown on the recent flight of R.A.F. boats to 
the Far East, when very extensive damage was 
caused to the Duralumin hulls, which had been 
anodically treated. The new and somewhat revo- 
lutionary method of protection consists in coating 
the metal with a rubber film, and the results so far 
obtained have proved very promising. The advan- 
tages of the method are very great, since the rubber 
provides an extremely flexible coating which will 
distort under load without fracture. Any blow is 
taken through the rubber, and unless it is sufficient 
to cause a major fracture, the surface covering 
remains intact. Various methods are available for 
applying the rubber coating. A rubber solution in 
naphtha, for example, may be applied to the surface 
and dressed with aluminium paint while still tacky, 
or an aluminium compounded rubber may be simi- 
larly applied in solution form, thus cutting out one 
process. A third method consists in applying sheet 
rubber by means of solution, while further alterna- 
tives are to deposit the rubber by a process akin to 
electro-deposition or by spraying latex on the 
surface, and afterwards vulcanising it, when it may 
be finally given a cellulose finish. Floats are 
being tested which have been treated by the vul- 
canising process, but it is an obvious disadvantage 
of the method that the work must be done in fully- 
equipped shops. The first two methods referred 
to also offer advantages from the point of view of 
weight, but it is probable that this advantage will 
be outweighed in the long run by the superior 
durability of vulcanised surfaces. 

Apart from its important application to tyres, 
rubber has been of material assistance in solving 
some of the more difficult problems with which the 
car designer is faced. In a recent article we pointed 
out that one of the serious troubles associated 
with the earlier cars which were put on the market 
lay in the excessive wear of the spring shackles. 
Breakdowns were, in fact, not infrequent after the 
car had been running for a comparatively short 
time, due to the shackle bolts wearing to less than 
half their original diameter. Although this trouble 
would have been largely avoided had the owner of 





the vehicle given sufficient attention to the lubrica- 
tion of these bearings, the advice of the makers 
in this respect amounted to a council of perfection, 
as it would have been necessary to screw down some 
16 grease caps at frequent intervals. The caps 
were usually in somewhat inaccessible positions 
and covered with dirt, and there was no guarantee 
that the most regular attention would secure the 
desired result, as the grease frequently hardened 
up in the passages. The probability of adequate 
attention being given to shackle lubrication has 
been greatly increased, first by the introduction of 
the grease gun and later by one-shot lubrication, 
but there is much to be said for eliminating all 
necessity for lubrication by the employment of 
Silentbloc bushings. It may be recalled that these 
consist essentially of an ower and inner metal 
sleeve, between which are inserted a bush of com- 
pounded rubber. In use, the inner and outer 
sleeves are held firmly in their respective housings, 
and all motion takes place in the rubber itself. 
We pointed out when describing this bearing that 
it had many useful applications outside shackle 
bearings, amongst which might be mentioned oscil- 
lating screens, engine supports, and so on. The 
use of the bush to form a flexible torsional joint in 
a shaft was also touched upon. 

Another application of rubber in connection with 
suspension systems is the subject of an interesting 
patent, and may be termed a pneumatic spring. 
It consists essentially of a special form of closed 
cylindrical chamber, which may contain air or 
other fluid, and this is so constructed that when 
subjected to an end load it will lengthen or shorten 
according to the force applied, without any sub- 
stantial change in its diameter or cross-sectional 
area. Such a cylinder can be used in many applica- 
tions in place of a piston and cylinder, having the 
advantage that the fluid is totally enclosed, with 
rio joints or sliding surfaces to give rise to the 
possibility of leakage. The cylinder is constructed 
of layers of rubber and cord, with ends constructed 
of rubber and cross-woven canvas to prevent disten- 
sion. The cord structure is of helical form, so 
that an end load, while altering the pitch of the 
helices, leaves the diameter substantially the same. 
Many applications of this device have been sug- 
gested, but the one of most interest relates to an 
arrangement for supplanting motor-car springs. 
In this case the end of the axle is carried by a 
pivoted beam, suitable rubber cylinders being 
secured by split rings to each end of the beam and 
to brackets bolted to the chassis frame. One of 
the cylinders takes normal loading and shocks, 
being filled with air or other fluid, while the other 
is provided to act as a rebound damper. 

As a final example of the use of rubber in the 
engineering industry, the recent substitution of 
air cushions for springs in the seats and swabs of 
touring cars may be cited. Although at first sight 
it might appear that such cushions would have a 
somewhat ephemeral life, due to the perishing of 
the rubber air containers, they have now been in use 
sufficiently long to demonstrate that this is not the 
case, while the increased comfort and absence of 
fatigue on a long journey is very appreciable. 








THE FORTH AND CLYDE CANAL 
PROPOSAL. 


THE report to the Ministry of Transport by the 
Mid-Scotland Ship Canal Committee, which has 
just been published (Cmd. 3657. H.M. Stationery 
Office. Price 6d. net) will command the agreement 
of those who read it, and illustrates the convenience 
and economy of the manner in which the subject 
has been handled. The Committee’s purpose was 
to corisider the proposal that had been made 
for constructing a ship canal between the Forth 
and the Clyde, and, after examining the nature and 
extent of the advantages to be obtained from such 
a canal, and its probable economic results, to 
report their conclusions. By its composition, the 
Committee represented solely the Government 
Departments to whom the proposal is of interest, 
under the chairmanship of Sir Sydney Chapman, 
the Government’s Chief Economic Adviser, and if 
the undertaking had been shown to be prima facie 
desirable, and to have commended itself to would- 
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be undertakers, it would doubtless have given more 
general satisfaction for the matter to have been 
considered by a body which included outside 
engineering opinion, and was not composed exclu- 
sively of Government officers. The proposal, 
however, did not have either of these credentials, 
and the appointment of the committee as a sort of 
Grand Jury to decide whether a prima facie case 
had been made out, seems to have been an effective 
and judicious measure. After considering the evi- 
dence tendered to it by interested parties, the Com- 
mittee has come, without reservation, to the con- 
clusion that none of the proposals put forward, 
including that submitted by the Mid-Scotland Ship 
Canal National Association, can be recommended 
for adoption. Proposals for constructing a canal 
through the 30 miles between the Forth and the 
Clyde are said to have been made as far back as 
the seventeenth century, and in the eighteenth 
century the present shallow canal (the Forth and 
Clyde Navigation), with its 39 locks, was con- 
structed, accommodating in its depth of 94 ft. 
vessels up to 128 tons. The proposals now in 
question contemplated a depth of at least 32 ft., 
and possibly as much as 40 ft., with a width of 
140 ft. to 150 ft., and the order of magnitude of 
its cost seemed likely to be well over 50,000,000/., 
as against the pre-war cost of 17,000,000/. incurred 
by the Manchester Ship Canal. For economical 
reasons, it was proposed to construct the canal at 
some feet above sea level, so that it would have 
had to be worked through locks, and its maintenance 
and operating charges, without capital charges or 
any provision for the maintenance and operation of 
docks, wharves and warehouses, were estimated at 
over 150,000/. a year. The scheme was recom- 
mended on three principal grounds. It would 
shorten the distances of voyages between a number 
of important ports, the saving varying from about 
500 miles between Leith and Glasgow downwards. 
The canal would promote the development of the 
land on its banks, and the large amount of money 
involved, which would consist very largely of 
labour and be spent almost entirely in this country, 
was to go in reduction of unemployment, and 
bring therefore to the credit of the undertaking 
the amount saved in unemployment insurance and 
similar expenses. It was clearly evident that the 
whole of the capital would have had to be provided 
out of the Exchequer, as after careful consideration 
the Admiralty had decided that no contribution 
could be recommended in respect of the value 
of the canal for naval purposes. The conclusion 
of the committee was that no development of 
the canal area could be foreseen which would 
justify the expenditure. What the revenue might 
be was conjectural. It was admitted that the 
canal could not pay its way for many years, and 
at no time did it seem likely that the profit, if 
any, on the capital would be appreciable. The 
construction would involve. considerable difficul- 
ties, arising mainly from the fact that the bed of 
the canal would, for two-thirds of its length, have 
been from 100 ft. to 150 ft. below the surface of 
the land. On the question of development, more- 
over, it was pointed out that no place along the 
canal lines was more than 15 miles distant from 
a terminal port, and that the great arterial road 
between Edinburgh and Glasgow had recently 
been added to the means of communication avail- 
able along the course of the canal. Whether the 
canal could ultimately have been deemed an asset 
depended on whether it paid its way, and in the 
absence of any prospect that it would ever cover its 
capital charges and the possibility that it might not 
even satisfy its maintenance cost, it seemed more 
likely to be a liability. Finally, it was shown that 
while construction work could not begin for three 
or four years from the time the scheme was put in 
hand, the peak of employment, estimated at 40,000 
men engaged directly or indirectly on the work, 
would not be reached until five to eight years later, 
so that it would be no present help to existing 
unemployment. 








Tue Institute or Furet.—The annual dinner of 
the Institute of Fuel will be held at the Connaught 
Rooms, Great Queen-street, London, W.C.2, on October 
22 next, at 6.45 for 7.15 p.m. The offices of the Institute 
are at 53, Victoria-street, London, S.W.1. 





ENGINEERING MARKETS OF THE 
WORLD — IV. 


By A. J. LiversepGe. 
AUSTRALIA. 


THE engineering market of Australia is provided 
by a population of about 6,350,000 people, nearly 
all of British race, distributed around the margin 
of an island continent having an area of nearly 
3,000,000 square miles. Naturally, therefore, it 
is a very different market from that represented 
by British India, which was reviewed in the 
preceding article of this series, with her population 
of nearly 320,000,000 of people, nearly all of 
Asiatic race, concentrated upon a territory of 
about 1,800,000 square miles, about five-sixths 
of them, indeed, upon a territory of a little over 
1,000,000 square miles. The two markets have 
many points in common, of course, but they also 
provide many sharp contrasts. Perhaps, the most 
remarkable contrast appears when we consider the 
values of the imports into these two markets in 
terms of the populations of the two countries. 


TABLE VII.—Auvustratia, ENGIN 


The corresponding rate for British India for the 
same fiscal year, 1928-29, was 3s. 3d. It may be 
added that of the 6/. 15s. 4d. which the Common- 
wealth expended per head of the population on 
these commodities in that year, 31. 4s. 9d. went 
to the United Kingdom, 2I. 11s. 8d. to the United 
States of America, and 18s. 5d. to other countries. 
Thus, the United Kingdom supplied rather less 
than the half, and the United States considerably 
more than a third, of the total. Here we touch 
the most remarkable and, for this country, the 
most serious aspect of the important trade we 
are now considering. 

The United States long ago discovered the British 
Empire, and during the Great War quietly annexed 
large portions, not of its territory, of course, but of 
its trade, which is hardly less vital to this country. 
The recent growth of the United States’ trade with 
Australia has, indeed, been so remarkable that no 
excuse is required for making that growth a feature 
of the table appended and of the chart, Fig. 7, 
where the shares of the United Kingdom, the United 
States and of other countries in the Australian trade 
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1913. 1924-25. 1925-26. 1926-27. 1927-28. 1928-29. 
Per » | Per Per | Per Per Per 
& cent. 2 | cent. £ | cent. £ | cent. * | cent. & cent. 
| | 
Machines and Machinery | 
(iron and steel and manu- | | 
factures ; other metals and | 
manufactures of metals):— | 
From United Kingdom} 14,547 | 63-3 | 24,627 | 54-0 | 24,088 | 53-0 | 25,544 | 49-3 | 23,581 | 55-0 | 20,594 | 48-0 
», Elsewhere --| 8,419 | 36-6 | 20,967 | 46-0 | 21,411 | 47-0 | 25,738 | 50-8 | 19,291 | 45-0] 22,388 | 52-0 
nanapitiatiineas came ———aE t 
Tote ae - «3 22,966 | — | 45,594| — | 45,499| — | 51,282 | — | 42,802; — | 42,98: | — 
From United States ..| 5,193 | 22-6 | 16,141 | 35-4 | 16,675 | 36-6 | 20,171 | 39-3 | 15,235 | 35-0 | 16,472 | 38-3 
Iron and Steel, Manufactures | | =m | G 
thereof (British classi fica- | 
tion) :— | 
From United Kingdom] 7,652 | 75-0] 9,889 | 83-2 | 9,082 | 80-0 | 10,232 | 84-0} 9,535 | 82-0 | 8,265°| 80-5 
» Elsewhere ..| 2,600] 25-0 | 1,996 | 16-8 | 2,218/| 20-0| 1,934 | 16-0 | 2,093 | 18-0 | 2,002 | 19-5 
Totals .. ..| 10,252] — | 11,888| — | 11,300, — | 12,167| — | 11,628| — | 10,267| — 
Electrical Apparatus :— aie al F | tee 
From United Kingdom] 884 | 65-5 | 3,540 | 68-0 | 2,720] 57-5 | 3,080 | 53-5 | 3,180 | 58-0 | 2,500] 52-0 
» Elsewhere... 470 | 34-5 | 1,670 | 32-0 | 2,002 | 42-5 | 2,676 | 46-5 | 2,275 | 42-0 | 2,300 | 48-0 
Totals .. ..| 1,384¢/ — | 5,210 — | 4,722/ — | 5,756| — | 5,408| — | 4,809| — 
From United States ..] 320 | 23-7 | 1,376 | 26-4 | 1,403 | 29-7 | 1,943 | 33-7 | 1,486 | 27-5 | 1,396 | 20-0 
Machinery :-— | pe Esa | 
From United Kingdom| 2,529 | 53-0 | 4,149 | 48-8 | 4,106 | 45-7| 4,079] 40-8| 4,466 | 44-5 | 3,852 | 42-0 
» Elsewhere ..| 2,233 | 47-0] 4,364 | 51-2 | 4,855 | 54-3 | 5,993 | 59-2 | 5,571 | 55-5 | 5,320 | 58-0 
Totals .. ..| 4,672| - 8,513| — | 8,961; — | 10,072; — | 10037; — | 9,172| — 
From United States ..| 934 | 20 | 3,234 | 38-0 | 3,584 | 40-0| 4,431 | 44-0 | 4,587 | 45-7 | 4,467 | 48-7 
Vehicles (motor vehicles and | 
arts ; cycles and parts):— 
Porrom United pe 1,030 | 43-0] 3,334 | 20-4 | 3,082-/ 19-3 | 4,430 | 26-0 | 2,314 | 21-5] 2,700 | 20-3 
» Elsewhere ..| 1,370 | 57-0 | 12,979 | 79-6 | 13,026 | 80-7 | 12,670 | 74-0 | 8,448 | 78-5 | 10,562 | 79-7 
Totals .. ..| 2,400 — | 16,313; — | 16,108, — | 17,100, — | 10,762) — | 13,262] — 
From United States .. 650 | 41:0 | 9,706 | 59:5 | 7,946 | 61-0 | 11,046 | 64-6 | 7,533 | 70-0 | 9,071 | 68.4 
| ) | 








The fiscal authorities of the Commonwealth of 
Australia have a compendious way with them 
when dealing with certain of their records. The 
returns are remarkably complete and detailed, and 
are issued with commendable promptitude ; but 
here and there, perhaps, they are a little too 
compendious. Thus the Australian Class XII 
includes all the commodities comprised in all the 
five classes with which we are here specially 
concerned, and some others besides—plate, cutlery, 
lamps, all kinds of hardware, tools, instruments, 
pins and needles, and so on. It is a perfectly 
logical grouping, as it aims to include all things 
of metal, or in which metal constitutes an important 
part, imported into the Commonwealth, except 
coin and bullion. The details are there to enable 
anyone to place the commodities in any groups 
he pleases ; and in the accompanying Table, VII, 
the appropriate commodities are divided into 
the four great groups, which we have called the 
engineering classes, and with which we are specially 
concerned. Let us, however, for a moment look 
at the Australian grand summary, Class XII. 
This summary is set out in the table for the years 
1924-25 to 1928-29, and also for 1913. It will be 
seen that these figures are imports. The total 
for the last fiscal year, 42,982,0001., represented 
no less than 61. 15s. 4d. per head of the population. 


are set out in percentages. It will be seen from the 
table that the American share in the Australian 
imports of metals and manufactures of metals has 
risen from 22-6 per cent. in 1913 to 38-3 per cent. 
in 1928-29. The United States’ share of the total 
imports of commodities—merchandise—into Aus- 
tralia in the latter year was only 25-6; hence it 
has been particularly in the engineering commodities 
with which we are specially concerned, that America 
has made her recent remarkable progress in the 
Australian market. 

We have here to remember that Australia is 
a protected country. She has erected for herself 
a tariff wall with the deliberate object of 
developing her home industries. Again, however, 
this wall is lowered in nearly every direction in 
favour of this country and other parts of the 
British Empire. The preference may not be so 
liberal as that granted by India, but it is always 
appreciable. Thus, certain classes of wire and of 
merchant iron and steel, parts of automobiles, 
typewriting machines, sewing machines, adding 
machines, dairy and some electrical apparatus, 
which have to pay 10 per cent. ad valorem if of 
foreign manufacture, are admitted free if of 
United Kingdom manufacture. Other goods which, 
if from foreign countries, have to pay «from 
45 per cent. to 20 per cent. will pay only from 
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35 per cent. to 10 per cent. if from the United 
Kingdom. Motor-car bodies, which must pay 
751. each if of foreign origin, pay 651. if from this 
country; assembled chassis, which must pay 
25 per cent. if of foreign origin, will pay only 
5 per cent. if from this country, and so on. Here 
and there, the preference is trifling, and in one 
or two classes there is no preference. Cream 
separators, for instance, are admitted free from 
anywhere; but generally the preference is sub- 
stantial. Hence, almost all of these commodities 
imported into Australia from the United States 
have had to pay more in the shape of duties than 
the corresponding commodities from the United 
Kingdom, in some instances considerably more. 
It is important to keep this fact in mind when 
examining the records set out herein. 

It will be seen from the chart, Fig. 7, that all 
the United Kingdom curves are declining; while, 
with one exception, they all end on lower levels 
than where they begin in 1913. In the grand 
summary, the first section of Table VII, our 
proportion appears as having fallen from 63-3 
per cent. in 1913 to 48 per cent. in 1928-29. 
In 1926-27, for the first time in the history of 
the Commonwealth, this country supplied less 
than the half of all these classes of commodities 
imported by the Commonwealth. This is yet 
another illustration of the disastrous effects of 
our labour troubles of 1925-26. The curves of 
** Other Sources ” and of the United States are all 
ascending curves; and, with one exception, they 
all end on higher levels than where they begin. 
The one exception is furnished by iron and steel 
and the general manufactures of iron and steel plates, 
sheets, bars, angles, rods, tinned and galvanised 
sheets, wire netting, bolts and nuts—all the 
ordinary “uses” of engineering. This exception 
is extremely interesting, and is remarkable. We 
are inundated at home with imports of these very 
classes of iron and steel from foreign countries, 
but are yet able, no doubt with the aid of the 
preference, to hold our own, and even do more, 
in the distant market of Australia. We have 
here the one satisfactory feature of our chart 
and table, and in this department we cannot 
reasonably expect to do much better than we are 
doing. The United Kingdom curve, however, 
with its two last sections down, even though 
very little, gives a note of warning which we would 
do well to regard. 

We still supply more than the half of all the 
electrical apparatus imported by the Common- 
wealth, but only just ; while our proportion, which 
was 52 per cent. for last year, has dropped from 
65-5 per cent. for 1913. The United States propor- 
tion has gone up from 23-7 per cent. to 29 per cent., 
but we have here keen competition also from the 
Netherlands, which supplied 464,000/., and Germany 
with 174,0001., followed by Canada 66,7561., 
Switzerland 49,7001., Sweden 25,300/., and Italy 
20,9007. France, Belgium and Denmark all furnish 
small contributions in this class. 

As we descend the chart things get worse. We 
have now ceased to be the chief purveyors of 
machines and machinery to the British Common- 
wealth of Australia. The curve of “‘ Other Sources ” 
long ago crossed the United Kingdom curve, 
and has remained above ever since; while in 
1926-27 the curve of the United States also crossed 
the United Kingdom curve and has continued 
above our curve. It will be seen from the table 
that the United States’ proportion has considerably 
more than doubled, having advanced from 20 per 
cent. in 1913 to 48-7 per cent. in the last year 
of the table, our own proportion having declined 
from 53 per cent. to 42 per cent. in the same 
period. This is by far the most serious feature 
revealed by these records. Anybody can make 
“Electrical Apparatus.”” Much of that kind of 
apparatus can be made, and is made, in compara- 
tively small establishments in other countries. 
We have no special qualifications for making it. 
It possibly comes to some of our competitors more 
naturally than to ourselves; but machinery is 
different. It is not as if, in this connection, we 


were beaten in Australia by the rest of the world, 
as we just are in regard to metals and metal manu- 
factures as a whole ; we are beaten by one country, 





the United States of America, and in one of our 
own Dominions, in one of our own special lines 
of manufacture, in which we have been pioneers 
to the whole world. Let us see what are the kinds 
of machines in which we are thus beaten. A 
column of actual details will be worth more here 
than columns of generalities. Table VIII, annexed, 
gives certain of these details. It is not exhaustive, 


Fig.7. AUSTRALIA, ENGINEERING IMPORTS. 
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but deals chiefly with those kinds of machinery 
concerning which we appear to be at the greatest 
disadvantage. The first column of the table gives 
the declared values of the total imports of each 
class, the second column, the amount supplied 
by the United Kingdom, the third column, the 
amount supplied by the United States, and the 
fourth the percentage of the whole represented 
by the United States contribution. 

While the United States is pre-eminently our 





competitor in machinery as a whole, and occupies 
the commanding position shown in Table VII, 
there: are certain special lines in which we 
find other countries taking a large share of the 
trade. Indeed, in agricultural implements, tools 
and machinery proper, according to the classification 
adopted by the Australian authorities, we find 
Canada, which enjoys the advantage of the British 


Taste VIIl.—Certain United Kingdom and United 
States Imports into Australia in the Fiscal Year 1927-28. 
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000’s Omitted. 
Subject Total From From Po 
Imports. U.K. U.S.A. U.S.A. 
P £ £ £ 
Agricultural and Associated: 
Graders, scoops, &c. --| 10°38 0-1 9-7 
Disc cultivators 21-9 —_ 16-9 
Other cultivators .,. 32-7 0-7 16-4 
Horse hay rakes .. : 4:4 — 2°8 
Reapers and binders --| 46°8 _ 33-4 
Harvesters and threshers ..| 135-2 _ 56°5 
Mowers Pye est Bate 0-4 6-1 
Disc ploughs 16-2 0-2 8:4 
Garden rollers 5-0 1-9 3-0 
- sprayers 18-5 4-7 11-4 
Lawn mowers 90-9 83-3 54°7 
Other and parts .. --| 83°4 5-0 35-4 
Churns and cheese presses..| 51-8 1-9 40-5 
Testers and pasteurisers .. 9-3 — 5:6 
Totals of above ..| 538-1 48-2 | 300-8 | 56-0 
Metal-working :— 
Drilling .. s 183-0 87-5 74-1 
Grinding 46-7 16-8 18-9 
Pneumatic 29-9 11-6 18-1 
her . 201-6 83-7 67-7 
Totals of above 461-2 | 199-6 | 178-8 | 38-8 
ag oes | — 
Dredging and rock cutting} 108-3 47-1 55°5 
Rock boring on “a 9-1 0-1 9-0 
Coal cutting Ia i 9-7 1-3 8-2 
Rotative and percussive 
drills .. oe 67-0 34-5 32-6 
Stone crushing . 19-3 2-9 16-4 
Totals of above 213-4 85-9 | 121-7 | 57-1 
Cable 49-5 2-0 46-2 
Caterpillar 163-6 1-3 | 156-0 
team 20°5 12-1 5-9 
Other a 932-6 46-5 | 834-6 
Totals of above .. 1166-2 61-9 (1042-7 | 89-4 
Electrical :-— 
Lighting plants under 
4hp. .. +6 oo] 57-2 16-2 38-7 
Fans ae 48-2 9-2 15-6 
Totals of above 105-4 25-4 54:3 | 51-0 
Miscellaneous :— 
Air and gas compressors 
and exhausters «| 62°5 13-4 31-5 
Filter presses .. és 2°8 0-1 2-0 
Mangles and wringers ..| 43-3 17-3 25-6 
Indicators and counters 5-1 0-9 2°7 
Canning plant .. ae 9-1 0-1 4-6 
Condenser and heater 
coils .. = -.| 18-0 2-1 10-8 
Book-binding .. --| 10°8 2°6 6-8 
Linot and other com- 
posing machines -.| 180-2 21-9 | 104-3 
Printing machines and 
presses .. fas ..| 884-9 155-5 142-8 
Hand pumps 12-2 2-0 4-7 
Petrol pumps 20-1 1-9 16-8 
Other pumps. ‘ 67-7 83-6 27-6 
Road-making .. «-| 18°7 1-1 12°6 
Ball and roller bearings..| 165-+1 68-6 49-2 
Water-power plant -.| 220-2 93-8 84-7 
Pa ad box making 59-2 27-1 22-2 
Rubber working. . 120-6 63-0 57-6 
Tanning .. 5s 1-7 1-7 
Wood planing .. 51-4 22-7 23-6 
Other wood-working 46-9 20-3 21°6 
Weighing. . te 99-4 47-9 40-1 
Knitting .. ‘ 621-0 | 128-9 | 431-0 
Cash registers . 75:0 0-1 74-2 
writing ee ..| 199°5 18-0 | 178-3 
Adding and computing ..| 136-8 6-0 | 128-4 
Not elsewhere specified . .|1559-2 840-0 | 624-0 
Totals of above ../4250-0 |1590-6 (2129-4 | 50:0 




















Empire preference, taking the leading position. 
In the year 1928-29, out of total imports under 
this classification of 611,900/., Canada supplied 
311,700/. or 51 per cent., against 185,6661. supplied 
by the United States and 103,630/. supplied by 
the United Kingdom. Again, in the important 
line of cream separators, which, it is to be feared, 
is much neglected in this country, we find Sweden 
the chief purveyor. Out of a total of 237,892I. 
imported into Australia in the two years 1926-27 
and 1927-28, Sweden supplied 196,2601. or 82-2 per 
cent., the contribution of the United Kingdom 
being no more than 14,4501., little more than a 
try 5 per cent. 
"i = also certain lines which, possibly, we 
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must resign to other countries, particularly to the 
United States, such as cash registers, adding and 
computing machines, typewriting machines, and 
the hand knitting machine. Perhaps our national 
genius is not specially adapted to the manufacture 
of appliances of this kind, any more than our 
climate is adapted to the production of cotton. 
Still, in 1927-28, Australia imported these four 


Fug.8.NEW ZEALAND. ENGINEERING IMPORTS. 



















































































hold comfortably the better position. In the 
fiscal year 1927-28 of the table, the Commonwealth 
imported sewing machines and parts to.the value 
of 547,7001., to which total the United Kingdom 
contributed 318,0001. equivalent to 58 per cent. 
It is to be feared, however, that we owe this 
position chiefly to American foresight and enterprise 
in this country; but, at any rate, it shows what 
can be done here. No kind of machinery for which 
there is a world demand ought to be hopeless 


number for exports of domestic products, in 1928, 
as shown in the first article of this series, was 
177-7 (1913 = 100), being exceeded in that 
number only by Canada, not only among the 
British Dominions, but also among all the chief 
trading nations of the world. The corresponding 
number for her great neighbour and sister Dominion 
was only 115-4, and for the United Kingdom 98-1. 
The engineering market represented by New 
Zealand is not, of course, anything like so large 
































































































































































































































































































































































































































Pere es | Per Year for this country. One hesitates to refer to the|as the corresponding market of Australia, but 
of Values 19131926 |19279928 9929 final graph of the chart—vehicles; the United | New Zealand buys more per head of her population. 
GRAND TOTALS. 80 Kingdom curve looks so very pathetic. Nor do| An exact comparison between the two countries, 
IRON & STEEL, we find any consolation upon consulting the table.|in this respect, cannot be made, not only because 
— — It is true that our share of the trade in the last | of difficulties in connection with the classification, 
RAILWAY PLANT & 70 \ fiscal year amounted to 2,700,000/., and that it| but also because the fiscal years are different. 
MOTOR VEHICLES. shows an increase on the corresponding figure for| New Zealand's strictly engineering purchases for 
4 the previous year, but it means no more than a} 1929, as will be seen from Table IX, herewith, 
fifth part of the total trade. The genius of this} amounted to 11,960,000/., not including the non- 
country is surely capable of something more than! ferrous metals. The population of New Zealand, 
From United i _p- TABLE IX.—ENGINEERING ImPorRTs INTO NEW ZEALAND. £000’s OmITTED, 
Kurgdom - “ 
/ 1913. 1926. 1927. 1928. 1929. 
bed Niekniad Per Per Per Per Per 
Elsewhere - £ cent. £ cent. £ cent. £ cent. & cent. 
(re 
i = 
30; Tron and Steel and Manufactures thereof :— 
i From United Kingdom .. a ae 1,550 | 94-0 2,220 | 79-5 2,506 | 85-0 2,190 | 83-2 2,467 | 82-5 
f » Elsewhere... ..  .. 6-0 566 | 20-5 450 | 15-0 440 | 16-8 523 | 17-5 
oat Totals. . 1,650| — | 2,786} — | 2,956| — | 2,630/ — | 2,990, 
and Electrical Apparatus :— 
700} From United Kingdom .. 243 | 66-9 418 | 52-5 434 | 51-2 380 | 50-4 593 | 50-0 
JRON & STEEL « o where .. 120 | 33-1 878 | 47-5 414 | 48-8 372 | 49-6 592 | 50°0 
SMANUEACTURES 5 Totals. . 363 | — 796 | — 848 | — 752| — | 1,185| — 
i 80) OP a es . ; 
80 wy’ Machinery :— 
From United Kingdom .. 525 | 66-4 | 1,175] 49-5 | 1,125] 51-2] 1,404| 54-5] 1,418 | 53-0 
, Elsewhere...  .. 405 | 43-6 | 1,197] 50-5 | 1,090 | 48-8] 1,165 | 45-5 | 1,257 | 47-0 
ar = Totals... 930| — | 2872| — | 2,215| — | 2569| — | 2,675, — 
Kingdom = Railway and Tramway Plant : 
° ° From United Kingdom .. 88 | 90-0 122 | 40-5 106 | 44-2 106 | 42-6 190 | 46+3 
» Elsewhere... 9 | 10-0 180 | 59-5 134 | 55-8 143 | 57-4 220 | 53-7 
Pe ee = Totals. 97 | — soz | — 240 | — 249 | — 410 | — 
=e er Motor Vehicles :— 
From United Kingdom .. 459 | 46-5 | 1,000 | 23-2 785 | 31-0 828 | 26-0 | 1,000 | 21-3 
20-+-A » Elsewhere . : 525 | 68-5 | 3,300] 76-8 | 1,760 | 69-0 | 2,340 | 74-0 | 3,700 | 78-7 
a.) 
4 Pe Totals... 984 | — | 4,300] — | 2,545 3,168 | — | 4,700| — 
Totals of above :-— 
0 From United Kingdom .. 2,865 | 71-5 | 4,935 | 46-5 | 4,956 | 55-8 | 4,003 | 52-3 | 5,668 | 47-6 
» Elsewhere .. .. 1,159 | 28-5 | 5,621 | 58-5 | 3,848 | 44-2 | 4,460 | 47-7 | 6,292 | 52-4 
poe geo * Grand totals .. 4,024} — | 10,556] — 8,804 | — 9,363 | — | 11,960 
Frane Batted \ — Figures in italics are provisional. 
Kingdom - od = ai ‘ , . a 
Va this. Perhaps we have not yet realised the extent |including Maories, is not more than 1,500,000. 
oe nal and possibilities of this market. It may well be}These purchases, therefore, per head of the 
See 30\— that the imports of motor vehicles into Australia | population work out at 71. 19s. 6d. The corre- 
Pa may now receive some little check owing to the | sponding Australian imports for 1928-29 amounted 
MACHINERY. 7” financial embarrassment of the Commonwealth at | to 36,249,607/., equivalent to 5/. 14s. 4d. per head. 
Pease Miiees ~ PA the moment; but if so, the trade is sure to come | The New Zealand per capita rate of 71. 19s. 6d. is, 
: - J o on again with greater vigour than ever. Australia | without question, the highest rate not only for 
dom “al Pd g gre 8 ; ot ae ee 
must have the motor vehicle, which, as America| any British Dominion, but for any country, with 
, oe C Ne long ago recognised, is peculiarly adapted to her|the exception of odd instances which present 
a... = immense areas and widely-scattered communities. | themselves from time to time among the smaller 
40 Perhaps, again, as with the sewing machine, we | British possessions. 
MOTOR 80 a may be helped by American enterprise in our own} Like the other Dominions, however, New Zealand 
VEHICLES. ‘a 5; country to acquire a more substantial share of this | is a protected country. She has a tariff wall, but 
vi important trade. the preference which she gives to the Empire 
From United on is not merely substantial, it is generous. Thus 
Kingdom = New ZEALAND. bolts and nuts, most classes of iron and sieel, 
aia New Zealand is a British Dominion which gets} vacuum cleaners, dairy machinery, calculating 
\ on with her business, and gets on with it quietly. | machines, electrical machines and apparatus, and 
Elsewhere - 40 She “takes no stock” in constitutional or industrial |some classes of railway and tramway material 
—_—o——"—"-_—_ ° > ao e e one 
v or financial crises, or any form of crisis. It has|and oil engines are all free to the British manu- 
y been said, “Happy is the country that has no|facturer, but must pay 20 per cent. ad valorem 
20 history.” Here we might paraphrase that senti-|if of foreign origin. Galvanised iron and steel, 
ver ment and say “Happy is the Dominion in which | if foreign, pays 45 per cent. ; if British, 25 per cent. 
a ar - all concerned work together for the common | Tubes and pipes, castings, lawn mowers, pay 40 per 
inns . cent. if foreign, and 20 per cent. if British. Agri- 


useful kinds of mechanical appliances to the value 
of 1,031,000/., of which not unimportant total the 
United States supplied no less than 812,000/., and 
it is not agreeable to see ourselves so completely 
outclassed in one of the great divisions of the British 
Empire, in connection with mechanical appliances 





for which there is evidently a great and growing 
demand throughout the civilised world. This | 
situation is the more tantalising because in another | 
appliance of this class—the sewing machine—we | 


good of the country.” And New Zealand is in 
that fortunate position. Moreover, New Zealand 
is, perhaps, the most British of all the British 
Dominions. The Prince of Wales—no mean 
authority on such a question—said in one of his 
speeches, “I have felt, from end to end of the 
Dominion, that nowhere is a British people more 
set in British traditions or more true to British 
forms.” The result of New Zealand’s diligence 
in business is reflected in the extraordinary 
progress she has made since the war. Her index- 


cultural machinery generally, bicycles, motor cars, 
lorries and chassis, if foreign, pay 35 per cent. ; 
if British, 10 per cent. 

The United Kingdom would, therefore appear 
to have two important advantages so far as trade 
with New Zealand is concerned—a strong national 
sentiment, and sentiment in trade may be a most 
valuable asset if judiciously exploited, and a 
generous fiscal preference. It is true that the 
United States of America has a geographical 
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advantage in that her ports of either coast are 
not much more than half the distance from 
New Zealand those of our country; but that 
advantage is, to some extent, compensated by the 
greater shipping facilities and lower shipping costs 
of the United Kingdom. Hence, the balance of 
advantages should rest with the United Kingdom. 
Nevertheless, it is to be feared that we are losing 
ground even in this pro-British Dominion of New 
Zealand. The position at the end of 1929 and the 
movement during recent years as compared with the 
position in 1913 are clearly shown in Table TX, and 


TaBLE. X.—Engineering Imports into New Zealand in 
1928. 
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From 
Import. Totals. | United | United | cent. 
| Kingdom.) States. | U.S.A. 
ns ee Oe eee Ss = 
S Tes £ 
Electrical Apparatus :— | | 
Batteries and cells ..| 162,384 | 43,759 | 64,947 | 40-0 
Wireless in cabinets 34,214 | 2,735 | 25,053 | 73-7 
» other 286,114 | 202,984 | 50,944 | 17-8 
Other apparatus 217/894 | 91,164 | 36,076 | 16-5 
| iC. 71,567 | 32-8 
Total of above 700,606 | 340,642 177,020 | 25-3 
C. 71,567 10-2 
Machinery :— | | 
Cultivators 7,667 779 | C. 4,753 | 61-8 
Drills .. sis 6,309 1,853 | C. 3,931 | 62-4 
Disc harrows. . 8,219 501 | 2,718 | 84-9 
Hay rakes 9,801 860 4.527 | 46-2 
Mowers “= 26,051 | 7,485 10,891 | 41-9 
Pumps—spray 5,899 165 | 5,713 | 96-8 
Total of above 58,946 | 11,643 | 23,849 | 40-4 
| ©. 8,687 | 14-7 
Calculating 21,943 | 211 | 20,706 | 94-1 
Cash registers 17,030 | 216 | 16,814 | 98-9 
Typewriters .. --| 26,888 | 7,944 17,995 | 66-6 
Sewing “ ++} 101,972 | 70,045 29,167 | 28-6 
Knitting ox x 7,994 | 1,369 5,556 | 69-4 
Vacuum cleaners 66,727 | 4,768 14,554 | 21-8 
C. 24,918 | 37-4 
Weighing 40,215 27,863 10,989 | 27-4 
Total commercial | | 
and domestic 282,769 112,416 | 115,781 | 41-0 
| C. 24,918 | 8°8 
Miscellaneous :— 
Pumps - 100,569 | 43,409 | 43,246 | 43-2 
Air compressor: -+| $2,727 | 8,171 | 19,953 | 61-2 
Dredging and excavat- } | 
~~ as as oa 16,100 8,794 6,725 | 42-0 
Electric generators, | | 
motors and trans- | | 
formers 485,657 | 327,362 | 94,163 | 19-4 
8. 23,368 4-8 
Oilengines .. ne 51,198 26,005 28,238 | 45-3 
Metal-working - 97,138 60,634 18,410 | 19-0 
Road roller and tar- 
spraying .. ae 13,389 | 7,842 5,547 | 41-4 
Tractors, traction en- 
gines and parts 126,406 2,645 | 123,150 | 97-7 
Cream separators 79,033 | 10,473 | 8S. 61,329 | 77-6 
Total miscellaneous |1,002,217 | 495,335 | $23,422 | 32-3 
| 8. 84,697 | 8-4 
Motor Vehicles :— | 
Engines and parts .. 99,447 | $2,350 35,237 | 35-6 
Cars .. ae -./2,245,418 | 414,042 |1,275,461 | 56-7 
C.536,637 | 23-9 
Chassis for ditto 90,081 47,325 14,307 | 15-9 
| 2,319 | 24-7 
Lorries, buses, &c. ..| 22,228 2,471 | 2,148 | 9-7 
|\C. 17,614 | 79-3 
Chassis for ditto 407,544 | 125,357 | 251,844 | 61°8 
Parts .. rk -.| 211,666 | 49,464 | 109,634 | 51-8 
C. 38,820 | 18-3 
Total motor vehicles| | 
&e. ° ..|3,076,384 | 671,009 1,688,626 | 55-0 
j \C. 615,390 20-0 
Totals of all above :-— 
United States - - 2,328,698 | 45-4 
Canada (C) - 720,562 | 14-0 
Sweden(S) .. ~ 84,997 1:6 
Other countries - _ 355,630 6-9 
Total and United | 
ingdom 1,631,045 3,489,887 | 67-9 


- 5,120,982 





on the chart, Fig. 8. The percentages figures for 
1929 are provisional only, the exact details not 
yet being available, but they are probably within 
a small margin of being correct. 

Unlike some other portions of the British 
Dominions, New Zealand increased her imports 
of engineering products in 1929 substantially over 
her imports in 1928, the increase amounting to 
2,600,000. Her total imports of merchandise in 
the same year rose from 44,886,2661. to 48,797,9771., 
an increase of 3,911,711. Engineering, therefore, 
accounted for much more than the half of the 
total increase. Unfortunately, the increase in each 
case was more in products from other countries 
than in United Kingdom products, with the result 


that the United Kingdom percentage of the total 
imports fell from 47-4 in 1928 to 46-2 in 1929. 
It will be seen from our table that the . United 
Kingdom share of the engineering imports fell 
from 52-3 per cent. in 1928 to 47-6 approximately 
in 1929 ; this is aserious decline. The chart, Fig. 8, 
clearly shows the movement. Here every United 
Kingdom graph is a declining curve. Each ends 
much lower than where it begins in 1913, and all, 
except the curve of machinery, have fallen since 
1927, though it should be recognised that the 
decline in the grand total curve is largely accounted 
for by the fall in the motor vehicle curve. We 
cannot, perhaps, expect to do much better than 
we are doing either in general iron and steel, in 
electrical apparatus or in machinery, but it is not 
pleasant to see ourselves losing what we once 
possessed. 

Some interesting details for 1928 are given in 
Table X, where the first column shows the 
total values of each class of import; the second 
column the amount contributed by the United 
Kingdom ; the third column the amount contri- 
buted by the United States of America, and in 
some instances by Canada and Sweden; and the 
fourth column the percentages of the United 
States, Canada or Sweden. The table is not 
exhaustive, but shows classes in which we are 
distinctly behind our competitors. There are some 
things here, as in other countries, in regard to 
which we must perhaps permanently give way— 
to the United States, for instance, in such things 
as calculating machines and cash registers, and 
to Sweden in cream separators. But it is not 
easy to understand why we supply no more than 
1651. of spray pumps out of a total of 5,899/., 
or no more than 4,768/. of vacuum cleaners out 
of a total of 66,7271. We appear to have failed to 
recognise the possibilities of this useful domestic 
appliance and have allowed Canada, the United 
States and other countries to take possession. 
Or, again, it will be seen that our share of air 
compressors was only 8,171l. out of a total of 
32,727l., and that we have to share equally with 
the States in miscellaneous pumps. In tractors 
and traction engines (mostly motor tractors) we 
are hopelessly outclassed, our share being only 
2,645. out of a total of 126,406. The latter 
item, however, is properly but one of the general 
motor vehicle group. Here we supply only 
671,0001. out of a total of 3,076,384/., Canada 
contributing nearly as much as ourselves. The 
situation appears to be so bad that one wonders 
whether there can be any justification for the 
recent outburst by Mr. S. M. Bruce, late Prime 
Minister of Australia, in which he expressed the 
hope that the motor-car builders of this country 
would go on showing the “ glimmer of intelligence 
which had at last dawned upon their minds” in 
regard to the trade in their products in the British 
Dominions overseas. However, we are here con- 
cerned only with the facts and not with explanations 
or causes; and the facts are duly set out. 

In the next article we shall see how we stand 
in British Africa. 








WATER-POWER DEVELOPMENTS IN BritisH CoLuMBIA. 
—The existing hydro-electric plants, along the Kootenay 
River, of the West Kootenay Power and Light Com- 
pany, Limited, a subsidiary company of Messrs. Con- 
solidated Mining and Smelting Company, of Canada, 
Limited, have an aggregate capacity of 162,000 h.p. 
These comprise the South Slocan installation, which has 
a capacity of 72,000 h.p., and the lower and upper 
Bonnington Falls plants, the capacity of which is 
60,000 and 30,000 h.p., respectively. In addition, 
another plant, which will have a capacity of 30,000 h.p., 
is in course of construction on the Adams River east of 
Kamloops. We now learn that the Company proposes 
to construct a further plant, to develop 30,000 h.p., at 
a point 2 miles above the Upper Bonnington Falls. An 
application is being made to the Provincial Water 
Board for the necessary authority. We understand 
that the proposal of the Company in respect of the 
Kootenay River will not affect its plans in connection 
with the development of hydro-electric energy on .the 
Pend d’Oreille River, where two dams and power stations 
are to be erected, with an eventual installed capacity of 
about 350,000 h.p. The Pend d’Oreille River is an 
international stream crossing the United States frontier 
into Canada, and the proposals of the West Kootenay 
Power and Light Company, Limited, apply to 17 miles 
of the stream flowing within Canadian territory above 


the junction with the Columbia River. 





LABOUR NOTES. 


Tue difference between the craft unions which 
have members employed in railway workshops and 
the National Union of Railwaymen on the question of 
short time versus discharges appears to be entering on a 
critical phase. The policy of the National Union is to 
insist on a guaranteed week for shopmen as well as 
for the traffic grades, whereas that of the craft unions 
(including the Amalgamated Engineering Union), 
and the unions affiliated to the Federation of Engineer- 
ing and Shipbuilding Trades, is to spread the available 
work over a greater number of men by working short 
time. The Federation of Engineering and Shipbuilding 
Trades have re-affirmed their policy that the spread- 
over or part-time working is preferable to dismissals, 
and have directed that a statement setting forth that 
policy and also the policy of the National Union of 
Railwaymen should be circulated for the information 
of shopmen generally. The communication explains 
that when the 2} per cent. wages reduction was agreed 
to by the traffic side of the conciliation grades in the 
autumn of 1929, a condition was accepted that a 
guaranteed week, where possible, should be given. 
The condition was subsequently imposed upon the 
shopmen, and resulted in a large number of discharges. 





The view taken by the National Union of Railway- 
men was that “the acceptance of a greater measure 
of short-time working really implied the acceptance of a 
reduction in wages.” ‘In the judgment of the 
Executive, it would be better,” it was claimed, “‘ to 
stand for a guaranteed week for the railway shopmen— 
as obtains for other railwaymen—even if dismissals 
should result. They would have to think in terms of 
lands beyond the seas for the solution.” “‘ In our view,” 
the Federated Trades say, ‘‘ that is giving the companies 
encouragement to take the course of complete discharges 
rather than the short working week, and is causing very 
grave concern at the prospect of hundreds of railway 
shopmen being thrown on the already excessive unem- 
ployment list and upon a depressed and unsympathetic 
labour market. The Federation policy is short-time 
or a spread-over of work to a greater number of men 
rather than discharges. This is also the policy of all 
other unions, signators to the shopmen’s machinery 
agreement. From all railway centres in the country 
we have received expressions of approval of the policy 
of the Federation, and we are convinced this is the 
policy of the shopmen themselves. This is also the 
policy and practice of all trade unions outside of railway 
employment. The Federation is taking steps to see 
justice is done to workmen with home responsibilities.” 

The Ministry of Labour Gazette states that there 
was a further decline in employment during July. 
Among workpeople insured against unemployment in 
Great Britain and Northern Ireland, the percentage 
unemployed in all industries, taken together, was 
17-1 at July 21, 1930, as compared with 15-8 at 
June 23, 1930, and 9-7 at July 22, 1929. For males 
alone, the percentage at July 21 was 17-4, and for 
females 16:5. At June 23, 1930, the corresponding 
percentages were 15-9 and 15-4. On July 21, 1930, 
there were approximately 9,584,700 insured persons 
aged 16 to 64 in work in Great Britain. This was 
134,700 less than a month before, and 702,300 less 
than a year before. 





At July 21, 1930, there were 1,226,404 persons on 
the registers of Employment Exchanges in Great 
Britain who were out of a situation. This was 65,469 
more than a month before and 470,437 more than a 
year before. The total on July 21, 1930, included 
900,834 men, 34,405 boys, 260,192 women, and 30,973 
girls. It was made up approximately of 807,900 
insured persons who had paid at least 30 contributions 
during the preceding two years, and therefore satisfied 
the full contributions condition for the receipt of 
unemployment benefit ; 351,000 insured persons who 
had paid less than 30 contributions during the preceding 
two years; and 67,500 uninsured persons. The 
claimants for benefit, numbering 1,114,765, included 
209,220 men, 4,480 boys, 39,511 women, and 2,283 
girls who had been on the register for less than one 
month. 





There were registered as unemployed in Great 
Britain, 417,959 men, 14,474 boys, 207,401 women, 
and 12,617 girls, who were on short time or were other- 
wise suspended from work on the definite under- 
standing that they were shortly to return to their 
former employment. The total of 652,451 was 90,317 
more than a month before, and 360,078 more than 
a year before. The Registers in Great Britain also 
contained the names of 91,405 men, 202 boys, 2,242 
women and 26 girls who normally seek a livelihood 
by means of jobs of short duration : these are mainly 
employed in dock, harbour, river and canal service. 
The total of 93,875 was 1,602 more than a month 





before, and 19,572 more than a year before. 
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A substantial increase in the numbers unemployed 
occurred during July in coal and iron ore mining, iron 
and steel manufacture, engineering, shipbuilding, motor 
and other vehicle manufacture, the metal trades, the 
textile industries with the exception of the hemp and 
rope industry, the clothing trades, building and public 
works contracting, and in shipping service. On the 
other hand, there was some improvement in tinplate 
manufacture, in paper making, and in the hotel and 
boarding-house services. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during July resulted in a net decrease of about 18,8001. 
in the weekly full-time wages of 265,000 workpeople, 
and in a net increase of 6001. in those of 16,000 work- 
people. Over four-fifths of the total amount of the 
reductions was the result of the operation of cost-of- 
living sliding scales. The principal reductions under 
such scales affected workpeople employed in the 
textile bleaching, dyeing, &c., industries in Yorkshire, 
Lancashire, and Scotland, and railway traffic workers 
in Great Britain. In the former instance, the reduc- 
tions amounted to about 1 per cent. on current wages 
in Yorkshire, and to 6d. and 4d. per week for men and 
women respectively in Lancashire and Scotland; the 
reductions in the railway service, which applied 
principally to the lower-rated men, usually amounted 
to 2s. per week. 





The number of trade disputes, involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in July, was 30. In addition, 22 disputes which began 
before July were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in July, including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes, 
was about 11,000, and the aggregate duration of all 
disputes during July was about 89,000 working days. 





Addressing the Trades Union Congress, which 
opened at Nottingham on Monday, Mr. John Beard, 
the President, said that he refused to be a pessimist 
or to associate himself with those who would have it 
believed that no progress had been made by Trades 
Unionism. The figure of 2,000,000 unemployed, 
great as it was, did not appal him. The position had 
to be judged in relation to the last quarter of a century’s 
concentration upon invention and scientific discovery, 
the result of which was the more rapid and more abun- 
dant production of goods. Under a system of capitalist 
production it had been found impossible to absorb 
the goods produced. ‘‘We might, of course, end 
capitalist production,’’ Mr. Beard continued, “ and if 
glib talk would do it, it would surely end in a year or 
two, though if it did, I am not certain that there is at 
this moment any kind of organisation in society capable 
of working the change without tremendous dislocation 
of the social and economic life of the nation. I make 
this statement advisedly and in reply to those who de- 
sire to be serious in regard to ‘ socialism in our time.’ ” 





Could socialism, Mr. Beard asked, socialism based 
on the principle of sharing not merely in the good things 
of life but also in the toil, the pain, and trouble which 
would still be the lot of humanity to bear, come 
in our time? Was there any evidence of a desire 
for it even in the Labour movement? “I want to 
say emphatically,’ he declared, “that there is not, 
and that therefore ‘socialism in our time,’ if we are 
not careful, will be rightly interpreted as a political 
slogan, or at best a mere epistemological profundity 
which would be neither use nor ornament, and it will be 
a pity if our movement is brought into a quarrel over a 
phrase of this character. We have agreed that ‘ Labour 
and the Nation’ shall be our guide, not our Bible, for 
does not experience teach us that our plans may prove 
useless when they come to be applied to the problems 
for which they were intended ? When that happens, as 
ordinary common sense individuals, we either abandon 
or alter our plans. There is an illustration which 
comes to my mind. For months on end the traffic 
of a certain important main road was tremendously 


impeded because a railway bridge was being rebuilt. | 


It need not have taken so long if those responsible 
for its rebuilding had used explosives. The whole 
thing could have been brought down and the rebuilding 
gone on uninterruptedly, but that was not the engineer’s 
problem. His task was to rebuild the bridge without 
Stopping the railway and road traffic, and that is the 
problem of the Labour Party in Parliament—to rebuild 
the road without stopping the traffic. That is the 
meaning of this Congress. The thousands of men and 
women who belong to our unions, who have contributed 
to the Labour Party, have believed, and do believe, in 
this method.” 





Proceeding _to deal with industrial questions, Mr. 
Beard maintained that the scheme for consultation and 








co-operation with the National Confederation of Em- 
ployers’ Organisations and the Federation of British 
Industries was not a new departure, but the evolution 
of trade union policy. The same thing might be said 
in another sense of the policy which the General Council 
submitted for the development of inter-Commonwealth 
trade. ‘‘ There is not the slightest likelihood,” Mr. 
Beard went on to say, “ that the trade union movement 
will ever adopt a policy of all-round protection. On 
the other hand, I do not think the trade union move- 
ment ties itself, or ever will tie itself, to any rigid 
doctrinaire free trade theory. Those who look upon 
the issue of free trade and protection as being a matter 
of vital principle are, in our view, bad economists 
and bad socialists. To make a fetish of free trade, and 
to maintain that at no time and in no circumstances 
whatever must the principle of 100 per cent. free trade 
be questioned is, in our view, as foolish and impossible 
as it would be to declare that tariffs are a cure for all 
our industrial ills. The trade union movement has 
never been a believer in Manchesterism. Our unions 
were formed to prevent so-called free trade in labour. 
As trade unionists and socialists we believe in inter- 
ference with the so-called ‘immutable economic laws.’ 
We believe in the ‘regulation and conscious control 
of economic factors and forces,’ to use the words of 
our report. If that position is accepted—and I think 
it must be by every trade unionist and every socialist— 
we shall see nothing new or strange in the refusal to 
tie ourselves down to that extreme form of free trade 
dogma to which some people still cling. But that does 
not mean that we have declared in favour of a tariff 
policy. The opposite of free trade is not tariffs. 
The opposite of free trade is regulated trade, and there 
are many ways of regulating trade and, therefore, many 
methods of establishing economic links with other 
nations besides the methods of tariffs.” 





At Tuesday’s sitting, a motion to refer back the 
report of the Economic Committees suggesting a 
wide-ranging organisation of the resources and trade 
of the Empire, was defeated on a card vote by 1,878,000 
to 1,401,000. 





The following composite resolution on the subject 
of unemployment, for which the Boiler Makers’ and 
Iron and Steel Shipbuilders’ Society and the Shop 
Assistants’ Union were responsible, was carried on a 
show of hands by a large majority :—‘‘ This Congress 
recognises that the capitalist system of industry has 
at all times failed to find employment for all able- 
bodied workers. The introduction of machinery and 
speeding-up of labour has increased the output per 
man, with the result that less men are required to 
produce the amount of goods which can find an effective 
market, and as a consequence the percentage of unem- 
ployed workers continues to increase. Congress 
regrets that the efforts of our Government are inade- 
quate to deal effectively with this evil, which, but for 
the Unemployment Insurance Fund, would create a 
revolution, but recognises that the present Government 
has not a majority over the combined Opposition 
parties, and is consequently prevented from operating 
effective Socialistic measures for the only solution 
of unemployment. Congress instructs the General 
Council to submit to the Prime Minister that it is 
the duty of the Government to take such emergency 
measures as will enable them to offer employment on 
trade union rates and conditions to the surplus able- 
bodied workers which capitalism fails to employ.” 





At August 25, the numbers of persons on the registers 
of employment exchanges in Great Britain were 
1,333,850 wholly unemployed, 609,309 temporarily 
stopped, and 96,543 normally in casual employment, 
making a total of 2,039,702. This was 21,745 more 
than a week before, and 883,899 more than a year 
before. 





According to the Industrial Review, a proposal 
has been put forward by the National Federation of 
Professional Workers that Trade Unions should take 
the place of private employment agencies and Govern- 
ment Employment Exchanges, and information is being 
collected on the work of Trade Union Employment 
Bureaux. 








Recent’s Canat Dockx.—Powerful arc lamps have 
recently been installed by the Grand Union Canal 
Company, at the ship lock, Regent’s Canal Dock, Lime- 
house. This has made it possible for work to proceed 
as expeditiously by night as by day. Formerly, this 
important gateway to and from the Thames, which has 
to be used by all ocean-going vessels entering or leaving 
the dock, was almost shrouded in darkness during the 
night hours. In spite of this, ships laden with coal for 
the London gas and electricity undertakings had to be 
discharged, no matter what time they arrived, with as 
little delay as possible. All the coal arriving at the 
Regent’s Canal Dock has to be transferred to barges, 
which convey it to its destinations by way of the Grand 


Union Canal. : 





ALKALI WORKS IN 1929. 


THE sixty-sixth annual report on Alkali, &c., Works 
to the Minister of Health is this year drawn up by 
Mr. W. A. Damon, till lately one of the Ministry’s 
district inspectors, who succeeded Dr. T. Lewis Bailey 
as chief inspector for England on the latter’s retire- 
ment in November last. The report shows the 
number of works registered in England to have again 
decreased, from 1,096 in 1928 to 1,083 in 1929, while 
the number of processes also decreased by eight, from 
1,983 to 1,975. The number of visits of inspection 
paid to registered works was 3,449, and 130 further 
inspections were made regarding nuisances which, it 
was found, were not registrable under the Alkali Act. 
On the other hand, seven works were discovered to be 
in operation without having applied for the required 
certificate. The plea of ignorance was, however, 
accepted in these cases, and no legal proceedings were 
taken for this or other reasons. There were 33 com- 
plaints, 16 of which concerned processes not falling 
under the jurisdiction of the alkali inspectors. Such 
complaints arose, for instance, from the manufacture 
of lamp-black, road materials, bricks, hexanine, coke, 
and shale oil. In some cases the cause of the trouble 
could not be traced, and the chief inspector ventures 
the reminder that it is quite impossible to prevent 
certain odours, and that these are not necessarily 
noxious or detrimental to health. 

Dust, grit and fumes were the chief causes of trouble. 
In the case of the artificial silk works, the trouble is 
chiefly that very large volumes of gases are discharged 
into the atmosphere containing noxious constituents 
in very small percentages. This problem is not new. 
It has long been present in connection with the dust 
and sulphur fumes from power stations, but it has 
become prominent with the proposed erection of electric 
power stations at Battersea and elsewhere, and it has 
come before the alkali inspectors in connection with 
the Billingham works of the Synthetic Ammonia and 
Nitrates Company, the power plant of which we recently 
described (see ENGINEERING, page 119 ante, et seq.). 
There pulverised fuel is used on a large scale for the 
two main units, consisting respectively of six Thompson 
boilers and eight International boilers. The attempt 
was first made to arrest the grit and ashes by inter- 
posing expansion chambers between each boiler and its 
chimney; the chambers were in two sections and 
sprays were provided, but these chambers proved a 
failure. By August, 1929, the company decided to 
try a patent washer, the operation of which depends 
upon the impingement and retention of the gritty 
particles on wetted surfaces provided by a number of 
vertical cylindrical elements over which an ample 
flow of water is maintained. Difficulties arose because 
the grit adhered to the cylinders, and the restricted 
gas passages reduced the efficiency of the washers, The 
supply of water was then increased to a considerable 
extent, and it is hoped that the difficulties will be met 
in the washers for the six Thompson boilers and in the 
new washers for the other boilers. 

In cement kilns the dust can be arrested in four ways. 
Firstly in the kiln itself, by increasing the kiln length 
and fitting the feed end with loose chains which, however, 
if unsuitably arranged, may increase the trouble they are 
intended to cure. One large works has kilns 400 ft. in 
length, which deliver air not containing more than 
0-2 grain of solid matter per cubic foot. This arrange- 
ment is considered to be the best known, being 
commonly adopted because it also tends to prevent 
otherwise serious losses of heat; but the space occupied 
is great and first-costs high. The second method 
separates the dust by gravity settlement beyond the 
kiln. Again large chambers and baffles are required, 
and unless the rate of flow through them is reduced, say 
to 3 ft. per second, the fine dust will be entrained. 
The Associated Portland Cement Manufacturers are 
experimenting with spray washers, in which the particles 
are loaded with moisture ; the gases are cooled, and the 
volume of gasis reduced. This system is considered to 
be promising. Mechanical devices have likewise given 
promising results in several works. In one case a special 
fan removes 50 per cent. of the suspended dust, leaving 
only an impalpable powder passing through a 200-mesh 
sieve, which, carried away by new chimneys, 250 ft. 
high, does not settle on greased glass plates exposed at 
various distances from the works. Longer observation 
of these devices appears to be advisable, however. The 
fourth method, namely, electrostatic precipitation, does 
not yet find favour in England owing to the high cost 
of installation and the reluctance of the manufacturers 
to guarantee results. One copper-smelting works 
precipitates the metallic fumes by the electrostatic 
process. 

Though complaints arising from viscose works were 
less frequent than in the previous year, the report 
acknowledges that the odours are quite objectionable 
at times, and it suggests that, the problem being com- 
mon to the whole industry, manufacturers might pool 
their information in frank discussion. “‘ Unfortunately,” 
it is stated, ‘the processes are regarded as secret.” 
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Noxious gases are evolved from the spinning baths and 
emitted into the atmosphere highly diluted, and arise 
also from the effluents. It is not only the hydrogen 
sulphide formed during the coagulation of the filaments ; 
the carbon disulphide and other volatile sulphur com- 
pounds are also responsible for trouble. ne works 
washes the vitiated air with waste caustic soda and 
thereby reduces the H,S content from about 20 parts 
per million to 4 or 5 parts. The effluents have been 
improved by concentrating and re-using the spinning- 
bath acid, and in one case the contamination of the 
effluent with viscose residue is entirely suppressed. 

In most of the other kinds of works air pollution is 
due to escapes of gas at low-level. As regards alkali and 
copper (wet process) works, the amount of salt decom- 
posed decreased, because more pure hydrochloric acid 
is made synthetically, while sulphuric acid is replacing 
the former acid in baths for pickling iron plates. The 
alkali production figures for 1929 were :—83,094 tons 
by the Leblanc process, 33 tons by the cylinder process, 
and 10,819 tons by the wet copper process. Of the 
smelting works, numbering in all 42, only three still 
roast zinc ores and allow the sulphur dioxide to pass into 
the atmosphere, Only one of these three works is large, 
this one passing out 50 tons of sulphuric acid into the 
air every week. The other works convert the SO into 
sulphuric acid by the contact process; one works makes 
1,000 tons of acid from roaster gas by the Grillo process 
per week, Four tin works closed during the year owing 
to the low price of tin, but two new works have been 
opened with modern machinery. The 72 chamber-process 


sulphuric acid works are now provided with 62 installa- | 


tions of ammonia-oxidation plants, for the supply of 


the nitrogen oxides required in the process. The water- | 


washing of the Gay-Lussac towers for the removal of the 


very obnoxious nitrous acids has made little progress. | 


In sulphuric acid (Class II) works (contact process) 
cascade concentration has again given rise to complaints 
owing to the fracture of basins. The production of 
superphosphates increased last year, but the output is 
not yet back to its former level. The position of the 
ammonium sulphate and gas liquor works is economically 
unsatisfactory. As the production of ammonium sul- 


phate in small units does not pay, the gas liquor is now | 
concentrated to reduce transport costs, and is sent to the | 


larger works for further treatment. There is thus more 
risk of air pollution at the original works, and a reluc- 
tance to spend money on improvements, though no 
plant can remain efficient when not kept in good order. 
Old gas holders are utilised as storage tanks in this 
connection. In three new coke ovens started last 
year, steam jets are fixed in the ascension pipes in order 
to draw the green gas, which escapes during the charging 
and levelling of the coal in the ovens, into the purifying 
system ; further improvement of such devices is still 
desirable. 

An important problem which the chief inspector 
has been investigating is the distribution of the chlorine, 
generally present in coal as common salt, in the carboni- 
sation products. During the carbonisation, the bulk 
of this chlorine is volatilised as hydrochloric acid which, 
combining with the ammonia evolved, forms ammonium 
chloride. Coke oven managers object to more than 
0-1 per cent. of chlorine in the coal because of its 
corrosive qualities, especially in connection with 
the ovens, when the coal is disintegrated and 
wetted before being charged. It was believed 
that the chlorine content of coal rarely exceeded 0-2 
per cent, but Ter Meulen last year found up to 0°45 per 
cent. in coal samples from all parts of the globe, none 
of which was entirely free from chlorine, and Mr. 
Damon confirms the assumption that 0-1 per cent. of 
chlorine is by no means a tolerable safe limit. 
0-1 per cent. of chlorine corresponds to 3°37 Ib. of 
ammonium chloride per ton of coal, and 2,774 tons of 
this chloride were actually imported into Great Britain 
during last year. The recovery of ammonium chloride 
thus became worth investigating, and Mr. Damon 
found that it was almost entirely removed at an early 
stage of the purification of the liquor which yielded, 
simply by acidification and evaporation, a nearly pure 
NH,Cl. Owing to the presence of some higher phenol 
compounds, the salt became, however, discoloured in 
a few days. In view of the undesirable effects of the 


ammonium chloride the pro»lem will further be studied. | 


The number of tar works, 357 in 1928, further de- 
creased by four last year, owing to the tendency of 
gas works to centralise the distillation of tar. The total 
production in England of ammonia (expressed as sul- 
phate) increased in 1929 to 840,483 tons (against 549,516 
tons in 1928). This was mainly due to synthetic pro- 
cesses, the gasworks ammonia production having de- 
c in recent years. 1,748,589 tons of tar were 
also distilled and 511,973 tons of pitch produced in 
England. In Scotland, gasworks distilled 142,840 
tons of tar and produced 32,098 tons of pitch; the 
other sources (iron, coke ovens, producer gas and bone 
works) did not add very much to the figures for tar. 
The totals for tar distilled in Scotland (203,578 tons), 
pitch (61,708 tons), and ammonium salts (71,776 tons), 
were all lower than those of 1928. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nors.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ 


lead are for English metal, whilst those for spelter are for virgin metal. 


fine foreign” and “‘ standard” metal, respectively. The prices shown for 


Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
rices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
ttle, the contents of which vary from 70 lb. to 80 Ib. 


The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 





ELectrRicity Supply In Catcutta.—A statement 
recently issued by Messrs. The Calcutta Electric Supply 
Corporation, Limited, 3 and 4, Clements Inn, Strand, 
London, W.C.2, shows that nearly 170 million units were 
sold during 1929, as compared with some 148 million in 
1928, and 129 million in 1927. The houses connected 
at the close of 1929 totalled 30,474, against 27,626 in 
December, 1928 and 24,985 in December, 1927. Further- 

|more, during the six months ending June 30, 1930, 87 
million units were sold, representing an increase of nearly 
5 million units over the total for the corresponding period 
of 1929, 





WatTER-PoWER DEVELOPMENTS IN QUEBEC.—The 
Quebec Public Service Commission has authorised the 
Shawinigan Water and Power Company to commence 
operations on the development of hydro-electric power 
| at Rapide Blanc, on the Upper St. Maurice River. This 
| site is the first of several on which power plants are to be 
| erected by the Company, following the concession to 
| them by the Quebec Government of a 75-year lease 
covering the water-power rights over a long stretch 
of the Upper St. Maurice River. The Rapide Blanc plant 
will operate under a head of 110 ft., and the original 
installation will provide for the generation of 160,000 h.p. 
When om say the plant will have a capacity of 240,000 
h.p. The lease awarded to the company also comprises 


Rapide Trenche, Rapide Sans Nom, Rapide des Cours, 
Rapide du Liévre, and Rapide Allard. All these rapids 
occur in a 75-mile stretch, extending downstream from 
the confluence of the St. Maurice and the Manuane rivers 
to a point about 8 miles north of La Tuque. 





The 








Company is required to develop at least 100,000 h.p. 
by July, 1933. The construction of each plant will be 
commenced when the greater portion of the power 
generated by the previous plant has been disposed of. 





ANGLO-BELGIAN CoMMERCE.—The exports of Belgium 
to Great Britain are steadily increasing and the United 
Kingdom is becoming Belgium’s best customer, taking the 
place occupied by Germany before the war. According 
to the Report of the Council of the British Chamber of 
Commerce in Belgium, for 1929, the value of exports 
to Great Britain totalled 5,836,963,000 francs (about 
33,354,000/.) during 1929, whereas the value of imports 
from the United Kingdom aggregated 3,944,067,000 
francs (22,538,000/.). 5 se elgian exports to this 
country, the three outstanding classes are metals, raw 
and manufactured metal goods; mineral products ; 
and stonework, pottery and refractory products. In 
spite of the fact that 1929 witnessed a decline of activity 
in the iron and steel works, 58 per cent. of Belgium’s 
exports in that year consisted of manufactured goods, 
compared with 57-39 per cent. in the previous year. 
Corresponding percentage figures for raw materials were 
32-94 and 33-71 respectively. The British Chamber of 
Commerce in Belgium is ably continuing to fulfil the 
main object of its existence, namely, the development of 
British trade and commerce in Belgium and the fostering, 
to mutual benefit, of business relations between Great 
Britain and Belgium. The Chamber is participating in 
the Antwerp Exhibition and has had accommodation 
provided in the British Building. The head office is at 
24, Rue des Fripiers, Brussels. 
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THE JORGENSEN DOUBLE-ACTING 
DIESEL ENGINE. 
(Concluded from page 263.) 
' In our last issue, we dealt with the main construction 
of the engine. Turning now to the fuel pump and valve 
arrangements, the pump is located on the port side of the 
engine above the control station, as shown in Fig. 1, on 
page 260 ante, and in Fig. 11. It is driven by the 
horizontal shaft shown, which, as already stated, carries 
the intermediate gear wheel for the camshaft drive. The 
pump has a separate plunger for each fuel valve on the 
engine, making twelve in all, and each plunger is capable 
of separate adjustment. The plungers are actuated in 
groups of three from four cranks set at similar angles 
to the’zmain cranks. Each pump can readily be cut 
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out of,action without disturbing the valve setting, and | 


is controlled by an Aspinall governor built into the 
pump casing. All the plungers and sleeves are hardened 
and ground to run tight without packing, and the 
valves and valve seats are also hardened and ground. 
The fuel valves follow standard practice for air-injection 
engines, and their operating mechanism has already been 
described. It may be mentioned that careful attention 
has been paid to the form of both upper and lower 
piston heads to produce a pear-shaped combustion 
space at the initiation of fuel injection. The upper 
atomiser is provided with five orifices from which the 
fuel is ejected in the form of a fan, and the fuel has 
@ traverse of approximately 10 in. before reaching a 
metallic surface. Two orifices are provided in each of 
the lower atomisers. The jets are again fan-shaped, 
and are directed in such a way that the fuel does not 
impinge on the piston rod, a free travel of about 10 in. 
being also afforded in this case. 

The compressor, which is shown in section in Fig. 5, 
page 262, ante, has a number of novel features. It is of 
the three-stage type, with the high-pressure cylinder at 
the top, the low-pressure cylinder in the middle, and the 
intermediate cylinder at the bottom. The pressures 
attained in the three stages are 30, 175 and 860 lb. per 
square inch. To simplify the main casting, loose liners 





are employed in all three stages. The liners of the first 


and third stages are held in position by the respective 
heads, while the second stage liner is separately bolted. 
A single mechanically-operated suction valve is 
employed, the valve being operated by a cam on the 
main camshaft. With this arrangement, the com- 
paratively high piston speed of 400 ft. per minute is 
rendered practicable. The valve has a lift of 1} in. 
The first stage has five large automatic valves of the 
double-ring type, with a lift of 4, in., while two similar 
valves are used for the second stage, located in a 
separate valve casing. The first and second-stage 
coolers are tubular, concentrically arranged in the 
common water-jacketed casing shown on the left in 
Fig. 5. The tubes are of small diameter and are made 
of cupro-nickel. The air passes through them, and 
they are easily cleaned by removing the casing covers. 
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two double-acting cylinders in tandem, with inlet and 
outlet valves of the Corliss type. The bottom piston is 
actuated by two connecting rods, two crossheads, and 
two piston rods. The top piston is driven by a single 
rod passing through a floating bush in the centre of the 
bottom piston. The cranks for the two pistons are 
set 90 deg. apart, and the arrangement gives four air 
impulses per revolution, the valves openings being 
arranged to give a uniform flow of air to the scavenge 
trunk. The valve ports are opened and closed when 
the valves are passing, with maximum velocity, 
through their central position. They are driven by 
link gear at the forward end of the engine from the main 
camshaft, and as the valves are offset by 90 degrees, 
the inertia forces on the two sets balance out, and do 
not give rise to turning moments on the crankshaft. 
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The third-stage cooler, which is shown in section in 
Fig. 10, is made of two heavy solid-drawn tubes of large 
diameter. The air passes downwards between two 
cooled surfaces, and any precipitated water passes with 
the air to the air bottle. The cooler is thus free from 
coils, and all the surfaces can readily be cleaned and 
inspected. A point which may be noted in connection 
with the compressor is that the head of the high- 
pressure piston is free to slide laterally on the piston 
trunk, the joint being just below the bottom ring. The 
trunk has liberal clearance in the cylinder, and is 
rigidly attached to the main piston, so that the head is 
free to find its correct location in the cylinder without 
any tendency to tilt the piston as a whole. It will be 
noticed, from Fig. 5, that the main piston is filled, the 
material being lead, and that the crosshead is a heavy 
casting, the two parts acting as balance weights with 
regard to the engine as a whole. 


As in the case of the main compressor piston, the 
lower scavenge pump piston is solid, for balancing 
purposes. The dividing plate between the cylinders, 
together with the two pistons, can be lifted out through 
the top on removal of the upper cylinder cover, and the 
valves can be withdrawn on removal of their covers. 
The cylinder cover is of sufficient strength to serve as 
a support for a complete power unit should it be 
necessary to remove one of the latter for any reason. 

Dealing next with the control gear, the control 
station is shown in Fig. 11. Air-starting valves are 
provided at each end of all four cylinders, and move- 
ment of the right-hand lever shown in the figure first 
admits air to the blast-air line. A further movement 
admits air to the pilot-valve chambers, causing the pilot 
valves to lift so as to bring them into contact with 
cams on the main camshaft. Assoon as the pilot valves 
come into operation, air is delivered to the cylinders 
controlling the starting valves, which are then opened 
in the correct sequence. After the engine has been 
started on compressed air, the right-hand lever is 
pressed home, cutting off the air supply and opening the 
fuel supply to the fuel valves. The section through 
the manceuvring gear, reproduced in Fig. 12, shows 
the arrangement of the master valve for controlling the 
blast-air supply. The air enters through the upper 
passage, and has to pass the valve on its way from the 
bottle to the engine. The first motion of the handle 
compresses the spring, which is stiff enough to lift the 
small valve seated within the main valve, when the air 
will enter the blast-air pipe and equalise the pressure on 
the two sides. The pressure will continue to rise until 
it reaches a point at which the spring will open the 
main valve before the starting air begins to turn the 
engine. Full pressure is, therefore, always on the air 
lines when the engine begins to turn, and any danger of 
explosions in the air line is eliminated. Incidentally, 
the operation of opening and shutting the valve on the 
air bottle is eliminated, thus dispensing with one opera- 





The scavenge pump, Fig. 4, page 261, ante, consists of 





tion during manceuvres. 
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The handle on the left-hand side of the control station 
is employed for continuous manceuvring. en it is 
thrown over, air is admitted to a small servo motor 
which turns the fulcrum shaft on the fuel pump. 
By this means, the fuel valves of the two forward 
cylinders are put out of action, and the engine will then 
operate on the two remaining cylinders. Under these 
conditions, it is able to run quite slowly on full air 
pressure, and the defective combustion which might 
occur when the engine is running at reduced power on 
all four cylinders is avoided. Full power can, of course, 
be put on instantly at any time. The middle handle on 
the control gear is used for reversing, the reversing cams 
being brought into action by sliding the main camshaft 
by means of a servo motor. 

The lubrication of the engine only calls for brief 
comment. The bearings, in all cases, are fed by 
mechanical lubricators, which are mounted in groups 
on the port side, and are driven by chains from the 
fuel-pump shaft. The pistons are lubricated through 
eight equally-spaced oil passages located in the cylinder 
distance piece, four being above and ‘four below the 
































| 
Pres- | Tempera- | Pres- | Tempera- 
sure. ture. | sure. | ture. 
| | 
Lb. | Inlet. Outlet.) Lb. | Inlet. Outlet. 
per | Deg. Deg. per | Deg. Deg. 
Air compressor— sq.in.| F. F. |sq.in.) F. F. 
First stage cooler 32 279 #101 | 34 | 289 102 
cond stage | | 
cooler -»| 172 | 261 97 | 178 | 288 100 
Third stage | | 
cooler ..| 850 | 827 98 | 865 | 350 99 
Cooling water— 
Cylinders 14 | 91 127 | 14 | 92 140 
Pistons .. 14 | 91 128 | 14 | 92 138 
Lubricating oil 10-5; — 90 |10-5| — _ 89 
venging air } 
pressure vod S968 _ _ 1-49 _ _ 
Exhaust tempera- 
ture 53 =e 505 517 
Exhaust colour Invisible Invisible. 
Compression pres- 
sure— 
Average, top 467 467 
Average, bottom 464 464 
Combustion pres- 
sure— 
Average, to 6 554 550 
Average, bottom 563 567 
| Standard Furnace 
Diesel Oil. Fuel Oil. 
Specific gravity of | | 
fuel oil .. es 0-860 | 0-926 
M.E.P.— 
Average, top... | 85-2 Ib. per | 85-1 Ib. per 
| sq. in. sq. in. 
Average, bottom | 83-5 Ib. per 83-4 Ib. per 
| sq. in. 8q. in. 
Brake reading oe] 22-28 Ib. 22-10 Ib. 
Total fuel .. ay 1,006 Ib. 1,119 Ib. 
Recovered spill 2 Ib. 1 Ib. 
Time of test -.| 62 min. 31 sec. 68 min. 30 sec. 
Revolutions during | 
test = ont 6,218 6,710 
R.P.M. aia | 99-45 | 98 
Total I.H.P. | 2,875 i.h.p. 2,833 i.h.p. 
Total B.H.P. | 2,216 b.h.p. 2,170 b.h.p. 
Total fuel per hour | 965-4 lb. 980-0 Ib. 
Fuel in pounds per | 
1.H.P. hour - 0-335 0-346 
Fuel in pounds per | 
B.H.P. hour a 0-45 


wl 0-435 2 
Mechanical efficiency) 77 per cent. 76-5 per cent. 





| 


Date of test July 28. | July 29. 





ports. The oil is delivered to the passages through 
easily accessible adaptors, which can be disconnected 
when it is required to lift the cylinder. Each passage is 
connected to a separate jubricator running at engine 
speed, and so timed that oil is delivered to the four 
top passages when the piston is moving upwards, and 
vice versa. Each lubricator delivers an infinitesimal 
quantity of oil per revolution, and each cylinder receives 
800 charges per minute. 

The results of two tests on the engine are given in 
the accompanying table, from which it will be seen 
that the fuel consumption, with standard Diesel oil, 
was 0-435 lb. per brake horse-power-hour. The engine, 
during these tests, was coupled to a Heenan and Froude 
dynamometer, and the indicated horse-power was ob- 
tained by means of a Maihak indicator, the indicator 
rig being carefully designed to minimise errors. The 
lubricating-oil and cooling-water pumps were separately 
driven during the tests. The engine was subsequently 
subjected to a full-power endurance test, extending 
over ten days and nights. The fuel used through- 
out this test was Mexican boiler oil, with a specific 
gravity of 0-926 and a viscosity of 200 secs. Redwood. 
The following average results were obtained :— 

R.P.M, 98-07. B.H.P. 2,140. LHP. 2790. 
Mechanical efficiency 76-65 per cent. 
Fuel per 24 hours —10-35 tons. 

The exhaust-gas analysis showed a complete absence 

of carbon monoxide. The engine was not stopped 
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during the test, and on being opened up on the 
completion, was found to be in perfect condition 
throughout. 

We were privileged to see the engine running 
during this test. It had been running for about 48 
hours at the time of our visit, and was developing 
its full power without the slightest sign of distress at 
any point, the exhaust being quite invisible. We 
were impressed by the almost complete absence of 
vibration, attained partly by the exceptional rigidity 
of the framework as a whole, and partly by the system 
adopted for balancing the reciprocating masses. The 
method of building up the main framework has been 
described previously, and the practice of tying the A 
frames by means of the main guide plates, in conjunc- 
tion with the general layout, undoubtedly reduces the 
effect of any internal bending moments to negligible 
proportions. 

Space does not permit of our dealing in detail with 
the balancing arrangements for the reciprocating parts, 
but it may be mentioned that a modification of the 
Yarrow, Schlick and Tweedy system is employed, the 
angle between the first and fourth main cranks being 
52 degrees, and all the others being at right angles. As 
already mentioned, there are no balance weights on 
the main cranks, the balancing forces being generated 
by the weight of the reciprocating parts of the com- 
pressor and scavenge pumps. The arrangements 
adopted have the effect of eliminating all the primary 
forces of the first and second order, together with the 
primary rocking couple, the main disturbing force being 
in this way reduced to a rocking couple of the second 
order. 


SOME RECENT PROGRESS IN AIR- 
COOLED AERO-ENGINE DEVELOP- 
MENT.* 








By C. F. ABELL. 


TEN years ago the water-cooled aero-engine was 
supreme in all fields ; there was no airworthy air-cooled 
engine of moderate or high power in existence through- 
out the world, the original type, the rotary, having 
failed, through inherent limitations, to keep pace with 
the developments in power output, economy, and 
reliability brought about under the stimulus of the 
War. Although at this time air cooling for aero- 
engines appeared obsolete, a great deal of research work 
upon the subject was progressing amongst those who 
felt that direct cooling was the logical method for use 
on an aero-engine, and that it opened up possibilities 
for the radial type of engine, which appeared excep- 
tionally attractive from the points of view of design 
and manufacture. The outcome was the appearance 
of the Bristol Jupiter nine-cylinder air-cooled, radial 
engine, developing 380 brake horse-power for a com- 
plete weight of 750 lb. This engine in 1921 success- 
fully completed the British Air Ministry’s type test, 





* Paper read before Section G of the British Associa- 
tion at Bristol, on Thursday, September 4, 
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being the first air-cooled aero-engine of this type in 
the world to pass an official test of this nature. The 
completion of this official test was undoubtedly a 
landmark in the history of air-cooling, and a turning 
point in the fortune of the air-cooled aero-engine. 
It attracted the attention and stimulated the interest 
of those aircraft designers who realised the possibilities 
opened up. Since that date much progress has been 
made; at first slowly, then, as old prejudices were 
overcome and actual performance began to speak, the 
circle of users widened, urtil now the air-cooled engine 
is almost universally employed for private and com- 
mercial machines and for a big proportion of military 
machines also. : 

To summarise the progress made in ten years, it 
may be pointed out that the weight per horse-power 
has been reduced by 25 per cent., the power output 
increased by 50 per cent., and the period between 
overhauls increased by 700 per cent., with a corre- 
sponding increase in the reliability of the engine and 
the life of the main components. We have now 
engines of 500 h.p. weighing 750 lb. with fuel consump- 
tions of 0-5 lb. per horse-power-hour, covering approxi- 
mately 50,000 miles between overhauls, and costing 
approximately 3/. per horse-power, which compares 
favourably with other prime movers. 

In view of the very specialised nature of modern 
engine development it may be of interest now to discuss 
in some detail some of the recent changes in design 
which have led to higher speeds of revolution, higher 
brake mean-effective pressure, and higher overall 
efficiency in the Jupiter radial engine. In the earlier 
design of Jupiter, referred to previously as having 
passed the official type test in 1921, the crankshaft 
was made in the normal manner of a single drop forging, 
the shaft being a straightforward single-throw crank 
with crankpin and webs all in one piece. It will be 
obvious, therefore, that the connecting rod was formed 
more or less in the normal manner with a loose cap 
secured by bolts, to allow the big-end bearing to be 
assembled. Flanges were formed integrally round the 
big end to carry the eight pins for the eight articulated 
connecting rods. It will be obvious that this form of 
construction, for such an important part, involved 
considerable skili and accuracy in machining, and con- 
centration of stress at the four big-end securing bolts 
was an unavoidable feature. This rod was used with 
complete success for many years. but owing to increased 
demands for higher speeds of rotation and bigger 
output, some alternative scheme was sought to allow 
of this. Fig. 1 shows the present form of crank and 
connecting-rod assembly. It will be seen that the 
crankshaft, in this case, is in two pieces while the con- 
necting rod is solid. The front half of the crankshaft, 
consisting of the shaft which carries the airscrew, the 
web and crankpin, are formed of a drop forging, while 
the rear half, also a steel drop forging, is attached to the 
front by means of an accurately machined eye in the 
web opposite the balance weight, and secured by a 
large clamping bolt. Relative movement between the 
two halves of the crank is prevented by the large key in 
the eye, the key being formed integrally by means of 
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special tools. This construction, it will be seen, allows 
the solid connecting rod and plain circular floating 
bush to be readily assembled on the crankpin, after 
which the rear half of the crankshaft is bolted up. 
All risk of concentration of stress in the big end of the 
connecting rod is abolished by this construction. 
Results have shown that, whereas with the original 
form of split rod and solid crank rotational speeds were 
limited to 1,500 r.p.m., or 1,600 r.p.m., the present 
engines employing the solid rod and split crankshaft 
rotate normally at 2,000 r.p.m., with a maximum of 
2,200 r.p.m. 

Concurrently with the crankshaft and connecting- 
rod development described above, the crankcase, as 
manufactured at that period, came up for discussion. 








The crankcase, at that time, consisted of a casting of 
aluminium alloy, in two halves, secured together by 
nine high-tensile steel bolts each situated between a 
pair of cylinders. Hundreds of engines with cast 
crankcases have been, and are being, manufactured, 
but the particular form of case employed in the Jupiter 
engines, and the fact that foundry cracks developed, 
in some cases, after only a few hours of service life, led 
the makers to consider forming the case from drop-forged 
light alloy instead of castings. Such forgings are sym- 
metrical pieces and .offer no special difficulty from 
the point of view of the drop forger. The crank-case 
forgings as received and finished are shown in Fig 2. 

Considerable criticism has been levelled at the adop- 
tion of this form of crankcase on the score of manufac- 


turing costs on a production basis, especially in view of 
the fact that both halves of the crankcase must be 
machined all over. Careful consideration, however, was 
given to this point, and it can be stated that the actual 
cost of producing a batch of, say, fifty complete engines 
with the forged crankcases instead of with the castings, 
is definitely lower in the case of the former owing to 
the complete elimination of crankcase scrap. Engineers 
know only too well what it means as regards costs to 
discover, after, say, 90 per cent. of the machining opera- 
tions of an expensive component are completed, that 
a casting flaw is disclosed by the turning tool or milling 
cutter. All the labour costs expended on the part are 
|irretrievably lost. In some cases, casting stresses 
caused cracks to develop while an engine was under- 
going its final test before despatch, with the result that, 
in such cases, not only machining costs, but also the 
whole of the assembly costs of the complete engine, 
were lost. Actual machining of the forged crankcase 
offers no special difficulty. A number of special jigs 
and fixtures have been designed to deal with the 
| problems encountered, with the result that no diffi- 
culties are experienced in the shops in the production of 
a relatively complex and highly stressed component. 
| It is interesting to note that the weight of the complete 
crankcase, as forged, is 200 lb., whereas as finished 
machined it is only 73 lb. 

Considerable development has also taken place in 
the design of the cylinders of the Jupiter engine. 
Originally, the cylinder consisted of a carbon-steel 
forging with the combustion head formed integrally. 
Valve seatings were cut direct in the steel head. For 
radiation of the heat due to combustion, and to provide 
|a@ means for carrying valve guides and gas ports, a 
light-alloy casting is secured to the cylinder head by 
means of a number of studs. This casting makes very 
close contact between its lower face and the upper face 
of the cylinder, both contacting faces being very closely 
hand-scraped to a surface plate. This form of cylinder 
| was employed for many years with complete success, 
| but, in view of demands for higher efficiency and the 
| development in combustion-chamber technique, a new 
| cylinder has been evolved, and a short description of 
| this may not be without interest. The new cylinder is 
‘illustrated in Fig. 3, and will be seen to consist of an 

open-ended steel barrel fitted with a head of light alloy 

| screwed into place. In this case, it will be observed 
| that the combustion chamber is no longer formed by 
the integral steel end of the barrel, but by the light- 
alloy head itself, which head carries the valve seatings, 
| valve guides, and bosses for spark plugs, &c. In its 
| early stage, this new form of cylinder employed for the 
| head a casting in “‘ Y”’ alloy, but experience showed 
| exactly the same conditions to apply as applied to the 
|cast crankcase, to which reference has been made. 
' Accordingly, castings for these cylinder heads are now 
abolished, and drop forgings of light alloy take their 
|place. In this case, certain difficulties presented 
| themselves in the somewhat intricate machining opera- 
tions on the cylinder head, particularly in the formation 
of the ports and passages for the gases. Special tools 
and equipment have, however, been produced to deal 
with these ports, and the results are entirely satis- 
factory. It will be appreciated that a great deal of 
detail technique has been put into the manufacture of 
this form of cylinder head, in connection with the 
necessary shrinkage fits for the bronze-valve seats, 
guides and spark-plug bosses, and for the shrinkage 
allowance for the large-diameter screw thread which 
secures the head to the barrel. In addition, some care 
was necessary to evolve a satisfactory form of gas- 
tight joint between the top of the barrel and the head. 
All these points have been satisfactorily dealt with, 
and the present design of cylinder allows the main- 
tenance of a brake mean-effective pressure 10 per cent. 
higher than formerly, a speed 15 per cent. higher, 
and a reduction in fuel consumption of 10 per cent. 
The new design of cylinder, it may be added, has 
permitted the employment of a considerable degree of 
supercharging to enable the ground-level horse-power 
to be maintained up to high altitudes, the present design 
being intended for 12,500 ft. The supercharger itself is 
illustrated in Figs. 4 and 5, and consists of a centrifugal 
fan driven by a simple form of gearing enclosed in the 
back of the engine. The general construction of the 
gearing will be quite clear from the illustration. 

The success of air-cooling has been built upon the 
radial type of engine, but, not unnaturally, this success 
has attracted the interest of research workers and 
designers, and attempts have been made to evolve 
other types, which either developed certain advantages 
of the radial or which obviated some of its disadvan- 
tages. At the present time, however, it can be stated 
that the only types in quantity production are the 
radial, for all sizes up to 700 h.p., and the small in-line 
engine in sizes below 200 h.p., where, owing to the 
importance of price, the specific weight can be 
raised. For the higher powers, work is in progress 
upon the hexagon, the Vee and “H” types of air- 
cooled engine, and, in view of the attention which has 
been given to these types and to the prophecies which 
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have been made that they would eventually supersede 
the radial, it may be as well to outline briefly the 
points claimed for each type. The radial type has been 
thoroughly tested, and proved out in a very large 
variety of sizes. It offers many advantages from the 
manufacturing point of view, owing to the components 
being, in a large measure, symmetrical and in easily 
handled sizes, and made from comparatively easily 
obtained raw materials. Due to the simplicity of the 
components, a large number are readily obtained in 
the form of drop stampings, which allows of the deletion 
of castings for all but the minor unstressed parts. As 
regards installation in an aircraft, a most simple form 
of engine mounting ring is possible, to which the engine 
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is bolted. Engines may be very readily changed when 
overhaul is needed, and the amount of work involved 
in the dismantling and re-installation is reduced to a 
minimum. 

The in-line type is, at present, available only in 
low powers. It is thought that the development of 
this type is limited, for high powers, by the difficulties 
of cooling cylinders of the size which will be necessary 
for large outputs. The Vee type is obviously an 
intermediate stage between the first two types, with a 
corresponding balance of advantages and disadvantages. 
Such engines are available in medium powers, but are 
not in extensive use. Elaborate cowling is necessary, to 
ensure a flow of cooling air to the rear cylinders. The 
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hexagon and H type approach still nearer to the radial 
form, the former a current production type in America, 
and the latter still in the experimental stage, but 
results appear to be very promising. Both types appear 
particularly attractive for the higher power outputs, 
provided the rear cylinders can be suitably cooled. 
From an examination of these alternative types 
it will be observed that the outstanding feature is the 
attempt to cut down the frontal area, and therefore 
the drag, which, in the opinion of its critics, is the main 
disadvantage of the radial type. This contention has 
undoubtedly considerable’ justification for speeds of 
150 to 200 m.p.h. or more, such as are, at present, 
being obtained in certain classes of machines. The 
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statement has been made that the drag of the radial 
engine must necessarily restrict the employment of 
this type of motor to the slower machines, where drag, 
which varies as the square of the speed, is of less relative 
importance. Fortunately, the aircraft industry has a 
very active research organisation in the leading coun- 
tries, and two recent developments, one of British and 
one of American origin, have considerably reduced the 
drag of the air-cooled radial engine, so that, at the 
present time, it satisfies the requirements of all types of 
machines, with the exception of the one type of aircraft 
where everything has to be sacrificed or compromised 
for pure speed. For this highly specialised field, the 
water-cooled engine is, at present, the most suitable 
choice. The two developments referred to, although 
strictly speaking, not engine developments, are, in effect, 
so intimately bound up with the engine, that there is 
some justification in referring to them. To appreciate 
fully their effect on aeroplane performance, it must be 
understood that the turbulence produced on an other- 
wise perfectly streamlined fuselage by the addition of 
the projecting cylinders of a radial engine is such 
that it may upset the flow of air over the whole length 
of the fuselage. Consequently, the drag of the machine 
may be increased not only by the additional drag of 
the cylinders, but also by. what is known as interference 
drag caused by the turbulent flow. In one develop- 
ment, generally known as the Townend Ring, shown 
in Fig. 6, and originated at the National Physical Lab- 
oratory, an attempt is made to confine and smooth out 
this disturbed air flow immediately it has passed the 
cylinders, and performed its useful work of cooling them, 
by confining the air flow circumferentially within a ring 
of aerofoil section, coaxial with and surrounding, the 
engine. The exact location of the ring and its dimen- 
sions vary with the engine, type of installation, and 
operating conditions. 

The other development owes its success and practical 
application to the American National Advisory Com- 
mittee of Aeronautics, and consists of a cowling com- 
pletely enclosing the engine as shown in Fig. 7. This 
cowling is of streamline form itself, and in relation to 
the fuselage. An opening at the front is provided, the 
size being adjusted to permit the entry of the amount 
of air required for cooling the engine.' To ensure the 
maximum cooling effect being obtained from a given 
quantity of air, the air is guided around and over the 
cylinders by a suitable internal cowling covering the 
lower portion of the cylinders, in a similar manner to the 
conventional cowling, and finally allowed to pass out 
through a circumferential gap, to join, with the mini- 
mum of disturbance, the larger portion of air stream 
which has travelled smoothly over the external 
cowling skin, and continues in a similar manner over 
the fuselage. 

The improvement due to the use of both these de- 
velopments is of approximately the same order, 
amounting, in the case of a single-engine machine, for 
example, to a reduction in drag of 15 to 20 per cent., 
which is equivalent to a corresponding saving in the 
power output required from the engine for a similar 
performance with a conventional cowling. 








THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 250.) 

BELow we give summaries of a number of papers in 
Sections IV, VII, XVII and XXI of the conference 
held recently in Berlin. The subjects dealt with in- 
clude the distillation of coal, ash emission from power 
plants, &c., and protection of electrical systems 
against lightning. Section VII, from which we have 
been compelled to choose only a few papers on one 
subject, dealt nominally with the operation of large 
power plants. 


Economic Prositems oF HicH-TEMPERATURE 
DIsTILLATION. 

Section IV was devoted to high temperature distil- 
lation and kindred topics. The methods by which 
coke-oven gas is being employed in the synthetic 
ammonia industry formed the subject of a paper en- 
titled “‘ Gaszerlegung durch Druck und Tieftempera- 
tur.” ‘The author, Dipl.-Ing. P. Borchardt, stated 
that sufficient experience had now been accumulated 
for it to be possible to draw conclusions for the 
future. He pointed out the advantages of the Linde 
process, a description of which was given in our issue 
of February 7 last, page 163. The total power 
required for producing the 3/1 mixture of hydrogen 
and nitrogen, at a pressure of 10 atmospheres, was 
stated to be about 0-5 brake horse-power per cubic 
metre, with gas containing 50 per cent. to 60 per cent. 
hydrogen. About 40 per cent. of the heating value 
of the original coke-oven gas was removed in the pro- 
cess, the cost of an equivalent number of heat units 
in producer gas (with coal at 15s. per ton) being 
taken as the value of the gas extracted. The total 
cost of the gaseous mixture, including power at 3d. 





per brake horse-power hour, labour, chemicals, water, 
capital charges at 15 per cent., &c., was given at 
6-3d. per 1,000 cub. ft., compressed to 10 atmospheres. 

Colonel G. P. Pollitt commenced his paper, ‘“‘ The 
Synthetic Ammonia Industry,” by giving an historical 
sketch of the development of the nitrogen industry. 
This had been specially rapid during the present century, 
as shown by the following table :— 


TABLE I.— World Production, Expressed as Thousands of 
Metric Tons of Pure Nitrogen. 











Year. Year. 
1903. 1929. 

Natural (guano, Chile and potassium ’ 
nitrates) o> us ie se) 230-2 529-2 
By-product ammonia 112-9 440-5 
Synthetic—arc process .. “¢ _ 16-8 
cyanamide process .. _ 254-1 
ammonia process — 1,121°-8 
Totals 352-0 2,362-4 











The total was 21 per cent. more in 1929 than in 
1928, when it was 34 per cent. more than in 1927. 
The are process was falling into disuse, requiring over 
80,000 kw.-hr. per ton, the largest annual make 
being 33-9 tons in 1925. The cyanamide process, 
requiring 12,000 kw.-hr. per ton, was only possible 
where cheap hydro-electric power and cheap coke 
were both available, asin Germany and at the Niagara 
Falls, but showed a steady progress. It was more satis- 
factory to classify the production of synthetic ammonia 
according to the source of the hydrogen, since the 
particular process used for the actual synthesis at any 
given factory would be determined by minor considera- 
tions, the cost being much the same for all of them. 
Analysis on these lines gave the following estimated 
figures, based on pure nitrogen :— 




















TaBLeE IT. 
Fertiliser Year. 
1926-27. 1930-31. 
Source of hydrogen 
1,000 1,000 
Metric | chet | Metric | Oct 
tons. tons. 
Water gas .. 484-3 89-0 990-4 67-9 
Coke-oven gas he a 16-4 3-0 229-7 15:8 
Electrolysis of wate -- | 84-9 6-4 224-3 15-4 
Electrolysis of brine. fer- 
mentation, Kc. .. ee 8-6 1-6 12-6 0-9 
Totals 544-2 | 100-0 | 1,457-0 | 100-0 














From an analysis of capital and working costs 
Colonel Pollitt concluded that future development 
would be overwhelmingly in the use of water-gas as the 
hydrogen-base, although isolated coke-oven plants, 
with the advantage of reduced freight in the supply of 
a local market for sulphate of ammonia, might be 
able to show a satisfactory return on capital, running 
a synthetic installation as a by-product plant. The 
capital costs for the complete plant and buildings 
per metric ton of ammonia per annum were given as 
35-1l., using water-gas, and 33-0/., using coke-oven 
gas, for daily outputs of 200 metric tons and 50 
metric tons respectively, the works costs in the two 
cases being given as 7-2/. and 9-0/. per metric ton 
of ammonia, as 25 per cent. liquor, with coal at 12s. 
per ton. 

A long report entitled “Commentaires relatifs a 
quelques Résultats d’Expériences sur la Condensation- 
Réfrigération’: du Gaz d’Eclairage en France,” by 
Ing. R. Stoss, discussed the cooling of town gas. 
The initial condensation presented two opposing prob- 
lems for solution, namely, that of retaining the benzole 
in the gas while removing the naphthaline. The various 
hydrocarbons wereincreasingly soluble in tar as the tem- 
perature fell, so that while it was possible to remove 
the bulk of the tar from the hot gas with a loss of 1 
per cent. of the benzole, this loss was increased to 7 
per cent. if the gas was first cpoled. In practice the 
loss was found to be about 2 per cent. to 3 per cent. 
The removal of the naphthaline depended not merely 
on the type of condenser adopted, but also on the coal 
used, the type of carbonising plant and the system 
of gasification. In general it was necessary to scrub 
the gas at a low temperature (18 deg. to 20 deg. C.) 
and to keep the oil at a slightly higher temperature. 
An exhaustive study of the laws of heat transmission 
and of the amount of heat to be extracted from crude 
gas was followed by the results of experiments con- 
ducted in a number of French works. Among the 
conclusions drawn was that the coefficient of heat 
transfer was considerably increased by an increase 
of the velocity of the gaseous mixture. It was also 
increased by a reduction in the size of pipes, changes 
of direction, roughness and cleanliness of the surfaces. 
Further, condensers should be placed in the shade, 





aes from other buildings, to allow free circulation 
0 


air. Special attention was called to the advisability 
of placing air coolers so that they were exposed to the 
prevailing winds during the warm weather, the 
coefficient of heat transfer between the air and the 
wall or surface being increased five times by merely 
doubling the air velocity. Water-cooled condensers 
were practically dependent only on the rate of trans- 
mission of heat from the gas to the cooling surface. 
The gas should, therefore, be on the outside of the 
tubes in closed coolers, an increase in the velocity of 
the water having little effect. With open-type coolers 
there was a loss of 1 per cent. to 3 per cent. of water 
due to evaporation, with the further result that the 
water was cooler than with the closed type, giving a 
higher cooling effect per unit of surface. It was 
finally pointed out that although the calculations 
indicated appeared very simple in theory, they were 
very complicated in practice. They would be much 
simplified if charts or tables were available giving 
the coefficients for each type of condenser under 
varying conditions of temperature of gas, air and 
water, velocity, diameter and length of surfaces. 

Mr. Harold Hollings, in his paper ‘‘ The Economics 
of Benzole Extraction in the Gas Industry,” pointed 
out that the first matter for consideration was the value 
to be assigned to the benzole in the gas by reason of its 
contribution to the heating value. This value was higher 
in gas which could be readily distributed to an urban 
community, than in gas for which there was only an in- 
dustrial market. The extraction of all the benzole from 
town gas involved a reduction of about 25 B.Th.U. 
per cubic foot in the heating value, while the specific 
gravity might be reduced from 0-43 to 0-40. Gas might 
either be supplied to consumers at this lower value, or 
the calorific value could be maintained. The latter could 
be done by replacing benzole by cracking gas oil, or 
by the production of richer gas in the retorts prior to 
extraction. The latter reduced the gas-making capacity 
of the retorts, but the extraction of benzole could be 
discontinued, and the output of gas increased when 
the demand required this. It was pointed out that 
stripping might involve the use of large quantities of 
oil, with reduced efficiency of cracking, but increased 
production of carburetted water-gas tar. Thus a 
stripped gas with a calorific value of 480 B.Th.U. 
per cubic foot would require the addition of 25 per cent. 
of carburetted water gas of 580 B.Th.U. per cubic 
foot to give a mixture of 500 B.Th.U. per cubic foot. 
The gas yield would not exceed 0-9 therms per gallon 
of oil, whereas with the unstripped gas in the same 
proportions, owing to the lower calorific value of the 
carburetted water gas, the gas yield would be 1-2 therms 
pergallon. In certain circumstances, it might cost more 
to replace benzole removed from vertical retort gas 
than that removed from horizontal retort gas. At the 
same time, such crude spirit was of lower value, since it 
contained more paraffins and unsaturated hydrocarbons, 
which must be removed by rectification to comply with 
the English specification for motor spirit. 

The treatment of sewage and the avoidance of 
pollution of rivers is a serious matter in England, with 
the concentration of population in towns and cities. 
This was dealt with by Mr. A. C. Monkhouse in his 
paper “‘ The Liquor Effluents from the Gas and Coking 
Industries,” He pointed out that the volume of 
effluent from gas works, per ton of coal, might vary from 
23 gallons with coke-ovens, using the direct ammonia 
recovery system, to 66 gallons with vertical retorts 
and steaming, using the indirect process, the liquors 
varying further in-their toxic effect. The addition of 
spent liquors to streams was highly injurious, apart from 
any specific toxic action, since it retarded the self 
purification which takes place. The evaporation of 
the devil liquor or the aqueous condensates after the 
saturator usually reduced the volume of the effluent by 
10 per cent. to 15 per cent., and reduced the oxygen 
absorption of the liquor by 20 per cent. in cases where 
the indirect or semi-direct method of recovery was 
adopted. Where available, the best method of dealing 
with these effluents was by admixture with the ordinary 
sewage and treatment by the normal methods of 
purification. Satisfactory results could be obtained by 
avoiding sudden changes in the proportions of spent 
liquor admitted, which would run to about 0-5 per 
cent. of the average dry weather flow of sewage. The 
storage of liquor for considerable periods caused a 
slow conversion of the cyanide in the liquor into 
thiocyanate. The proportion of phenols was increased, 
and also the total oxygen absorption, although the 
higher tar acids were considerably reduced, when tar 
was removed above the dew point of the gas. 

The change which has come over the factors which 
decide the price at which town’s gas can be sold, was 
strikingly shown by a phrase used by Mr. M. Barash 
in his paper “ The Bearing of Fluctuations in the 
Price of Coke and By-Products on the Cost of Pro- 
duction of Gas.” After referring to a recent forecast 
of the proposed production of synthetic sulphate of 
ammonia in 1930 by Imperial Chemical Industries, 
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Limited, of 750,000 tons at a probable price of about 
6l. 10s. per ton, he stated that very few gasworks were 
inSthe fortunate position of being able to lose their 
liquor to avoid loss by conversion. Thus, what was 
at one time an important source of revenue, had become 
a charge on the receipts for the other products. The 
average yields and values assumed for the product 
of carbonisation per ton of coal were: 75 therms of 
gas; 10 cwt. of coke for sale, after allowing for works 
requirements, having a value of 25s. per ton; 12 
gallons of tar, worth 3d. per gallon; 40 gallons of 
8-oz. ammonia liquor, equivalent to 25 lb. of sulphate 
of ammonia, of no value ; and 1,500 lb. of steam from 
waste heat from the setting, valued at 20d. per 1,000 Ib. 
It was stated that the gas industry had been operating 
high-temperature processes which were economically 
sound, but that low-temperature processes had not yet 
reached the stage at which they could be operated to 
show a profit, except in very exceptional cases. The 
reason for the development of low-temperature car- 
bonisation in the London area was that circumstances 
were icularly favourable round the Metropolis for 
® high-priced solid fuel. Tar, which had been given 
by Dr. Smith in 1928, as representing a credit 
of about 0-7d. per therm of gas, had now fallen to 
so low a figure that its value was only 0-35d. per therm, 
a very large percentage on the total cost of production. 
The recovery of benzole from town’s gas, taking into 
account the cost of the plant and process, was stated 
not to be a paying proposition, except in the coking 
industry. 

Messrs. N. E. Rambush and Frank S. Townend did 
not consider there was much prospect of the use of 
producer gas for firing of coke ovens, due to the greater 
value of the coke than that of the coke-oven gas at 
present used, and the unsuitability of the caking coals, 
used for the production of coke, as producer fuels. 
This opinion was expressed in their paper “‘ Producer 
gas Practice from the Point of View of the Carbonising 
Industries with Special Reference to Low-Priced 
Fuels.” The position was quite otherwise in the gas 
industry. Here, waste heat from the settings was in 
many cases being used for steam raising, the coke 
breeze formerly used for this purpose being thus made 
available for the production of producer gas. Two 
types of producer were described, namely, the brick-built 
static type with stepped grate, the details of design 
being the result of years of experiment and now giving 
@ good gas with no clinker trouble ; and the mechanical 
type with revolving grate. The latter was high in first 
cost, especially as the gasification of breeze was accom- 
panied with a serious reduction of throughput, but 
a number had been installed recently, while further 
experience might lead to alterations which would 
reduce the capital expenditure at present involved. 

Another development in gas production was discussed 
by Dipl.-Ing. Z. Von Galocsy in a paper entitled 
“*Vergasung mit Sauerstoff.” He recalled that in 
1899, Professor Hempel, of Dresden, carried out 
experiments on the gasification of both coke and coal 
with air enriched with oxygen, up to 90 per cent. No 
steam was used, and the tests had to be quickly 
abandoned owing to trouble with clinker. The next 
attempt to use oxygen was made by Professors Vande- 
veer and Parr, of Illinois, in 1926. They used a very 
small producer with excessive heat losses, which 
prevented steady operation, the temperature falling 
rapidly even with no steam in the blast. The con- 
clusions drawn by them were erroneous, through failure 
to recognise the importance of this point. The latest 
= results were those of Professor Drawe, of 

harlottenburg, Berlin, who worked on a larger scale, 
his producer gasifying 4 cwt. per hour. In order to 
produce the maximum amount of gas for a given 
quantity of oxygen, owing to the high cost of the 
latter, he worked with lignite briquettes. These con- 
tained 47-8 per cent. of volatiles with 14-4 per cent. 
of moisture, the fixed carbon being 32-7 per cent., 
and the total carbon 52-6 percent. The calorific value 
was 8,660 B.Th.U. per lb. Since radiation losses 
had been reduced to a minimum, a large amount of 
steam had to be used, the saturation temperature of 
the blast, which was oxygen containing 10 per cent. 
of nitrogen, being 89 deg./93 deg. C. The calculated 
steam consumption amounted to 18 cwt. per ton of 
briquettes, of which 65 per cent. ~vas not decomposed, 
but passed through the producer as steam, 56,800 cub. 
ft. of gas having a calorific value of 334 B.Th.U. per 
cubic foot being made per ton. The author considered, 
in detail, the various reactions possible in a producer, 
with the controlling factors, reproducing and discussing 
the equations published by Tito Cerasoli in 1926, 
arriving at the conclusion that the cost of the steam 
necessary to prevent clinker troubles, with the atten- 
dant reduction in the value of the gas due to the 
higher percentage of CO,, ruled out all types of producer 
except those in which the ashes were tapped out in the 
molten state. He suggested that a single producer of 
this type would be capable of making from 14 million 


cub. ft. to 21 million cub. ft. of water-gas per day, 





the coal consumption being 250 tons to 350 tons. In 
this case, the consumption of steam would be about 
half a ton per ton of fixed carbon gasified, the corre- 
pnt a consumption of oxygen being about 24,000 
cub. it. 

A report from Czechoslovakia entitled ‘‘ Vergleiche 
zwischen Rost- und Kohlenstaubfeuerungen _ bei 
Verwertung der Abfallstoffe in Koksanstalten,” by 
Ing. Hesky, described experiments to utilise very 
low grade fuels, having a calorific value of about 
5,700 B.Th.U. per pound. Formerly these had been 
dealt with by admixture with highcr grade material, 
but the adoption of a cascade grate in which the 
individual steps were given a long stroke which fed 
the fuel downwards and also turned it over, had per- 
mitted the attainment of an efficiency of 61 per cent. 
with an ash content of 60 per cent. to 65 per cent. 
The boilers were fitted with superheaters and econo- 
misers. 
burners in another installation gave an efficiency 
of 65 per cent.; but, owing to the high cost of the 
pulverising plant in operation and maintenance, 
preference was expressed for the grate. - 

Conditions in Switzerland are unique since all coal 
has to be imported. Thus the joint report, ‘‘ Die 
Schweizerische Gasindustrie,” presented by F. Escher, 
Professor Dr. E. Ott, W. Grimm, H. Zollikofer and 
Professor P. Schlipfer, gave the imports in 1928 
of coal, coke and briquettes as 1,908,154 tons, 600,706 


The same fuel used with pulverised fuel | 
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draught would approximate to the refuse content 
of the coal. The abatement of this nuisance could be 
effected by cleaning the coal and, as the refuse portion 
was mechanically free, this could be done by gravity 
separation. This would eliminate that portion of 
the ash which was mainly responsible for the dust. 
On the other hand, this dust, owing to its silicious 
character, was little affected by washing and would 
thus escape extraction. The sulphur question resolved 
itself into the exclusion of as much sulphur-bearing 
material as possible before firing; in other words, 
into the intensive cleaning of the coal. Washing the 
gases would probably prove technically successful, but 
it required an enormous quantity of water and there 
was the risk that the water courses would be acidified. 

In a paper on “ The Treatment of Flue Gases from 
Modern Power Stations,’’ Dr. S. L. Pearce said that 
the rapid increase in the size of individual power 
stations had enlarged the area exposed to smoke 
and grit emissions, and this area would increase with 
the coal consumption, unless remedial measures were 
taken. The same was true of the pollution from 
sulphur oxides, the effect of which was, however, 
at once more widespread and more diluted than that 
of the ash, and varied greatly in its amount and 
distribution with weather conditions. The erection 


| of suitably-designed chimneys of sufficient height 


would contribute to the solution of the sulphur 
problem, while other possible methods, apart from 


tons and 519,809 tons respectively. In that year the | the treatment of the gases themselves, were the careful 
gasworks consumed 474,580 tons of coal and sold | selection of the raw coal and the treatment of that coal 


242,178 tons of coke. Due to the demand for coke 


and for tar for roadmaking, the two largest works | 
were being equipped with chamber ovens instead of | 


vertical retorts. 


In the case of the Zurich works, | 


which produced 1,541,660,000 cub. ft. of gas in 1928 | 


(the sales amounting to 1,451,400,000 cub. ft.), it was 


prior to combustion. As regards the first there were 
good economic reasons for the selection of a coal with 
low ash and sulphur contents. The removal of the 
sulphur by one or other of the processes available 
was, however, problematical. It seemed to depend 
on the form in which it was present, and tests had 


estimated that the alteration would reduce the net | given widely divergent results. On economic grounds, 


cost of the coal from 1,010,000 francs to 190,000 francs. 
The coal consumption was estimated at 235,000 tons 


| 


too, it would be difficult to justify the use of clean 
coal. Tests on the effect of adding lime to the coal 


against 112,000, the coke available for sale at before firing showed the futility of attempting to reduce 
160,000 tons compared with 54,000 tons, the total | the sulphurin that way. Apart from the cost, it caused 
income from the by-products being 9,810,000 francs | greater clinkering, lower CO,, and more uneven fires. 


instead of 3,790,000 francs. Considerable develop- 


In general, it might be said that a satisfactory 


ment was taking place in the long-distance distribution | method of removing sulphur compounds from the 


of fgas at high pressure, and also in the provision of 
waterless gasholders. Completely automatic com- 
pressor stations with gasholders were being installed, 





gas was at the same time a solution of the dust 
problem, and an experimental plant was therefore 
set up at the Grove-road Power Station of the London 


time switches being provided which ran the compressors | Power Company to test out the practicability of wash- 
during the night when the price of electricity was | ing the gases with hot or cold water and, if necessary, 


reduced, while the cooling water for the compressors | with alkaline solutions. 


At the same time they 


was also automatically cut off when they were not run-| were subjected to a certain amount of scrubbing.* 
ning. Based on the experience of the winter 1928-29, it | The results showed that the gases could be removed 


was stated that among the advantages of these holders 
was the fact that they did not require to be heated. 
The standard quality of gas has a calorific value of 
556 B.Th.U. per cubic foot, the inerts being limited 
to 12 per cent. Owing to the high value placed on the 
coke and tar, considerable attention was giyen to dry 
cooling of the former, plants having already been 
supplied by Messrs. Sulzer having a capacity of 
4,000 tons per day, and also to the carbonising 
conditions. 


CoAL-CLEANING AND ASH-EMISSION. 


THE subject dealt with in Section VII was “ Con- 
struction and Operation of Large Power Plants,” 
but we shall here confine ourselves to giving abstracts 
of three papers in which the correlated problems of 
coal cleaning and gas and ash emission were con- 
sidered. 

In a paper on “The Economic Value of Coal 
Cleaning in Relation to the Problem of Dust and 
Sulphur Emission from Chimneys,” Dr. R. Lessing 
pointed out that the steps hitherto taken for the 





by comparatively small quantities of hot water and, 
to determine whether this was due to the catalytic 
action of the dust or to the formation of ozone or 
hydrogen peroxide, all iron surfaces were eliminated 
as far as possible by the use of brick or lead coverings, 
and wooden outlet chimneys and eliminator grids 
were erected. It then appeared that while the dust 
acted as a powerful catalyst it was not present in 
sufficient quantity to affect the whole of the gas; that 
iron in the form of oxides, the equilibrium of which would 
become adjusted with the gas phase in the plant, 
must be present at all stages, thus necessitating the 
use of iron or steel surfaces; that fine sprays and 
wetted surfaces, especially the latter, must be used 
to assist the conversion of SO, to SO,; and that 
there was a critical temperature for the gas and a 
critical time for the contact between the gas and 
water. On the basis of the foregoing conclusions the 
three essentials for successful flue gas treatment 
appeared to be: The placing of sprays along the 
first flue to increase the humidity of the gases and to 
assist in the conversion of SO, to SO,; the provision 


abatement of the dust and sulphur nuisance had been | of further sprays in the second flue to continue this 
directed to the treatment of the flue gases. Modern | conversion and to effect solution ; the provision for 
research, however, showed that these problems were | further surfaces wetted with alkaline water to complete 


closely bound up with the composition of the fuel 
itself, and that the vast bulk of the ash content was 
associated with mechanically-free impurities, which 
found their way into the coal during the mining process. 
The action of the ash during combustion, and its 
effect upon the production of dust, differed according 
to whether the coal was pulverised or burnt on 
mechanical stokers, the proportion of ash emitted 
being greater in the former case. In pulverised 
fuel firing the detached particles of the impurities 
behaved under the influence of heat according to 
their individual fusibility. Basic ash from the clean 
coal, the fusing point of which was low, melted and 
formed aggregates, which were too heavy to be carried 
through the system by the furnace gases. The shale 
rticles, on the other hand, were almost unaffected 
y the heat, and remained small enough to be carried 
out at the chimney. Particles of highly swelling coal 
also acted in the same way, and formed most of the 
combustible matter left in the ash. Pyrites particles 
might act similarly, and it seemed tolerably certain 
therefore that the amount of dust emitted with normal 





the total elimination. The correctness of these 
assumptions were examined on a plant in which the 
gases from a 40,000-lb. boiler could be dealt with. 
These showed that with a gas velocity of about 
3 ft. per second, a time of contact of 12 seconds and 
using 20 tons of water per ton of coal, an elimination 
of 95 per cent. to 97 per cent. could be consistently 
maintained. A plant operating on these lines had been 
tentatively designed for the Battersea Power Station. 

Mr. V. J. Azbe presented a paper entitled “A 
Critical Analysis of American Progress in Smoke 
Abatement Work,” in which he said that smoke 
elimination was what should be aimed at, not merely 
smoke abatement, since the evil was too deep-rooted 
for mild methods. Only comparatively fool-proof 
furnaces or devices that were almost — 
smokeless should be allowed, and the firing of these 
furnaces must be made simpler than by ordinary 
methods. The up-draught principle was wrong, from 
the point of view both of smoke abatement and 





* See ENGINEERING, vol. cxxviii, page 716 (1929). 
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efficiency, and when coal was fired intermittently by 
hand, whether in the power plant or in the residence, 
the furnace must be arranged so that the flame from 
the burning coal passed away from the fresh fuel bed 
and not through it. This meant the employment 
of the down-draught principle or the underfeed method. 
The larger boilers should be equipped with automatic 
stokers. In congested communities the coal, especially 
that used in domestic furnaces, should be of low sulphur 
content. 


EaRTHING AND LIGHTNING ProrTeEcTION. LINE 
INTERFERENCE. 


Section XXI dealt with devices for earthing and 


lightning protection and interference between what is | 
known on the Continent as transmission lines for strong | 
and for weak currents, for power and for telegraphs and | 


telephones. Mr. F. W. Peek, jun., representing American 
practice, presented a detailed report on “ Lightning 


and its Effects on the Design of Transmission Lines | 


and Apparatus from the Economic and Engineering 


Standpoint,” on behalf of the National Electric | 
Manufacturers’ Association. It was based upon studies 
in the field and laboratory with circuits up to a maxi- | 


mum of 5,000 kv. In natural lightning the tension 
might be of the order of 100 million volts, the current 
of 100,000 amperes, the energy of 4 kw.-hours or 


even considerably more, the power of 10” h.p., the | 
time of a few microseconds, and the gradient at, 


breakdown of 100 kv. per foot. There were danger 
areas and paths which should be avoided in the 
location of a line when selecting a right of way. The 
travelling lightning waves varied much in intensity 
over different parts of a line; the lightning potentials 
were independent of the operating potential, and the 
line should be horizontal and as low down as possible. 
Ground wires were very useful and might reduce the 
induced voltage by one-half; this was cheaper than 


doubling the number of insulators, but did not make | 


lightning arresters unnecessary. Wooden poles were 


in themselves fair insulators; where the spans were | 
long and the earth was bad, special care should be | 


taken to prevent side flashes from ground wire to 
conductor. The lightning breakdown volts were 


always higher (about 1-8 times) than operating | 


The transformer insulation should 
A new 


breakdown volts. 
be stronger than the adjacent line insulation. 


type of non-resonating transformer had been developed | 


which was highly resistant to lightning. When 


lightning struck a transformer of the usual type, | 
the windings acted as if open-circuited ; the shielding | 


of the new transformer might reduce the local transient 
oscillations in the ratio 80:1, and removed the 
necessity of lightning tests. 
choke coils might increase the pressure oscillations 


if not shunted by resistance ; this applied particularly | 


to junctions of lines and cables. 

On behalf of the National (American) Electric Light 
Association, Mr. W. H. Blood, jun., reviewed the 
development of the laws and regulations with respect 
to the grounding of electric circuits and apparatus 
in the United States. The matter, it would appear, 
is still in an elementary and experimental condition. 
Commercial considerations complicated the problems, 
and the public had no voice in the matter. 


accidental contact with high-tension lines. The rules 
of the 
printed in the report. There were, in addition, the 
so-called National Electric Code of the 
Board of Fire Underwriters, and the National Electric 


Safety Code issued by the Bureau of Standards. 


This last code is recognised by the American Standards | 


Association as the American standard, and has been 
adopted by various municipalities in many States. 
But none of these codes can legally be enforced without 
State legislation. 

The Disturbances of Telephone Communication 
and Broadcasting by Strong Currents were the subject 
of two German reports. The first, on telephone 
interference, was presented by Drs. H. Klewe, A. Rachel 


and others on behalf of the German Post Department | 


and the Association of Electricity Works, and was 
partly a continuation of the report which Drs. Klewe 
and P. Jager brought before the Tokyo Conference. 
The disturbance was mainly due to the upper har- 
monics of power plant currents. A distinction was 
drawn between disturbance tension and noise tension. 
The former was defined as that electric pressure at 
a frequency 800 which would produce the same effect 
in a neighbouring telephone line as the effect observed ; 
this pressure was the same whether there be a neigh- 
bouring line or not. The noise tension was the 
electromotive force at frequency 800 which, inserted 
between the line and terminal apparatus, would produce 
the noise heard. The disturbance potential was up till 
recently estimated at about 2 per cent. of the working 
pressure; with recent machinery the disturbance 
was much smaller, mostly below 4 per cent. The 
improvement was not obtained by eliminating the 


Series inductance and) 


The report | 
was concerned in particular with the protection of | 
low-tension circuits against the consequences of | 
National Fire Protection Association were | 


National | 


interference trouble; it came with general improve- 
ments. The noises, especially those due to the 
Ferranti effect in long lines, might be unpleasant even 
when the two lines were far apart; they had become 
more troublesome on tramway lines since the intro- 
duction of mercury rectifiers, and they might be 
carried to great distances by unelectrified lines or 
rails. On the other hand, conductor networks and 
welded rails might have a compensating effect when 
the lines were not symmetrical with respect to the 
earth. Broadcasting, said Mr. A. Clausing, in a sub- 
report was, disturbed by switching, by the sparking of 
commutators and slip-rings, the working of electric 
heaters and of Réntgen bulbs, &c. The effect of 
sparking in generators and motors could not always be 
entirely suppressed, not even by screening and avoid- 
ance of any asymmetry. It was, therefore, sometimes 
preferable to provide for perfect symmetry and 
protection on the weak current side. 

The second report, by Dr. Bredow, dealt with the 
duty of electric undertakings to eliminate the disturb- 
ance of broadcasting. The problem had become serious, 
and the paper emphasised the urgency of enforcing 
the use of apparatus which would not interefere 
| with radio reception. For this purpose the various 
countries should revise their standards and specifica- 
|tions for power transmission and equipment, and 
make these new rules legally binding. 

Two reports of a congnate kind came from Russia. 
The first, on ‘‘ Influences of High-tension Power Lines on 
| Telegraphic Lines,’ by Messrs. P. A. Asboukine, 
E. N. Petrinsky, Gratschev, Mackovic and Teleschev, 
concerned investigations conducted on the Wolchoff 
and Mogues railways of the Moscow district. In 
the former case two three-phase lines, 130 km. long, 
‘ran parallel to one another at a distance of 17 m. 
| with the wires 4 m. apart in a horizontal plane, 7-4 m. 
above ground. Two earthed cables of seven conduc- 
tors, steel wires of 3 mm. diameter, were placed on 
the high-tension towers; 25 iron telegraph wires and 
some copper wires were suspended on the other side 
of the railway, about 120 m. from the power line. It 
was found that the discrepancies between the calculated 
and observed mutual inductance could be ascribed 
to the screening effect of steel wire cables, earthed at 
all anchored supports. Comparisons were made of the 
screening effects of iron, copper, and bronze wires as 
measured there and in German experiments at Doberitz, 
| with which the Russian engineers agreed on the whole. 
But further investigation is required; the induction 
effects were found not to be negligible even at distances 
of 1 km. 

The second report, by Messrs. L. I. Sirotinsky, 
B. A. Telechév and Eclai, dealt with earthing and 
admissible potentials, in view of the present extension 
of the high-tension plants, for transmission at 35 kv. 
and 115 kv. The Ninth Russian Electrotechnical 
Congress of 1928 had laid down rules and specifications 
| for earthing devices and methods of determining the 

earth resistances and admissible potential drops. Those 

|rules had not been seriously criticised by either 
| manufacturers or contractors. Some points, however, 
called for further investigation, such as the behaviour 
of concrete foundations with respect to earthing, and 
the resistances of aluminium-steel and copper-steel 
wires. It has been assumed that single-pole earthing 
systems were unreliable in the case of metal masts 
| units in a line of wood transmission towers, but that 
is now open to question. 


Co-OPERATION OF DIFFERENT PowER-PRODUCING 
PLANTs. 


The similarity that exists between gas and electricity 
works, in that they both give a continuous supply, sug- 
gests the possibility of placing them on a common site 
/and under a common management. This was dis- 
‘cussed in Section XVII by Herr Th. Ploppa, Dipl. Ing. 

Siebel and Dipl. Ing. Poldolsky in their paper, entitled 
“ Kupplungsméglichkeiten zwischen Gas- und Elek- 
trizitatswerken,” which largely dealt with the com- 
bined plant at Kiel-Wik, These works have a yearly 
production of 1,240,000,000 cub. ft. of gas and 
80,000,000 kw.-hr. The common purchase of coal for 
the two plants is not only of advantage in the matter 
of price, but facilitates the checking of deliveries and 
| the allocation of any specific consignment to its most 
suitable use. The dling costs were said to be 
ireduced by 25 per cent. through the employment of 
|a single conveyor system. The boiler plant of the elec- 
| tricity works absorbs all the coke breeze, while the 
| value of town gas as a substitute for boiler coal at 25s. 
per ton is calculated as 1-4d. per therm. The use of 
| gas for this purpose depends, as was pointed out, on the 
| value of the other products, since under suitable market 
| conditions it would pay to run the plant especially for 
| the latter, necessitating the finding of an outlet for 
|the surplus gas. Gas-firing of boilers also increases 
| their possible output, and renders them more adaptable 
| to variations of load. An analysis of the costs of a 
gas engine units showed that these would only 
| justified as an alternative to gas-fired boilers with a 








high annual load factor, owing to the high capital costs. 
A battery of horizontal coking ovens, having a capacity 
of 250 tons per day, had been installed in 1926, with 
chambers in which the coke is dry cooled to 250 deg. 
to 300 deg. C. The net heat consumption of the ovens, 
making allowance for the steam produced, was given 
as 44] B.Th.U. per pound of ba coal carbonised. 
The waste heat boilers raised 1 lb. of steam at 256 Ib. 
per square inch and 662 deg. F. per pound of coal, 
from the flue gases leaving the settings. It was recom- 
mended that this high pressure steam be used in the 
electricity works, the low pressure steam required in 
the gas works being obtained from back-pressure or 
pass-out turbines, 

Co-operation from a different stand-point was the 
subject of the paper by Mr. N. E. Funk. Introducing 
his paper ‘‘ Economics of Combined Hydro and Steam 
Power Systems,” he stated that a hydro-electric system 
serving very important load centres should have relay 
generating stations for use in event of transmission 
line failures. With properly proportioned combined 
systems the steam electric stations are always avail- 
able to carry the important loads. The most difficult 
problems arise in the economic operation of a combined 
system in which the source of the hydro-electric power 
is a stream having very great variations in flow, with 
sufficient storage to equalise the flow for only short 
periods of time. Careful analysis showed that the best 
results were obtained by operating the hydro-electric 
station on base load during periods of high stream 
flow, under such conditions, the steam station being 
used to deal with the peaks. When the stream flow falls 
to a low value these allocations of load are reversed, 
the steam station taking the base load and the hydro- 
electric one the peak load. An example of this type of 
operation, illustrated with diagrams of load and river 
flow, was given for the week from Monday, October 7 
to Monday, October 14, 1929, for the Conowingo hydro- 
electric plant. This showed the transition from base 
load to peak load operation on account of reduced 
flow of water. In this manner it is economically sound 
to make use of water power resources the development 
of which, except as a part of a combined system, would 
be impracticable. Calculations were made which led to 
the conclusions that with a 30 per cent. system load 
factor it would pay to instal a combined system for a 
given annual output, while for the same output but 
60 per cent. load factor an all steam system would give 
the lower unit cost. These conctusions are, however, 
largely influenced by the particular conditions assumed 
A warning was given against detaching them from the 
latter, numerical values having been adopted to illus- 
trate the method of attacking the problem, and not to 
provide a general solution. Each particular case re- 
quires a close study of the various factors. 

Nearly 98 per cent. of the total consumption of elec- 
tric energy in Italy in 1928 was produced by water 
power, but the best sources have been exploited so that 
further installations are higher in capital cost with 
resultant higher unit cost. In addition, the output of 
hydro-electric plants is seriously affected both by 
drought and by frost, which may last for several 
months. Ing. E. Cesari, in his paper, ‘‘ Die grossen 
Dampfkraftwerke in Italien,” stated that this had led to 
the establishment of an interconnecting grid system, 
covering the whole country, with six large steam plants, 
superseding the older small and uneconomical power 
stations. Owing to the existence of a large number of 
reservoirs it was possible to run these steam units at 
constant output, with resultant low production costs, 
the variations in load being taken by the hydro-electric 
tn the steam units being shut down when possible. 

ircumstances did not warrant the erection of super- 
power stations, but they were all constructed on modern 
lines. Steam pressures range from 356 to 512 lb. per 
square inch, with temperatures from 689 to 788 deg. F. 
The individual units vary from 10,000 to 30,000 kw. 
each, while the total capacity of the completed stations 
will amount to 60,000 to 170,000 kw. The six stations 
referred to are at Genoa, Turbigo (on the Ticino), 
Piacenza, Marghera (Venice), Leghorn and Naples, 
Particulars were given of the plant installed at these 
stations, with the circumstances which influenced the 
choice of plant and of the fuel to be used. For instance, 
the station at Piacenza is designed to take up loads in 
emergencies, being required to come into operation 
within 35 minutes. Further, it has to provide a large 
amount of wattless current with a very low load. 
In this case the boilers were fired with mazout, although 
provision was made for the use of pulverised fuel, or 
of lump coal on stokers, should this be found advan- 
tageous later. 

(T'o be continued.) 





Propuction oF Pia [Ron IN THE UNITED STATES.— 
According to figures issued by the Bureau of Mines, at 
Washington, the production of pig iron in the United 
States, during 1929, totalled 41,760,000 oss tons, 
which figure is 5 per cent. higher than that of the previous 
record output attained in 1923, 
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THE ESTIMATION OF LIME IN 
CEMENT. 


THE presence of lime uncombined with some 
substance to make a stable compound is a well-known 
source of weakness in building materials such as 
cement and sand-lime bricks, but up till now no 
satisfactory method has been devised for estimating it. 
Wet methods, in particular, are liable, by hydrolysis 
or the action of acids, to decompose lime that has 
been already combined with silicates or aluminates, 
and to include therefore in any determination made 
by them the lime so combined as well as the free 
lime. When set, moreover, cement contains not only 
hydrated material (calcium hydroxide), but also a 
large proportion of unhydrated material (calcium 
oxide), which becomes hydrated on treatment with 
aqueous solutions, and therefore forms free calcium 
hydroxide additional to that present in the cement 
under examination. In a number of investigations 
carried out at the Building Research Station of the 
Department of Scientific and Industrial Research, 
various methods have been developed for estimating 
free lime under most circumstances, and a paper by 
Mr. G. E. Bessey* has now been published, describing 
the development of a new calorimetric method for 
use with hydrated Portland cement in particular. 

The method depends on the fact that, within small 
and ascertained limits, the dissociation of calcium 
hydroxide begins at about 350 deg. C. and is nearly 
complete after ignition at 550 deg. C. for half an hour. 
If, therefore, two parts of a sample of a material con- 
taining calcium hydroxide are first heated to these 
temperatures for half an hour, and the resulting pro- 
ducts are then hydrated, the difference between the 
two heats of hydration will be a measure of the 
calcium hydroxide present in the sample, provided 
thet no other change has been produced in the 
process. 

In investigating the method, a determination was 
first made of the heat involved in hydrating a sample 
of moderately-pure calcium hydroxide after drying 
it in a desiccator, and after ignition at various 
temperatures from 200 deg. C. to 1,000 deg. C. As 
a check on the figures, the Joss on ignition at each 
temperature was likewise determined. The ignition 
was carried out in an electric tube-furnace, controllable 
to + 5 deg. C., the temperature being measured by 
a thermo-couple, and the heat of hydration was 
determined in a calorimeter consisting of a wide- 
necked Dewar flask embedded in slag wool in a 
large glass beaker, the flask containing a measured 
quantity of water and a corked test tube in which 
the sample was placed. The water was thoroughly 
stirred before and during the experiment, and the 
temperature read on a sensitive (Beckmann) mercury 
thermometer. A duplicate calorimeter was observed 
in identical conditions to allow a correction to be 
made for external changes of temperature. 

The sample, ground to pass a 100-mesh sieve, 
was heated at the required temperature for the 
required time, introduced into the test tube of the 
calorimeter, and after the water in the two calori- 
meters had been stirred until the temperatures were 
either constant or, through external changes, were 
varying at the same rate, the bottom of the test tube 
was smashed, so as to allow the powder to drop into 
the calorimeter water. By suitable arrangements 
the mixture was thoroughly stirred to prevent the 
formation of lumps. The water equivalent of the 
calorimeter and contents was determined accurately 
by two methods. The heat evolved on hydration 
was measured at intervals of 4, 10 and 20 minutes, 
and, in each of the ignited samples, was found to 
be the same at the end of each period. A comparison 
of the figures shows that in the majority of the samples 
dissociation on ignition occurred between 350 deg. C. 
and 550 deg. C., and that by making the necessary 
corrections for the calcium hydroxide not decomposed 
at 550 deg. C. and for other minor phenomena, which 
could be expressed by a factor, the difference of the 
heat evolved in four minutes on hydrating the ignited 
samples would be a measure of the free lime in any 
mixture of calcium hydroxide and inert material. 
Further experiments made at the Research Station 
showed that the method could be applied to a variety 
of cements, and that the otuer constituents of the 
cement made no difference cf consequence in the 
results. 

The extent to which variations in the conditions 
affected the results was also determined, and shown 
to be either negligible or subject to allowances that 
could be readily made. It is estimated that the 
aggregate error in applying the method to Portland 
cement should not exceed 0-5 per cent. by weight 
of the sample in the value of the free lime obtained. 





* Department of Scientific and Industrial Research. 
Building Research: Technical Paper No. 9. The Estima- 
tion of Free Calcium Hydroxide in Set Cement: A Calori- 
metric Method. H.M. Stationery Office. 


Price 6d. net. 





It is pointed out that no other method is known of 
estimating free calcium hydroxide in hydrated cements 
and like materials, by which values can be obtained 
which are either reproducible or possess any physical 
meaning, and it is thought, therefore, that the method 
is likely to be useful in investigating such materials. 
Among incidental results obtained in the course of the 
investigations, it was found that, in set cement, heating 
produced no loss of carbon dioxide below 550 deg. C., 
and no appreciable decomposition of sulphates below 
1,000 deg. C. 

The method has been already tried out on hydrated 
Portland cement, on Portland cement concrete with 
ordinary inert aggregate, and on sand-lime mortars, 
in which applications it has been shown to give satis- 
factory, reproducible, and reasonably accurate results. 
Its application to sand-lime bricks and to lime- 
pozzuolana mortars and concrete having active additions 
has been found to be promising, and these applications 
are still under investigation. 





COAL-ASH FUSION TEST. 


Tue standard test of the American Society for 
Testing Materials for the routine determination of the 
fusibility of coal ash is based upon the method worked 
out by the United States Bureau of Standards. The 
ash is finely ground and moulded into a triangular pyra- 
mid, ? in. high and }-in. sides, and heated in the reducing 
atmosphere of a gas furnace. The fusion point of the 
ash is defined as the temperature at which the cone has 
fused down to a spherical lump, and it is thought 
that the observer a be able to check his own 
results within 50 deg. F., and those of other experi- 
menters within 90 deg. In recent years, the so-called 
micro-pyrometer method has also come into use as 
rapid and simple, and the De Graaf electric furnace 
has been designed for carrying out this test. As 
the two methods mentioned, the gas-furnace and 
electric-furnace methods, frequently gave discordant 
results, the Bureau of Mines arranged for check tests of 
of the De Graaf furnace to be carried out in five dif- 
ferent laboratories under strictly laid-down conditions. 
These tests are reviewed by Mr. W. A. Selvig in Report 
of Investigations No. 3003 of the Bureau of Mines, under 
the title Check Determinations of Fusibility of Coal Ash 
with the De Graaf Electric Coal-Ash Fusion Furnace. 

For the test, the ash of 10 Ib. of the coal, burned in a 
muffle, was carefully mixed, reheated to burn off any 
carbon particles and finally powdered in an agate 
mortar, and an amount of ash about the size of a pin’s 
head was placed on a platinum strip and flattened out 
with a spatula. The strip was heated in an electric 
furnace fitted with glass windows, so that the initial 
and the final fusion temperatures could be determined 
by the aid of a radiation pyrometer under a magnifica- 
tion of 30 or 40. 

The initial fusion point is the temperature at 
which a thin white border spreads around the specimen ; 
at the final fusion temperature all dark spots must have 
disappeared. Nineteen different coals were tested in 
mildly reducing atmospheres, which were mixtures 
of CO, and CO, of natural gas with hydrogen and 
nitrogen incompletely burnt Bunsen-burner gas, &c. 
The results were not satisfactory. In two of the 
laboratories the same experimenter could duplicate 
his figures within 30 deg. F., and less; in the 
other laboratories the agreement was much less, 
differences of several hundred degrees being observed, 
and there were very large differences between the 
values, both of initial and final fusion temperatures, 
registered in the various laboratories. These discre- 
pancies ranged in fact up to 640 deg. and 700 deg. F. 
Comparing the two methods we find that the De 
Graaf furnace tended to give higher results for ashes 
softening below 2,400 deg. in the gas furnace, and 
lower values for the more refractory ashes softening 
about 2,600 deg. F. The probable causes of the dis- 
crepancies are not discussed in the report, but the 
micro-pyrometer method does not appear to promise 
reliable and useful results even when it is admitted that 
fair averages would be quite acceptable. A mass of 
the volume of a pin’s head is too small for a sample ; 
and the condition, that every dark speck must dis- 
appear, presupposes a perfect powdering that may be 
difficult to realise in spite of the observation of the 
stringent rules. 








Tottey’s Income-Tax CHaArtT-Manvuat.—The 15th 
edition, for 1930-31, of Tolley’s Income-Tax Chart- 
Manual has just been published. As was the case with 
former issues, the chart contains full and detailed parti- 
culars regarding income-tax rates, allowances and abate- 
ments for 1930-31, and for the 26 previous years. The 
numerous legislative alterations made in recent years, 
up to and including those of the Finance Act, - 1930, 
are set out in the chart. The price of the chart-manual, 
including the Irish Free State supplement, is 3s. 6d., 
post free. It is obtainable, either from Mr. C. H. Tolley, 
107, Tierney road, Streatham Hill, London, 8.W.2, or 
from the publishers, Messrs. Waterlow and Sons, Limited, 
London Wall, London, E.C.2. 





CATALOGUES. 


Lubricants.—Messrs. Price’s Patent Candle Company, 
Limited, Battersea, London, S.W.11, manufacturers of 
engine-lubricating oils, have issued a pamphlet reprinting 
a series of articles which appeared in Gas and Oil Power 
giving an historial account of the development of the 
Diesel and semi-Diesel types of oil engine. 

Conveyors.—A very large number of possible applica- 
tions of the roller conveyor, on which the loads travel by 
gravity, are illustrated in a pamphlet issued by Messrs. 
Herbert Morris, Limited, Loughborough. Illustrations 
of the component parts from which such conveyors are 
made up are also shown, with a priced list. 

Air Compressors, &c.—We have received some recent 
issues of the technical bulletin published by Messrs. 
Rateau and Company, Paris, whose London office is at 
28, Russell-square, W.C.1. The company has supplied 
over a thousand fans, compressors, and air-driven ma- 
chines for service in French collieries. 

Electric Railways.—The electrification of the State 
railway in Costa Rica and the construction of a mountain 
type of railway to the 9,000 ft. peak of the Zugspitze in 
Bavaria by the A.E.G. Company, of Berlin, are described 
in the house magazine issued by Messrs. A.E.G. Electric 
Company, Limited, 131, Victoria-street, London, 8.W.1. 

Rotary Converters—The rotary converter is very 
clearly described in a new catalogue to hand from Messrs. 
The English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C 2. A number of these converters, 
ranging from 400 kw. to 2,000 kw. capacity, are illustrated, 
with brief particulars, as examples of the company’s 
products. 

Drying Plants —A further catalogue of drying 
apparatus from Messrs. James Keith and Blackman 
Company, Limited, 27, Farringdon-avenue, London, 
E.C.4, gives some particulars of plants for drying leather, 
wool, colours, gelatine, barrels, grass in stack, hops in 
oast, &c., showing that very large quantities of materials 
can be dealt with at a moderate cost. 

Screens.—Three types of screens, known as Robins 
screens, for fine or coarse sifting are described in a new 
catalogue issued by Messrs. The General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, W.C.2, 
and are made at their Fraser and Chalmers Works at 
Erith. The three types are suitable for fine materials, 
small coal and larger coal, or similar materials, respec- 
tively. 

Chemicals—We have received from Messrs. The 
General Chemical and Pharmaceutical Company, Limited, 
Willesden, London, N.W.10, a new edition of their list 
of analytical reagents and laboratory chemicals. The 
items number over 3,000, and in all cases the full names 
are given with prices for British and metric weights. 
This list is known as the ‘“‘ Judex,” and all its items are 
guaranteed to conform with British Standards. 


Water-Cooling Towers.—Water-cooling towers and 
apparatus, of several types and on a large scale, are very 
well described and illustrated in a special catalogue to 
hand from Messrs. Peter Brotherhood, Limited, Peter- 
borough. Examples of these towers designed and con- 
structed by the firm for dealing with 60,000 to 1,000,000 
gallons per hour, the latter in four units, are illustrated, 
and a description of the design and operation is given. 

Ventilation—A pamphlet discussing the general prin- 
ciples of ventilating and heating large industrial buildings 
is to hand from Messrs. Sturtevant Engineering Company, 
Limited, 147, Queen Victoria-street, London, E.C.4. 
The healthiest air conditions, with regard to heat, 
moisture and movement, are considered, and a description 
is given of some large installations designed and supplied 
by the firm, and of some of the apparatus manufactured 
by them. 

Variable-Speed Gear.—The type of variable-speed 
gear in which a vee belt engages the bevelled sides of 
two discs is the subject of two catalogues received 
from Messrs. Charles Churchill and Company, Limited, 
9, Leonard-street, Finsbury, London, E.C.2. Messrs. 
Churchill are agents for Messrs. Reeves Pulley Company, 
U.S.A., who make these gears in a considerable range 
of sizes, in various forms and with controls adapted to 
different positions. 

Railway Signals.—Messrs. The Westinghouse Brake 
and Saxby Signal Company, Limited, 82, York-road, 
King’s Cross, London, N.1., have issued a pamphlet with 
an illustrated description of the day colour-light signalling 
installation which they supplied for the South African 
Railways and Capetown Suburban Railways. The 
equipments have been in operation about two years, and 
particulars are given of considerable savings in operating 
costs and of the more frequent train services handled. 

Machine Tools.—Two of the latest types of American 
machine tools are described in catalogues to hand from 
Messrs. Jones and Lamson Machine Company, 19, 
Water-lane, London, E.C.4. One is a turret lathe to take 
bars up to 2} in. diameter or to take a 12-in. chuck. 
The other tool is a centre lathe taking a length of 24 in. 
between centres. Both machines are designed to take a 
large number of tools and deal with a wide range of 
repetition work. All the main parts are separately 
illustrated in the catalogues. 

Cable Testing.—Messrs. British Insulated Cables, Limi- 
ted, Prescot, Lancs, have sent us a copy of an interesting 
pamphlet describing a new proving house and plant 
Hen 9 they have installed at their Prescot works for 
testing super-tension cables. The tests are carried out 
on cables variously disposed—as laid in earth, drawn 
into pipes, &c.—with the object of finding how they will 
behave under ordinary service conditions. We have also 
received a new edition of this company’s catalogue of 
copper and aluminium in sheets and sections. 
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CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY.—VI. 
By EnGIneeR-Captarn Epear C. Smit, O.B.E., 
R.N. 

TuoveH fighting services are sometimes regarded 
as the strongholds. of tradition and inertia, they 
are probably neither more nor less so than other long- 
established organisations. However this may be, 
there’ are invariably individuals in them eager 
to advance, to try out and adopt new devices and 
inventions. The success of such pioneers will 
depend much on circumstances, actual warfare 
often furthering their aims and hastening the 
application of their plans. In our own day we 
have seen warfare revolutionised by the internal- 
combustion engine, the submarine, the mechanically- 
driven vehicle and the aeroplane, and it is unneces- 
sary to emphasise the effect of the war of 1914-18 
on the rate of progress. It was much the same in 
the case of steam, the value of which was partially 
demonstrated in various minor naval operations, 
and more fully in the Russian war of 1854-56. 
More than thirty years had then passed since steam 
was introduced into the Navy, and in that time 
an increasing number of naval officers had done 
their utmost to master the problems of steam pro- 
pulsion, and to study the probable changes it would 
effect in naval warfare. They were the pioneers 
of their day, and no history of either naval engineer- 
ing or tactics would be complete without a review 
of their work. 

It must be admitted that when steam was first 
applied to the propulsion of boats, there were 
few circumstances calculated to assist the advocates 
of steam for naval warfare. When Bell’s Comet 
was launched on the Clyde we were still engaged in a 
long drawn-out war, and when a year or two later 
peace was declared, there could have appeared little 
necessity for experimenting with either new ships 
or new weapons. The war had been fought with 
ships and guns which had been evolved during the 
course of centuries, and it is in no way surprising 
that, when it was suggested that steam might 
prove of value in fighting ships, the older officers, 
who had seen the Navy emerge triumphant from 
its long struggle, should have looked askance at 
such a suggestion. Generally speaking, in naval 
circles there was almost an abhorrence of innovation, 
and one naval writer in 1826 said “the old school 
of seamen, consisted, and still consists, of the most 
prejudiced beings in existence ; nothing novel, in 
their opinion, was or is, either safe or available. 
They revered with a spice of idolatry, everything 
on the old plan, however tardy the process, or cum- 
brous the machinery, while they recoiled like a rusty 
cannonade at the very name of a novel invention, 
which affected either to lessen manual labour or 
promote despatch.” 

From the Admiralty, inventors certainly received 
little encouragement. Speaking of Lord Melville’s 
second administration (1828-1830), Sir John Barrow, 
the distinguished secretary of the Admiralty, said : 
“The Admiralty, however, in this period of inactivity 
was beset with projections of all descriptions. 
Steam vessels were fast increasing in numbers, 
some for public and others for private purposes ; 
and all the gear appertaining to them, the engines 
themselves, the boilers, the mode of placing them, 
the paddle wheels, the paddle boxes, various kinds 
of propellers—all of them had a multitude of 
projectors, a class of persons who are never satisfied 
if each of their individual projects be not practically 
put to the test, however obvious it may be to the 
disinterested person, capable of giving a sound 
opinion, that the invention, as it is called, is bad 
in principle and worthless in design.” On another 
occasion, Barrow wrote of Lord Minto, the First 
Lord of the Admiralty in 1835, as possessing “a 
competent knowledge of the mechanical powers 
and of their various modes of application, which 
in these days of inventions, is no mean acquirement 
in a First Lord of the Admiralty, beset, as he is 
sure to be, by a host of speculative inventors, 
whom it is not easy to satisfy or get rid of, especially 
when they happen to be naval officers of high rank, 
who may fancy themselves capable of making 
improvements in naval construction, principally 
in steamers, of which they can have but a very 
imperfect knowledge.” 











If there was one officer in particular whom Barrow 
had in mind when he wrote, it may have been 
Captain Napier (afterwards Admiral Sir Charles 
Napier),1786—1860, who in 1828 had asked in vain 
for the command of the Lightning, and in 1832 
wrote to Sir James Graham, then First Lord, stating, 
“Tt does appear to me, that neither the engineers 


|who make the engines, nor the builders, who con- 
| struct the vessels, have the least idea of what is 


necessary to constitute a steam man of war. . . if 
you will permit me to fit one of them out I should 
have no objection in showing the builders and 
engineers how the vessel and engines should be 
constructed and placed so as to render them secure.” 
When given the command of the sailing vessel 
Galatea, instead of the Lightning, Napier imme- 
diately fitted her with paddle wheels driven by 
winches on the upper deck worked by the crew, 
and with her wheels in action took her out of 
Portsmouth harbour. As early as 1822, he -had 
navigated the little iron steam vessel Aaron Manby 
from London to Paris and he claimed that he had 
given more attention to steam navigation than any 
other officer. Very outspoken in his criticisms he 
wrote 7'he Navy, its Past and Present State, and 
in this and his Memoirs and Correspondence are 
to be found many interesting facts regarding our 
early steam navy. 

Napier, however, was not the first naval officer 
to write on steam. That distinction belongs to his 
contemporary, Captain Ross (afterwards Rear- 
Admiral Sir John Ross) 1777-1856, who like 
Napier, had seen service afloat during the Napoleo- 
nic wars. A few years after peace had been 
declared, Ross had made his first voyage to the polar 
regions. His voyage had not been a very successful 
one, but later on he was enabled to fit out another 
vessel for the same purpose, and this time he 
chose a steamer, the Victory, into which Braith- 
waite and Ericsson fitted high pressure boilers, 
a surface condenser and forced draught apparatus, 
when such things were novelties. If space per- 
mitted, it would be worth while to recall the extra- 
ordinary story Ross had to tell in his Narrative 
of a Second Voyage in Search of the North-West 
Passage; during the years 1829-1833. It is 
only recently that details and sketches of the 
machinery have been found, and these show that the 
Victory’s boiler was of the same type as that 
Braithwaite and Ericsson made for the locomotive 
Novelty, which competed with the Rocket in the 
Rainhill trials on the Liverpool and Manchester 
Railway in October, 1829. For locomotive work 
this type of boiler proved fairly successful, but the 
machinery of the Victory was a complete failure, 
and at the very time of the Rainhill trials, the crew 
of the Victory were removing the engines and boilers 
from the ship and placing them on the ice in latitude 
70 deg. N., where they were left. 

Ross had undoubtedly paid much attention to 
steam, and his T'reatise on Navigation by Steam; 
and an Essay towards a System of Naval Tactics 
peculiar to Steam Navigation, published in 1828, 
the year before he sailed north, was the forerunner 
of many somewhat similar works by naval officers. 
Besides chapters on the steam engine and steam 
ships, Ross included others on tactics, and the 
importance of establishing regulations for steam 
navigation. His views on the type of machinery 
which should be fitted in steamers making long 
voyages are given, and he says, “it is manifest 
that the machinery which is the least complicated, 
and least liable to derangement, which affords the 
most power in proportion to the space it occupies, 
which possesses the least weight, which is most 
speedily brought into action, and which consumes 
the least fuel is that which ought to be adopted for 
this service.” Far in advance of his time, Ross 
was an ardent advocate of both water-tube boilers 
and high pressure engines, the adoption of which, 
however, he did not live to see. : 

Of other works by naval officers to which we are 
indebted for information on early marine engineer- 
ing practice, and the application of steam to naval 
warfare, reference has already been made to the 
Elementary Treatise on Steam, by Lieut. Robert 
Otway, and the Memoirs of Her Majesty's Steam 
Ship the Medea, by Lieut. T. Baldock. These 
books were followed by the Nautical Steam Engine 





Explained and its Power and Capabilities Described 
for the Use of the Officers of the Navy, published by 
Commander R. 8S. Robinson in 1839; a Steam 
Manual for the British Navy, by W. J. Williams, 
Captain, R.N., 1843; The Economy of the Marine 
Steam Engine, by W. Gordon, Lieut., R.N., 1845 ; 
The Screw Fleet of the Navy, by E. P. Halsted, 
Captain, R.N., 1850, and A Treatise on Economy 
of Fuel, by Alfred P. Ryder, Captain, R.N., 1852. 
Captain William’s book was the outcome of some 
lectures given in the Royal Naval College, Ports- 
mouth, where many officers were afterwards taught 
the rudiments of steam by Chief Engineer Thomas 
Brown, the joint author with Professor T. J. Main, 
of The Marine Steam Engine, Designed Chiefly for 
the Use of the Officers of Her Majesty’s Navy, 1847, 
and of The Indicator and Dynamometer. Naval 
officers also took part in discussions at the Institu- 
tion of Civil Engineers, and in 1857 Commander 
L. S. Heath contributed a paper to the Insti- 
tution On the Nominal Horse-Power of Steam 
Engines. 

The mere mention of these works is sufficient to 
show that the interest taken in steam propulsion 
was widespread in the Navy, and probably more so 
than is generally realised. Further evidence on 
this point is, moreover, to be found elsewhere. 
In the miscellaneous writings and the biographies 
of eminent officers, the reader will often learn some- 
thing of the steps taken by officers to prepare them- 
selves for the coming change and of the difficulties 
they struggled with. Captain Basil Hall, writing 
in the United States Magazine in 1839, impressed 
upon the rising generation of officers the duty of 
turning their attention to steam. He told them to 
take off their jackets, put on paper caps, be regard- 
less of soiling their fingers and to submit “to the 
companionship of thoroughbred workmen in 
Maudslay’s works in London or those of Napier in 
Glasgow.” Napier’s was a favourite place for 
learning something of the mysteries of the work- 
shop, and Napier’s hospitality was proverbial. In 
1843 we find Captain Erasmus Ommanney, of the 
Vesuvius, writing to Napier from the Mediterranean 
as one of “ your old apprentices,” and, as late as 
1851, Admiral Sir Thomas Cockrane wrote to 
Napier on behalf of Lord John Hay, then a com- 
mander who wished “to attend and take advantage 
of the scientific instruction he can receive.” 
Seaward’s was another works visited by officers. 
Some officers, too, gained experience by taking 
voyages in mercantile steamers. Admirals Sir 
Astley Cooper Key, Sir William Mends, Sir William 
Hutcheon Hall, and Sir Edward Fanshawe, in their 
early days, all studied steam when the subject 
was regarded with a certain degree of mystery, and 
even suspicion. 

Commander Robinson, in his book, helps us to 
understand some of their perplexities. He re- 
marks somewhat pathetically, “we go into the 
engine room, we look at the outside of an engine, 
various rods of highly polished iron are moving 
about, a beam is observed vibrating up and down, 
all is clean and bright and well arranged, but 
the working parts of the engine, the moving power 
is entirely shut out from our sight, and after staying 
a few minutes and, perhaps, asking a question or 
two, which from the very depths of ignorance it 
betrays, it is scarcely possible the engineer can or 
will answer, we walk up again, with no additions 
to our knowledge, and rather convinced that the 
whole subject is incomprehensible.” Robinson 
himself, as his book shows, mastered the subject, 
and he was in no uncertainty as to the value of a 
knowledge of navigation by steam. After explain- 
ing the object of his book, he goes on to say “ It is 
evident that whatever of dash, whatever of enter- 
prise, whatever of combined prudence and skill, is 
to be performed in a future war will be performed 
through the agency of steam. The high road to 
distinction and fame will be found on the paddle 
box of a steamer, but to gain this fame, to achieve 
this distinction, it is indispensable that officers 
should add to a thorough knowledge of seamanship 
and gunnery, to nerve, to enterprise, to prudent 
daring, a knowledge of the steam engine, an acquaint- 
ance with the power which is to be their right arm 
and their strong staff.” Robinson’s views were not 
those generally held among older officers for, 
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when Cooper Key, in 1844, exchanged from the 
sailing vessel Curacoa into the steam frigate Gorgon, 
current opinion in the messes as, Colomb tells us 
in his Life of Key, thoroughly despised the growing 
propulsive power. ‘‘ Steamers’ midshipmen ” and 
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laid down for their guidance. An order in 1841 
had already directed that, in addition to the practice 
of naval gunnery, marine officers studying at the 
Royal Naval College ‘‘ shall henceforth acquire a 
thorough knowledge of steam machinery ;” and 
in a memorandum of December 8, 1849, the 
Admiralty directed that no officer should henceforth 
be registered as a “steam officer” who had not 
passed in examination at the Royal Naval College, 
whether he had acquired his knowledge in one of 
H.M. dockyards or at the factories of private 
Individuals or has studied at the Royal Naval 
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College or not.” The examinations included 
geometry, dynamics, heat and combustion, and 
the principles of engines and boilers, and they 
appear to have been in use until, at least, the time 
of the Russian War. 

It was but natural that the naval officers whose 
works have been mentioned should be as much 
concerned with the effect of steam vessels on tactics 
as with the development of the engines and ships 
themselves. Ross in his work of 1828, when writing 
of steam navigation, declared that “ the adoption 
of this mode of motion, and these new inventions 
will produce an entire revolution in the present 
system of attack and defence, and that an entire 
new method of tactics must be a necessary conse- 
quence.” A considerable part of his book is taken 
up with discussions of the handling of steam vessels 
under varying conditions of weather, of the regula- 
tions it would be necessary to introduce, and of 
steamers as auxiliaries to the sailing vessels, as 
separate fighting forces, as convoys for merchant 
vessels and for coast defence. 

Napier, too, urged upon the Admiralty not only 
the necessity of providing steam vessels—the 
cavalry of the Navy—as auxiliaries to the Fleet, 
but also of the desirability of providing the larger 
vessels with their own means of propulsion, even 


succeeded the Earl of Ellenborough, wrote, “‘ You 
know how favourite a notion it is with me that every 
strong ship should have her attendant steamer, 
and I think that your squadron may consist of 


PEP. HP. 
Hibernia—Terrible 800 Canopus—Dragon ... 560 
Trafalgar—Retribution 800 Superb—Centaur -- 540 
Rodney—Sidon... 560 America—Gladiator ... 430 
Albion—Avenger .. 650 Thetis—Scourge... ... 430 


“JT attach infinite importance,” he added, “to 
the combined movements of steamers and sailing 
vessels, not only for mutual support, but also in the 
economy of means by the management of fuel.” 

About the same time the Channel Squadron under 
Napier, then a Rear Admiral, actually consisted of 
the five line-of-battleships, Howe, Caledonia, St. 
Vincent, Queen and Vengeance, and the five paddle 
steamers, Odin, Dragon, Vixen, Stromboli and 
Avenger. 

Admiral Parker’s letters home showed he agreed 
with Lord Auckland, for in April, 1848, he wrote, 
| ‘* With regard to steamers, I think there should be at 
least one for every line-of-battleship, besides what 
will be necessary for detached services . . . but 
these steamers with the tubular boilers must be 
well looked to, for without alteration; owing to 
flame emitted from the funnels, they are not safe to 





board the Polyphemus’ paddles had the best of it. 
The Rattler performs to admiration and keeps 
company like a frigate under canvas only. Poly- 
phemus also does well with her floats unshipped, 
and with additions to her rig might be still 
improved.” 

A few days later Lord Auckland replied, ‘‘ What 
you say of the performances of the Rattler is very 
satisfactory and important. Immense sums have 
been expended on the construction of steamers and 
machinery (and necessarily so) long before the best 
forms and sizes of vessels and the best description 
of propulsion could be satisfactorily determined, 
but I think we are beginning to learn something 
definite by experience, and I am led to believe that 
very shortly the screw will in a great measure 
supersede the paddle.” “I find some high authori- 
ties,” he wrote in November, “and particularly 
with Sir W. Symonds, a strong disposition to under- 
rate the screw steamers, and I am slow in adopting 
their objections. Ihave no doubt that the paddle is 
the more powerful engine and the least liable to 
get out of order. But the screw is safest from shot 
and from its facilities for disconnecting, if the vessels 
are good for sailing may be in a great degree pre- 
ferable for cruising. Let me hear from you on all 


this.” 











if these were hand-worked. If we were to continue | tow alongside : and if an attack is made on a force | 
masters of the sea, our steamboats ought to be off | at anchor or in heavy ships in a calm, where towing | 
every port of the enemy where they have steam | jis necessary they ought to be lashed alongside or 
vessels ready to take advantage of calms, but he|they may be sunk, or disabled in approaching the | 
says “as each ship of war cannot be accompanied by | enemy.” In October of 1849, Parker told the 
a steamboat to take care of her in a calm, I cannot | Admiralty of the passage of the Fleet to Besika | : 
see why 600 or 700 men are to remain to be shot Bay. hd The wind was adverse from the time we | METROLOGY DEPARTMENT—(continued). 
at, either ahead or astern, when they have the | rounded Cape St. Angelo, but the weather being) Pitch-Measwring Bench.—Reference to Mr. G. A. 
means, at a very trifling expense, of moving between | moderate the Dragon towed the Howe and Caledonia | Tomlinson’s research on cohesion, elastic hysteresis 
3 or 4 knots and thus keeping their broadsides to | together through the Douro Channel, effecting a | and friction, which are important for the mainten- 
the steamers.” speed of five knots an hour with the two three-|ance of standards, was recently made in our 
The idea of each line-of-battleship being accom- | deckers, while the wind was light. I was very glad columns on page 29 ande, in an article on metallic 
panied by a steam vessel appears to have taken | to obtain this result of her power.” The utility of |friction and oxidation. The new pitch-measuring 
root in the "forties, and is found expressed in the | steam vessels for towing was shown again and again. | bench for the lathe house, on which leading screws 
official correspondence given in Admiral Phillimore’s | Ships were towed into action in the Black Sea| up to 14 ft. length can be accurately measured, is 
Life of Sir William Parker, the Commander-in-| campaign, and years afterwards the flagship—a | illustrated in Fig. 24 to Fig. 34. The 18-ft. bed 
Chief of the Mediterranean, and in other books. | }ine-of-battleship—of the North American Station | supports a micrometer headstock and tailstock of 
The letters quoted below were written just when the |was accompanied by a paddle ship, which towed | special design, admitting of end measurements up 
screw was coming into use, and the relative merits | the battleship during calms and light head winds, | to 16 ft. The general arrangement will be under- 
of paddle and screw and the use of steam vessels | but which was herself towed during fresh and fair stood from Figs. 24 and 25, while the detail design 
in a fleet were being discussed. winds in order to save her coal. | can be followed from Figs. 26 to 34. The screw to 
In one letter to Sir William Parker, written in| In the correspondence with Admiral Parker, | be tested rests on the bed in V-grooves parallel 
1846, the Earl of Ellenboroug., who had been First | Lord Auckland frequently referred to the new screw | to the upper surface and the front working edge 
Lord, said “I am glad to find the paddle steamers | ships. In July, 1846, he wrote to Parker, “I/of the bed girders. The bed, which is supported 
with their floats off can keep company with the | trust that you will have steamers enough to throw by six separately-adjustable pillars, is the runway 
fleet, but it is very necessary that means should be | further light on the comparative merits of screw and | for the carriage, which can straddle a screw 4} in. 
devised of enabling them to re-ship their floats | paddle. I see a very growing opinion in favour of | in diameter, and is built up of a long and a short 
rapidly so that they may at once resume their | the screw and clearly for many reasons, it has great | part, each provided with ball-bearing guide rollers. 
characters as steamers. It is as steamers only that | advantages, but I am not yet satisfied of its superi- |The long carriage, an elevation and plan of which 
they would be of use in action, and actions come on | ority under the direct action of steam power, or of its | are given in Figs. 26 and 27, respectively, carries 
sometimes so suddenly, that unless they can | being less subject to the want of frequent repair.” | a reference scale B and is supported on rollers at 
rapidly resume their proper character, they would | A month later Parker replied, “‘ We have also tried | its left-hand end, while it rests on a steel ball B, in 
be of very little, or no, use. I agree with you in | the power of the Rattlerand Polyphemus in which the | a V-groove on the shorter carriage or bogie C at the 
thinking that the paddle steamers will give place to | former prevailed when stern to stern, and she had a | other end. The shorter carriage can be clamped where 
the screw steamers for all service with fleets.” | decided advantage in a steam run of eighteen miles | desired to the bed by the clamps N, and carries a 
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(Concluded from page 273.) 


Writing in March, 1847, Lord Auckland, who had ‘in acalm; but when lashed bow to bow on a stern- | micrometer screw D for the longitudinal adjustment 
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the longer carriage. The micrometer screw is | gagement with the screw thread. The micrometer | under the restraint of the ball-bearing guide rollers I, 
clearly shown in the section, Fig. 28. Hinged to | D operates through the strut F, contact being main-| Figs. 29 and 30, controlled by handwheel J, the 
the long carriage by the cross strips Q, Fig. 26, is| tained by the springs G and the equaliser bar H.| pinion J, and the rack K. The handwheel carries 
an indicator E with a ball-ended stylus E, for en- |The apparatus is free to travel as a complete unit|a notched selector disc L engaging with a spring 
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pawl M for approximate setting of the main micro- 
scope divisions. The plunger P and _ selector 
grooves O (Fig. 29) are provided for disengaging 
the pinion from the rack. 

In taking measurements, the stylus is lowered into 
a thread on the left, the right-hand end of the 
carriage being clamped to the bed, and the micro- 
meter is adjusted until the pointer of the indicator 
is opposite the fiducial mark. The microscope, 
which is mounted on a wall-bracket behind the 
apparatus, is then set over the zero line and a reading 
is taken. The stylus is afterwards raised, and the 
carriage moved along sufficiently for lowering the | 
stylus into the next thread. The distance between | 


two threads is found from the distance between | 


|on a surface plate carrying a measuring microscope 


(276.4) 


| diameter; the latter are required for the fittings | 
| of oil-well pipe lines. The plug gauge is stood on 
|a bed between two brackets, each of which supports 

a 5-in. sine-bar, which can be rotated in a vertical 
| plane, and set at any angle with the bed by inserting 
| block gauges between a projecting plug and a refer- 


ence plate. Surface plates are tested by means of 
|two simple apparatus, which are illustrated in 
Figs. 35 and 36. In the first, a minimeter with 
}a@ ball contact D is mounted in a plate provided 
| with three ball feet, A, B, C, which can be fitted 
|into different holes or slots for varying the span. 
'In the other apparatus, a micrometer head mounted 
jon a tripod measures the depth of the mercury in a 
| trough in which the surface plate is submerged. 
Measuring the Internal Diameter of Glass Tubes.— 
| Mr. F. H. Rolt’s method of determining the internal 
diameter of glass tubes will be understood from the 
| diagrams, Figs. 37 and 38. A metal rod, of a diame- 
| ter slightly smaller than that of the tube, is mounted 


with a micrometer eyepiece adjustable as to height 





two observed scale lines. The indicator which is | by the two folding wedges. The tube to be measured 


hinged at Q for the operation of the stylus, gives 
a magnification of 1 to 500. The magnification 
is obtained by a dual system of levers, one of which, 
R, Figs. 26 and 31, is attached to the end of the 
semi-rotary barrel 8, which, in turn, carries the 


stylus E,; the vertical axis of S is formed by a} 
The lever R | 


90-deg. cross-strip suspension at 8). 
gives the preliminary magnification of 1 to 10. 


The second stage, giving a magnification of 1 to 50, | 


comprises a pointer T and a cross-strip mounting 
T,, differing from 8, by its axis being vertical; a 


strut and spring V interconnect the two stages. | 


For measurements on square threads, the stylus 
is normally held out of engagement with the helices 
of the thread flanks by placing weights on the 
pins W. The throw over is effected by a lever 
and cam X, Fig. 34, and the depth of interference 
is controlled by the screw S, which raises or lowers 


the gear complete about the axis Z. The micrometer | 
The scale used is only | 


vernier reads to 0-0002 in. 
a yard in length, but, with the aid of additional 
microscopes on wall brackets, measurements can 
be carried out over greater lengths. 

When the standard leading screw of the Depart- 
ment is used for pitch measurements on short 
leading screws, the cutting tool of the lathe is 
replaced by a ball-ended stylus attached to an 


indicator which is mounted on the saddle of the | 


machine. In a new indicator, which requires only 


one operator, the feeler-point is attached to a rod | 


which is coupled to a casting by two pairs of flexible 


steel strips at right angles to one another, so that the | 
rod is capable of a slight rotation about the vertical | 


axis passing through the four strips. 


Tests of Plug Gauges and Surface Plates.—The | 


apparatus for measuring the effective diameter and 
taper of tapered plug gauges, mentioned last year, 
has been developed for ring gauges up to 16-in. 


|is slipped over the rod, and two commercial steel 
| balls, of radii r, and r,, are then dropped into 
|the tube. The sum of the two ball diameters is 
| slightly greater than the diameter of the tube, so 
| that one ball will lie on the flat top of the rod and 
touch the tube on the one side, while the other 
ball will rest between the first ball and the other 
| side of the tube wall. The microscope is focussed 
first on the top of the lower ball and then on the 
top of the upper ball. From the difference in the 
readings the diameter of the tube in the region 
between the two contacts can be deduced. By 
rotating the tube ellipticity can be detected; the 
| steel collar on which the rod rests can be raised to 
discover lack of parallelism. Commercial steel balls 





are stated to be spherical within + 0-0001 in., and 
the measurements of tubes would be reliable within 
+0-:004 mm. The distance h, Fig. 38, can also be 
determined mechanically, and measurements can 
thus be made on opaque tubes. 

Gauge Materials.—Hardened-steel blocks can be 
stabilised by heating up to 150 deg. C. for nearly 
two days, and Invar can be hardened by the 
Herbert cloudburst process. In this process the 
surface is bombarded with steel balls and then 
heat-treated. The hardness of hardened steel was 
further raised from Vickers number 950 to 1,100 
by this treatment. There is very little change in 








| the size of stainless steel submitted to this process 
up to Brinell number 500 ; some steel hardened in this | 
way could not be made to wring on subsequently. | 

| 








AGRICULTURAL MACHINERY IN SALVADOR.—Ai con- | 
| fidential report on the market for agricultural machinery | 
| in the Republic of Salvador, Central America, has been | 
prepared by the Department of Overseas Trade. United | 
| Kingdom firms desiring to possess a copy of the report 
|should communicate with the Department,! at 35, 
| Old Queen-street, London, 8.W.1, quoting Reference 
‘No. A.X. 10,187. 





THE BRITISH ASSOCIATION AT 


BRISTOL. 

THE Bristol meeting of the British Association 
commenced on the 3rd instant, under ideal weather 
conditions, about 2,500 members attending. The 
Reception Room and most of the sectional meetings 
were held in the University Buildings, although 
some of the sections were accommodated in the 
Victoria Rooms, Museum and Art Gallery, and 
Bristol Grammar School. As usual, the proceedings 
opened with an inaugural general meeting held in 
the Colston Hall, at which the presidential address 
was delivered by Prof. F. O. Bower, F.R.S. The 
chair at this meeting was first occupied by the 
retiring president, Sir Thomas Holland, D.Sc., 
F.R.S., and the members of the Association were 
first welcomed by the Lord Mayor of Bristol, 
Mr. Walter Bryant, and then by the Vice-Chancellor 
of the University of Bristol, Principal T. Loveday, 
D.Se. Sir Thomas Holland then introduced his 
successor, Prof. Bower, who subsequently occupied 
the chair and delivered his address on the subject 
of “Size and Form in Plants.” 

We do not propose to deal at length with this 
address, which is mainly outside our sphere. One 
section of it, however, may be regarded as of direct 
interest to engineers. Prof. Bower, towards the 
close of his address, referred to the fact that Sir 
William Crookes, when addressing the Association 
at Bristol in 1898, had prophesied that, in view of 
the increase in unit consumption since 1871, and 
the low average yield per acre, wheat could not long 
retain its dominant position among the foodstuffs of 
the civilised world. Should all the wheat-growing 
countries add to their area to the utmost capacity, 
the yield would only be sufficient to supply the 
increase of population among bread eaters until 
1931. Sir William had, however, laid the spectre 
he had raised by pointing out that the artificial 
production of nitrates was in sight, and by its 
aid the yield of wheat could be brought up to the 


'30 bushels per acre standard. This prediction, 


Prof. Bower observed, had been fully realised, 
artificial fertilisers being now at hand in mass. 
Moreover, new strains which had been developed 
had greatly enlarged the wheat-growing area in the 
world. 

A vote of thanks to the President was proposed 
by Professor Sir Ernest Rutherford, 0.M., President 
Royal Society. 

The sectional meetings commenced on Thursday 
morning, September 4, and following our usual 
practice, we propose to deal with the proceedings 
of Section G (Engineering). 


SECTION G.—ENGINEERING. 
INTERNAL-COMBUSTION ENGINES. 


The chair was occupied by Sir Ernest W. Moir. 
Bart., the President of the Section, who at once 
called on Mr. T. F. Hurley to read a paper entitled, 
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“The Influence of Turbulence upon Highest 
Useful Compression Ratio in Petrol Engines,” 
of which he was joint author with Mr. R. Cook. 
This paper was reprinted on page 290 of our last 
week’s issue, so that we need not refer here to the 
nature of its contents. At its conclusion the Chair- 
man stated that the two other papers on internal 
combustion engines would be read and the three 
discussed together subsequently. The next paper 
taken was that by Mr. C. F. Abell, entitled “‘ Some 
Recent Progress in Air-cooled Aero-Engine Develop- 
ment,” which will also be found on page 308, ante. 
The third paper, by Dr. 8S. J. Davies and Mr. E. 
Giffen, entitled “The Present Position of the 
High-Speed Heavy-Oil Engine,” will be reprinted 
later. The paper pointed out that the advantages 
of heavy-oil engines over petrol engines included, 
improved fuel consumption, especially at low 
loads ; the use of a cheaper fuel; relative absence 
of fire risk; and greatly reduced fouling of the 
lubricating oil. Against these were sometimes 
urged the disadvantage of higher maximum pres- 
sures and lower mean-effective pressures. Develop- 
ment had proceeded along three main lines, 
determined by the methods in which the fuel was 
brought into contact with the air supplied for 
combustion. These were, direct injection of the 
fuel into a simple combustion chamber ; injection 
of the fuel into an ante-chamber in which the 
combustion began, the consequent rise in pressure 
causing the fuel to be forced into the main 
combustion chamber where the combustion was 
completed ; and compression of the air into a 
cavity in the combustion chamber, either in the 
piston or cylinder head, injection of the fuel being 
arranged to take place into the air escaping from 
the cavity at high velocity at the beginning of the 
expansion stroke. These three methods were 
discussed in detail in the paper. 

Invited by the Chairman to open the joint dis- 
cussion on the three papers, Wing-Commander 
T. R. Cave-Brown-Cave referred to his experiences 
with the compression-ignition engines of the airship 
R101. The engines, he said, developed 600 h.p. 
at 900 r.p.m., with a brake mean-effective pressure 
of 100 lb. per square inch, which was equal to the 
upper limit of the tables in Messrs. Davies and 
Giffen’s paper. The fuel consumption was under 
0-4 Ib. per brake horse-power hour at full speed, 
and well under that figure at cruising speed. The 
two main difficulties experienced had been the 
choking of the sprays, which had been cured by 
employing a minute filter in the nose of the atomiser 
itself ; and the dilution of the lubricating oil with 
fuel oil. The latter difficulty had been overcome, 
but it would take too long to explain the means 
adopted. The question of starting, he continued, 
was of importance in connection with compression- 
ignition engines. Such engines were rather trouble- 
some to start, but in the R101, small auxiliary 
engines were used to turn the main engines at 
about 120 r.p.m., and this method had proved satis- 
factory. Further development of the type, he 
said, lay in the direction of increase in speed. The 
difficulties in connection with increased speed were 
not serious. The increased inertia forces resulting 
from increased speed were beneficial in the case 
of the piston, until very high speeds were reached. 
In the Beardmore engines of the R 101, the inertia 
forces on the pistons balanced half the explosion 
forces at 1,500 r.p.m. If, however, the atomising 
valve had any moving parts, troubles might occur 
from inertia. In the Beardmore engines, the 
needle valve was of considerable weight and diffi- 
culties were experienced at high speeds. The chief 
difficulty, however, was in connection with the 
combustion of the fuel at high speeds. The com- 
bustion might be divided into three stages, 
namely, the initial hang fire, flame propagation, and 
steady burning, and it was in connection with the 
initial hang fire that the trouble occurred. The 
trouble was best overcome by increasing the 
temperature of the air into which the fuel was 
injected, this temperature being lower than the 
actual compression temperature. It would be 
better, he thought, to increase the compression 
pressure and preheat the air. With regard to Mr. 
Abell’s paper, he could not do more than advise 
engineers to visit the works of the Bristol Aeroplane 





Company and see the manufacture of these engines 
on mass-production lines. 

The next speaker, Mr. D. R. Pye, referring to 
the paper by Messrs. Hurley and Cook, said the 
authors had mentioned the remarkable constancy 
of spark advance for optimum conditions. He 
thought, in that connection, that it was important 
to remember that the spark occurred in the centre 
of the cylinder and as the swirling motion was 
mainly concentrated round the periphery, the 
alteration of the spark would not have much effect. 
If, on the other hand, the spark had been located 
eccentrically, he had no doubt that a much reduced 
spark ignition would be needed with the swirling 
condition. In future experiments, he thought it 
would be advisable to measure fuel consumption 
and thermal efficiency under varying conditions of 
swirl, since increased heat losses would accompany 
increased swirl. The higher compression ratio 
possible was due to the lower cylinder temperature, 
and there would be a reduction in thermal efficiency 
on that account. He had little to say on Mr. Abell’s 
paper, which was not controversial, except to em- 
phasise Wing-Commander Cave- Brown-Cave’s advice 
to engineers to inspect the engine under production. 
He would remind members, however, that the results 
obtained had only been achieved by devoting meti- 
culous care to all features which might give rise 
to failures. Referring to Messrs. Davies and 
Giffen’s paper, he said the authors had emphasised 
the quality distinguishing the heavy-oil engine 
from the petrol engine, of giving a lower fuel con- 
sumption and maintaining that economy down to 
low powers. He thought, however, that Fig. 1 
of the paper was not quite fair to the petrol engine 
since it only went up to a brake mean-effective 
pressure of 100 lb. per square inch, at which the 
fuel consumption was 0-52 or 0-53 Ib. per brake 
horse-power hour. There were, however, 12-cylin- 
der engines in which the fuel consumption was 
0-5 lb. per brake horse-power hour under service 
conditions, and lower on the test bed, but at higher 
brake mean-effective pressures. Another point 
he wished to emphasise was that it was easy to 
get low fuel consumptions at low powers with low 
mean-effective pressures and the problem of main- 
taining low fuel consumptions was that of pushing 
this low fuel consumption up to high brake mean- 
effective pressures. Mr. Ricardo, in a paper before 
the Diesel Engine Users’ Association, in March last, 
had given curves showing a constant fuel consump- 
tion of 0-35 Ib. per brake horse-power hour for brake 
mean-effective pressures ranging from 70 lb. to 
95 lb. per squareinch. At lower loads, the reduction 
in mechanical efficiency increased the fuel consump- 
tion and at higher loads it was increased by the 
combustion conditions. The engine referred to 
had a cylinder bore of 5} in. and a piston stroke 
of 7 in. and ran at 1,300 r.p.m. In another engine 
of the same bore and stroke designed to run at 
2,200 r.p.m., the fuel consumption on an indicated 
horse power basis, was as low as at low speeds, but 
the reduced mechanical efficiency at high speeds 
increased the fuel consumption on a brake horse 
power basis. Actually, there was no reason to 
suppose that speed imposed any greater limitation 
on a heavy-oil engine than on a petrol engine. One 
other point he wished to refer to was that the fuel 
consumption in compression-ignition engines was 
sensitive to variations in mean-effective pressure 
and speed. The figures for the R.A.E. experimental 
engine given in the paper were 1,200 r.p.m., brake 
mean-efiective pressure 114-8 lb. per square inch, 
and fuel consumption 0-46 Ib. per brake horse-power 
hour. He had, however, some other figures for the 
same engine. At 1,000 r.p.m., with a brake mean- 
effective pressure of 120 lb. per square inch, the fuel 
consumption was 0-40 lb. per brake horse-power 
hour, and at the same speed with a brake mean- 
effective pressure of 80 lb. per square inch, the fuel 
consuption was only 0-37 Ib. per brake horse-power 
hour. 

Professor G. T. Morgan, referring to Messrs. 
Hurley and Cook’s paper, said that with regard 
to the getting up of vortices or swirl, no attention 
had been paid to the possible effect of the exhaust 
port, and he thought this should be considered. 
He pointed out also that the experiments recorded 
only referred to one shape of combustion chamber 


? 





and one position of the sparking plug. The shape 
of the combustion head, he added, was most 
important, and he thought the results in the paper 
could only be taken as applying to the particular 
shape of combustion chamber employed. With 
regard to the future, he thought the four-stroke 
compression-ignition engine would have only a 
short life, and that the two-stroke engine would be 
developed. In a scavenging engine, economy of 
scavenging air was necessary, and it was important 
for a high percentage of oxygen to be trapped in 
the charge. In a two-stroke engine there was a 
constant tendency for the air to short circuit, a 
considerable quantity simply passing through the 
cylinder, so that the quantity of oxygen trapped 
was almost independent of the quantity of air 
passed through. The question of the formation 
of swirls was, therefore, very important. The 
authors, he continued, had referred to the possi- 
bility of stratification or variation in the consistency 
of the charge due to the presence of liquid fuel 
particles, and he asked if any work had been done 
with a dry charge. He also questioned the use of 
the term “highest useful compression ratio.” 
Since smooth running stopped with a compression 
ratio of 5-5, he asked what was the use of running 
with a compression ratio of 7-7. The highest 
useful compression ratio was obtained under 
artificial conditions. The excessive fuel used had 
an important cooling effect, and the cooling water, 
he noticed, had a temperature of 60 deg. Fahr., 
and was thus practically cold. Again, a volumetric 
efficiency of only 70 per cent. was very low; it 
should be of the order of 85 per cent. It was 
important to keep clearly in mind the fact that 
the term “useful” might be misleading, and that 
highest compression ratio at which smooth running 
could be obtained should be used instead. An 
important point in connection with the development 
of compression-ignition was the deodorising of 
the fuel. If this could be done, or the tankage 
improved so that the fuel did not creep out, he 
thought most public service vehicles would be 
equipped with heavy-oil engines. 

Dr. J. S. Owens spoke on the question of carbon - 
monoxide in the exhaust of internal-combustion 
engines. He pointed out that we had to rely on 
chance conditions to get rid of this gas, which 
might reach a dangerous concentration in tunnels, 
or under certain atmospheric conditions such as 
fogs. The fact that, as the authors stated, the 
proportion of. carbon monoxide in the exhaust of 
the compression-ignition engine was lower than in 
that from the petrol engine rendered the former 
particularly advantageous for city transport work. 

The Chairman, in calling on the authors to-reply 
to the discussion, said that the question of carbon 
monoxide in the exhaust of internal-combustion 
engines was a very real danger, and he was glad it 
had been brought up at the meeting. Mr. Hurley 
then replied briefly to some of the points raised, 
the time available being short. With regard to 
the question of the eccentricity of the spark, he 
said this did, in effect, occur in the experiments, 
since the nucleus was displaced relatively to the 
sparking plug. Although the sparks which indicated 
the swirl in the photographs reproduced in the 
paper were mainly concentrated near the outside 
of the cylinder, it did not follow thatthe air near 
the centre was not rotating at a high speed. Actually, 
it was rotating at a higher speed, as had been shown 
in the experiments with water drops. Mr. Pye had 
referred to the question of heat losses and thermal 
efficiency. This would be an extension of the work, 
and had already been commenced. With regard 
to the heat losses due to swirl, the cooling-water 
losses certainly increased, but the opposite was 
the case with regard to the exhaust-gas losses. 

As Mr. Abell did not wish to reply, Dr. Davies 
said, in answer to Mr. Pye, that the curves given 
in Fig. 1 of his paper generally referred to engines 
actually in production. It was, perhaps, true that 
the curves were rather unfair to the petrol engine, 
but the pressures were typical of those used in lorry 
engines. The constancy of thermal efficiency with 
speed was remarkable. The heat lost to the 
circulating water per horse power was constant over 
a wide range of speed with direct injection. With 
regard to Professor Morgan’s remarks on the 
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statements in the paper as to the superiority of the 
heavy-oil engine, he said it was a common experience 
for Jorry drivers to prefer this type of engine. 

Mr. Cook, who then replied, said, with regard 
to Professor Morgan’s suggestion that the effect of 
the exhaust port had been neglected, they had 
considered that the induction ports had the greater 
effect, and had consequently investigated that ; 
they might, however, carry out some experiments 
to ascertain the effect of the exhaust port. It was 
also intended to extend the experiments to other 
shapes of combustion chamber, and to carry out 
some experiments with a dry charge, as suggested. 
He admitted that the use of the term “highest 
useful compression ratio”? was open to criticism, 
and stated that he meant by this the compression 
ratio for a moderate continuous standard of audi- 
bility of pinking. With regard to the low volumetric 
efficiency referred to by Professor Morgan, he 
explained that the volumetric efficiency was actually 
over 80 per cent., but as it had necessarily been 
reduced by fitting vanes in the posts, it had been 
decided to carry out all the experiments at the same 
volumetric efficiency. 

This completed the programme for the morning 
meeting, which was then adjourned, the members 
visiting the Portishead power station and the 
Avonmouth Docks in the afternoon. 

(To be continued.) 








THE WELLAND SHIP CANAL— 
XIV.*—(continued). 

THE general scheme of construction required 
excavation in open cut enclosed by a cofferdam 
extending round one end of the site and partly 
down two sides as shown in Fig. 539, page 286 ante. 





The original scheme proposed taking out the material 
inside the enclosure in two layers. In the first place 
the whole was to be worked:over down to about 
El. + 541-5. Below this, sheet piling was to be | 
driven for the purpose of cutting deep braced 
trenches all round to the actual outside wall limite, 
with two similar cross trenches, all carried down 
to El. + 503 in the manner indicated in the figure 
just referred to. The side trenches were to be made 
large enough for one tube; the end trenches large 
enough for the vertical tubes and end walls ; while 
the cross trenches would cut the interior into 
sections in which the work would be carried out 
subsequently. Through somewhat unexpected 
occurrences this second part of the programme 
was considerably modified. 

Tue cellular cofferdam surrounding the east end 
of the site and extending into the then-existing 
canal was composed of 15 in. by $ in. and 12? in. 
by # in. straight web Lackawanna steel sheet 
piling, weighing 42-6 lb. and 37-2 lb. per foot, 
respectively. There were altogether 26 cells, with 
straight and parallel sides, and segmental ends. 
The cells are numbered in Fig. 539, for reference 
purposes. They were each about 36 ft. by 26 ft. 
on the major and minor axes, the whole length of 





the cofferdam work extending to 685 ft. The piles 
on the outside of the cells were 70 ft. in length i 
those in the inner cell walls and inside walls were | 
55 ft. long, They were driven by the pre-assembly | 
method, in which a temporary trestle frame is first | 
erected with templates to locate the piles properly. | 
The piles are then threaded together and all are | 
driven down in rotation a few feet at a time. The | 
piles adjacent to the next cell were not driven 
completely at first, being left to provide the base 
from which to work out the piling for the next cell, | 
the temporary template trestle being re-erected to 
provide support as before. The junctions of the 
straight division walls and the segmental walls of 
neighbouring cells were formed of special Y piles. 
The operation of driving piling for the cells is 
depicted in Fig. 575, above. A pre-assembly 
trestle is also shown in that view, while in the 
foreground is the pile cluster protection referred 
to on page 286 ante. After being driven and exca- 
vated down to clay, the cells were filled with 
brown clay taken from the adjoining excavation, 
making the cofferdam watertight. The cofferdam 
piling was first started on February 1, 1926, and 


 * The first part of article XIV appeared on page 285 


ante 
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driving was completed on July 31 of the same year. 
Unwatering of the pit behind—which, for the 
remainder, was surrounded by earth embankments— 
was commenced on August 7, with two 8-in. and 
two 5-in. centrifugal pumps. Starting with water 
at canal level, El. + 570-1, by the fifth day the 
level had been reduced to El -+ 550, when the 
interlock between piles in cell No. 10 failed. The 
position of this cell was at the south-east corner 
of the cofferdam. The result of this failure was 
that the adjoining cells Nos. 8 and 9 on one 
side moved west, and Nos. 11, 12, and 13 on 
the end moved northwards, Pumping was stopped, 
the parted piles drawn out and new ones driven 
in their place. With the static head of 20 ft. 
the greatest deflection occurring in cell No. 13, 
had amounted to 44 ft. To meet these con- 
ditions a large mass of gravel was deposited 
inside the cofferdam against the cellular wall, 
and unwatering was recommenced at a reduced 
rate. This gravel was deposited in place by 
pumping, being brought to the site in barges 
from which it was pumped direct into the excava- 
tion. As unwatering proceeded, careful observation 
revealed no further movement, though instances 
of this were experienced at later stages. The 
deflection of the cells and failure of No. 10 was 
attributed to the shortness of the interior piling 
and the low shearing value of the clay in which 


distortion. 

After what had occurred, careful consideration 
was given to the procedure to be followed, and before 
embarking upon the general work it was decided to 
put down a test pit to foundation level. The loca- 
tion of this pit is shown in Fig. 577, Plate XIX, 
on the north side, near the north-west corner, and 
therefore some distance away from the cellular 
cofferdam. The pit was 36 ft. wide by 43 ft. long. 
The area was surrounded by steel sheet piling driven 
to rock and supported by heavy walings and struts. 
The wales ranged from single 16 in. by 16 in. sections 
at the top, to single 24 in. by 24 in., followed lower 
down by double timbers of 18 in. by 20 in. and 22 in. 
by 20in. Hardwood corbels, faced with steel plate, 
were employed with a single row of struts up to 


14 in. by-16 in. extending between the 36-ft. sides, 
and two rows of struts of 12 in. by 12 in. supporting 
43-ft. sides. The timbering was designed on the 
assumption of external pressures due to material 
weighing 120 lb. per cubic foot and an angle of 
repose of 4:1. In later work this was assumed to 
represent conditions fairly for calculation purposes 
down to El. +- 525, below which the angle of repose 
was taken at 3:1. 

The pre-assembly trestle for this pit was erected 
in October, 1926, arch web interlocking piling 69 ft. 
long being employed. The piling for this pit will be 
seen being driven in Fig. 576, page 321, a general 
view of the partly unwatered cofferdam, showing the 
deposited gravel on the further side. By the end of 
| November excavation had been completed, Water 
| was met with some 15 ft. or so above the bottom 
level, but this was found to be coming into the pit 
| through a gap of over a foot between two piles which 
| had become unlocked. This resulted in the piling 

being somewhat irregular, a fact which had a bearing 
'on later work. The bearing piles were driven at 
about 3 ft. 7 in. by 4 ft. centres, to rock, the length 
required being about 22 ft. For heavy timbering of 
the kind employed the pit was very confined, and 
difficulty was experienced in setting up forms for 
the concrete work for the 22-ft. tube. Timbering 
'was removed as concreting proceeded, but the 
| bottom tier of struts was left in and embedded in 








|they were driven and with which they were filled. | the work. On the south-east and west sides, the 
| The movement of the cells resulted in considerable |forms were set up clear of and supported by the 


| wales, but on the north side the concrete was filled 
|in to the outside piling and alternate wales were 
|left in and buried. This work is illustrated by 
| Figs. 588 to 590, Plate XX. 

| Success with this pit, though it presented diffi- 
| culties in handling materials, &c., resulted in the 
‘decision to push on with the rest of the work as 
rapidly as possible in sections in carefully selected 
order. The work was cut up into 12 sections which, 
in addition to the test pit, are denoted in the diagram 
Fig. 577. The irregularity which developed in 
driving the piling of the test pit led to making the 
outside pits 2 ft. wider than at first planned, which 
accounts for the difference shown between the 
test pit and those at each end of it. Table IX, 
| page 321, shows the order in which the pits were 
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taken, and the dates on which various stages of 
the work were begun and completed. It will be 
noted that the first pits taken were A and B on 
the north side towards the west end and C on the 
south-west corner. The next pit was D, stretching 


sheet piling of G was also driven at this time, but this 
was not followed up with further work till after 
concrete had been placed in pit F. Pit L was started 
after concrete work in pit K was finished, and pit M 
when concrete in pit E was nearing completion. 


TABLE IX.—-PRocREss OF WORK oN Pits For CHIPPAWA CREEK SYPHON. 






























































i” : || Driving of Timber _|| 
Sheet Piling. } Excavation. 1 Bearing Piles. | Concreting. 
Pit. || i} 
Begun. | Finished. | Begun. | Finished. | | Begun. Finished. | | Begun. | Finished. 
| | I 
Test Pit 16.10.26 | 24.11.26 | 24.10.26 | 24.11.26 | 27.11.26 | 1.12.26 || 6.12.26 | . 12.1.27 
A 290.1226 | 6127 || 7.127 | 7.327 || 8327 | 1939297 || 15.83.27 | 14.427 
c 30.12.26 122,27 | 15.127 | 18427 || 194.27 | 21.427 || 164.27 | 16.527 
1 1 | | To El. 585 
B 1.1.27 31.127 || 251.27 | 29.327 || 29327. | 31.327 || 1.4.27 | 28.4.27 
| | | | | | To El. 535 
D 15.2.27 23.2.27 || 294.27 | 20627 || 136.27 | 23.627 || 16.627 | 20.7.7 
| | | i| | To El. 546 
— | | j 1) 
H ..| 27.4.27 315.27 | | 4.6.27 | 3827 || 28.27 4.8.27. || 3.8.27 | 3.9.27 
| i] 'o El. 535 
| | To El. 53 
K ..| 274.27 3.9.27 || 9.9.27 | 7.10.27 || 10.10.27 14.10.27 || 15.10.27 | 3.11.27 
| | | | To El. 535 
G | 8.6.27 25.627 || 14.10.27 | 3.1227 || 4.12.27 7.12.27 || 6.12.27 12.1.28 
| To El. 546 
F .| 1.6.27 28.6.27 4.7.27 | 9.9.27 7.9.27 9.9.27 || 9.9.27 | 6.10.27 
| | To El. 535 
L .| 29.627 28.9.27 28.9.27 | 16.1.28 || 19.12.27 19.1.28 21.12.27 6.2.28 
| | To El. 535 
I ..| 22.1127 | 6.2.98 5.1.28 | 7.3.28 || 6.8.28 14.3.28 7.3.28 | 11.4.28 
-| 28.0698 4.2.28 4.2.28 | 252.28 || 27,2.98 28.2.28 || 26.2.28 | 13,328 
| \| | To El. 535 
N .| _ | _ | 7.4.28 | 31.5.28 || 22.5.28 9.6.28 || 25.5.28 | 3.7.28 
| | | i } 





across the west end, between pits B and C. This 
was followed by pits H and K. In connection with 
the latter delays were encountered, and the sheet 
piling took the exceptionally long time of four 
months to drive. Before this amount of progress 
had been completed in pit K, pits F and E were 
taken in hand, on the east end and south side. The 


The central portion, N, was left till the last. In all 
cases, as shown by the dotted and full lines in Fig. 
577, the pits were made large enough to allow of forms 
for construction joints (on the dotted lines) inside 
the wales, &c. The sheet piling on the outside 
boundaries of the whole structure was left in place, 
but that between construction pits was cut off 











at the bottom of the excavation, when work in the 
neighbouring pit required its removal. Altogether 
the low level part of the work was divided up into 
13 pits and 35 monoliths for construction purposes. 

The pits were of a variety of shapes, and required 
great care in timbering, especially in view of the 
pressures to be contended with, and the need for a 
minimum of obstruction for excavation and re- 
inforced concrete work. Pit A, shown in Fig. 578, 
was 127 ft. long by 38 ft. wide. It was braced with 
cross-struts of 12 in. by 12 in. or 12 in. by 14 in. 
timbers at 12-ft. centres, and one set of 12 in. by 
12 in. longitudinal struts, except at the east end 
where a section 26 ft. 6 in. long by the trench 
width of 38 ft. was kept as free from timbering 
as possible. Here the end wales were supported 
by short diagonals from the side walls. At the 
intersection of the longitudinal and cross struts, a 
12-in. by 12-in. pile was driven and the struts 
bolted to this to prevent sagging. When excavation 
had been carried to within 4 ft. of the bottom, struts 
in the fourth tier failed, followed by failure in the 
fifth tier, and one of the 24-in. by 24-in. wales in the 
fifth tier split. Hardwood corbels were also badly 
crushed, and some of the sheet piling was displaced 
7 in. from its line. Bulging decreased the width of 
the pit by 2 ft. At all points showing signs of 
overloading additional timbers were placed along- 
side those already set. Cells 23 to 26 of the coffer- 
dam deflected 1 ft. to the south at this time. 

Pit B, represented by Fig. 580, was a small pit at 
the north-west corner, 75 ft. long by 38 ft. wide, and 
required special bracing for the west end. For the 
main length of the pit timbering was used similar 
to that in A, but with the experience gained with 
the latter, additional struts were put into the third 
and fourth tiers. This pit moved. southward at the 
top to the extent of nearly 2 ft.; the north wall 
bulged 2-4 ft., and the south bulged southwards 
1 ft. 

Pit C, at the south-west corner, and shown in 
Fig. 581, was 170 ft. long by 38 ft. wide. It was 
braced like pit A for the greater part, with an open 
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section at the east end, and special timbering at 
the west end, to suit the irregularity of this part of 
the work. The cross-section (Fig. 579) is typical 
of these three first pits. At first, in pit C, 12-in. by 
12-in. wales were employed for the first, second 
and third tiers, but failure occurred in the north 
side near the east end. All struts in the second 
and third tiers were, therefore, doubled. The 


cellular cofferdam showed signs of movement at | 


this time, No. 1 cell, opposite the end of pit C, 
moving 2 ft. to the north, this movement decreasing 
to zero at cell No. 8. As a result, all struts in pit C 
from the fourth tier downwards, were put in in 
18-in. by 18-in. timber, when no further trouble 
was experienced from strut failures. However, 
difficulties were not quite over; for, as excavation 
proceeded, piles of cell No. 3 came unlocked, and 
opened out to a gap of 6 ft. This was rectified by 
burning off some of the piles as low as possible and 
driving a new wall of nine piles, 54 ft. long, to fill 
in the gap. - At this time the material in the centre 
of the excavation, 7.e., on the site of pit N, was 
heaved up, and the south walls of pit C moved 
no less than 4:5 ft. northward at the top, and the 
north wall 1 ft. to the north. 

Pit D closed the west end of the structure, and in 
it were constructed the ends of the four low-level 
tubes and the corresponding vertical lengths. 
The pit, shown in Fig. 582, and in cross-section in 
Fig. 583, was 116 ft. 6 in. long by 54 ft. 7 in. wide, 
It was braced without the continuous longitudinals 
used in A,B and C, the cross braces being tied to- 
gether in pairs by struts and tie-rods, and supported 
at mid-span by vertical 12-in. by 12-in. piles, to 
which they were bolted. This system left ample 
room for lowering full-length struts as they were 
required for the lower tiers, and facilitated excava- 
tion by grab «buckets. Excavation in D was not 
commenced until after concreting in B and C had 
reached to El. + 545. The views reproduced in 
Figs, 591, 592 and 593, Plate X XI, give an excellent 
idea of the work in this pit. The first illustrates the 
system of long struts braced in pairs. The second 
view shows the pit in the surrounding cofferdam 
and the construction trestle built all round the site. 
The top of the vertical tube previously built in pit B 
can be seen in the middle distance. Fig. 593 is 
another view of this end of pit D, showing also the 
vertical tube in pit B. 

The successful use of 54-ft. struts in pit D led to 
a reconsideration of the subsequent operations. 
Pits A, B and C each accommodated one tube. 
Two tubes could be built in trenches 64 ft. 8 in. 
wide, and it was considered safe to attempt this 
width, even though the gravel superburden added | 
at the east end, made the depth of the work much | 
greater. In the rear of the cellular cofferdam, in | 
fact, the pits had a depth of about 70 ft. or 30 ft. | 
deeper than those at the west end. 

The next pits put in hand were for the north-east | 
and south-east corners. Pit H (Fig. 586 Plate XX, 
left end) was irregular, similar to pit C, but shorter, 
and pit F (Fig. 585, left end) was similar in outline to 
pit B. The new pits were, however, two tubes wide, 
i.e., 65 ft. 8 in. The piling for pit H gave a good 
deal of trouble, becoming unlocked and having to 
be burned off and re-driven. The pit was 111 ft. 
long, and at the west end the piling of the 
north wall was pushed into the pit no less than 
9 ft. It was not found possible to remedy this 
conveniently, and the tube was flattened for this 
length, and the concrete reinforced with rails. The 
cross struts of 62 ft. length were of 14 in. by 14 in. 
to 18 in. by 18 in. section, tied for the most part 
in pairs and supported by central piles as before. 
Owing to the absence of Icngitudinals, diagonal 
bracing had to be employed for the ends. This did 
not prove satisfactory in the lower tiers. Corbels 
in the sixth and ninth tiers failed, and one of the 
diagonals broke. This was mainly due to settle- 
ment of the sheet piling of the west wall, which 
dragged the wales and braces down out of their true 
plane. All sheet piling was driven to rock except 
in this west wall, where it only reached down to 
El, + 488, or 15 ft. above the pit bottom. When 
excavation had been nearly completed the piling 














started to settle and the diagonal corner: braces 
failed on account of the non-axial stresses intro- 
duced. The maximum settlement at the centre of 
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the west wall was 4} ft. The settlement is plainly 
noticeable in Fig. 595, Plate XXII, while Figs. 596, 
597, and 598 show failures of three large timbers. 
To meet the conditions, extra 18-in. by 18-in. struts 
were arranged in the lower tiers of both ends, but 
even these failed, and a 24-in. by 24-in. wale in the 
thirteenth tier was completely crushed. The 
trouble continued to develop until all north side 
wales below tier 7 were broken for 50 ft. from the 
north-west corner, the piling was badly displaced, 
and diagonals were broken. Work was pushed on 
as rapidly as possible, the timbering being made 
good, and when a 3-ft. layer of concrete had been 
placed no further settlement occurred. The bottom 


tier of timbering was left in position and embedded | at the right-hand end of Fig. 586. 


in the concrete. 
Pit F was designed on similar lines with diagonal 
bracing. The sheet piling was 89 ft. long in two 


lengths of 50 ft. and 39 ft. for the south and east 
walls, where the gravel bank was deepest. In order 
to obviate risk of settlement as in pit H, some of the 
piling in the west wall of F was driven deeper. 
Deflection was again experienced in the west wall 
and other irregularities occurred, the piling unlocking 
at four points. Diagonals and wales again failed 
in the lower tiers, and extra 18-in. by 18-in. diagonals 
had to be inserted to give relief. A Y-pile in the 
| corner of cell No. 6, tore apart with a report like a 
| gun at this stage, and had to be repaired by driving 
other piles outside. Fig. 587, Plate XX, is typical 
of the timbering of these pits two tubes wide. 

| Pit K wasa short straight length. This is shown 
It was braced 
by cross-struts tied in pairs, and the work on this 
was completed without incident. Pit E. Fig. 585, 
which was a simple straight length between F and 
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Fig. 601. Fintina OLp CrEEK BED FROM First AQUEDUCT. 


C, was 159 ft. long. It was braced on the same 
simple transverse system. After the fourth tier 
had been put in, it was found that the cellular 
cofferdam was tilted northward, both north and 
south walls of pit EK moving in the same direction. 
Cells 3 and 4 of the cofferdam deflected as much as 
3-7 ft., and sheet piling to the extent of 4-8 ft. 
This movement was arrested by anchoring the cells 
back to the masonry. of the pre-existing aqueduct 
and supporting the north wall of pit E by 24 in. 
by 24-in. struts across the excavation to the finished 
concrete work in pit A. 

Pit G, Fig. 584, was a short one, closing the east 
end. It was braced with cross-struts as in pit D, 
and work in it was completed without timbering 
failures. In the case of the single-tube pits L and 
M, required to complete the two outside tubes on 
each side, simple cross-struts were employed butting 
against the finished concrete of the neighbouring 
tube on one side and against wales and piling on the 
other. These pits were only 31 ft. 6 in. wide, and 
the timbering gave no trouble. There remained 
only the central pit N, for.connecting the two end 
sections by two lengths of tube. This pit was 54 ft. 
wide between finished concrete work on both sides. 

Before excavating pit N, involving the removal of 
a large amount of gravel fill which had been placed 
along the north side of pit E to prevent upheaval 
of the clay in the central part of the culvert pit due 
to pressure on the exterior cellular cofferdam on the 
south side, a system of three sets of inclined 24 in. 
by 24-in. timber struts was installed right across 
pit N. These struts extended from the north side 
bracing of pit E, and were continued north of 
pit N horizontally across the top of the concrete 
tubes in pits A and K, terminating at the north 
steel sheet pile wall of the culvert structure. These 
struts gave support to the cellular cofferdam opposite 
pit E, while the gravel fill was being removed. 

During the excavation of pit N down to about 
El. + 520, and the placing of the first tier of timber 
struts throughout the length of the pit, one of the 
expansion joints of the concrete monoliths of pit E 
opened } in. on the south side. The movement 
of this great block, 61 ft. 2 in. wide by 30 ft. high, 
is some indication of the unstable condition of. 
this work in soft clay on pile foundation and of the 
difficulty of adequately contending with unbalanced 
lateral pressure. It fully justified the timber cross- 
bracing of pit N and the support, as above described, 
of the cellular cofferdam. 





The excavation of pit N was begun on April 7, 
1928, and concreting was finished on July 8, i.e., in 
three months’ time. Views of the work in this pit are 
given in Figs. 594, Plate XXI, and 599, page 322. 
The first shows the form work for the tubes being 
commenced, and the head wall and vertical tubes 
in the background. The second view shows the 
form work for one of the tubes at a more advanced 
stage. Both show some of the reinforcement 
surrounding the tubes. 

As we have already noted, water was encountered 
in the test pit, being traced to the unlocking of 
the sheet piling. Water was met with in other 
pits when the bearing piles were driven down to 
and penetrated rock. In pit A the flow amounted 
to 70 gallons per minute. Piles unlocked in three 
places, and water came up alongside bearing piles. 
In pit B seven springs broke out when excavation 
was nearing completion. In pit C water came up 
beside one of the bearing piles. In pit. D most of 
the water came in from neighbouring pits, due to 
unlocking of the piles. When pits A, B, C and D, 
were in hand the contractor had at work two 2-in., 
five 4-in., and one 8-in. centrifugals. Water en- 
tered pit H at about 50 gallons per minute, but 
in F the flow rose to about 225 gallons per minute. 
Pumping in this pit drained the others. On 
December 8, 1927, during a gale on Lake Erie, 
which caused a very high level on the canal, the 
excavation was flooded, by water finding its way in 
over the top of the cellular cofferdam where this 
had settled. This necessitated the suspension of 
operations for four days. Flooding also occurred on 
January 1 and March 27, 1928, but not to so serious 
an extent, and no delay resulted. 

The cellular cofferdam was unwatered in October, 
1926, and the work of driving sheet piling, exca- 
vating, driving bearing piles, and concreting was 
carried on uninterruptedly until July 3, 1928, at 
which date the six tubes, end wells, and part of 
the east and west head walls had been completed. 
As soon as possible the removal of the sheet piling 
north and south of the site was commenced, and the 
Ship Canal channel was cleared of all timber, &c. 
The area was flooded to canal level on September 24, 
1928. The removal of the cells 4, 5, 6 and 7, and 
25 and 26, which extended into the new channel, 
was then proceeded with. Fig. 600, page 322, shows 
the piling of these cells being drawn. 

The north-west wing wall and part of the north- 
east wing wall were built in 1928, which year also 





saw good progress made on the intake channel, and 
the stop-log piers, apron work, &c., on the intake 
and discharge sides. While this work was pro- 
ceeding a 14-ft. channel was excavated on the 
western side of the new Ship Canal alignment, south 
of the syphon. On traffic being diverted to this 
and across the syphon, work was taken in hand 
on the east bank, which had to be carried through 
the previous channel. The necessary banks were 
not completed, however, till May, 1929. When 
they were finished the culvert-discharge channel 
was proceeded with, and the whole of this com- 
pleted by September, 1929. The end cells of the 
cofferdam were also removed at this time, and in 
the same summer the balance of the work on the 
stop-log piers, north-west wing wall, &c., had been 
finished. 

The intake channel was also excavated and its 
slopes protected by slab work at the same time, all 
being sufficiently advanced to permit flooding of 
the new Creek channels in September, 1929, when 
the flow of the Creek was diverted. When this 
had been accomplished the old Creek bed was 
unwatered, dams being thrown across it at the new 
intake and discharge channels. The unwatering 
of this area enabled the south-west wing wall to 
be put in. This was built by December, 1929, 
back filling being finished in February, 1930. By 
June of this year the excavation of the western 
portion of the Ship Canal prism was dredged out 
between the west wall of the prism and the 
second aqueduct. When traffic was transferred to 
this the removal was commenced of the aqueduct 
previously in use. The old or first aqueduct is being 
closed at the north end, and will be of use as a dock 
and landing for small boats. The view reproduced 
in Fig. 601 shows the first aqueduct, over 100 years 
old, and the dried Creek bed from which the stream 
was diverted as described, to pass under the new 
channel by means of the syphon. The second 
aqueduct to be demolished stood not far to the 
right. The area between the two is being filled to 
form the new canal east bank, and, as shown, 
material for this purpose was dumped from a track 
laid on the old aqueduct. 

In the construction of the culvert, 4,728,831 Ib. 
of interlocking piling were used in the cellular 
cofferdam and 7,146,000 lb. in the work in the pits, 
&c., the total, including that used in other cut-offs, 
&c., amounting to 17,290,965 lb. The timbering 
employed was exceptionally heavy, and altogether 
some 7,835,000 board feet of timber was required 
for bracing, pre-assembly, and construction trestles. 
The total excavation amounted to 176,000 c. yds. 
The total linear feet of bearing piles driven was 
235,068, and the concrete aggregated 92,633 c. yds. 
The contractors employed a central concrete plant 
capable of an output of 40 c.-yds. per hour. Gravel 
was brought to the plant by suction dredger and 
pumped into a sump, from which it was hauled by 
scraper to a pile and delivered to the mixer plant. 
A temporary construction trestle, 70 ft. wide and 
35 ft. high, was built all round the site, and concrete 
was delivered in cars hauled over this by petrol 
locomotives. The cars dumped direct on to chutes 
depositing the concrete at the work below. Four 
large travelling derricks also worked on the service 
trestle. 

In our article on Section No. 6 we made mention 
of the contractors for this part of the work, and at 
the end of article No. VIII stated that Mr. E. P. 
Johnson was resident engineer, the work being 
under the supervision of Mr. Alex. J. Grant, 
engineer-in-charge, with Mr. E. G. Cameron as 
principal assistant. 








CENTENARY OF HANOVER TECHNICAL ScHoot.—The 
Centenary of the foundation of the Hanover Technische 
Hochschule will be celebrated from June 14 to 16, 
1931. Fuller particulars regarding the function will 
be issued in due course. 


Hanpspook or Motortne Laws.—A useful little hand - 
book, which .comprises an alphabetical digest of the 
Statutes and Regulations affecting the owners of private 
motor cars and motor cycles, including the Road Traffic 
Act of 1930,’ has been compiled by the Legal Depart- 
ment of The Automobile Association, Fanum House, 
New Coventry-street, London, W.1. The pamphlet, 
which is entitled Motor Law, is available to every motorist, 
on a postcard application to the Secretary of the Associa- 
tion, at the address given above, 
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LETTERS TO THE EDITOR. 
HARDNESS TESTS OF STEEL STRIP. 


To Tue Epiror or ENGINEERING. 

Str,—The use of the diamond-pyramid hardness test 
as @ quality test for steel strip and other thin sections 
has made the relative size of impression and thickness 
of test material a matter of some importance when 
accuracy in the results is required. In view of inquiries 
which have been raised, it is thought that the following 
remarks and results of tests carried out at the National 
Physical Laboratory will be of interest. 

~ For steel-ball Brinell tests, it is usually considered 
that, when the thickness of the test piece,is greater than 
seven times the depth of the impression, satisfactory 
test results are obtained (see B.E.S.A. Report No. 240, 
1926). In the case of the 136 deg. diamond pyramid (the 
indenting tool used in the well-known Vickers hardness 
testing machine) the application of this rule suggests 
that the minimum thickness of test material should be 
equal to the diagonal of the test impression, but 
experience shows that a greater thickness may be 
necessary. A typical series of tests in a Vickers 
machine, which illustrate this point, are given in Table I, 
the material being steel strip 0-0152 in. (0-386 mm.) in 
thickness. 

According to the above rule, a test load approaching 
30 kg. would be permissible in this case, but it appears 
from the results that the maximum load should be 
about 15.kg. when accuracy is required. 

Other tests were carried out on a piece of hardened 
and tempered chrome-vanadium steel. One face was 
machined and polished, and diamond-pyramid tests, at 
a load of 100 kg., were made on this face after various 
amounts had been ground from the back of the sample, 
giving the results shown in Table II. 

It is clear that, in this case, the minimum permissible 
thickness is about 0-9 mm. for the 100 kg. test load, 
and, in the absence of more extensive tests on a variety 
of materials, a minimum thickness of 1} times the 
diagonal of the impression is indicated for 136 deg. 
diamond-pyramid hardness tests. 

I an, Sir, yours faithfully, 
G. A. Hankins. 

National Physical Laboratory, 

Teddington, Middlesex, September 5, 1930. 








POWER-PLANT TESTING. 


To tHE Eprror or ENGINEERING. 

Sm,—The recent paper in ENGINEERING, vol. cxxix, 
pages 597, 684 and 718, by Messrs. Guy and Lamb, en- 
titled ‘‘ Operating Results with the Recent Extensions 
at Barton Power Station,” is interesting and instructive, 
and the authors are to be commended, especially for 
supplying valuable operating and test data. I look 
with anticipation for articles of this kind in Ena@rnr- 
ERING, since such a small amount of accurate test 
data has been published on the performance of turbo- 
generator units operating on the regenerative cycle. 
Many companies continue the practice of buying on 
straight condensing guarantees and testing the turbines 
with the heaters shut off, even though the units seldom, 
if ever, operate straight condensing. 

There is one thing about the article, however, I was 
surprised to see, and that was the test heat consumption 
reported to tenths of a B.Th.U. It is recognised 
scientific and engineering practice to report test results 
only to the number of significant figures that the 
accuracy of the data justifies. In other words, a heat 
consumption of 11,077-6 B.Th.U. per kilowatt-hour, 
as reported for Test No. 2, Table VI-A, page 686, 
should mean that, in the author’s estimation, the actual 
value is between 11,077-5 and 11,077-7. This would 
imply that the test data are accurate to within 0-0009 
per cent., which obviously is too high an accuracy to 
claim for this type of a test. It is the writer’s opinion 
that the heat consumptions obtained on the most 
accurate tests of large turbo-generator units should 
not be reported any closer than the nearest 10 B.Th.U. 

It is the practice of the company with which the 
writer is connected to run turbo-generator tests for 
three hours at constant load and to report the results 
of each hour separately. 

By comparing the heat consumptions of the three 
hours, an indication can be gained of the probable 
accuracy of the results. Of course, errors in calibration 
of the instruments could not be detected by this means, 
since they would be in the same direction for the three 
hours of the test. It can be assumed, however, that 
the calibration errors will be considerably less than the 
errors due to reading the instruments and to the fact 
that the impulses actuating the instruments may not 
be truly representative. An additional way of checking 


the accuracy is to repeat two or three of the tests on 
different days and compare the results. Quite often 
these checks will fail to agree any closer than 0-5 to 
1-0 per cent., although the three individual hours of 
each test agreed within 0-15 per cent. 


From the 





HARDNESS TESTS 


OF STEEL STRIP. 











TABLE I. 
Test Load Kg. | 5 | 4 | 10 | 12 | 15 | 19 | 25 | 30 | 40 | 50 | 60 
Mean hardness number 
(Vickers) ae i 391 392 390 393 392 380 375 366 357 353 350 
Diagonal of impression, 
(mm.).. se : 0-352 | 0-390 | 0-456 | 0-512 | 0-564 


-| 0-154 | 0-182 | 0-218 | 0-238 | 0-268 0-304 








TABLE II. 
Thickness of specimen 
(mm.) .. ze «-| 6°35 3-05 2-54 2-03 1-52 1-01 0-76 0-51 0-38 
Mean hardness number 
(Vickers) re ie 496 491 491 491 494 498 485 461* 446* 
Diagonal of impression 
(mm.) .. a -.| 0-611 0-614 0-614 0-614 0-612 0-610 0-618 0-634 0-644 





* Positions of impressions visible on reverse side of material. 


writer's experience on both straight-condensing and 
regenerative feed-heating tests of units ranging in 
size from 50,000 kw. to 110,000 kw., 1-0 per cent. is the 
maximum difference that should exist between reliable 
tests at the same load. Succeeding tests where 1-0 per 
cent. difference was previously found have never failed 
to fall within the extreme limits. 

The writer, therefore, believes that an accuracy of 
+ 0-5 per cent. is the best that can be obtained con- 
sistently on turbo-generator units tested in operation 
in a power station. This statement assumes that the 
prevailing opinion that a turbine will always perform 
exactly the same under the same steam conditions is 
true, provided no internal structural changes have taken 
place. There is no definite proof that this is true for all 
turbines, and since some are quite sensitive to slight 
changes, it is possible that expansion differences or 
fluctuations in the steam conditions and load actually 
cause the heat consumption to vary a few tenths of a 
percent. There is no way, however, of separating the 
actual differences in performance from those due to the 
inaccuracy of the test. 

Accurate heat consumptions are more difficult to 
obtain when testing regenerative feed heating than 
when testing straight condensing. This probably 
accounts for the continuance of the practice of testing 
with the feed heaters shut off. Even assuming, 
however, that heat consumptions are not quite as 
accurate when obtained on regenerative feed-heating 
tests, they are more reliable than when computed from 
test data obtained straight condensing. The writer 
found, when testing an 80,000-kw. unit and a 110,000- 
kw. unit with and without their extraction feed heaters, 
that the actual gain due to regenerative feed heating 
was less at all loads than predicted by the manufac- 
turer. At some loads, the discrepancy was as great as 
2 per cent. This could not have been due to the 
inaccuracy of the tests, especially in the case of the 
tests on the 110,000-kw. unit, since complete tests were 
made in May, July and November of last year with all 
the refinements that are possible in a power station. 
These included, forinstance, two complete and separate 
electrical metering stations with special test potential 
and current transformers, one group installed at the 
generator terminals and the other at the high side of 
the auto transformers; 15 vacuum connections in 
the exhaust of the low-pressure cylinder with a baro- 
meter and an absolute pressure type gauge connected 
in parallel witheach; pressure and temperature readings 
taken throughout the entire expansion of the steam 
in the high and low-pressure cylinders ; and separate 
weighing of the main and the heater condensates. 

The writer regrets that the authors did not report 
the test heat consumptions corrected to standard 
(contract) conditions. Some of the corrections, other 
than throttle temperature and pressure and condenser 
vacuum, can be quite appreciable, and even the small 
ones might have been in the same direction which 
would make their total correction appreciable. 

The description, on page 686, of the method used in 
measuring the vacuum is very interesting. The static 
tubes which were attached to the ’bus pipes are un- 
doubtedly better than open end vacuum connections, 
even though they are flush with the walls of the exhaust 
nozzle or with the sides of deep supporting braces near 
the centre of the exhaust. ’Bus pipes, however, are not 
always reliable as a means of obtaining the average 
vacuum. Where the vacua at the different openings 
in the ’bus pipe are considerably different, a flow will 
be set up through the pipe, thereby affecting the true 
static reading. This appears to be the case for test 
5, since the pressure at the two ends disagreed by more 
than 0-03 in. for both ’bus pipes. 

Yours, &c., 
Purr H. Harpies, 
Test Engineer, Research Bureau. 

Brooklyn Edison Company, Inc., 

380, Pearl-street, Broo , N.Y., August 21, 1930. 





THE LATE MR. J. W. WILSON. 


A wibE circle of engineers will learn, with regret, 
of the death, on September 3 last, of Mr. Joseph 
William Wilson, who was co-founder, with his father, 
the late Mr. Joseph William Wilson, of the Crystal 
Palace School of tical Engineering. Mr. Wilson 
was born at Birmingham on November 22, 1851, and 
received his general education at the school of Dr. 
Pinches, in Kennington, London, 8.E. In 1867, when 
16 years of age, he entered upon a pupilage of three 
years at the office of his father in Craven-street, West- 
minster. During his apprenticeship, he also worked 
in the fitting and erecting shops and foundry of the 
Collinge Ironworks of Messrs. Whieldon, Lecky and 
Lucas, and in the smiths’ shops, at Southwark, of the 
late Mr. J. Wilkinson. In 1870, he was appointed 
head of his father’s office, and, in that capacity, and 
subsequently in co-operation with him, was engaged 
in the design and construction of various civil engineer- 
ing works. These included piers at Teignmouth, 
Westward Ho!, and Hunstanton, and waterworks at 
Shoreham and High Wycombe. He was also employed 
in carrying out complete surveys, Parliamentary plans 
and other work connected with the proposed Southend 
and Maldon Railway, the Westward Ho! Railway and 
Docks, and the St. Leonards and other piers. 

In 1872, Mr. Wilson, in conjunction with his father, 
founded the Crystal Palace School of Practical Engin- 
eering, the former being appointed vice-principal, a 
post he continued to occupy until 1898, when, upon 
his father’s death, he succeeded to the position of 
principal. The school was for many years housed 
in the south tower of the Crystal Palace, but soon after 
the outbreak of the European war, it was transferred 
to premises at the topof Anerley Hill, close to the 
Palace. Mr. Wilson continued to act as principal for 
27 years. In 1925, he was succeeded in that office 
by his brother, Mr. Maurice Wilson, and, at the age 
of 74, became president of the school. Mr. J. W. 
Wilson was elected an associate member of the Institu- 
tion of Civil Engineers on February 6, 1877, and was 
transferred to full membership on March 27, 1900. He 
became a member of the Institution of Mechanical 
Engineers in 1890, and was elected an honorary member 
of the Junior Institution of Engineers in June, 1902. 
Mr. Wilson was, for many years, a fellow of the Society 
of Engineers, and was President of that body in 1892 
and in 1908. He was also a vice-president of the 
Incorporated Society of Inspectors of Weights and 
Measures. In 1893, Mr. Wilson served on Lord 
Brassey’s organising committee for the International 
Maritime Congress. 








Stee. SrructuRES RESEARCH CONFERENCE.—A 
Conference on steel structures research will be held in the 
lecture theatre of the Institution of Civil Engineers, 
Great George-street, London, S8.W.1, at 11 a.m. on 
October 16, next. The purpose of the Conference is to 
promote discussion of the work and objects of the Steel 
Structures Research Committee of the Department of 
Scientific and Industrial Research. This Committee has 
been set up to review existing regulations for the use of 
structural steel in buildings and bridges, and to investi- 


gate the ibilities of more efficient and economical 
design. order to ensure the effective application of the 
results of the Committee’s work, it is felt to be desirable, 


at an early stage, to enlist the interest and co-operation 
of the various bodies concerned. The Conference will, 
therefore, provide an opportunity for an exchange of 
views and for a consideration of various suggestions that 
have been made, in particular, the feasibility of formu- 
lating a standard practice in the use of structural steel 
in building throughout the United Kingdom. Invitations 
have been addressed to local authorities, and to the 
professional and technical organisations concerned. Any 
societies who have not received invitations, and who 
desire to be represented at the Conference, are requested 
to communicate with the Secretary, Department of 
Scientific and Industrial Research, 16, Old Queen-street, 
London, 8.W.1. 
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LABOUR NOTES. 


ADDRESSING the Trades Union Congress at Notting- 
ham last week, M. Albert Thomas, the Director of the 
International Labour Office, said that in the last ten 
years the workers in all countries had suffered many 
disappointments in regard to the Washington Hours 
Convention. But, during this year, they expected to 
reach their goal. ‘I realise, of course,” he continued, 
“that there are some who consider the eight-hour 
day is already out of date. I have read all the resolu- 
tions on your agenda in favour of a 40-hour week or 
a six-hour day and so forth, and I am fully alive to 
the fact that the International Federation of Trade 
Unions at Stockholm demanded a 44-hour week. Far 
be it from my intention to pour cold water on the 
aspiration of workers. But supposing that British 
workers were in the near future to obtain a further 
shortening of the working day, are you at all certain 
that this gain could be held in the face of foreign compe- 
tition if workers in other countries are working more 
than 48 hours a week? In order to prevent the 
necessity of a step backward later, and to ensure the 
stability of British industry itself, help us to get the 
eight-hour day applied in all countries. Far from 
that hindering further progress, that alone will make 
it possible. Jaures once said: ‘A nation which wants 
to make rapid progress toward social justice must 
take care not to cut itself off from the rest of mankind.’ 
The truth of that dictum is now obvious.” 





The following resolution, which was moved by 
Mr. Sullivan, of the Tailors’ and Garment Workers’ 
organisation, and seconded by Mr. Cook, of the Miners’ 
Federation, was passed without dissent :—‘‘ Following 
the concentration of capitalists’ production into com- 
bines, trusts and cartels, the Trades Union Congress 
shall devote its energies to the like reduction of trade 
unions covering each industry, so that the workers’ 
organisation keeps pace with the modern organisation 
of industry.” 





With a slight but important alteration, the General 
€ouncil’s resolution bearing on the subject of rationali- 
sation was passed unanimously. In its amended form 
it was as follows :—‘‘ This Trades Union Congress 
considers that there is a grave danger of rationalisation 
being developed in economic forms, and directs the 
General Council to watch these tendencies with a view 
to promoting such legislation as will prevent the workers’ 
conditions being worsened or their industry being 
jeopardised ; and further, in view of the effect of the 
speeding up of machinery and the introduction of more 
scientific methods of production, this Congress directs 
the attention of the affiliated unions to the consequent 
displacement of labour and the limited opportunities 
for re-absorption, especially in view of the fact that 
this displacement is covering a wide field of industry 
without creating to an equal extent new industries 
or services. This Congress urges affiliated unions 
when facing this problem to press for a reduction of 
hours in order to limit displacement; to institute 
generally in connection with the reorganisation of 
industry adequate compensation for persons displaced ; 
and to press for an adequate State pension for persons 
of 60 years of age and over in order to provide avenues 
of employment for the younger workers.” 





A resolution for which the Miners’ Federation were 
responsible declared that—‘ This Co’ directs 
attention to the international character of the economic 
problems of the coal-mining industry. It affirms that 
the present intense competition between coal-producing 
countries (arising from a world excess of productive 
capacity over effective demand) is disastrous in its 
effects, and inimical to the best interests of the mine- 
workers, the coal-mining industries, and the peoples 
of the countries concerned. It therefore requests the 
General Council to press forward, through the I.F.T.U., 
the necessity for international agreements for the 
regulation of the coal trade, with uniform hours of 
labour and adequate standards of living for the mine- 
workers of all countries.” This was carried. 





Six resolutions on the shorter working week were 
displaced by a composite resolution calling on the 
Labour Government to give legislative effect to the 
proposal for a normal working week of 44 hours, 
inclusive of meal times (making a week of 39 hours in 
reality). It was agreed to after discussion. 


At Friday’s sitting, Mr. Bevin explained what the 
General Council had done with the object of securing 
the repeal of the Trades Disputes and Trade Unions 
Act, 1927, The General Council had asked, he said, 
for the complete restoration of the pre-1927 position. 
They did not admit, and never would admit, that the 
general strike was a revolutionary strike ; it was the 


exercise by the workers of their right of association to 
help their fellows against what they believed to be a 
wrongful reduction of wages. They had been assured 
that the subject would take its proper place, and he 
thought he could say in their name that if the Govern- 
ment for any reason failed to honour the pledge which 
Mr. Clynes had made to the Co earlier in the 
week, that failure would be strongly resented by the 
trade unionists of the country. 





A debate on the subject of family allowances arose 
out of the General Council’s report on the findings of 
the joint committee of the Congress and the Labour 
party Executive on the subject of the living wage. 
The majority of the joint committee were in favour 
of a system of family allowances, but the minority 
were not, and the General Council of the Trade Unions 
Congress favoured the minority’s findings: An amend- 
ment to refer back the General Council’s disapproval 
of family allowances was defeated on a card vote by 
2,154,000 to 1,347,000. 





A resolution was carried instructing the General 
Council to try to alter the fair-wages clause so as to make 
it compulsory for firms to employ only trade unionists, 
not only on public contracts but in ordinary business. 
The Council was also instructed to urge the Govern- 
ment to insist on the fair-wages clause being recog- 
nised by the Unemployment Grants Committee and 
observed on all Government and municipal work car- 
ried out by direct contract. The Congress demand that 
all workers be paid for holidays was re-affirmed. 





The writer of the editorial notes in Man and Metal, 
the organ of the Confederation of Iron and Steel Trades, 
says that the old remedies for unemployment of 
reducing wages, and increasing hours and output are 
still being advocated, though a growing volume of 
expressed opinion takes the view that the real remedy 
is such a reduction of hours as would spread the avail- 
able work over the whole of the employable persons, 
and a re-organisation of industry within the capitalist 
system on that basis. ‘‘ The papers,’’ he continues 
“specially written for the middle classes, such as the 
weekly reviews and magazines, are drawing attention 
to the facts of the case in a way that they have never 
done before, and are pointing out how the use of 
scientific organisation of the production of wealth and 
the employment of machinery better designed for the 
job, have increased enormously the output per man 
employed. These papers are asserting that the sane 
way of dealing with the situation is so to re-arrange 
the hours of labour as to absorb the unemployed, and 
so increase purchasing power in the hope of stimulating 
the consumption of commodities in the hope of increas- 
ing trade.” 





‘* Lancashire’s idea of getting one man to mind eight 
or sixteen looms with an increased number of hours 
per week is appealing,” the writer goes on to say, ‘‘ to 
fewer and fewer of the thinking population who take 
an interest in the matter. In our own trade, reports 
from the United States indicate that they are only 
working 52 per cent. of the capacity of the plants. 
Similar reports are coming from Germany of closing 
departments, dismissing men, reducing wages and 
lowering prices. India tells the same story of reduced 
profits and reduced earnings; so that while we are 
suffering from what is called a trade depression, we 
are not suffering alone. It does not, of course, relieve 
or ease our burden or our sufferings that others are 
equally ill off, but if, as indicated, this problem is 
world-wide, the fact suggests that there are many 
causes and that the remedies do not lie in the old ideas 
of reducing wages, dismissing men, and increasing 
output. While some may believe that a re-organisation 
within the capitalist system will bring about a remedy 
the Socialist believes that, before we can get a final 
cure, the people themselves must own, control and 
operate the means whereby we live.” 





In a report presented to the Congress of the Inter- 
national Metal Workers’ Federation which began on 
August 27, in Copenhagen, it was stated that at the end 
of 1929, 28 organisations in 19 countries were affiliated. 
This total includes the International Brotherhood of 
Machinists (United States) and the metal workers’ 
organisations in Norway and Sweden, whose national 
trade union centres are not affiliated to the Inter- 
national Federation of Trade Unions. With the excep- 
tion of Russia, Italy, Bulgaria, Portugal, Turkey, and 
the Baltic States, the Federation includes organised 
metal workers in all European countries. During the 
period under report, the membership has increased 
from 1,617,449 to 1,841,389, or approximately 15 per 
cent. The total income of the affiliated organisations 
in the year 1928 amounted to a total of 103,000,000 








Swiss francs, or an average of 61°34 Swiss francs 








per member. The Danish organisation had a yearly 
income of 280 francs per member, which is the 
highest figure given, while the Yugoslav organisa- 
tion had a yearly average income of 10 francs per 
member, which is the lowest figure reported. The 
capital in the hands of the various national organisations 
at the end of 1928 amounted to 106,000,000 francs. 
In reality, however, the actual sum in the hands of the 
organisations is much more than this amount, inasmuch 
as the strongest organisations, particularly the German 
Metal Workers’ Union, have not divulged the amounts 
of their strike funds, which are known to be of large 
proportions. 





In the course of the years 1926-1928, approximately 
168,000,000 Swiss francs were paid out in benefits. 
Approximately half of this amount, or 80,000,000 francs, 
was paid out in unemployment. benefit, 42,000,000 
francs in strike and victimisation benefit, 30,000,000 
francs in sick and funeral benefit, and 15,000,000 francs 
in other benefits. A new feature in most organisations 
was the introduction of old-age and invalidity benefits, 
which absorbed 600,000 francs. It is anticipated that 
in the course of time the expenditure for these benefits 
will considerably increase. In the triennial period under 
review, no fewer than 1,815 strikes and lock-outs were 
conducted, affecting 525,000 workers. In addition 
there were 9,000 wage movements (affecting 4,000,000 
workers) which did not result in stoppage of work. 
The international mutual aid movement of the metal 
workers’ organisations has also developed to a con- 
siderable extent. In the last ten years the affiliated 
organisations have spent in. this way 1,105,000 Swiss 
francs. Of this sum, the Federation has paid to neces- 
sitous organisations, mostly during large-scale wage 
movements, the sum of 1,068,000 francs. In addition, 
the four Scandinavian organisations (Sweden, Norway, 
Denmark and Finland) have an agreement for mutual 
support, by which sympathetic action is instituted 
immediately any large-scale struggle is undertaken. 
The sums transferred in virtue of this agreement are 
not mentioned in the report. 





It is estimated that at August 25, 1930, there were 
approximately 9,548,600 insured persons aged 16 to 
64 in employment in Great Britain. This was 36,100 
less than a month before, and 726,100 less than a year 
before. On September 1, 1930, the numbers of persons 
on the registers of employment exchanges in Great 
Britain were 1,349,193 wholly unemployed, 614,008 
temporarily stopped, and 97,243 normally in casual 
employment, making a total of 2,060,444. This was 
20,742 more than a week before, and 908,184 more than 
a year before. 





During August the average numbers of persons on 
the registers of employment exchanges in Great Britain 
were 1,314,078 wholly unemployed, 627,258 temporarily 
stopped, and 94,796 normally in casual employment, 
making a total of 2,036,132, of whom 1,330,766 were 
men aged 21 and over, 106,799 men aged 18 to 20, 
59,745 boys aged 14 to 17, 416,278 women aged 21 
and over, 69,578 women aged 18 to 20, and 52,966. 
girls aged 14 to 17. 





A discussion took place at the annual general 
meeting of the German Miners’ Union, with regard to 
the present state of German legislation for the coal- 
mining industry and the international negotiations on 
working hours in coal mines. Information was given 
with regard to the proceedings of the Preparatory 
International Conference on work in coal mines, held in 
Geneva in January, 1930, and also with regard to the 
pro: ings of the recent Session of the International 
Labour Conference. A report was also presented on 
the proceedings of the International Miners’ Congress 
held in May at Cracow. In the course of the discussion 
@ representative of the Saar district stated that the 
miners of the Saar coalfield were particularly interested 
in the international regulation of working hours, 
inasmuch as the Saar shift period was at present 
74 hours. The Saar miners wished to retain this shift 
period when the Saar district was restored to Germany. 
Another representative of the Saar district urged that 
in no circumstances should the conclusion of an Inter- 
national Convention dealing with working hours result 
in an extension of present hours. 








Sopa In MancuuriA.—The bulk of the washing soda 
consumed in North Manchuria is imported from Great 
Britain. The total annual amount used is variousl 
estimated at from 12,300 tons to 20,000 tons. A small 
portion of the requirements of the Province is, however, 
manufactured locally by primitive methods. It is 
stated in The Chinese Economic Bulletin, that if the 
supplies occurring in the Barga lakes and elsewhere 
were utilised, and the home industry placed on a proper 
footing, North Manchuria, from being an importing 
country would become an exporting one. 
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For some time past, the tendency in goods transport 
by road has been to concentrate heavy loads in a single 
vehicle. There is no doubt that this practice results in 
economy where the conditions of service permit of 
the vehicle making regular runs at or near full capacity, | 
but it is apt to result in rapid deterioration of the road 
surface unless very careful attention is given to the 
design of the vehicle. If an economic speed is to be 
employed, the provision of rubber tyres is essential, | 
and the number of wheels must be sufficient to limit | 
the load per axle to a reasonable figure. Apart from | 
these factors, a smooth pick up, absence of vibration, 
and uniform torque are of great value in reducing the 
maximum stresses to which nvt only the road surface, 
but the components of the vehicle itself, are subjected, 
and, from this point of view, the steam wagon possesses 
decided advantages. We were recently afforded an | 
opportunity by the makers, Messrs. The “ Sentinel ” | 
Waggon Works, Limited, of Shrewsbury, of seeing their | 
latest heavy wagon under test, and noticed that it ap- 
peared to fulfil all the above conditions, the absence of | 
snatch in the pick up, with the possibility of inching 
the vehicle in forward or reverse with perfect smooth- 
ness, being particularly striking. 

As will be seen from Figs. 1 to 6, on this and the 
epposite pages, the wagon is carried on two four-wheeled 
bogies, one fore and one aft, and follows the maker’s 
conventional practice so far as the location of the boiler 














Fig. 4. 


and engine are concerned. Both these units, and also 
the rear bogie, are practically identical with those em- 
ployed in the firm’s earlier rigid six-wheeler, which was 
described in ENGINEERING, vol. cxxviii, page 41 (1929). 
It is therefore unnecessary to describe these parts in 
detail, but it may be recalled that the boiler is mounted 
ahead of the front axle, and that the engine is arranged 
horizontally with the cylinders parallel to the frame. 
The drive is taken from each end of a layshaft, incor- 
porated inthe two-speed gear-box, through a differential, 
also incorporated in the gear-box, and thence by two 
roller chains to the leading rear axle, the second rear 
axle being driven by independent chains from the lead- 
ing rear wheels. In addition to a hand-operated brake, 
there is a sensitive but powerful steam brake, both 
brakes acting on all four rear wheels. The boiler is 
of the vertical type, the cylindrical fire box being fitted 
with a large number of steeply-inclined water tubes. 
The latter are arranged so as to occupy practically the 
whole of the annular space to be traversed by the hot 
gases between the wall of the firebox and the central 
stoking chute. The boiler pressure is 275 lb. per square 
inch. The engineis a two-cylinder double-acting model 
with cam-operated valves, the cylinder bore being 6 in. 
and the piston stroke 8 in. On top gear, the engine 
runs at 435 r.p.m., when the road speed is 12 m.p.h., 
and on low gear at 650 r.p.m. with a road speed of 
6 m.p.h. If required, however, the vehicle can be 
run at very appreciably higher speeds. 

The forward bogie is of entirely new design, and is 
of particular interest in that all four front wheels are 





steered on the Ackermann principle. As will be seen 
from Figs. 5 and 6, the bogie consists of a fixed hollow 
steel axle sprung below the forward end of the frame 
side members. This axle is located by means of radius 
rods terminating in side plates bolted to the main frame 
forward of the bogie, the rods being provided with shock 
absorbers on each side of the plate anchorage. These 
rods are not shown in Figs. 5 and 6, but the forward end 
of one of them, together with the side plate, can be seen 
in Fig. 1. A forged steel double-armed bogie frame 
is pivoted on each end of the axle, and the steering 
pivots are located at the end of each arm. The bogie 
frames are made in the form of drop forgings with the 
two arms in line, and after drilling out each end for 
lightness, the arms are curved round as shown in plan 
in Fig. 5. Each pair of steering pivots is connected 
by a track rod at right angles to the chassis centre 
line, as shown in the same figure, while the front and 
rear pairs of wheels are coupled on the near-side of 
the chassis by means of a draglink. Finally, the 
forward near-side steering pivot is connected by means 
of the usual rod to the steering arm. Marles steer- 
ing gear is employed, the arrangement of the column 
and steering shaft being.shown in Fig. 1. The various 
levers on the steering pivots are of the requisite length, 
and set at the required angles, to conform with the 
Ackermann principle, the wheels on being steered 
following a series of circles with a common centre 
located on a line passing through the rear-bogie axle, 
as shown in Fig. 3. Owing to the additional adhesion 
provided by four front wheels in place of two, an 
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unusual lock can be given without any tendency to 
skid forward when turning, the minimum turning 
circle being actually 33 ft., or little more than the 
length of the vehicle. 

As illustrated in Fig. 4, the vehicle is fitted with 
an open-type lorry body with drop sides, the overall 
length being 29 ft. 5 in., the overall width 7 ft. 6 in., 
and the length of the body 23 ft. The distance be- 
tween the bogie centres is 14 ft. 73 in., the distance 
between the front and rear wheel centres on the forward 
bogie is 3 ft. 8} in., and the corresponding rear- 
bogie distance is 3ft.10in. The wheel track of the 
forward bogie is 5 ft. 10 in., while that of the rear 
bogie is 5 ft. 9} in. The height of the platform, when 
the vehicle is fully laden, is 4 ft. 0} in. The coal 
bunker has a capacity of 10 cwt., and the water 
tank a capacity of 230 gals. The average fuel con- 
sumption, with full load, is; about 1 cwt. to 14 miles. 
During the test already referred to, the wagon, when 
fully loaded, was run over a number of railways leepers 
spaced about 6 ft. apart, and was stopped and started 
without any difficulty with the wheels in various posi- 
tions on and between the sleepers. Whether all the 
wheels were passing over the sleepers, or those on one 
side only, the wheels followed the rough track perfectly, 
and there was no sign of rebound. The same features 
characterised the vehicle when taken over rough 
ground, The hill-climbing capacity was well shown 
by starting, stopping, and reversing on a ramp with an 
inclination of 1in 6. To demonstrate the small steering 
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lock and ease of control, the vehicle was driven through 
the relatively narrow spaces between the various shops 
in the Sentinel Works, and round a number of corners, 
and the ease with which these were negotiated was 
most striking. 








PERSIA AND ITS IMPORTS. 


Persia is now going through a transitional stage in 
her history. The old order has been left behind and the 
march towards modernisation and reform has been 
started. Though absorbing much from western progress, 
she is bent upon learning from her own experience, and it 
is to be hoped that her efforts will make for the well- 
being of her subjects and the pioneer organisations 
that have done so much to improve her economic 

ition. With a population of just over 10,000,000, 
the great bulk being peasants with a very low standard 
of living and burdened with heavy taxation, Persia is 
attempting to build up an educational system, and 
is engaging a number of French teachers for her schools 
to ensure that the rising generation may be able to 
read and write. To obtain future masters for the 
scheme of furthering instruction, 100 of her people are 
sent each year to study in Europe at the expense of 
the Government. Efforts are also being made for the 
improvement of public health, but there are still 
apparent throughout the country very primitive ideas 
regarding hygiene, and the lower classes seem}to be 
burdened with an obsession of dread of hospitals. The 





dearth of properly qualified doctors is a problem which 
must be dealt with before the high mortality rate 
can be reduced. 

From the commercial point of view, the last year of 
the Persian calendar, corresponding to March 21, 1929, 
to March 20, 1930, we learn from a report on “‘ Economic 
Conditions in Persia’? prepared by Mr. E. R. Lingeman 
for the Department of Overseas Trade, was the worst 
experienced for a very long time. This resulted from 
a steady fall in the rate of exchange, coupled with the 
inability of the merchants to raise the prices of their 
goods proportionately, because of the low purchasing 
power of the population. In many cases, the importers 
either refused to take up their goods or bore the losses 
involved in their sale. The Manchester trade suffered 
very much in consequence, and the Russians quickly 
exploited the situation by flooding the markets. 
Imports from Great Britain fell in value from 
237,000,000 krans (about 4,250,000/. sterling), or 
29-3 per cent. of the total, in 1927-28, to 157,000,000 
krans (under 3,000,000/.), or 19-1 per cent. of the 
total, in 1929-30. The decrease was a general one, 
affecting the greater number of British products sent 
to the country. Vehicles, mineral oil, iron and steel, 
pure wool fabrics, and cloth, mixtures of cotton and 
wool, alone showed slight increases. Cotton goods fell 
roughly by 40 per cent., accounting for about one- 
half of the total decrease in the total. This stands out 
in contrast with the Russian trade in cotton goods, 
which rose by 70 per cent. Out of the total importation 
of machinery and tools, Britain had 86 per cent. of the 
trade in 1927-28 and only 61 per cent. in 1928-29. In 


this market, as also that in metals, the competition . 


was strenuous, as Russia and Germany have both 


set out to capture the expanding trade. America had . 


practically got a monopoly of the Persian market 
for motor cars and commercial vehicles. 

All the best traders have now become tied up with 
American agencies, and it must be recognised that 
business cannot be donein this market if cash is expected 
against documents. A large German organisation has 
established one of its own engineer-salesmen in 
Tehran, and has thus been able to make considerable 
headway. Under a trade agreement concluded between 
the Persian and Soviet Governments in October, 
1927, exporters are compelled to take Russian goods 
in payment for those sent from Persia. This action 
has had the effect of displacing Great Britain from the 
position of chief purveyor of foreign goods. Russia 
has thus reassumed the dominating position she held 
in Persia prior to the Great War, but largely by under- 
cutting all competition with little regard for costs. 

The importance of the Anglo-Persian Oil Company 
to the economic life of the country can scarcely be 
exaggerated. The output of oil was only 80,000 tons 
in 1912-13, whereas it had reached 5,000,000 tons in 
1927-28, with corresponding advantage in national 
revenue from royalties. These reached 1,389,612/. 
in the last-mentioned year. It was not merely in bulk 
that the production of the company had increased ; 
improvements in refinery practice had led to greater 
percentages of benzine and kerosene being available for 
shipment. 

Transport facilities are essential in the development 


of any territory, and the Persian Government is doing ° 


much to provide adequately in this respect. A com- 
plete survey has been made of the proposed north to 


south railway line, under agreement with a syndicate - 


composed of three German firms and one American 
concern, and trial sections have already been built at 
each end of the proposed system. The total length 
of the projected railway from Bandar Shapur to Bandar 
Shah will be 963 miles if taken by Hamadan and 
Kazvin, but the alternative route by Nobaran and 
Sareh, which was also under consideration, would 
reduce it to 889 miles. So far, a length of 156 miles 


has been constructed at the southern end, and 80 miles ’ 
at the northern extreme, and a total expenditure of ' 


3,200,0007. has been incurred. For the entire scheme, 
a sum of about 40,000,000/. will be required, an amount 
which the country can ill afford to spend at present. 
It is thought probable that the Persian Government 
will proceed with short sections at intervals to avoid 
serious effects upon the rate of exchange and the néed 
to resort to aforeignloan. The authorities are devoting 
attention to road construction, but many foreign 
observers, impressed with the fall in transport rates 
due to the importation of motor lorries, thought that 
the sums devoted to railway construction might have 
been better employed in road making and maintenance. 
Civil aviation in Persia is in the hands of the Junkers 
Company, who have established regular services 
between Tehran and Baku, Bushire, Baghdad and 
Meshed. Connections with the Imperial Airways 
Services are made at Baghdad and Bushire, and it is 
thus possible now to fly the whole way from London 
tothe capital of Persia. By October, 1929, the Junkers 
Company’s aeroplanes had flown about 620,000 miles'‘in 
Persia, and had carried 10,000 passengers without 
serious accident. It may be noted that 75 per,cent. 
of the passengers carried were Persians. 
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TESTS OF A METHANE INDICATOR. 


More than two years ago, the Oxweld Acetylene 
Company, a part of the Union Carbide and Carbon Cor- 
ration, submitted for approval to the United States 
ureau of Mines a new methane indicator for gassy 
mines, under the name of the U.C.C. detector. A 
report on Laboratory and Field Tests of a Permeable 
Indicating Methane Detector, by Messrs. A. B. Hooker, 
W. J. Fene and R. D. Currie (Report of Investigations 
No. 3008 of the Bureau), gives a comprehensive account 
of the performance of this portable indicator, which 
is of the Wheatstone-bridge type. One arm of the 
bridge comprises a platinum filament heated by current 
from a battery. When the filament is heated in air, 
the bridge is balanced, but in the presence of methane, 
the filament temperature rises proportionally to the 
percentage of methane, which is read off directly. 
The presence of carbon dioxide and a deficiency of the 
mine air in oxygen also influence the filament tempera- 
ture, and these factors had to be studied in the tests. 
The detector consists of four parts which are con- 
nected by flexible conductors: a detector head, a 
meter and bridge case, a battery, and a lamp attach- 
ment. The detector head contains the filament within 
three concentric gauze mantles; the filament axis is 
normally horizontal, The head itself, which is carried 
by hand, weighs 2 lb. The bridge meter also weighs 
2 Ib. The battery consists of two lead-acid cells in 
a rubber container with a magnetic lock; it can serve 
for five hours and weighs 6$ lb. The two-filament 
lamp is called a cap-lamp; it is fitted with a two- 
way switch and a universal joint, but it is required for 
illumination only. The tests were made in still and 
in moving explosive mixtures containing up to 7 per 
cent. of methane; when this limit was reached, a 
series of minor explosions was heard, and the galvano- 
meter needle became unsteady. The indications were 
found correct within at least 4 per cent. ; generally the 
accuracy was much greater. As the temperature of the 
filament is high in any case, the temperature of the 
mine air has no appreciable influence. Neither did the 
presence of CO,, nor the deficiency of oxygen in black 
damp (mine air after explosions) affect the accuracy 
materially. The detector and battery were sufficiently 
strong to withstand drop tests; the acid did not 
spill, and the battery did not spark. Burning in air, 
the filament had a life of about 60 hours. The prac- 
tical tests were made by the fire-man and his assistants. 
For his routine inspection of a mine by means of a 
safety lamp he required three hours. With the U.C.C. 
detector he was occupied for 3 hours 19 minutes, during 
which he took 93 readings; but the work was safe, and 
he had the additional quantitative information, though 
the detector gave no indication of the presence of CO, 
(up to 15 per cent.) or of a deficiency of oxygen when 
the oxygen present was reduced to 13 per cent. 
and the air contained an excess of nitrogen. The 
detector is recommended for the use of inspectors and 
for the safe checking and supplementing of the indica- 
tions of the flame-type detector; but it seems too 
expensive and complex, and also too heavy, to replace 
the ordinary miner’s safety lamp. The detector was 
safe in explosive mixtures moving at the rate of 
2,500 ft. per minute; it would, however, hardly help 
the miner when a sudden outrush of gas takes place 
at the working face, as he is not supplied with this 
detector. Yet the reporters express the hope that the 
utility of this type of device will become so pronounced 
as to make it indispensable, irrespective of its high cost. 








MEAN TEMPERATURE-DIFFERENCE CHART: ERRATUM, 


—We regret that, owing to a typographical error, all the | H: 


values of Ao given in the last column of the table 
published on page 295 of our last issue were displaced 
one line down, the figure 0-009 occuring five times at 
the top of the column instead of four. To correct the 
chart, therefore, the top figure should be deleted, and 
all the remaining figures lifted one line. We are indebted 
to several correspondents for pointing out the error. 





Contracts.—The contract for the construction of the 
tunnel section of the Southgate extension of the Picca- 
dilly Tube, London Underground Railways, has been 
placed with Messrs. Charles Brand and Son, civil engineer- 
ing contractors, Millbank House, Wood-street, London, 
8.W.1. The tunnel section extenis from Finsbury Park 
northwards to Maidstone-road, Southgate, a distance of 
about 4} miles.—Messrs. The British Thomson-Houston 
Company, Limited, Crown House, Aldwych, London, 
W.C.2, have been successful in securing an 18 months’ 
contract from the War Office for the supply of vacuum, 
gas-filled, and carbon-filament Mazda lamps.—Messrs. 
James and Fredk. Howard, Limited, Bedford, who 
recently secured the contract for the complete equipment 
of the new Liverpool Corporation abattoir, stated to 
the 1 t in the United Kingdom, are now to supply 


the equipment for the new abattoir of the Municipality of 
Bulawayo.—Messrs. James Pollock, Sons and Company, 
Limited, 3, Lloyd’s Avenue, London, E.C.3, have secured 
a contract from London owners for an oil-tank motorship, 
the main dimensions of which are 91 ft. by 18 ft. by 
9 ft. 8in. The propelling machinery will comprise a Bolin- 
der heavy-oil engine with instantaneous starting gear. 


be | A.M.I.E.E., Chartered Patent A 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Telephone Apparatus.—The supply and delivery of 
telephonists’ receivers, ebonite earpieces, c. The Posts 
and Telegraphs Department, Melbourne, Australia ; 
November 18. (Ref. No. A.X. 10,183.) : 

Bridgework.—-The supply of structural steelwork for 
strengthening the Kotri Bridge. The North-Western 
Railway of India, Lahore; October 31. (Ref. No. A.X. 
10,190.) 
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Press. By C. J. West. New York: National Research 

Council. [Price 50 cents. ] 

igh dbook. 1929 Edition. Washington: High- 

[Price 50 cents. ] 
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PreRsonaL.—Messrs. Vickers, Limited, desire us to 
announce that Colonel J. B. Neilson, C.M.G., D.S.O., 
has been appointed director and deputy chairman of the 
Company in place of the late Mr. G. G. Sim. We are 
informed that although Colonel Neilson retains his 
appointment as deputy chairman of Messrs. Baldwins, 
Limited, this does not imply that there is any connection 
or working ement between the two companies.— 
Mr. A. E. Halliwell has resigned from the directorate of 
Messrs. Phillips and Sons (Chiswick) Limited, 42, Water- 
ford-road, alham Green, London, S.W.6.—Messrs. 
Selson Engineering Company, Limited, 26-28, Charles- 
street, Hatton Garden, London, E.C.1, have been ap- 
pointed sole agents for Messrs. Bilgram Machine Com- 
pany, for their bevel gear planing machines.—Mr. A. H. 
Stockley has joined the board of Messrs. Cammell Laird 
and Company, Limited, Birkenhead. Mr. Stockley is 
vice-chairman of Messrs. Elders and Fyffes, Limited, 
and of Messrs. Fyffes, Limited.—Major T. E. Robertson, 
nt, is removing his 
office, on September 19, from Hazlitt House, South- 
ampton-buildings, W.C.2, to High Holborn House, 
52-54, High Holborn, W.C.1.—On September 15, the 
associated companies, Messrs. The Horseley Bridge and 
Engineering Company, Limited, Thomas Piggott and 
Company, Limited, and Guest, Keen and Piggotts, 
Limited, are moving their London office, from 11, Victoria- 
street, S.W.1, to 22, Carlisle-place, Victoria-street, 8. W.1. 


of 


ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Iron and Steel.—A course of 25 lectures on 
Iron and Steel will be given by Mr. T. Barton Kelly, 
on Tuesdays, from 6.30 p.m. to 7.30 p.m., commencing 
on September 23 next, at the City of London College, 
Ropemaker-street, Moorfields, London, E.C.2. The 
course covers a wide range, the commercial and 
economic aspects of the industry being dealt with, as 
well as the technical. The fee for the course is 25s. 6d. 
for students resident in London and the Home Counties. 
Prospective students should apply to the Secretary of 
the College for full particulars. 








LAUNCHES AND TRIAL TRIPS. 


‘* DEERPOOL.”—Grain - carrying and _ general - cargo 
steamer; triple-expansion engines. Trial trip, Septem- 
ber 2. Main dimensions, 434 ft. 4in. by 54ft. 3in. by 
30 ft. lin. Built by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. The Pool Shipping 
Company, Limited, West Hartlepool. 

** CoRABANK.”—Single - screw oil-tank motorship ; 
eight-cylinder single-acting Workman Clark-Sulzer type 
Dieselengine. Launch, September 4. Main dimensions, 
495 ft. by 63 ft. 9 in. by 35 ft. 6 in. Built by Messrs. 
Workman Clark (1928) Limited, Belfast, for Messrs. 
Andrew Weir and Company, Bank Line, Limited, 
London, 

“* Naz-PERWER.”’—Twin-screw motor yacht. Two 
sets of Diesel engines by Fried. Krupp, Germaniawerft, 
Kiel, developing 2,000 b.h.p. Launched, September 9. 
Main dimensions: length, 248 ft. overall ; beam, 32 ft. ; 
moulded depth, 18 ft. 6 in. Built by Messrs. Ramage 
and Ferguson, Limited, Leith, to the order of H.H. 
Prince Youssouf Kamal, of Egypt. 








TRacTOR TRIALS.—A public demonstration in connec- 
tion with the world agricultural tractor trials, organised 
by the Royal Agricultural Society of England and 
the Institute for Research in Agricultural Engineering 
(University of Oxford) will be held at Ardington, near 
Wantage, Berks, on September 16 to 19, inclusive. 
Thirty-two machines, representing seven countries, will 
be taking part, and ploughing will commence each day 
at 10.30 a.m. All the machines have undergone scientific 
tests, full particulars of which will appear in a Report 
and Catalogue, which will be on sale at the time of 
the trials, price ls. 





ASSOCIATION OF SPECIAL LIBRARIES AND INFORMA- 
TION BurEAvx.—A joint committee of the Association 
of Special Libraries and Information Bureaux, and of 
the British Society for International Bibliography has 
been formed to advise and assist in the adoption and 
use in this country of the universal decimal classification 
of indexing of the Institut International de Bibliographie. 
The members of the Committee are Sir F. Nathan, 
Lieutenant-Colonel L. Newcombe, Dr. S. C. Bradford, 
and Professor A. F. C. Pollard. All persons interested 
are invited to communicate with The Association of 
Special Libraries and Information Bureaux, 26, Bedford- 
square, London, W.C.1. 





THE LATE Apmrrat H. H. RoussEav.—We note, with 
regret, the death of Rear Admiral H. H. Rousseau, of the 
United States Navy, which occurred on July 23 last, on 
board the 8.8. Cristobal, while on a voyage from New York 
to Cristobal, Panama Canal. Admiral Rousseau was 
appointed a member of the Isthmian Canal Commission 
in March, 1907. In August of that year, he was placed 
in charge of the Department of Municipal Engineering, 
Motive Power and Sianee, and Building Construc- 
tion in the Department of Construction and Engineering. 
On December 13, 1912, he was given charge of the 
work on the Pacific terminal facilities of the Panama 
Canal, and subsequently supervised the construction of 
the Atlantic terminal facilities. When the Canal was 
opened in 1914, Admiral Rousseau became engineer of 
terminal construction in the Department of Operation 
and Maintenance. He continued to occupy this position 
until July, 1916, when he was relieved from duty in 
connection with the Panama Canal, and returned to the 
United States. He was elected a director of the Panama 
Canal Railroad in 1907, and, with the exception of a 
brief period, remained a director until his death. 


Tue British Non-Ferrous MeEtTats RESEARCH 
AssocriaTIon.—With the object of centralising its offices, 
and in order to provide accommodation for a laboratory 
and workshops for its research and technical development 
departments, the British Non-Ferrous Metals Research 
Association has secured property at Regnart Buildings, 
Euston-street, London, NAW. 1. The Association was 
founded 10 years ago, and now carries out work for all 
sections of the non-ferrous metals industry on a scale of 
expenditure of from 20,0007. to 25,0007. per annum. A 
special appeal for increased annual support and contribu- 
tions to a headquarters’ fund has recently been launched, 
and has met with partial success, despite the present 
difficult industrial conditions. The staff of the Associa- 
tion has just been enlarged by the gp gowery to take 
effect from January next, of Dr. D. H. Ingall as assis- 
tant director and research manager. Dr. Ingall is well 
known as first princi of the Constantine Technical 
College, Middlesbrough. Dr. O. F. Hudson will con- 
tinue as senior metallurgist of the Association. Mr. 
G. L. Bailey, of the Research yang Woolwich, 
has been appointed development officer, to fill the a9 
tion recently vacated by the resignation of Mr. 8. J. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig is little changed. The restricted make is 
ample for present needs, but requirements are expected 
to be such, in the near future, as to at least fully absorb 
the output, and as quantities stored at the blast furnaces 
are not of inconvenient dimensions, producers are in 
quite a strong position. Business with overseas firms 
keeps light, and home trade is almost confined to a 
few direct sales by ironmasters to consumers, but the 
bulk of the make is needed for producers’ own works. 
Second-hands have very little Cleveland iron to dispose 
of. Midland pig and Continental iron is still arriving 
in small lots for use at Tees-side works. Makers’ fixed 
minimum figures for Cleveland brands stand at :—No. 1 
grade, 66s.; No. 3 g.m.b., 63s. 6d.; No. 4, foundry, 
628. 6d.; and No. 4 forge, 62s. 

Hematite—The East Coast hematite branch of the 
staple industry presents few new features. Producers 
are hampered by heavy stocks, but an early change for 
the better in the unsatisfactory statistical position is 
not unlikely, as customers with contracts made hope to 
accept arrears of delivery more freely in the near future. 
In addition to the moderate home business passing, a 
few sales to firms abroad are reported, but Continental 
competition for overseas trade continues to be keen. Mer- 
chants have still substantial quantities on hand, and are 
underselling makers, who ere to quotations on the 
basis of ordinary East Coast qualities at 71s. 


Foreign Ore.—Efforts to sell foreign ore meet with 
little success, as consumers have large stocks and are 
well bought ahead. Freights are, however, inclined to 
stiffen, and quotations are maintained. The picre of 
best rubio remains at about 19s., c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and in only moderate request. Good average 
qualities remain at 16s. 6d. for early delivery to local 
works, but forward contracts cannot be arranged except 
on higher terms, up to 17s. 6d. being asked for supply 
over periods ahead. 


Manufactured Iron and Steel.—There is little new 
business passing in the various departments of manu- 
factured iron and steel, but customers are somewhat 
less disinclined to discuss provision for forward needs, 
and a few contracts have been secured. A few inquiries 
are reported for railway material, constructional steel 
and sheets, but demand for certain other commodities 
is still very quiet. Quotations remain steady. Common 
iron bars are 101. 15s.; best bars, 111. 5s.; double 
best bars, 117. 15s.; treble best bars, 127. 5s.; iron 
rivets, lll. 10s.; packing (parallel), 8/.; packing 
(tapered), 107. ; steel billets (soft), 67. 15s.; steel billets 
(medium), 7/7. 12s. 6d.; steel billets (hard), 81. 2s. 6d. ; 
steel rivets, 111. 58.; steel ship plates, 8. 15s.; steel 
angles, 8/. 7s. 6d.; steel joists, 87. 10s.; heavy sections 
of steel rails, 87. 10s., for parcels of 500 tons and over, 
and 9/. for smaller lots; fish plates, 127. 10s.; black 


sheets (No. 24 gauge), 9/. 12s. 6d.; and galvanised corru- | P® 


gated sheets (No. 24 gauge), 111. 17s. 6d. 


Scrap.—There is little business in scrap. Turnings and 
borings are each down half a crown. The former are 
now 37s. 6d., and the latter 32s. 6d. Heavy machinery 
metal is 56s.; heavy ordinary cast-iron, 55s.; and 
heavy steel scrap, 47s, 6d. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—While conditions in the steel and 
engineering trades are far from normal, and many 
sections are still in the grip of acute depression, signs 
of an improvement are more numerous than for some 
time past. The flow of orders has been augmented, 
while inquiries are more abundant. The consumption 
of raw and semi-finished steel is on a low level, stocks 
at works being more than sufficient to cover current 
needs. Output, however, is on the increase, and 
during the next few weeks a better buying movement 
is expected to develop. Rolling mills and forges are 
working short time. Billets, bars and rods are in 
steady demand, but the tonnage in bulk is only of 
moderate dimensions. The heavy engineering trades 
are working at reduced capacity. Railway rolling-stock 
requirements are being taken in larger quantities by 
overseas railways, but the home call is very disappointing. 
There is an expanding market for marine forgings 


and castings, while orders have been booked for |C 


steelworks machinery and equipment for installation 
overseas. Makers of mining apparatus, while not 
hard pressed, are doing a steady business. The 
unsettled condition of the coal trade generally has 
had much to do with the restricted call from British 
collieries, but foreign mining enterprises have come 
to the rescue with some good orders. The recent 
improvement in the demand for motor-car steel and 
fittings has been more than maintained. The Midlands 
are taking increased supplies, while motor-car builders 
abroad are showing a tendency to purchase more freely. 
Stainless steel and rustless iron are progressive lines, 
and, in some directions, makers are reported to be 
experiencing difficulty in keeping pace with the demand. 
Producers of tool steel and hollow drill steel are making 
headway, despite keen competition from the Continent. 
Mixed conditions operate in the tool trades. There 
is a stronger call for joiners’ and woodworkers’ tools, 
twist drills, and hacksaws and blades, but saws (both 
hand and circular), files and plantation tools are still 
depressed. Light foundries are only moderately employed. 





South-Yorkshire Coal Trade.—The export position 
shows little improvement, but the inland demand is 
rather more consistent in the majority of fuels. There 
is @ growing call for industrial fuel, and a further 
expansion is anticipated now that the iron and steel 
trades tend to become better employed. A brighter 
tone in the house-coal market has ron maintained, 
largely as a result of winter stocking developments. 
The coke market has undergone little ch . Blast- 
furnace sorts are steady at lls. to 12s. 6d., while foundry 
and furnace sorts are only moderately active at 17s. 
to 18s, 6d. Gas coke is firm, and making from 21s. to 
25s. Latest quotations are: Best branch hand picked, 
24s. to 25s. 6d.; Derbyshire best brights, 19s. to 21s.; 
Derbyshire best house, 18s. to 19s. 6d. ; screened house- 
coal, 16s. to 17s.; screened house nuts, 14s. to 16s. ; 
Yorkshire hards, 14s. to 15s. 6d.; Derbyshire hards, 
14s, to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty 
slacks, 78. to 8s.; and smalls, 3s. to 5s. " 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—Conditions in the steam-coal trade 
have not undergone any change of note. Demand 
remains insufficient to absorb available supplies, and 
colliery stoppages are of frequent occurrence, because 
of the inability of salesmen to secure a ready clearance 
of loaded trucks. Prices for all classes of coal, with the 
exception of some of the sized products, are on the 
basis of the minimum stabilisation scheme. A start has 
been made by the coalowners and miners to negotiate an 
agreement for the coalfield to take the place of the 
existing agreement, and also to consider the effects of the 
new Coal Mines Bill. At a meeting of the Coal Concilia- 
tion Board held on Monday, a preliminary discussion 
occurred, but the meeting was adjourned until the end 
of the month. In the meantime, the miners and coal- 
owners will tabulate their proposals, Already the coal- 
owners have declared that a lowering of costs must be 
made, and there is no doubt that they will propose 
lower wage rates. On the other hand, the men have 
declared their intention to ask for an increase in the 
subsistence wage, and a revision of the terms for piece 
workers to make up for the reduction in the working day 
from 8 hours to 7$ hours. The miners are also seeking 
the assistance of the coalowners for a joint pension 
scheme. The Coal Marketing Association has obtained 
the agreement of non-members to their revision of the 
stabilisation scheme which has been sent on to the 
Board of Trade for approval. It is proposed to introduce 
the regulation of output from November I, and, so far, 
the stabilisation prices have not been altered. Tipping 
and weighing charges for coal at the Great Western 
Railway South Wales Docks are to be reduced by 3d. to 
54d. per ton from October 2 by order of the Minister of 
Transport, a reduction which will also be subject to 
de-rating relief of $d. per ton. The charge for fully 
laden 20-ton wagons will be 4d. per ton, the Great 
Western Railway having announced a special rebate of 1d. 
on the schedule charge, less the de-rating rebate of 3d. 
r ton. Shipments of coal foreign last week totalled 
462,460 tons, or 7,000 tons more than in the preceding 
week, exports to France being raised from 118,000 tons to 
154,000 tons, and to Italy from 44,000 tons to 74,000 tons. 
Russian Pit Props.—Colliery owners and pitwood 
importers are at present keenly interested in the arrival 
of Russian pitp rops at the Welsh ports. Already about 
11,000 tons have been brought into South Wales, chiefly 
Cardiff, and are being put into stock on the bank, 
whereas in 1929, 12,000 tons were received. The arrival 
of the Russian wood is causing some apprehension 
amongst pitwood and prop importers, as the Russian 
timber is being offered at lower prices than that demanded 
for Scandinavian props, but whether the competition of 
Soviet timber will affect the price of other props and 
pitwood remains to be seen. Colliery buyers and pitwood 
sellers are, however, closely watching developments. 
Iron and Steel.—Exports of iron and steel goods last 
week totalled 10,053 tons, compared with 9,797 tons 
in the preceding week. Shipments of tinplates were 
raised from 4,425 tons to 7,477 tons, but of other iron 
and steel goods, black plates and galvanised sheets, the 
shipments were reduced. 














Tuer AssocIATION OF SPECIAL LIBRARIES AND INFORM- 
ATION BuREAUX.—The Seventh Annual Conference of 
this Association will be held at New College, Oxford, 
from September 19 to 22. On the evening of the 19th, 
after the reception and dinner, an address will be 
delivered by the President-elect, Mr. H. T. Tizard, 

.B., F.R.S. At the general session following, 
Brigadier-General Magnus Mowat will speak on ‘‘ The 
Year’s Work of the Association.” On the morning 
of the 20th, three meetings will be held: Sir Henry 
Lyons, Mr. F. A. Bather, F.R.S., and Mr. J. M. Walker 
will speak on “The Dissemination of Information b 
Exhibition and Display’; Captain C. W. Hume will 
deal with “‘ Animal Welfare”; and Professor A. F. C. 
Pollard and Dr. 8S. C. Bradford with ‘‘ The Inadequacy 
of the Alphabetical Subject-Index.” The Annual 
General Meeting will be held at 5.30 p.m., and, in the 
evening. Mr. D. A. Bremner will read a paper on “ The 
World Power Conference.” In the morning of Sept- 
ember 21, papers on “Survey and Planning: their 
Relation to Organised Information,” will be read by 
Messrs. C. C. Fagg, G. L. Pepler and 8S. K. Ruck; 
on “The Technique of Information in the Trainin; 
of Students,” by Mr. G. F. O’Riordan and Mr. B. M. 
Headicar; and on “‘ Suggestions for the Improvement 
of Scientific Literature,” by Mr. T. W. MacAlpine. In the 
evening, Herr A. Schlomann and Dr. Prinzhorn will deal 
with “ The Organisation of Information in Germany.” 





NOTICES OF MEETINGS. 





Newcomen Socrety.—Summer Meeting, Liverpool. 
Monday, September 15, and Tuesday, September 16, 
Various visits and excursions. Tuesday, September 16, 
7.30 p.m., Angel Hotel. Annual Dinner, at 9 p.m. 
Short paper by Mr. E. F. S. Lang. Wednesday, Sep- 
tember 17, visits to works. 

Iron AND Steet InstiruTe.—Autumn Meeting, 
Prague, Czechoslovakia. Monday, September 15, to 
Saturday, September 20. Society of Czechoslovak Engi- 
neers, Prague. Monday, September 15, 10 a.m., “ The 
Heterogeneity of an Ingot made by the Harmet Process,” 
by Mr. A. Kriz. ‘‘ What Reasons Compelled the Prague 
Ironworks to Introduce Thin-Walled Blast-Furnaces ?” 
by Mr. J. Sdérek. ‘‘ Permanence of Dimensions under 
Stress at Elevated Temperatures,” by Dr. W. H. Hat- 
field. At 3 p.m., various visits. Tuesday, September 16, 
10 a.m., “ A Contribution on the Problem of the Analysis 
of Basic Slags and the Representation of their Composition 
in a Triangular Diagram,” by Mr. O. Quadrat. “‘ Open- 
Hearth Furnace Steelworks. A Comparison of British 
and Continental Installations and Practice,” by Mr. 
H. C. Wood. ‘“ High-Frequency Steel Furnaces,” by 
Mr. D. F. Campbell. ‘‘ The Effect of Contamination by 
Nitrogen on the Structure of Electric Welds,’’ by Mr. 
L. W. Schuster. “ A Contribution on the Constitution of 
the Fe-C-Si System,” by Mr. A. Kriz, and Mr. F. Pobotil. 
‘The Magnetometric Determination of the Curie Points,” 
by Mr. A. Regner. ‘“ The Quantitative Analysis of. 
Steels by Spectum Analysis,” by Mr. F. Twyman and 
Mr. A. A. Fitch. ‘‘The Mechanism of the Solution of 
Cementite in Carbon Steel and the Influence of Hetero- 
geneity,” by Mr. E. Walldow. At 3 p.m., Various visits. 
Wednesday, September 17, to Saturday, September 20, 
various excursions and visits to works. 


Soctrety or Grass TEcHNOLOGy.—Wednesday, Sep- 
tember 17, 2 p.m., Peak-buildings, Terrace-road, Buxton. 
“The Use of Borax in Glass Manufacture,” by Mr. E. 
Meigh. “Glass Technology and Industrial Progress,” 
by Professor W. E. 8. Turner. Thursday, September 18, 
10 a.m., Presidential Address. ‘‘ The Selling of Glass,” 
by Mr. W. Chance. ‘‘ The Elimination of Waste in the 
Glass Industry,’’ by Dr. G. H. Miles. Friday, Septem- 
ber 19, 9.30 a.m. Conference on ‘‘ Marketing Methods in 
the Glass Industry,” by Sir F. Goodenough. ‘ Publicity 
and Propaganda in the Glass Industry,” by Mr. H. G. 
Selfridge. Saturday, September 20, 9.30 a.m., ‘“‘ The 
Convention—Present and Future,’’ by Mr. 8. B. Bagley. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
September 19. Manchester Literary and Philosophical 
Society, 36, George-street, Manchester. ‘‘The Rainhill 
Locomotive Trials of 1829,”” by Mr. D. Marshall. 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have not altered, and a state of depression is all too 
general. Specifications coming in are few in number 
and mostly for small tonnage, with the result that 
producers are in the unfortunate position of not being 
able to see: more than a day or two ahead. The foreign 
demand is also of little moment, and inquiries are very 
limited in all respects. Black-sheet makers have a fair 
number of orders on hand for light gauges, but the 
demand for the heavier gauges, as well as for galvanised 
sheets, is extremely poor. Prices, where fixed, remain 
steady, but the others all have an easier tendency. The 
following are the current market quotations :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
81. 15s. per ton; and galvanised corrugated sheets (No. 24 
gauge), 12/. 15s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—The West of Scotland mal- 
leable-iron trade is still very dull, and order books are 
poorly filled at present. Consumers’ demands are such 
that plant can barely be kept running the full week, and 
the prospects for the autumn are not bright. The re- 
rollers of steel bars are _— and are complaining of 
the poor prices ruling for their products. Market quota- 
tions are as follows :—Crown bars, 10/. 5s. per ton for 
home delivery and 9/. 15s. per ton for export ; and re- 
rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
or export. 

Scottish Pig-Iron Trade.—There has been no change in 
the Scottish pig-iron trade and all demands are easily 
met at present. With the slowing down at the steel 
works requisitions for deliveries of hematite have recently 
been getting smaller, and the demand for foundry grades 
is likewise very poor. Prices are barely firm and are 
quoted as follows :—Hematite, 78s. 6d. per ton, delivered 
at the steel works ; foundry iron, No. 1, 79s. per ton, and 
No. 3, 76s. 6d. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shi; .—The shipments of Scottish 

ig-iron from Glasgow Harbour for the week ending last 
Scien. September 6, was again small and only 
amounted to 116 tons. Of that total, 15 tons went 
overseas and 101 tons coastwise. During the corre- 
sponding week of last year the figures were 626 tons 
overseas and 36 tons coastwise, making a total of 662 tons. 








Mercury PropvucTion IN THE UNITED STATES.— 
According to a return issued recently by the Bureau 
of Mines at Washington the production of mercury 
in the United States during 1929 amounted to 
23,682 ‘flasks of 76 lb. each. The main producing 
areas were in California, Nevada and Oregon. 

















(2243.C) 


LONDON. 





ENGINEERS, 


Lil 





[SEPT. 12, 1930. 














“ENOINEERING’ 


ne 


--—Ti¥2 





N) 





lees 3. 2 oP ieee } 


337.) 


€ 


LIMITED, 


© 











oP, 





-—--- > 





1 


COMPANY, 


—=-8 





i 


(For Description, see Page 





MAKING SAND-CEMENT BRICKS. 








Fan 


MACHINERY 








mn 





P= ——-85g-——-.-——-7 


am 














a i 




















THE VIMAX 



































MESSRS. 


MACHINE FOR 


























a eS ee i 











Fig.1. 



































(2243 A) 





























“\ 
























































SEPT. I2, 1930.] 


ENGINEERING. 











ENGINEERING. | comtunrs. 





: . PAGE 
Pore bee Mate y no 1 Chapters in Naval and Marine Engineering 
We desire to call the attention of our readers to |p, AStOry-—VI nnn-n-ecccseccessstesssseesnectnseensnnntenenntes 1 
the fact that the above is our SOLE ADDRESS, | The National Physical Laboratory (Jllus.) ............ 316 
no connection exists between this | The British Association at Bristol .................00 318 


and that 
Journal and any other publications bearing 


pete SR ge oan Ro The Welland Ship Canal.—XIV. (Zilus.) 


Letters to the Editor—Hardness Tests of Steel 








TuxecraPaio | “ ENGINEERING,” WESTRAND, Strip. Power-Plant Testing ...................cccsssseees 324 
ADDRESS LONDON. |: The Late Mr. J. W. Wilson es.ssscccsssscssssssseesssseee 324 
TeLerHoNE NumBER—TEMPLE BAR 3663 Le a og diate eee ne emer Sete ee Pere: 325 
= (2 lines). _ | Sentinel Rigid Eight-Wheeled Wagon (Jilus.) ........ 326 

STIBSCRI Persie anid ite Tm porte ..600scsisacassiscscssecssesesesseceasenotavesas 327 
SUBSCRIPTIONS, HOME AND FOREIGN. Tests of a Methane Indicator ..................:cccccessseeeees 328 

“ ENGINEERING ” may be ordered from any Tenders segeesceaceneeererenseneensasenceseacoreaceneneearensacssncenesasenense 328 
newsagent in town and country and at railway book- PRI TI i asin ss caatlan danny ngiateaniasutiacieee = 


Engineering Training and Education 
Launches and Trial Trips 
Notes from Cleveland and the Northern Counties .... 329 
Notes from South Yorkshire 329 


stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 





For the United Kingdom....................0 £3 65 0 | Notes from South YOrKSMIre «0... eee eeseseeeeeeeses 
Fer ple ’ Notes from the South-West  .......--ss:secsssscsessssssee 329 
Thin paper copies ................00+ SO BG; GH: - | arlene OE Mahe aia ssn cscncnscstsnesesensobdenatornvn 
Thick paper copies....................+++ £3 3 0 | Notes from the North 
For.all other places abroad :— Contractors Risks __tteecseseassneeuseasenncovesnsensenecnseneensensens 
Thin paper copies ..............0...s0000 £3 3 0 |The Railway Situation 
Thick paper copies £3 7 6 Note soseeveesssessuessnesssecssnsecssssaneeesseenseccssesnnasssgsenass assseecene 
The Institute of Metals : Southampton Meeting .... 333 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


The Interdependance of Science and Engineering 
with Some Examples 
The Vimax Brick-Making Machine (Iilus.) 
The Use of High Pressures and Temperatures in 
When foreign subscriptions are sent by Post Office| the Generation of Power (I/lus.) 
Orders, advice should be sent to the Publisher. Gas Removal and Grain Refinement of Aluminium 


————— Alloys (Jilus.) 
ADVERTISEMENT RATES. 











The Development of Rigid-Airship Construction 





IE ea ceade etal ween van adpnisetes ecsivesscoliareqacsinscssseeericade 341 
The charge for advertisements classified under the Tie Doe Disc-Arm Pivot Valve (Illu8.)..........-.s00+00++ 
Headings of Appointments Open, Situations Wanted, | Catalogues ................-.ss:sssssssssssistssesssnsonssssenssnnnsnsnnanee 345 
Tenders, &c., is four shillings for the first four lines, | Pressure Die-Cast Aluminium Alloy Test-Pieces 
or under, and one shilling per line up to one imch. | (Jifus.) .. ...cccessssssssssossssssesnssessesennvnseseesnnnsnseseeseee 3 
The line averages seven words. When an advertise- | The World Power Conference, Berlin  ................-.- 347 
ment measures an inch or more the charge is 128. per | ExgrneERine Patent Record (Illus.) 1... 348 


inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence | — 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of Publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 

AGENTS FOR “ ENGINEERING.” 
AUSTRALIA : Gordon and Gotch, Limited, Melbourne; Sydney ; 

Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 

N.S.W. T. Wilmett and Company, Townsville, North 

Queensland. W. C. Rigby, Adelaide, South Australia. 

Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 
CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 

Limited, 91-93, Queen-street, East. 
ee gal Kaat-Jensen and Company, Vester whole of mankind. 
EDINBURGH: John Menzies and Company, Limited, Rose-street. | It is with Nature that the engineer has to deal, 
FRANOE, Paris: Ricour, Chevillet et Cle. 22, Rue de la Banque. i the onus of his guarantees is the more serious 
GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. |in that he, more than any other professional man, 
oa eee eee John Menzies and | ig called upon to undertake pioneering ventures. 
HoLAND, Rotterdam : H. A. Kramer and Son, Limited. | In these, after provision has been made for every 
Ixp1A, Caleutta: Thacker, Spink and Company. | conceivable eventuality, experience too often proves 
, a Thacker and te ge ng a | that half the precautions in question were un- 
TALY: U. Hoepli, Milan. Anonima Libraria ana, Torino | : ; 4 

and any post office. | needed, whilst others unforeseeable —— light of 
JAPAN, Tokio: Maruzen Company, Limited, and all branches. | pre-existing knowledge may cause endless trouble. 
LIVERPOOL : Mrs. Taylor, Landing Stages. |A minor instance of such unanticipated incidents 
tig rer gy wr .~ oe ; |occurred during the sinking of the Forth Bridge 
NEW ZEATAND: ordon an otch, ; ellington, | _ - 

Auckland and Christchurch. ™ nen | caissons, where the boulder clay proved almost 
Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, | impervious to the attack of hand tools, and even 
baa a Central News A <n tne | blasting proved ineffective. The difficulty was 
st A: Central News Agency, Limited. Hea ce— . . . 

Johannesburg; and Pretoria, Cape Town, Port Elizabeth, | only surmounted by the invention of an hydraulic 

Biccusfeahdln, Durban snd various branches and Book | spade, lacking which, both the time taken and the 

stalls oughou! Ou ica. m. awson an ons ; 

(South Africa), Limited, 29, Long-street, Capetown. | cost of the work would have been increased to an 

| inordinate degree. , 
It was presumably certain experiences of the 
great electrical manufacturing company, of which 


Four One-Page Plates—_THE CHIPPAWA CREEK 
SYPHON ; WELLAND SHIP CANAL, 
CANADA. 


ENGINEERING 


FRIDAY, SEPTEMBER 12, 1930. 











No. 3374. 


Vou. CXXX. 
CONTRACTORS’ RISKS. 
IN receiving the Kelvin medal in 1924, Dr. Elihu 
Thomson observed that amongst professional men, 
‘it is only the engineer who is required to guarantee 
results. The doctor, the lawyer and the politician 
are subject to no such demand, though possibly 
a partial exception may be made in the case of the 
last-named, whose guarantees, however, are merely 
verbal and never taken seriously, and whose worst 
blunders involve little or no loss of prestige amongst 
his devoted followers. The explanation lies, no 
doubt, in the famous phrase of Abraham Lincoln, 
who claimed that it is ever possible to “‘ fool some 
of the people all the time.” Nature, on the other 
hand, cannot be fooled even some of the time, which 
the same authority declared might happen to the 
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to stress the difference between the onus laid on 
the engineer and that imposed on those practising 
other professions. The civil engineering contractor 


5/is, however, probably in even worse case. An 


enumeration of some of the risks he has to face 
formed not the least instructive section of the 
able and fascinating address of Sir Ernest Moir 
to Section G of the British Association. Those 
arising from what has been termed the malignity 
of inanimate objects, serious as they may be, are 
probably on the whole less nerve-racking than those 
due to the greed and stupidity of men. A coal 
strike may raise fuel costs to an unprecedented 
level, and a war or an insurrection may make it 
impossible to obtain labour or supplies. 

Such hazards should, Sir Ernest suggests, be 
assumed by the employing authority, as also other 
uninsurable risks, such as earthquakes, sea action, 
bad foundations, and excessive water. In some 
recent cases, it may be noted, the contractor has 
also been asked to guarantee the adequacy of the 
consultants’ designs, so that if these prove unsound 
the contractor has to put matters right at his own 
expense, whilst in the contrary case, he receives 
little or none of the credit. The successful con- 
tractor for large public works requires both excep- 
tional courage and exceptional insight. New 
difficulties, even if of a minor character, arise 


° daily, and it is this fact that makes work for a 
49 | contractor the best of all schools for the civil 


engineer. As resident, a young man may un- 
doubtedly gain much valuable experience, but as 


344 | contractor’s agent, or even merely as one of his 


assistant engineers, he learns that it is not sufficient 
to get the work done, but that all his ingenuity is 


45 required to get it done at a reasonable cost. 


The interdependence of science and engineering, 
which was the main theme of Sir Ernest’s address, 
varies to a striking degree. In certain branches 
engineering may almost be regarded as applied 
physics, whereas in other cases the engineer has to 
undertake operations which involve skirmishing 
ahead of the army of science. This was notably 
the case in the construction of the Hudson River 
tunnel, when the medical men of the day were 
able to suggest no remedy for the appalling list 
of casualties due to caisson disease. The enginéer 
had perforce, therefore, to find the remedy himself, 
and it is due to the insight then displayed by Sir 
Ernest Moir that work under air pressure has 
lost most of its terrors. The further experiments of 
Professor Haldane and Sir Leonard Hill have 
added nothing of fundamental importance to this 
forty-year old work of Sir Ernest Moir. 

As matters stand, the medical profession seems 
still unable to help the engineer to guard against 
certain diseases, amongst which Sir Ernest noted 
“ Bilharziosis,” due to a parasite which has as 
intermediate host a freshwater mussel, and infects 
man by methods still unknown. It is the prevalence 
of this parasite, Sir Ernest stated, which is 
hindering the development of the Upper Nile 
Area. Another problem awaiting solution by the 
biologist is the Veragus disease, which, Sir Ernest 
stated, made it necessary to remove each night 
from the valley affected all the staff engaged on 
the re-construction, after an appalling wash-out, of 
the central railway of Peru. It was the work of 
Sir Ronald Ross which made possible the con- 
struction of the Panama Canal, where malaria had 
done more to prevent the success of de Lessep’s 
company than did the engineering difficulties, great 
as the latter were. It may, moreover, be added 
that probably no other country save the United 
States, would have had the courage to adopt so 
heartily, and enforce so stringently the precautions 
necessary. Roosevelt gave what were practically 
dictatorial powers to Major Goethals, whereas in 
this country a knowledge of either engineering or 
medicine is commonly held to be a bar to any 
governmental administrative post. In the outcome 
nearly three times as much was spent at Panama 
on sanitary precautions as in civil administration, 
and the canal area where malaria and yellow fever 
had been endemic for centuries was rendered about 
as healthy as New York. 

There is hardly any branch of pure science which 
does not sooner or later prove of service to the 
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engineer, but as already noted, there are not a few 
cases in which the engineer has still to rely on 
pure empiricism. This is pre-eminently the case 
in harbour and dock engineering, where theory 
affords no guidance as to the proportions necessary 
to resist wave action. Some remarkable instances 
of great masses being shifted bodily by heavy 
seas were cited in Sir Ernest’s address. Thus at 
Dover concrete blocks weighing each 35 tons were 
moved many feet across the unfinished pier, and 
in some instances actually carried into the sea on 
the lee side. On the other hand, wave action 
becomes so insignificant at a few fathoms below 
sea level that it has been found possible, Sir 
Ernest stated, to found the great pier at Valparaiso 
on a bank of sand. This bank was deposited in 
187 ft. of water, and is nearly one-quarter of a 
mile wide at the base. Its crest is 63 ft. below 
water level, at which depth it is covered by graded 
quarry rock, which serves in turn as the foundation 
for the 60-ton blocks, of which the upper part of 
the breakwater is composed. 

Attention was called in the address to the 
importance of voids. These are known to be 
dangerous in structures exposed to wave action, 
since enormous pressures may be developed by the 
sudden compression of any air contained in them. 
This is not always realised, and we have known 
a shot gun to have its muzzle blown off by an 
identical action when the sportsman, having 
accidentally stuck his gun into a clay bank, thought 
to clean the bore by discharging the gun. 








THE RAILWAY SITUATION. 


Ir would be interesting to know whether the 
results of the railway amalgamations have equalled 
expectations. Undoubtedly since these were brought 
about the times have been very difficult. Not 
merely has trade been bad, but the road motor 
has proved a more formidable competitor than even 
the pessimists feared. Probably the losses from 
this source will, to some extent, be mitigated by 
the working arrangements reached between the 
road and railway companies. Much motor traffic, 
of course, is definitely new traffic, journeys being 
undertaken which would never have been made 
had the railways continued to provide the only 
means of conveyance. For short trips the railways 
have to acknowledge that they cannot compete 
successfully with the motor. Several light railways 
have already been closed, in some cases both for 
passenger and goods traffic, but in other instances 
are kept open for freight. To meet these cases 
the railway companies are themselves developing 
motor services as the feeders for which the light 
railways were originally intended to serve. They 
are, moreover, steadily improving their long-dis- 
tance express services. It is true that in general 
the schedule times show no improvement over 
pre-war figures, and in some instance are even 
worse, but the older figures but too frequently 
represented ambitions rather than performances, 
trains being not infrequently late. In this matter 
there has been great improvement of recent years, 
particularly on the Northern lines. But the boat 
expresses from Dover or Folkestone to London 
appear still to work merely to nominal times, a con- 
dition which is the more regrettable since these 
ports are the main gateway from the Continent to 
England, and capital time is, in general, kept by 
the French trains. 

The Southern lines apart, our express services may 
be claimed to be the best in the world, particularly 
in the matter of long non-stop runs. The water 
pick-up troughs which facilitate these are almost 
unknown on the Continent. France is said to have 
but one, and yet in spite of their absence, the Nord 
succeeded this year in working a non-stop service 
between Paris and Liége, a distance of 228 miles, the 
running time being four hours. It also maintains a 
non-stop service between Paris and Brussels, a dis- 
tance of 193 miles, the booked time being 3} hours, 
whilst two trains a day make the run between Paris 
and Calais in 190 minutes. The best German service 
is that between Berlin and Hamburg, a distance 
of 178 miles, which is covered in 194 minutes. 

It has generally been held that the fastest train 
in the world is that between Swindon and Padding- 





ton, the distance of 77 miles being covered in 
70 minutes, but the Bulletin’ of the Canadian 
National Railway claims that this performance is 
beaten by three runs on their line, the fastest being 
that between Prescot and Coteau, a distance of 
76 miles, which is covered in 66 minutes. In this 
connection it may be mentioned that thirty years 
ago an average speed of over 80 miles an hour was 
maintained on the summer service between Phila- 
delphia and Atlantic City, the distance being 
about the same as that between Victoria and 
Brighton, a trip for which the best train of the 
Southern Railway requires a whole hour. From 
the statements made at the general meeting of the 
company last March, there is no intention of im- 
proving this time when the line is electrified. 

As regards non-passenger traffic the competition 
of the motor vehicle has been mainly in respect 
to the higher rated classes. No road motor service 
could possibly compete effectively, under ordinary 
circumstances, in the transport of minerals, coals 
and other staples handled in large quantities. 
But it is just these trades that are now the 
most depressed, whilst the newer industries, which 
have made the London area almost an oasis in 
the desert of unemployment, are mainly engaged 
on products of light weight, small bulk, and high 
intrinsic value, for which rail transport offers little 
attractions. Hence, as noted in a recent Home 
Office report, those responsible for these new fac- 
tories are in many cases indifferent as to rail or 
canal facilities, and are selecting in preference sites 
on the new arterial roads. With road transport at 
least one transhipment is avoided, and two, if there 
is no works siding, an accommodation for which the 
railway companies have often been accused of 
demanding unreasonable prices. 

Other goods that go by road, comprise articles too 
bulky or too heavy for rail transport, though the 
companies are steadily improving their equipment 
and showing increasing readiness to handle awkward 
consignments. Thus, several railways now provide 
wagons for loads of 120 tons. But for such loads, 1t 
may be necessary to slew over the rails in tunnels and 
through bridges in order to secure clearance, and 
for the passage of a large generator stator or turbine 
rotor much scheming may be required to determine 
the route which will necessitate the least interrup- 
tion of the ordinary traffic. 

Still bulkier loads must perforce go by road. It is 
curious to note, in this connection, the ignorance of 
the academic mind in such matters. Thus quite 
recently an Oxford don wrote to the Times suggest- 
ing quite seriously that loads on the highways 
should be restricted to 5 tons, apparently not 
realising that a road roller may weigh 14 tons, and 
that quite a small Lancashire boiler would weigh 
over 12 tons, and that such boilers have to go to fac- 
tories, many of which have neither railway sidings 
nor canal docks. Again, the rings for the high- 
pressure air tunnel for the N.P.L. at Teddington are 
17 ft. in diameter, and weigh about 17 tons each. 
They were made at Sheffield, and could not possibly 
have been conveyed to Teddington by rail. 

As a matter of fact it was found even in pre- 
motor days impracticable to enforce official regula- 
tions as to the weights permissible on highways. 
Traction engines for service abroad often exceeded 
by several tons the legal limit of weight, but the 
local authorities in the areas where they were built 
turned a blind eye to the road trials of the machines. 

Main-line electrification is not yet making much 
headway, although the line of the Southern Railway 
Company is to be electrified all the way to Brighton 
and Worthing. This, however, will be worked 
on the multiple unit system and not by electric 
locomotives, and will thus be in essentials merely 
an extension of the suburban system, the trains of 
which will be used to supplement the main-line 
services on holidays and weekdays. An annual 
train mileage of 1,972,000 now worked by steam 
is expected to be replaced by a service of 4,921,000 
electric train miles. An increase of 6 per cent. in 
the traffic will, it is stated, suffice to pay the interest 
on the capital involved. The voltage will be 650, 
and not either of the two standards of 750 or 1,500 
volts approved by the Ministry of Transport for 
third-rail traction. 

According to a paper read in Paris last June, by 





Mr. R. T. Smith, the Southern Railway Company 
has now about 750 miles of single track electrified, 
the route miles being 270. The maximum hour’s 
load is 75,080 kw., whilst the kilowatt-hours used 
per year amount to over 270 million. The train- 
miles run per year are 17,827,047. The latter figures 
are hardly exceeded by the Underground Railways 
which, although their route mileage is but 81-7, 
require an average of 91,200 kw. during the hour of 
maximum demand, and use over 319 million kw.- 
hours per annum. None of the other main-line 
companies approaches such figures, but the London 
Midland and Scottish Railway have 107-7 miles 
electrified and require 40,650 kw. in the hour of 
maximum load, and a total of over 135 million 
kw.-hr. for the year. Both figures are greater than 
the corresponding figures for the Metropolitan 
Railway. The Great Western and London and 
North Eastern Companies have, in the one case 
8-8 route miles electrified, and in the other 50-3, 
but the two systems differ little in the energy 
consumption per year, the Great Western requiring 
a supply of 13,300,000 kw.-hr., and the other 
company 15,600,000 kw.-hr. One reason given for 
the hesitation with which the railway companies 
regard schemes for main-line electrification is said 
to be a fear of retaliation from the collieries. By 
electrification the demand for coal would be greatly 
reduced, and it is suggested that the attempt would 
be made to offset this by a corresponding rise in 
price, which would be facilitated by the passage of 
what is now described as “ the dear coal Bill.” 

In 1913, the working ratio of the British railway 
companies was 63 per cent. and the average wage 
was about 27s. 6d. In the case of our main lines 
the working ratio is now of the order of 80 per cent., 
whilst wages have more than doubled. Indeed, on 
the Underground railways, the wage now averages 
4l. 3s. 7d. a week, which is more than that of the 
skilled mechanic in most districts. The working ratio 
on these lines is, however, materially lower than on 
the main lines, being rather Jess than 54 per cent. in 
the case of the London Electric Railway, and 65 per * 
cent. for the Central London line. On the other hand, 
the expenditure of the London General Omnibus 
Company amounts to nearly 94 per cent. of the 
receipts, and the margin between the two would 
probably disappear completely if the service were 
municipalised without a simultaneous reduction of 
the facilities provided. The growth of traffic on 
the Underground lines has made it easier to solve 
the problem of making it possible for the men to 
earn the rates of pay they receive. It has also been 
possible to find other occupations for men displaced 
by the introduction of escalators, mechanically- 
operated doors, and by automatic ticket machines. 
The main lines have been less fortunate and have 
found it impracticable to reduce their staffs even in 
proportion to the fall in traffic. They have, more- 
over, to proceed with much caution in every attempt 
at rationalisation, although credit must be given to 
many of the trade union leaders for realising that 
this is inevitable if present rates of pay are to prove 
justified. 








NOTE. 
Tue CLOSING OF A Famous SHIPYARD. 


Tue fact that no improvement can be effected 
without concomitant destruction is capable of 
illustration by many a homely proverb and concrete 
example. But this does not lessen the regret that 
must be felt at the passing of a building of archi- 
tectural beauty or historic associations, or of an 
institution which, in its day, has played an important 
part in national or local development. Regret will, 
in fact, be the paramount feeling in the minds of 
many of the readers of ENGINEERING, on hearing that 
the well-known shipbuilding yard of Messrs. William 
Beardmore and Company, Limited, at Dalmuir on 
the Clyde is to be closed, even though they simul- 
taneously admit that this is an essential and. wise 
step towards the re-organisation of an important 
branch of the country’s industry on sound lines. 
The method that is being followed to achieve this 
end is both novel and interesting. National 
Shipbuilders Security, Limited, which was formed 
in February of this year by firms in the shipbuilding 





industry to eliminate redundant shipbuilding 
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capacity and to secure economy by concentrating 
production, has purchased the yard, and proposes to 
dispose of the site under restrictions, which will 
prevent its further use forshipbuilding. The marine 
and general engineering works at Dalmuir will, 
however, be unaffected, and the other activities of 
the firm will also continue. It is not inappropriate 
to recall that the virtual founder of the firm was 
Robert Napier, who began to build marine engines 
in 1824 and established a shipbuilding yard at 
Lancefield in 1842. He also owned the Parkhead 
Forge, where William Beardmore was one of the 
forge masters. The latter, in conjunction with 
William Rigby, another forgemaster, took over 
these works in 1860 and founded the present firm, 
of which his son, William Beardmore, now Lord 
Invernairn, became chairman in 1886. This 
concern also acquired Napier’s shipbuilding works 
at Lancefield, while the yard which is now to be 
closed was begun by themin 1904. At the old yard 
one of the first two ironclads built for the British 
Navy was constructed, while it was also the birth- 
place of two of the earliest ships equipped with 
triple expansion engines and all the Cunard liners 
built. between 1840 and 1865 were launched there. 
At the latter yard four battleships, seven cruisers, 
twenty-one destroyers, thirteen submarines, six 
hospital ships and one seaplane carrier were built 
between 1906 and 1919. During the last eleven years 
only one cruiser and two submarines have, however, 
been constructed, though several liners have been 
built. As the capacity of the yard is 60,000 tons 
and the Admiralty’s programme of construction for 
this year is only 40,000 tons, it is obvious that there 
is not much prospect of the slips being fully occupied. 
The course that has been taken is, therefore, probably 
correct, regrettable as it may seem in many ways. 








THE INSTITUTE OF METALS; | 
SOUTHAMPTON MEETING. 


THE twenty-second annual autumn meeting of 
the Institute of Metals opened on Tuesday evening 
last in the Chantry Hall, Chapel-road, Southampton, 
and closes to-day. The proceedings on the first day 
commenced at 8 p.m., when the President of the 
Institute, Dr. R. Seligman, occupied the chair. 
In the course of a brief introductory speech, Dr. 
Seligman stated that the autumn lectures of the 
Institute, the ninth of which was about to be 
delivered by Professor D. Hanson, were not as 
technical as were other proceedings of the Institute. 
They were rather designed to interest those in the 
locality in which the Institute met, and to indicate 
the bearing of the Institute’s work upon their 
industries and upon their own local activities. A 
lecture dealing with transport had been decided 
upon. In recent years the Institute had met in 
Liverpool, in which the shipping interests took as 
important a place as they did in Southampton, and 
also in Derby in which railway interests were 
supreme. As there were, in Southampton and the 
immediate neighbourhood, several establishments 
concerned with the manufacture of aircraft, Professor 
Hanson had been asked to devote his lecture to 
the non-ferrous metals used in the aeronautical 
industry. Dr. Seligman then called upon Professor 
Hanson to deliver his lecture. 


Non-Frerrous MeEtTats IN THE AERONAUTICAL 
INDUSTRY. 


In the course of his lecture, ‘‘ The Use of Non- 
Ferrous Metals in the Aeronautical Industry,” 
Professor Hanson stated that among the non- 
ferrous alloys used in aircraft, those of aluminium 
were at present by far the most important. The 
only serious rivals in sight were magnesium alloys, 
which were now undergoing rapid development and 
were steadily finding application in many direc- 
tions. The classification of the strong aluminium 
alloys was relatively simple, for the reason that 
useful alloys were formed with but a limited number 
of other metals, and of those few metals, one was 
of outstanding importance both in castings and 
wrought alloys. With only one or two important 
exceptions, the principal strong alloys of aluminium 
contained copper as the chief alloying element— 
in some cases the only one. Copper had, in fact, 


carbon had for the steels. This was in part due 
to the formation of the compound Cu Al,, which 
formed an eutectic with aluminium, but more 
especially to the solubility of this compound in 
aluminium, and the changes of solubility with 
temperature, which permitted the application of a 
form of heat-treatment that had a very beneficial 
effect. Next in importance, perhaps, were silicon 
and magnesium; silicon and aluminium formed 
important casting alloys, while magnesium, especially 
in combination with silicon and copper, contributed 
to the production of high-grade cast and wrought 
alloys. Nickel and zinc were also important metals, 
each of which entered, with copper, into important 
strong alloys. There remained only manganese 
and iron. Manganese was an improving, though 
not a major, constituent in Duralumin and similar 
strong wrought alloys, and iron was sometimes 
intentionally incorporated in castings to withstand 
wear. ‘Traces of sodium, titanium, and other metals 
were used for special purposes, but the above- 
mentioned materials substantially represented the 
useful alloys. 

In those wrought alloys in which Cu Al, alone 
was the hardening medium, it was usual to add a 
little silicon, or manganese, or both. These elements 
improved the casting and working properties, but 
did not essentially modify the mechanical properties 
of the final heat-treated alloy. Artificial ageing 
was essential. As a rule, alloys hardened by 
Mg,Si were also made with some addition of silicon 
above that necessary to form the magnesium silicide, 
and sometimes manganese was added. Alloys 
hardened by both copper and magnesium silicide 
constituted the most important group, which 
included the well-known alloy, Duralumin. The 
latter was by far the most commonly used of the 
wrought strong alloys. It was now made under 
many names, either in its original form or modified 
slightly in composition. The most important 
modifications were those which had Jed to the alloys 
most commonly known as Y-alloy and super- 
duralumin, although these again were manufactured 
under a variety of trade names. Super-duralumin 
contained more silicon (about 1-2 per cent.), and 
its improved strength was due to artificial ageing, 
which was apparently more effective when the 
silicon content was increased. This treatment, 
however, was liable to cause loss of ductility unless 
‘carefully controlled. Where the greatest possible 
strength was required, Duralumin had a definite 
advantage over the other alloys. Although so well 
‘known and widely used in aircraft, there was still 
room for further research, particularly in the 
direction of developing higher proof stresses without 
loss of ductility. The work now in progress on 
artificial ageing was likely to produce important 
results. 

The simple magnesium-silicon alloys, though the 
‘weakest, possessed the advantages of great softness 
at high temperatures and were very suitable for 
difficult forgings, such as crank-cases and nose- 
pieces for radial engines. They were also much 
softer than any of the other alloys in the annealed 
state, or immediately after quenching, and were, 
therefore, specially suitable for parts made by cold 
stamping and forming, and for thin-walled tubes 
‘of large diameter. On subsequent ageing they 
acquired a yield point little inferior to the other 
materials. The copper-aluminium alloy was more 
readily worked hot than Duralumin, and it was 
very suitable for high-grade forgings and stampings, 
such as air-screws. It was, however, inferior to 
Duralumin and other strong alloys for severe cold- 
forming or bending operations, and it was less 
resistant to corrosion. Y-alloy was a little inferior 
in mechanical properties at ordinary temperatures 
to Duralumin, but it was stiffer at high temperatures 
and not so easily forged and worked. It was 
specially valuable for use at elevated temperatures, 
since it maintained its strength under heat better 
than any other alloy of this type. Forged pistons, 
connecting rods, and cylinder heads were very 
suitably made of this alloy. 

One of the most interesting applications of 
aluminium alloys was in connection with the piston 
of the aircraft engine. There was probably no other 
single item which had to satisfy such stringent 
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requirements. The ideal piston alloy should have 


good mechanical properties at ordinary and elevated 
temperatures, a high thermal conductivity, a 
suitable thermal expansion, low specific gravity, 
and high melting point. It should be readily 
machinable and be capable of being cast in perma- 
nent moulds, have good bearing qualities in contact 
with the cylinder, a good resistance to wear, and a 
high degree of permanence of dimension. No one 
alloy was quite ideal, though some—as, for example, 
Y-alloy—satisfied many of these conditions. The 
greatest difficulty was that of a suitable thermal ex- 
pansion, since practically all aluminium alloys had 
a coefficient at least twice that of the cast iron or 
steel used for cylinder liners. Silicon lowered the 
expansion very considerably, and some alloys had 
been used containing high percentages of this 
element with additions of copper, nickel, and 
magnesium. So far as expansions were concerned, 
‘a high silicon-aluminium alloy (containing 24 per 
cent. of silicon) and a high-nickel austenitic cast 
iron were very similar. Both were likely to have 
good resistance to wear, and experiments with this 
combination for piston and cylinder appeared to 
be worth undertaking. 

One of the most outstanding advances in the 
technology of magnesium and its alloys had been 
the perfection of methods of melting and casting 
in the foundry. The metal was very reactive and 
combined very vigorously with atmospheric oxygen 
at about 650 deg. C., or above, and with atmospheric 
nitrogen at a slightly higher temperature. By 
melting in wrought-iron or mild-steel vessels 
covered with a suitable flux, however, these diffi- 
culties had been overcome. Magnesium did not 
alloy with iron, and crucible failures always occurred 
from the outside through scaling. The flux used 
was magnesium chloride, with additions of other 
salts to reduce its fluidity and decrease its tendency 
to dissociate. It not only protected the metal 
from contact with air, but also dissolved any oxide 
or nitride which might be accidentally formed. 
It could readily be held back while the metal was 
cast, and, with reasonable care, clean metal could 
be delivered to the moulds with foundry losses of 
only from 1 per cent. to 14 per cent. Molten 
magnesium reacted violently with water, and for 
some years all sand castings were cast in dry 
moulds. The problem, however, had now been 
solved by the expedient of mixing a small propor- 
tion of sulphur, together with a still smaller quantity 
of boric acid, with ordinary moulding sand. The 
molten metal entering the mould instantly vaporised 
the sulphur in the surface layer, and the vapour 
appeared to protect the metal entirely from reacting 
with the moisture in the sand. Sound clean castings 
were produced, and most of the sulphur condensed 
in the cooler parts of the mould, so that little was 
lost. Green-sand moulds were used, which were 
preferably skin-dried for large and important 
castings. The number of elements that had so 
far been usefully alloyed with magnesium was small. 
Tron did not dissolve at all, while alloys with nickel, 
tin, and lead had not, so far, shown useful properties. 
Aluminium and zinc alloys had excellent casting 
qualities and physical properties, while being fairly 
resistant to atmospheric corrosion. Copper pro- 
duced strong alloys, but greatly increased the 
corrosion under atmospheric conditions, and it was 
not a major constituent in magnesium alloys. 
Manganese had little effect on the mechanical 
properties, but increased the resistance to corrosion, 
and about 0-3 per cent. was generally added. 
Silicon was also commonly present, and, in sufficient 
quantity, rendered the alloys susceptible to har- 
dening by heat-treatment. 

In this country and abroad, magnesium alloys 
were being used for crank-cases, cylinder castings, 
gear casings, carburettor castings, induction pipes 
and manifolds, and numerous other cast parts, 
while in a number of instances all-magnesium 
engines were being made. One of the leading 
Italian makers had, in fact, had 250 engines in 
use in seaplanes during the past four years, in 
which all the principal light-alloy castings and 
forgings were of magnesium alloy. There were two 
directions in which magnesium was inferior to 
aluminium. Its elastic modulus was less in about 
the same ratio as its specific gravity, and saving in 
weight was therefore sometimes only possible at 
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the expense of rigidity. For many applications 
this was unimportant. On the other hand, in 
such instances, magnesium alloy would often give 
greater strength for the same rigidity. The second 
disadvantage was in regard to corrosion; this was 
only serious in respect to sea-water corrosion, and 
even in this instance had been much exaggerated. 
The present-day alloys were much better than 
their predecessors, partly on account of better 
methods of manufacture, and partly on account of 
suitable alloying. The great corrodibility of steel 
in saline solutions had not prevented its use in 
seaplanes, and protective measures were there 
accepted as a matter of course. The case of magne- 
sium would doubtless be similar. Research was 
needed in many directions, but when some of the 
problems involved had been solved, magnesium 
would be found to be a very serious competitor to 
aluminium, not only in aircraft, but also in motor- 
car and many other branches of engineering. 


OPENING PROCEEDINGS. 


On Wednesday morning, the 10th inst., at 9.30 
a.m., the members reassembled in the Chantry Hall, 
and the chair was taken by Dr. Seligman. A civic 
welcome to the town was extended to the Institute 
by the Mayor of Southampton, Councillor Hector 
Young. In a brief speech, Dr. Seligman thanked 
the Mayor for his cordial welcome. He recalled 
the fact that a Roman writer, in giving a descrip- 
tion of the smelting of tin in the British Isles, had 
stated that much of this was exported from the 
waters, upon which the Port of Southampton now 
stood. 

The minutes of the previous meeting having been 
dealt with, the Secretary read a list of the names 
of members, nominated by the Council, to be 
balloted for in connection with the election of the 
Council for 1931. Among these nominations were : 
President, Dr. R. Segliman ; vice-presidents, Pro- 
fessor D. Hanson, and Dr. A. G. C. Gwyer ; members 
of Council, Professor C. H. Desch, Mr. J. H. Fry, 
Mr. H. H. A. Greer, Dr. J. L. Haughton, and Dr. 
H. W. Brownsdon. 


GAs REMOVAL FROM ALUMINIUM ALLOYS. 


The first paper dealt with by the meeting was that 
entitled “Gas Removal and Grain Refinement of 
Aluminium Alloys,” by Dr. W. Rosenhain and 
Messrs. J. D. Grogan and T. H. Schofield. This was 
presented by Dr. Rosenhain, and will be found on 
page 340 of the present issue. Dr. Rosenhain 
stated that the paper had been written some nine 
months previously, and the method of introducing 
the volatile chlorides into the molten aluminium 
had been improved upon. This was now accom- 
plished by carrying the volatile chloride into the 
melt in a stream of dry nitrogen gas. 

Mr. D. R. Tullis, who opened the discussion, stated 
that the subject under consideration had occupied 
his attention for a number of years. The process of 
removing gases from metals was one in which the 
method and conditions must be absolutely correct, 
in order to obtain complete freedom from residual 
gases. Various gases might be employed for this 
purpose, the least expensive being pure chlorine 
gas. There was, however, always present the 
danger to the operators, due to the escape of such 
a poisonous gas. The use of chlorine gas com- 
pounds was much safer, because these substances, 
in the presence of moist air, generally decomposed 
to hydrogen chloride and metallic or non-metallic 
hydroxide. When applied to molten aluminium, 
and aluminium alloys free from magnesium or 
similar metals, the end product was in all cases 
aluminium chloride vapour. 'This vapour acted as 
a very efficient scavenger and, on its rapid ascent 
through the molten metal, removed the dissolved 
gases. Aluminium chloride vapour, unlike other 
gases, was insoluble in molten aluminium. It was 
also much more readily evolved at high tempera- 
tures than at low temperatures. The method of 
employing a grain-refining element, combined with 
chlorine, was one which had been developed in his 
own laboratory. The method produced a very 
desirable result, and had the advantage of combining 
the two operations in a single process. The most 
effective substances known at present to produce 
this combined result, were the chlorides of boron, 





titanium, and vanadium. In a given alloy, any 
one might be more effective than either of the other 
two. In some cases, a combination of any two 
might be more effective than one singly, it being 
necessary that the same relative amount be applied 
in each case. The method of application was 
extremely important, and in this connection, he 
did not consider that the method described and 
illustrated by the authors was one which would 
give the necessary intimate contact required between 
the compound vapour and the molten metal. 

It was interesting to note that boron trichloride 
had the property of bringing about modification or 
refinement in the microstructure of a number of 
alloys. This resulted in the production of a cast 
alloy which had the appearance of a heat-treated 
and quenched alloy, the most notable improvement 
being a marked increase in elongation. The silicon- 
aluminium alloys, refined by this process, also 
possessed the valuable property of being able to 
undergo heat treatment without causing the silicon 
particles to increase in size. This meant that it 
was possible to produce a modified silicon-aluminium 
alloy containing copper, and subsequently to obtain 
the copper as a solid solution, by heat treatment 
and quenching, without causing the silicon particles 
to coalesce. The resulting alloy was one which 
possessed a finely-divided silicon eutectic along with 
increased hardness and strength, due to the dissolved 
copper. It was very gratifying to note that the 
results obtained by him, in respect to grain refine- 
ment, were so well confirmed in the paper before 
the meeting. 

Mr. G. Mortimer said that the use of titanium 
tetrachloride has been tried on quite a large scale 
in the foundry of his firm with very successful 
results, provided the correct temperature at which 
to apply the gas were adopted. This temperature 
varied with the particular alloy employed. The 
only trouble was that quite a small amount of the 
volatile chloride accidentally spilt on damp sand 
gave rise to volumes of dense white fumes. He did 
not know whether these fumes were dangerous, but 
they would probably be assumed to be dangerous 
by the authorities, and special legislation might 
result. They had found that the best method of 
introducing the chlorides was to saturate some dry 
asbestos wool with the required quantity of the 
liquid and place it quickly at the bottom of the melt. 
Dr. L. Aitchison, who spoke next, stated that his 
firm had also carried out trials on a practical scale. 
He was convinced, as was Dr. Rosenhain, that the 
process achieved the main object, namely, that it 
removed all the harmful gases from the aluminium. 
He would like to ask Dr. Rosenhain to evolve a 
suitable method for applying the process in practice. 
The effect of the fumes evolved, upon the local 
neighbourhood, would have to be taken into account. 
Dr. Rosenhain had referred to a method in which 
dry nitrogen was employed. This might be all 
right in a laboratory, but he would like to know how 
a supply of dry nitrogen could be obtained in a 
foundry without elaborate apparatus. 

Dr. M. H. Haas agreed that the process was 
interesting and successful, but its application in 
a commercial foundry was indeed a problem. Even 
Mr. Mortimer’s method of saturating asbestos with 
the titanium tetrachloride was by no means ideal. 
In his opinion it was probable that a return to 
the use of chlorine gas would have to be made. 
This could easily be introduced into the melt either 
alone or along with nitrogen. He would like to 
ask the authors if the corrosion-resisting properties 
of, say, Y-alloy were affected by treatment with 
chlorides. The next speaker, Mr. H. Sutton, stated 
that the melting of aluminium light alloys in a gas- 
fired furnace had always given rise to unsoundness 
and blow-holes. He had been pleased to find, 
therefore, that the authors had commenced by 
melting their alloys in a gas-fired furnace. They 
had deliberately introduced difficulties and had 
then set to work to get rid of those same difficulties. 
He would like to ask them if they could supply the 
meeting with data enabling metal, melted electrically 
in air, to be compared with metal, treated with 
chlorides, but melted in coal gas. 

In a preliminary reply to the discussion, Dr. W. 
Rosenhain stated that the method of introducing 
the chlorides into the melt, outlined in the paper, 





might be termed a primitive laboratory method. 
The method in which asbestos soaked in titanium 
tetrachloride was used, however, was an even more 
primitive works method. In his opinion, the best 
method was to employ a vessel similar to a small 
Bessemer converter. The metal would first be 
melted in the vessel, and the chloride gas blown 
through the melt in much the same way that air 
was blown through the steel in the Bessemer process. 
In this manner all the fumes produced could be 
caught and pumped away without causing contami- 
nation of the atmosphere. Most emphatically he 
did not agree with Dr. Haas that it might be neces- 
sary to return to the use of chlorine gas. 

Professor D. Hanson said that the treatment of 
aluminium alloys with chlorides certainly gave 
excellent results. Dr. Aitchison and Mr. Mortimer 
had touched on the important point of the applica- 
tion of the method to large quantities. He himself 
had found that when small quantities were involved 
there was no great difficulty. When, however, the 
melt weighed some hundredweights it was difficult 
to get enough gas into the metal before it was too 
cold. It was difficult to find means whereby the 
gas could be introduced into the melt sufficiently 
rapidly, and in sufficient quantity to remove the 
whole of the dissolved gases present. The use of 
dried gases was of primary importance, but the 
ordinary methods of drying were insufficient. If 
nitrogen were employed it had to be very dry. 
In the course of a very brief reply, Mr. J. D. Grogan 
stated that Professor Hanson had emphasised the 
question of dry nitrogen but had over-emphasised 
it. Ordinary nitrogen contained small quantities 
of oxygen and this gave rise to trouble, especially if 
magnesium were present. In these circumstances 
oxide inclusions resulted. 


PressuRE Die-Cast ALUMINIUM ALLOYS. 


The second paper discussed on Wednesday 
morning was entitled ‘“‘ Pressure Die-cast Alumi- 
nium Alloy Test Pieces.” It was by Mr. J. D. 
Grogan, who read it in abstract. The paper will be 
found on page 345 of the present issue. 

Mr. A. H. Nicholson, who opened the discussion, 
thought that the paper should dispel the idea, still 
prevalent in some quarters, that aluminium pressure 
die castings were without strength and, therefore, 
unsuited to engineering uses. The fact was, of 
course, that they were being increasingly used and 
often replaced machined gravity castings. The 
results the author had obtained from his test bars 
were surprisingly good, considering the slow speed 
of casting and the low casting pressure used. Slow 
speed of casting caused iron absorption, and porosity 
resulted from low pressure. Iron absorption could 
be decidedly difficult in pressure work. Of all 
the materials available for the pressure vessel, 
grey cast-iron was the least attacked by aluminium, 
but, without experience, one hesitated to apply, say, 
600 lb. per square inch pressure to a red-hot cast- 
iron vessel. Nevertheless, cast-iron was generally 
used and nearly always failed by cracking, not 
bursting, as would be expected. Given,- then, a 
cast-iron pressure vessel, the absorption of iron 
might be still further reduced by working the metal 
through it quickly and using alloys which did not 
readily absorb iron or, better still, alloys, the compo- 
sition of which included iron, allowance being made 
for the iron they would pick up in the casting process. 
Porosity was always present, more or less, in pressure 
die castings. High casting pressures undoubtedly 
reduced it, and, with this object, 600 lb. per square 
inch was a common pressure to-day. Had the 
author employed a pressure higher than 80 Ib. per 
square inch his results should have been even better 
than those he had obtained. In conclusion, it would 
be interesting to know whether the very fine grain 
of pressure castings accelerated heat treatment. 

Mr. G. Mortimer emphasised the fact that the 
production of a metal in which aluminium could be 
satisfactorily melted and handled without contami- 
nation would fill a long-felt want in the industry. 
The fact remained, however, that very large castings 
were being produced at the present time, and the 
properties secured compared well with those given 
in the paper. Some experiments involving the use 
of very high pressures had been carried out by his 
firm. They thought that if they poured the casting 
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by gravity and then applied pressure, to bring 
about feeding, improved mechanical properties 
would result. The¥experiments, however, had 
proved a failure. They used l-in. bar moulds, 
and as soon as the mould had been filled with metal, 
pressure was applied. Up to 100 lb. per square inch 
they had secured an improvement in properties. 
As the pressures approached 1,000 lb. per square 
inch, however, the elongation and every other 
property seemed to fall away. The experiment had 
been continued to pressures in the neighbourhood 
of 2,000 Ib. per square inch. In a word, the process 
might be likened to the forcing of gas into a bottle 
containing small shot. There was no gainsaying, 
however, that thousands of satisfactory die castings 
were being produced every day. 

Mr. E. V. Pannell was of opinion that the results 
in the paper were disappointing to the die-casting 
industry. A summary of the data revealed the 
fact that the industry was ahead of scientific 
research. The question of pressure had already 
been raised, and pressures of from 400 Ib. to 600 Ib. 
per square inch, were commonly used. There was 
a great difference between metal which had been 
gently pushed into a mould and that which was 
deliberately shot into the pressure vessel. In 
connection with the correct placing of the gate in 
the die-casting operation, it was useful to remember 
that the priming of the gate with oil and blacklead 
revealed the swirls and eddies caused by an im- 
properly-placed gate. When the pressure die-casting 
process had been introduced some 15 years previously 
various alloy steels had been tried for the pressure- 
casting vessel with results identical with those 
obtained by the author. Cast iron was now com- 
monly employed and, in some cases, a life of only 
8 hours was obtained. Aluminium-copper alloys 
gave good die-castings, but he considered the use 
of Y-alloy somewhat surprising. The presence 
of magnesium increased shrinkage and gave rise 
to difficulties in finishing. For these reasons die- 
casters usually steered clear of this metal. Nickel, 
on the other hand, gave good results. An excellent 
finish was secured on the castings and, moreover, 
the life of the mould was prolonged. 

Mr. A. H. Mundey stated that the author had the 
sympathy of all die-casters in the matter of mould 
materials. In the industry itself, they had become 
thoroughly tired of trying out various complex 
alloys and had fallen back on ordinary cast iron. 
Difficulties with regard to unsoundness had been 
experienced by all. Nevertheless, many thounsands 
of serviceable die castings were produced, which, 
although not absolutely sound were relatively 
quite sound. It was generally agreed that it was 
practically impossible to obtain any casting per- 
fectly sound. Dies should therefore be designed 
in such a way that the unsoundness was located, 
either in a head, which could be subsequently cut 
off, or in a relatively unimportant portion of the 
casting. Up till the present time, the mechanical 
properties of a casting had been gauged from a 
piece cut from it, and usually carefully turned and 
ground to size. In fact, it was a tradition to have 
perfectly finished test pieces. It must be emphasised, 
however, that die-cast test pieces were the only 
type which correctly represented the properties of 
die castings. 

Dr. W. Rosenhain, who was the last speaker in 
this discussion, stated that the present research 
would be continued, provided the die-casting 
industry gave it sufficient support. In the past, 
this had been insufficient; hence they had been 
obliged to employ pressures of 80 lb. per square 
inch, which were available in the National Physical 
Laboratory, rather than the higher pressures which 
they were now told were preferable. Furthermore, 
they had been told that research was not so advanced 
as industry. Up till the present, the die-casting 
industry had told them nothing, and had not co- 
operated with them. Consequently, he put in a 
plea for greater support and greater co-operation 
on the part of the industry. After a few brief 
words from the author, Mr. Grogan, the meeting 
passed on to the next paper on the agenda. 

The further proceedings of the meeting on 
Wednesday and on the following days must be 
held over until our next issue. 


(To be continued.) 





THE INTERDEPENDENCE OF SCIENCE 
AND ENGINEERING WITH SOME 
EXAMPLES.* 


By Sir Ernest Mor, Bart., M.Inst.C.E., M.Am.Soc. 
C.E. 


As president of Section G,I feel greatly honoured 
in addressing you after the many able men who have 
done so in the past. Many of my predecessors I have 
known personally. To name a few, Sir John Fowler, 
with whom, when little more than a boy of twenty, 
I frequently walked under the shadow of that great 
structure, the Forth Bridge, created in the mind 
of himself and Sir Benjamin Baker. When I was 
twenty-two, I was placed by William Arrol in charge 
of the erection of the first portion of the Forth 
Bridge on its present site. Though Sir William Arrol 
never figured as your president, he was a man of fearless 
action and great foresight. He never doubted that 
any difficulty arising would be overcome, and he was 
never fearful of results and of his powers to succeed. 
John Fowler gave to his partner, Benjamin Baker, 
full credit for his great achievement in the design of 
the Forth Bridge, that was and is still his outstanding 
work, though many triumphs awaited him in later 
years. Yet another is Sir John Wolfe Barry, with 
his broad mind and outlook, giving confidence to all 
who approached him, always showing a sense of fair 
play in his judgments between the companies whom 
he faithfully served, but never allowing them to influence 
his determinations between themselves and the con- 
tractors when they differed about their respective 
responsibilities for happenings entailing payments. 
This characteristic enabled him to get the work he 
designed carried out more cheaply, since risks were less 
onerous under him than under many others practising 
during his active career. 

It has been my privilege and good fortune to have 
worked with and for many of those who have presided 
over Section G on some of the largest works during 
the last forty-eight. years. Dr. Kirk was one of my 
early chiefs, the inventor of the block model for deter- 
mining the resistance of ships. He also was the designer 
of the first triple-expansion engine that propelled a 
ship to the Antipodes on a fuel consumption of 1-6 lb. 
of coal per horse-power-hour, and as an apprentice 
engineer, I worked upon her engines, both in the 
pattern and fitting shops. 

Engineering practice and engineering inventive imagi- 
nation, and pure science have reacted on one another 
to the advancement of exactly applied knowledge. 
The observation of natural phenomena has played a very 
important part in the advancement of science as applied 
to industry and to engineering problems of all kinds. 
The constructing engineer has not the time to investigate 
exactly the forces of nature with which he has to contend, 
and he has frequently to cover up his ignorance by the 
use of “factors of safety” in making his designs, 
and but for this many bridge floor systems would 
long since have been destroyed by percussion and 
repeated hammer blows dealt upon them. There 
is still a great deal to be discovered in connection 
with the action of tides and waves and their destructive 
effect on sea works, many of which fail undoubtedly 
from the lack of exact knowledge of such action and 
their reaction on the sea shores where harbours must 
be built. Just recently we have had an example of 
the carrying away of years of work at Antofagasta 
Harbour, Chile, by a series of tidal waves. Yet there 
is no existing formula extant which would have enabled 
the civil engineer to forecast this appalling disaster. 
The influence of sea action on structures at varying 
depths of water is not at the moment governed by 
precise knowledge, and the forms of breakwaters vary 
the world over. There ought surely to be some means 
of collating data for the guidance of civil engineers 
in the design of marine works, which would save them 
from having to rely alone on the failures or successes 
of those who have gone before. 

Another aspect of this subject is exemplified in 
capillary attraction, or the capacity of certain mixtures 
of minute particles either in a loose form or in the form 
of porous solids, which have the power of defying the 
action of gravity by raising water. I have known 
water rise up within a glass tube 1} in. in diameter 
filled with fine sand, composed of decomposed granite 
(the lower end of which was immersed in a dish con- 
taining }-in. of water) 6 or 7 ft. in a few weeks. This 
at first glance, might seem of little moment from a 
practical engineering point of view, but when subsoils 
having this characteristic have to be drained, so that 
trenches may be safely sunk therein, the effect of the 
included water on materials is a serious matter in the 
construction of engineering works. The lubricating 
effect set up by the water produces quicksands out 
of the very fine particles which, when dry, are relatively 
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easy to handle by ordinary trenching methods. The 
included water makes a semi-fluid mass which becomes 
extraordinarily difficult to deal with in works involving 
excavation, because the subsoil refuses to give up the 
water it contains, and will flow through slight crevices 
and under driven piling sunk into it many feet. 

In connection with mixtures of concrete, voids play 
a very important part in the creation of what is practi- 
cally artificial conglomerate. Further, the minimum 
size and the variety of sizes forming the inert parts 
of concrete mixtures make a great difference to the 
structure arising out of a mixture of sand and stone 
(commonly called “the aggregate”) with a varying 
amount of cement. It is well known that the size 
of the cement particles themselves make a difference 
to the necessary hydration. In the case of airtight 
or watertight concrete it is a matter of great importance 
that all interstices be filled with cement when it has 
become hydrated. It forms the adhesive matrix 
between the other materials, which economise by dilu- 
tion and form the greater part of the mass. 

I have seen excellent bricks made in the Aar Valley out 
of a combination of a large number of different sizes down 
to minute particles of crushed stone in which the remain- 
ing voids were so small that only 24 per cent. of very 
finely ground lime to form the matrix was all that was 
needed to make what was practically an artificial 
solid stone. I have never heard of any other sand 
lime brick with such a minute amount of lime. matrix 
producing this effect. Cement concrete differs only 
from masonry on general broad lines. Masonry, in 
the form of concrete, can be put in with the 
shovel, whereas hewn block masonry may involve 
lifting appliances and, in any event, very careful 
handling and setting to produce the desired results. 
It is much more difficult to make water-tight masonry 
than water-tight concrete, because it is more difficult 
to fill thoroughly the voids in the masonry joints with 
a trowel or by bedding the stones in mortar than by 
mixing the ingredients as in concrete. 

Further, in earthen dams and in earthen railway 
embankments the question of settlement is very largely 
bound up with the amount of voids left in the material 
when it is tipped. 

During my work in the United States for the British 
Government during the war, 1915 to 1916, I had an 
interesting experience arising out of the testing of time 
fuses and the effects of voids thereon. The firm which 
had made many thousands of this particular fuse—it 
was called a No. 185 time fuse—had been very accurate 
in their manufacture up to a point; the timing had 
been very regular and the percentages of error on prov- 
ing at the range very small. Suddenly, however, the 
proving guns told another story, and the timing of 
the bursting of the shrapnel was distinctly bad. As 
to the chemical analysis of the powder, there was 
no change and no change in manufacture or in the 
pressing of it into the time ring. For a time we were 
all at a loss to account for what was happening. It then 
occurred to me that there must be something there- 
fore changed in the volume of the voids due to 
the handling of the powder when in transit to the 
factory. I asked the head of the firm whether he 
had recently changed the method of transport. He 
said, “Yes, we have. We have been making an 
addition to our factory, and while this has been 
going on we have had to bring the powder in by motor 
lorries over tempor: roads instead of by railway 
wagon.” ‘ Well,” I said, “‘I think this is the secret 
of the errors in the timing of the fuses you have made, 
for the powder has evidently been brought in over the 
rough roads made of tree trunks (called ‘ corduroy’ 
roads in America), and has been more shaken than 
it had been when delivered by rail; the voids between 
the particles have been made less in consequence, and 
the rate of burning is consequently different. This, 
then, is the possible cause of the burning in the time 
rings being irregular.” This was investigated and 
found to be the case, and when this: rough motor 
transport was eliminated the same powder performed 
its proper function just as exactly as it had done before 
this temporary method of transport was introduced 
and without any change in composition or treatment 
in the manufacture of the fuses. 

The breakwater I have just been constructing in 
Valparaiso Harbour, Chile, is founded in 187 ft. of water 
upon a sandbank. This bank is deposited by suction 
dredgers from neighbouring foreshores within ten miles. 
It has spread out at its base to over a quarter of a mile 
in width, and the sand in passing through this great 
depth of water, has so filtered out all its lighter 
particles on its way, that its consolidation has 
become very dense. Indeed the fluke of an anchor 
let fall upon it does not penetrate into its surface. 
This sandbank has been brought up to a depth 
below water of 63 ft. and graded quarried rock 
is spread upon its top. Firstly, what is practically 
quarry rubbish of variable sizes weighing about 2 tons 
per cubic metre, from which has been picked the larger 
rubble, is spread on the top of the sandbank; then 
upon this quarry rubbish selected rock, weighing 
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about 1:7 tons per cubic metre, gradually increasing 
in dimensions as it gets nearer low water level, is 
placed. On this are placed the larger categories of 
rock of 2 cwt. to 1} tons and from 1} tons to}10 tons 
in weight, by which the level is raised to 39 ft. 6 in. below 
low water. This upper layer, containing the larger 
categories, is deposited in excess to allow for settlement. 
It is levelled by divers, and upon this surface are 
placed blocks weighing 60 tons upon a slope of about 
70 deg. to the horizontal and at right angles to the 
axis of the breakwater, interlocked on the inclined 
face throughout their depth, so that they can slide 
down and take up any settlements in the banks on 
which they rest. Before the 60-ton blocks are placed 
a period of one year.is allowed to elapse so that the 
whole bank can settle. Notwithstanding this period 
of one year, the great weight of the superstructure 
does cause further settlement extending over some 
months, resulting in a final settlement of about 3 ft. 

None of the different categories of material appear to 
have been moved by the very heavy storms, locally 
known as “northers’’ on the western coast of South 
America, neither have any tidal waves disturbed or 
earthquakes moved, as far as we can determine, this 
enormous bank to any serious extent. There is evi- 
dence of two earthquakes having occurred before the 
breakwater was completed which caused some relatively 
small disturbance of the sandbank. The rubble was 
deposited in its various.categories by hopper barges, 
and in its pao through the water there is little doubt 
that anything of an earthy nature that might have 
adhered to the rock was washed off it. 
doubt, contributed to its solidity. 

Valparaiso is the first large breakwater in which a 
sand foundation has been adopted to so large an extent, 
and there seems to be no doubt that in suitable situations 
and in a sufficient depth of water, smaller material 
can be used for marine structures than has hitherto been 
employed. In shoal water, or near the low-water 
level, or where currents exist, sand should not be used. 
Small material may be satisfactory, however, at great 
depths as evidenced in Valparaiso. Masses of sixty 
tons are needed on the Pacific Coast where, as on any 
coast, the vertical motion of the waves is converted 
by the shoaling bottom into a horizontal one. If local 
rock strata will not produce quarried rubble of suffi- 
ciently large categories, which is the case with a great 
many of the rocky formations on the Pacific Coast 
(due, no doubt, to earthquakes, which are numerous) 
artificial concrete blocks are essential to produce the 
necessary masses, 

Experience at Dover Harbour, and also at Valparaiso, 
indicates that below a level of 45 ft., even in structures 
composed of practically vertical sides with the heavy 
seas beating thereon, nearly at right angles, there 
seems little chance of disturbing relatively small stones. 

Only one small movement of the 60-ton blocks in 
Valparaiso breakwater occurred in an exceptionally 
heavy storm, and that, I think, was attributable to 
an interesting and temporary modification of the top 
courses to assist construction. The movement was very 
small and, it adds to the interest to note that it was 
not on the sea side but on the sheltered side of the 
breakwater. It was attributable, I think, to the fact 
that a temporary longitudinal depression was left 
in the centre of the structure for construction purposes. 
The pier top has a total width of 45 ft. 6 in., and 
only the outer rows of blocks in the top course were 
placed. Thus a longitudinal channel protected from 
the sea in which to transmit the blocks, for construction 
purposes, to the crane at the outer end of the work, 
was provided. This depression formed a canal when 
a heavy swell existed and was filled by the sea. None 
of the joints in the breakwater blocks are cemented 
or filled with grout, therefore voids existed between 
them, into which columns of water flowed. Since 
water is incompressible, the falling masses of green 
sea on the surface of this filled canal acted like a 
hydraulic ram which transmuted vertical blows from 
the falling masses of fluid into horizontal pressure 
between the blocks. The blows moved the top courses 
of blocks towards the inside by a few inches, but, 
fortunately, not sufficiently to require extensive 
demolition and replacement to put matters right. 
Had the storm continued for several days it is possible 
that these voids would have vaused the partial 
destruction of the top courses of the breakwater. 
This canal was intended to be filled with mass concrete, 
and this has now been done, and no further trouble 
can arise from this cause. Great credit is due to the 
Chilean engineers Sefiores Davila and Lira, for their 
advocacy of the system of construction adopted. 

Another and similar case occurred in the old 
Admiralty Pier at Dover, which is faced on both 
sides with granite blocks. A number of the blocks 
have been forced out at right angles to the axis of 
the breakwater by what was clearly an equivalent 
action. 

I remember while the harbour works were under 
construction at Dover, three concrete blocks piled 
one on top of the other, each averaging about 
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35 tons, were standing on the unfinished pier. They 
rested on some timber packings a few inches thick 
at a level of about 8 ft. above high-water mark. 
During a south-westerly storm in the Channel, they 
were carried across the pier many feet and some 
into the sea on the lee side. This could only have 
resulted from some reduction of the frictional resistances 
due to compressed air or hydraulic action on the 
under side. of the blocks and between them and the 
pier top, where a space or void existed. This upward 
pressure decreased the friction to such an extent 
that the force of the sea was enough to slide the 
blocks horizontally. It would appear that some sort 
of ‘‘ pressure lubrication ’’ was produced between the 
bearing surfaces. 

One has frequently observed, having poured hot 
water into a glass and turned it upside down on a 
wet glass shelf, with what small amount of force 
the glass ins to move along the shelf. This 
reduction of friction would appear to be due to the 
air finding its way under the edge of the inverted 
glass and the movement caused by some small 
inclination of the glass shelf on which it rests. 

The only information the civil engineer can rely on 
at the present consists of historic facts, which are 
referred to in different publications on the subject 
of constructed or destroyed breakwaters. All these 
point to the advisability of putting the top blocks of 
any breakwater structure in with well-cemented joints, 
and the leaving of no voids, or joints, near the upper 
levels of these structures. ‘ 

The effect of voids among rocks deposited for the 
purpose of the defence of harbours and ports against 
the sea, and the cost of the same, are important 
considerations in connection with sea defence works. 
The rocks are usually deposited free from all quarry 
rubbish and earth arising from the “ overbearing ” 
which has been removed; such deposited rocks 
usually contain within their volume, voids to the 
extent of 42 per cent. to 43 per cent. If the whole 
output of the quarrying operations were deposited 
without special selection, these voids would be 
reduced to 30 per cent. to 33 per cent. As can be 
easily understood, these facts have an influence on 
the cost of construction. In this connection, the 
amount of selection which is involved (if a “limiting 
minimum ”’ size of rock masses is demanded), though 
not entering into the question of the volume of the 
voids, materially affects the cost of the deposited rock 
embankment as a whole. 

The voids in any mass of irregular solid lumps are 
largely influenced by the uniformity, or otherwise, 
of the sizes and shapes of the lumps of rock of which 
a rubble breakwater bank is composed. This has a 
great influence on its cost. The rock strata from 
which the material is quarried also makes a great 
difference in the ultimate cost if it cannot be blasted 
into the categories desired. The effect of voids in 
the mass, especially near high-water level, or where 
the influence of the wind on the sea may result in 
the inclusion of air in the moving masses of water, 
is to make for the free escape of this air and, therefore, 
for the greater safety of the structure as a whole, 
though the density and weight of the whole mass 
containing the larger voids will be less. 

This, of course, is in some measure a disadvantage 
so far as its resistance to the sea is concerned, and 
involves large unit masses of rock. In breakwater 
design, therefore, as in most things, it is a question 
of compromise and it is found necessary :— 

(a) Hither to prevent voids entirely where heavy 
seas are to be encountered near high-water level and 
to a considerable depth below it, by means of rect- 
angular blocks built closely, or 

(6) To make big irregular masses of artificial rock, 
such as roughly shaped concrete blocks, or 

(c) To procure such large rough masses of rock 
from suitable rock stratifications at not too great a 
distance or expense. 

As to greater depths of a breakwater, however, 
say at 45 ft. to 50 ft. below the low-water level, where 
there is no included air possible, the matter of voids and 
sizes of individual portions of the whole mass of the 
breakwater bank is not so important. 

There is another interesting matter to civil engineers 
in connection with voids, which arises when dredging 
materials by means of suction pumping. The ease 
of movement of the material to be pumped, and the 
consequent economy in pumping are largely influenced 
by the water contained in and surrounding the particles 
it is desired to move and lift by suction. Mud or 
clayey material, for example, will allow the .water 
sucked by the powerful pumps to slide over their sur- 
faces, whereas sand and even lumps of rock the size 
of one’s head, if surrounded by water filled voids, will 
be moved with relative ease. 

Some very large and important works could not 
have been carried out without great loss of life but 
for the discoveries of Sir Ronald Ross, Sir Patrick 
Manson, Bruce and others, in connection with the 
disease-carrying powers of certain mosquitoes, and 


especially the stegomyia and anopheles mosquitoes 
which transmit yellow fever and malaria. 

In the early days of De Lesseps’ effort to build the 
Panama Canal the death rate was very high indeed, 
and did more to make the first efforts a failure than 
anything else, unless perhaps finance or economics. 
When the United States Government undertook the 
construction of the Panama Canal, the success of this 
great scheme probably owed more to the science of 
bacteriology than to civil engineering. The only 
other great difficulty which might have prevented its 
ultimate completion was the question of cost and the 
sliding in of its sides at the Culebra cut, which resulted 
from the local geological formation. It is a magnificent 
monument to the civil engineer, nevertheless, and a 
great credit to those who designed and carried it out, 
but the science of medicine played as great a part, 
if not greater, than any other science in its accomplish- 
ment. In my own experience in the construction of 
the Port of Para in Northern Brazil, I have been much 
helped by this branch of science. While we did not 
entirely eliminate yellow fever from our staff, we did 
reduce it to a small number of cases and had very few 
deaths. We had also to fight yellow fever in Mexico 
and Colombia in connection with civil engineering 
works, and not without loss among our staffs. There 
are still some fields where we need the bacteriologist 
and medical scientist to aid us. I refer, eg., to 
Varugus disease which caused such destruction of life 
in the building of the Central Railway of Peru many 
years ago through the Varugus Valley, which was 
named after the disease which existed, and still exists, 
to the injury of man and civil engineering enterprise. 

The latest enemy for which the engineer wants the 
aid of the parasitologist and scientific medicine is 
the disease called Bilharziasis, which is causing great 
trouble in Egypt and preventing the free movement 
of that splendid worker, the fellah, to the upper reaches 
of the White and Blue Niles to assist in the construction 
of the great dam and canal systems which are now 
engaging the irrigation engineers. The life-history of 
its mobile germ is being followed out, and we must all 
hope, from a humanitarian as well as an engineering 
point of view, for an early and successful attack on 
this, I think, the latest enemy of the civil engineer and 
the progress of his work. 

The civil engineer has been the means of helping 
himself and his fellows in one special case, that of 
working in high pressure air, which has involved 
‘serious injury in the past to the men employed in very 
important work. In this case, while death and injury 
occurred in a very high percentage only a few years 
ago, the dangers have now been much reduced, thanks 
to the civil engineer. Air under pressure is required 
in the sinking of bridge foundation cylinders and in 
the driving of subaqueous tunnels, and the resulting 
illness is commonly called caisson disease, diver’s 
palsy or bends, the latter name being due to the 

odily distortions of the sufferers. It was the civil 
engineer who through bitter experience and long-con- 
tinued observation, found a cure. Chance gave me, 
forty-eight years ago, while at the Forth Bridge, 
the opportunity to study this disease during the 
sinking of the caissons which were being built and 
sunk under air pressure. At a later date the appalling 
death rate under the much higher pressures and much 
worse conditions that attended the construction of the 
Hudson Tunnel, New York, made it necessary for some- 
thing to be done to ameliorate the life of those who 
worked for me, and to make it possible to get the men to 
face the dangers of carrying on the construction of this, 
the first subaqueous tunnel built in the United States. 
The work had been commenced many years before, 
and much pain and many deaths had occurred, but 
without any cure having been discovered. Many 
months of continuous observation on these undertakings 
enabled me to ascertain certain facts and to devise a 
scheme of treatment, the use of recompression in a 
medical airlock, which is now always adopted on 
undertakings where compressed air is being na ag 
and with great success. These experiences led 
me to discover contributory causes not realised up till 
that time, namely, among others, the necessity for 
much purer air than is required in workings at atmo- 
spheric pressure, and further the benefits arising 
from stage decompression. I had mules continuously 
under air pressure for many months, and they did not 
suffer at all from this long immersion, but, like human 
beings, they suffered badly on passing through the air 
locks when coming out and getting back to normal 
atmospheric pressure. By simple re-immersion in 
high air pressure and by very slow decompression 
treatment, which is a very gradual withdrawal of the 
pressure while still keeping the air pure, I was able to 
reduce the death rate among the men at the Hudson 
Tunnel in 1890-2 from 25 per cent. per annum to 1}. 
In the Blackwall Tunnel in 1893 there were no deaths 
at all during the whole course of the works. 

The economics of engineering construction naturally 
| divide themselves into several categories. The first of 
‘these arises out of the purpose of the engineering works 
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or enterprises. If we take Great Britain as our 
example, we have public health requirements, including 
water supply, sewerage, lighting, national road-making, 
and transport services. These are works in which the 
financial requirements are based and provided for on 
the credit of the community using them, and are 
financed by the Government or Municipality through 
the investing public, arranged generally by some finan- 
cial house and, from that house, allotted to the investor 
by means of a public issue, or they may be provided out 
of revenue by an Act of Parliament. These are among 
the easiest financial operations, especially when the 
borrowing is done by the Central Government, which 
commands the highest form of credit. 

Another category involves enterprises that are to be 
financed on the basis of possible earnings and includes 
the public utilities not yet socialised, such as railways, 
docks, privately owned harbours, gas and electrical 
undertakings, and the bulk of the transport facilities, 
with the exception of roads and bridges. 

Finance for profit-earning enterprises is arranged 
through loans by issuing houses, which as a rule are fully 


underwritten. Public issues are made and they have, | p 


until quite recently, been an easy matter. The experi- 
ence of the common stock holder in this connection has 
not been always encouraging, and it often happens that 
his holdings are overborne by preference stocks and 
debenture issues, with the result that many investments, 
which, in my youth were looked upon as beyond 
suspicion, have fallen heavily in capital value as well 
as in earning power. This state of things has naturally 
reacted on the extent of engineering enterprise, and has, 
in some measure, reduced the training-ground for 
engineers and contractors at home, and therefore 
lessened the chance of Britain securing foreign or 
Dominion work in competition with the world. 

The next category that interests the constructive 
engineer, and makes for his employment is the needs 
of manufacturing and industrial undertakings. It 
takes, however, a greater faith and more enterprising 
spirit to raise money for this kind of work, and, 
as a consequence, the financing of factories and ancillary 
works, immense chemical industries, shipbuilding yards, 
collieries, coal-handling and loading devices, private 
harbours and gas works, with the greater financial risks 
that they involve and the greater probability of obsoles- 
cence, as well as more rapid depreciation, requires higher 
rates of interest and provision of larger sinking funds 
to procure the necessary money. 

One could enlarge on these lines, but I would prefer 

to deal with the questions of finance and economics 
connected with large civil-engineering enterprises 
abroad and mostly undertaken for foreign govern- 
ments. These are generally guaranteed financially 
by such governments and/or secured on monopolies 
under their control, and the effect upon those who act 
as financiers and contractors in connection with them 
needs careful consideration. After the security has 
been provided and the finance arranged for, the 
contractor may possibly have to take his payments in 
scrip. Estimates for foreign work involve questions of 
exchange, values of local untrained labour and its 
efficiency in countries abroad, and other matters 
entailing considerable risk and requiring a knowledge 
of the science of economics. The financing of the works 
of construction by the contractor may involve deposited 
guarantees, and will also require money for the purchase 
and transport of plant and machinery, the engagement 
of staff with a knowledge of foreign languages, and 
agreements as to supplies of material and provision of 
housing. 
_ Our British joint-stock banking system does not lend 
itself to the provision of such requirements and guaran- 
tees, although there is some welcome evidence that 
this may be altered shortly, as intimated recently in 
the Press. Foreign contractors, on the other hand, do 
not have these difficulties to face to the same extent. 
The German, French and American banking houses 
especially have entered into this sort of business for 
years, and no doubt they share in the profits which 
arise, and also take some of the risks of losses, with 
the contracting firm. 

The responsibilities thrown upon a contractor who 
has made the arrangements indicated above vary con- 
siderably according to the accuracy or otherwise of his 
estimate based on the information given to him or other- 
wise obtained, and the amount of cover he provides for 
risks that are not taken by the employing government 
or company or scheduled by those who advised them. 

examples, there are political risks arising from 
revolutions or wars, threatened or actual ; climatic risks, 
including risks of sea action and possible destruction of 
the work, in some cases even the risks of design ; risks 
arising out of exchange and depreciation of currencies 
in the country in which the contractor is working ; risks 
of labour disturbances and variations of wage rates 
either in the country in which he works or arising out 
of, for example, acoal strike in England if he is depen- 
dent for supplies of fuel from this country ; risks arising 
from the capital required and the interest on such capital ; 
and risks of diseases among the staff, either from the 





nature of the work or the climatic conditions, which may 
be so. bad that the labour required is very difficult, or 
perhaps non-existent. The available means of access 
of transport are also important, as well as the provision 
of food and other supplies. Apart from these, in some 
cases, the contractor takes earthquake risks, those of 
inundation from rivers in irrigation works, the risks of 
the strata of the foundations on which heavy structures 
have to be placed, and risks of the borings and data 
handed to him on which to make up his tender being 
accurate or not. Further, ifitis a sea work upon which 
he is engaged and an immense rubble dam for the base 
of a breakwater is required, there is the risk of settlement 
into the sea bed which is nearly always thrown upon 
the contractor, and sometimes that has involved him 
in very great loss. Penalties for non-completion. in 
time fall upon the contractor, but generally with fair 
provisions for extensions for unavoidable causes and 
force majeure. The amount of water to be pumped in 
deep excavations or in the strata through which tunnels 
are driven is generally his responsibility, and settle- 
ments, due to pumping in the surrounding areas, if 
umping in fact causes settlement in the subsoil 
(which often happens) is generally another heavy 
responsibility. 

Over and above all this, the efficiency of his supervi- 
sory staff and of all his local employees in a foreign 
country far from his base are matters he has got to take 
into account in dealing with his valuation of the works. 
Neither must the consideration of the solvency of the 
employer be left out of his reckoning. The estimation 
of the cost of getting suitable raw materials for the 
structure for which he makes a price depends, for 
example, among other matters, upon the suitability of 
rock arising from local stratifications giving, in the 
case of a breakwater, the large category rubble which 
goes to build up such banks. 

Then if he takes, as he often does in South America, 
payments in bonds or Government securities, he has to 
run the risk of a fall in the values of the medium by 
which he is paid. I have not even now covered the 
whole of the possibilities of loss which assail the 
constructor of large engineering undertakings, either 
at home or abroad, and for which, after he has assessed 
to the best of his ability their values and the contin- 
gencies arising from them, he must make allowance 
first in the unit prices of the work he is called upon to 
do, and finally in the gross amount arrived at through 
the detailed computations. None of the foregoing 
suggestions is academic; they have all occurred 
more or less in my forty-five years’ experience of 
doing work for public bodies, governments and private 
companies in connection with my firm, at home and 
abroad. 

There are some risks it clearly would be better for 
the employing authority to assume rather than he 
should place them on the contractor. I refer, of course, 
to those which cannot be attributed to the incapacity 
or neglect of the contractor himself. 

The values of all raw materials required for construc- 
tion might be fixed, with advantage to everybody, to 
be increased or reduced according to what they actually 
cost and according to the rates of exchange. It is 
almost impossible, for instance, for a contractor doing 
work in South America to ensure any specific price for 
coal or for cement and timber if required in large 
quantities over a period of many years, except with 
considerable margins. Clearly, cheaper offers would 
be given for constructive works if a number of these 
risks were excluded, and no profits were attached or 
sums added to the tender prices to cover possible and 
indeterminate risks. 

The capital requirements for construction pur- 
poses vary according to the place and the character 
of the work. For a large engineering contract where 
big deposits are not called for, the oe required 
may easily run up to 15 per cent. of the gross cost. 
In other words, the maximum peak that may be 
reached before the earnings from work done (less reten- 
tions held by the Government or company) may be 
easily 15 per cent. above the receipts at that time, and 
possibly, on a five years’ job, between three and four 
years may elapse, the time varying according to the 
margin for profit, if such accrues, before the contract 
receipts cross the line of expenditures. 








StokE-on-TRENT Etectricity Suppty.—The units 
generated and sold by the City of Stoke-on-Trent 
Electricity Undertaking during the year ending March 31; 
1930, have both reached the highest figure recorded 
in the history of the undertaking. Of the 46,293,510 
units generated during the year, 99-49 per cent. were 
generated at the central power house of the under- 
taking, and 0-51 per cent. at the destructor steam plant 
of the Stoke sub-works. During the twelve months 
under review, 1,658 new consumers were connected to 
the mains, making a total of 13,121 consumers, and a 
total connected load of 36,981 kw. The annual report 
of Mr. C. H. Yeaman, electrical engineer to the 
Stoke-on-Trent Electricity Committee, shows that the 
average price per unit, for all classes of supply, was 
1-42d. in 1929-30, as compared with 1-52d, in 1927-28, 





THE VIMAX BRICK-MAKING 
MACHINE. 


Bumpers are undoubtedly prejudiced against the 
sand-cement brick, but the results actually obtained 
with the Vimax brick suggests that this prejudice has 
arisen either as a result of confusion with sand-lime 
bricks, or ‘from experience gained from sand-cement 
bricks which have been either incorrectly manufactured 
or matured. Vimax bricks, which are manufactured 
at Merstham by Messrs. the Vimax Machinery Com- 
pany, Limited, of Imrie House, 33-36, King William- 
street, E.C.4, are prepared from good-quality cement, 
combined with sand obtained from the Folkestone 
beds, which outcrop at Merstham ; the normal propor- 
tions for a first-class facing brick, capable of with- 
standing a crushing load of not less than 100 tons per 
square foot after three months’ ageing, being eight to 
one. Any other suitable sand could, of course, be 
used, but it must be clean and free from organic matter 
or ferric hydroxide, and should not contain more than 
3 per cent. of clayey matter or fine dust. The best 
results are obtained from a graded sharp sand which 
passes eight mesh, and does not exceed 80 mesh in 
fineness. The strength of the bricks increases with 
age over a number of years, and as they are machine 
made, they are of uniform consistency and size. The 
bricks cut easily and evenly, they show no penetration 
to moisture under severe tests, although being able to 
absorb it in a similar manner to good clay bricks, and 
they are capable of being coloured as required. 

The Vimax brick-making machine is illustrated in 
Figs. 1 to 6, on pages 330 and 338. - The correct 
proportions of sand and cement in the dry state 
are put into an ordinary mixer, of the pan type, 
and after thorough mixing, sufficient water is added 
to cause the material to just bind when squeezed by 
hand. The required colour is given to the brick by 
mixing a suitable proportion of ground mineral oxide 
with the cement in a ball mill. A bunker is provided 
at the base of the bucket elevator, shown on the right- 
hand side of the machine in Fig. 6, and the material 
on leaving the mixer is delivered to this bunker. The 
bucket elevator delivers into a hopper visible at the 
top of the machine in the same figure. This hopper 
has an inclined base, as shown in Fig. 1. The brick 
moulds, of which there are three, are mounted radially 
on the large drum which is shown to the left ‘of, and 
below, the hopper in Fig. 1. The mouth of the hopper 
is in the lower left-hand corner, as viewed in this 
figure, and the drum is arranged to come to rest with 
a mould opposite to the hopper mouth ready for 
charging. In this position, the shutter covering the 
hopper mouth is withdrawn, and the material is forced 
into the mould under a pressure of 14 tons to 2 tons 
by a ram sliding down the inclined face of the hopper. 
The drum is then rotated through 120 degrees, bringing 
the charged mould opposite to the press head, shown 
to the left of the drum in Fig. 1. Under the action 
of this head, the material in the mould is subjected to 
a pressure of five tons. A further rotation of the drum 
through 120 degrees brings the mould to the bottom, 
where the brick is discharged on to a tray by with- 
drawing the sides of the mould. The tray, which is of 
sufficient length to carry three bricks, is carried on a 
roller conveyor, and after the brick has been deposited 
on the tray, the latter is fed forward the required 
distance to receive the second brick, which has been pre- 
pared in the following mould in the machine. When the 
tray carries its full complement of three bricks, it is 
fed on to a gravity conveyor, which can be seen in the 
foreground in Fig. 6. The trays aré in contact with 
one another at the charging end of the machine, and 
it will be appreciated that the manufacture of the bricks 
is continuous, the whole of the machine motions being 
of course synchronised. The machine is driven from 
line shafting by belt, as shown in Fig. 6. The primary 
shaft, on to which the drive is taken, is provided with 
a Ferodo-lined contracting-type clutch, operated by a 
lever at the level of the bin platform. 

Assuming that the general operation of the machine 
has been followed, the various motions may now be 
described in more detail, and it will be convenient in 
doing this to follow the path of the sand-cement 
mixture. The bucket elevator hardly calls for detailed 
comment, but it may be mentioned that it passes round 
sprockets on an idler shaft at the bottom, the upper 
sprocket shaft being driven through the bevel gears 
and chain shown in Fig. 6. The driving chain engages 
with a sprocket wheel on a second-motion shaft at the 
bottom, the shaft being driven from the primary shaft 
of the machine by a second chain. ‘Both chains are 
provided with adjustable jockey pulleys to take up 
slack. : 
Turning next to the charging mechanism, it should 
be explained that during the charging process, the 
sides of the mould project beyond the periphery of the 
drum, as shown to the left, or at the bottom in Fig. 4, 
the latter being a side elevation of the drunt assembly. 
From this figure, it will be observed that the outer face 
of the’ moulds is concentric with the drum periphery, 
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and the mouth and shutter of the hopper follow the same 
curve. If no material is to be lost, the shutter must 
follow the curve of the mould face as the hopper 
mouth is opened. For this purpose, the shutter 
hinge is mounted on the ends of two radius 
rods which embrace the main drum shaft. Short 
links, inclined about 30 degrees with the vertical, 
connect. the hinge to two swinging arms below the 
hopper. These arms are pivoted on the main machine 
frame, as shown in Fig. 1, and carry rollers bearing on | 
cams mounted on the ram-operating shaft, which is | 
shown to the right of, and slightly above, the primary | 
shaft: in the same figure. The combination of the 
radius rod and cam motions causes the shutter to | 
move in the required path concentric with the drum. | 

The charging ram in the hopper is provided with a | 
floating head, and is guided along the base of the hopper | 
by rollers attached to the ram, and running on guides 
above it. The guides are held at their lower ends 
by rods provided with turn-buckles, one of which is 
clearly shown in Fig. 1, while their upper ends are 
connected by links pivoted on eccentric bushes. It 
will thus be clear that provision is made at each end 
of the guides to take up wear. The ram is operated | 
by the movement of rocker arms, one of which is | 
shown on the extreme right in Fig. 1, the arms being 
pivoted to the main frame at the bottom and linked 
to the end of the ram at the top. They can be seen 
in Fig. 6 above the roller conveyor. The rocker arms 
are connected through rods provided with balance 
springs to the top of two triangular brackets, as 
shown in Fig. 1. These brackets are pivoted on the 
main frame, and carry rollers at their lower end bearing | 
on two further cams on the ram-operating shaft, so 
that the rotation of the latter actuates the ram. 

The arrangement of the moulds in the drum, shown | 
in Figs. 4 and 5, may now be considered. A three- 
armed spider is mounted on the shaft in the centre | 
of the drum, and the plates forming the bottom of the 
moulds are bolted on the end of each arm. The four | 
sides of the mould are bolted together, and the open- 
ended box thus formed is bolted between two side 
plates, as shown in Fig 5, the side plates being extended | 
towards the centre of the drum. A rod passes through 
the inner end of the plates and is extended at each end | 
to carry a roller running in a cam path. One of the | 
cam plates is shown in section to the left in Fig. 5, and 
the form of the cam path is shown in Fig. 4. The 
moulds are guided by tongues on the side plates, each | 
tongue sliding between eight rollers mounted on discs | 
bolted to the spider. The cam plates are bolted to 
outside brackets on which the operating arms are 
formed. The cam plate and roller disc on each side 
are covered by a casing which revolves with the spider, 
and each roller disc carries three pawls engaging with 
depressions cut in the circumference of the cam plates, 
as shown in dotted lines in Fig. 4. 

Assuming that one of the moulds has just been filled, 
and that it is in the position shown on the right in 
Fig. 4, in which, however, the side plates are not 
shown to bring out the construction of the bottom. As 
stated, the mould will be in its outermost position. 
Referring now to Fig. 1, it will be seen that the ends of 
the operating arms are connected by rods to crank 
pins mounted on discs, the latter being keyed to the 
ram-operating shaft. It will be clear that as the discs 
rotate, the operating arms will be given a reciprocating 
motion. At the instant that the mould is filled, the 
arms will be at the right-hand end of their stroke, and 
as they swing over to the left, they rotate the side 
plates, through 120 degrees, bringing the filled mould 
to the position shown on the left in Fig. 4. During this 
movement, the cam plates carry the drum spider and 
casings round with them, the ends of the recesses in 
the circumference of the camplates driving against 
the ends of the pawls. The whole of the drum parts 
have therefore rotated together, so that the filled 
mould is still in its outermost position. As soon as the 
mould is located under the ram-head, a catch registers 
between two lugs on the drum casings and prevents 
the latter rotating in either direction. 

During the main ramming operation, the pressure 
plate on the ram head enters the mould to a depth of 
about 4-in., thus consolidating the mould. While this 
action is taking place, the operating arms have com- 
menced their return stroke, carrying the cam plates 
with them in a clockwise direction, the plates now 
slipping under the pawls. It will be noticed from Fig. 4 
that the cam path is concentric with the drum for a 
short distance, and the moulds cannot therefore move 
in during the consolidating process. After rotating a 
certain distance, however, the cam plates commence 
to draw the mould in, and the main ram motion is 
synchronised so that the ram head moves in at the 
same speed, subjecting the brick, as already stated, to 
a pressure of 5 tons. It will, of course be understood 
that the base of the mould remains stationary during 
this operation. The method of operating the ram will 
be described later. 

Assuming that the operating arms have returned to 
their initial position on the right as viewed in Fig. 1, the 
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ramming process will have been completed and the 
ram withdrawn from the mould. The catch holding 
the drum casings is now released, and on the second 
anti-clockwise stroke of the operating arms, the drum 
is again rotated as a complete whole, bringing the 
charged and rammed mould to the bottom. At this 
point the casings are again locked in position, and the | 
return motion of the cam plates completely withdraws 
the mould sides from the brick, depositing the latter 
on a tray as already explained. No difficulty will be | 
experienced in following this action, which is effected | 
by a steep rise in the cam paths. A third anti-clockwise | 
movement of the operating arms brings the empty 
mould back to its initial charging position but with- 
drawn into the drum, and the return stroke of the arms 
causes the mould to move out radially ready for 
recharging. It will be understood that each of the 
three moulds is in turn subjected to the cycle of opera- | 
tions described. 
The method of operating the main ram may now be | 
dealt with. Referring to Fig. 1, it will be seen that the 
swinging arm carrying the ram head is connected | 
to a balance spring by side rods. These rods bifurcate 
near their centre to pass over the drum shaft, and are 
connected at their lower ends to a second pair of 
swinging links, which are directly behind the primary- 
shaft supporting bracket in the figure. They are 
pivoted on the main frame at the bottom, and their | 
upper ends, one of which is shown to the right of the 
supporting bracket in the drawing carry rollers bearing | 
on cams mounted on the primary shaft. The locating 
catch for the drum, already referred to, is not shown 
in the figures, but it may be explained that it consists 
of rollers engaging with the lugs on the drum casings, 
and mounted on the top of swinging arms. These 
arms are pivoted in the middle, and the bottom ends 
are connected by rods to a second pair of swinging 
arms, which are moved by rollers engaging with cams 
on the primary shaft. To bring the drum quickly to 
rest at the required points, it is provided with a| 
band brake, which is operated through a simple 
link arrangement from rollers on the ends of the drum- | 
operating arms. The link gear for the brake is shown | 
to the left of the drum shaft in Fig. 1. 
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which the trays rest when first introduced is fed forward 
at the required intervals by the mechanism shown on 
the left, the movement being imparted to the carriage 
by a trigger mounted at the top of a swinging lever. 
The lever is given a reciprocating motion by means of a 
cam and roller gear of which the details will be clear 
from the drawings. To maintain the trigger horizontal 


| during the stroke, it is mounted on an arm, pivoted to 
| the top of the swinging lever, and provided with a tail 


roller resting on a suitably curved block. This block 
is not shown in Fig. 2, but can be seen in Fig. 1. On 
the tray leaving the carriage, the forward end passes 


| over the first of four rollers carried on counterbalanced 


arms as shown to the right in Figs. 2 and 3, the counter- 
balance weight being sufficiently heavy to lift the end 
of the empty tray. On the next stroke of the trigger 
the tray passes forward on to the second balanced 
roller, the weight of the counterbalance in this case 
being sufficient to support that of the first delivered 
brick. On the next stroke, the tray passes on to the 
third roller, there being then sufficient support to carry 
two bricks. The action of the fourth roller is similar. 
It will be noticed from Figs. 2 and 3, that the four 
balance weights can be lifted together by means of a 
frame beneath them, the movement of the frame being 
effected by the cam mechanism shown. The cam is 
timed so that the frame is lifted during the actual 
forward movement of the trays, and dropped during 
the delivery of the brick. The object of the arrange- 
ment described is to ensure an even track while the 
trays are being fed forward, while allowing the tray 


| to float while each brick is being released, thus eliminat- 


ing any danger of the brick being fractured. ; 
In conclusion, it may be stated that the machine 
has a normal output of some 2,400 bricks per hour. 








THe MarKING or ImporTED ELEctTRIcITY METERS.— 
The Standing Committee appointed by the Board of 
Trade will hold an inquiry, commencing on each day at 
11.30 a.m., on October 20 and 21, as to whether imported 
electricity meters, registering by integration over @ 
period of time the consumption of electricity, and certain 
parts thereof, should be required to bear an indication 
of origin. The inquiry will be held at the Board of 
Trade Offices, Great George-street, London, S.W.1. 


The arrangement of the tray magazine and roller | Communications should be forwarded to the Secretary, 
conveyor is shown in Figs. 2 and 3. The carriage on | Mr. E. W. Reardon, at that address. 
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THE USE OF HIGH PRESSURES AND 
TEMPERATURES IN THE GENERA- 
TION OF POWER.* 

By Gro. A. Orrok. 


THE early successful steam engines of Newcomen, 
Smeaton and Watt were atmospheric engines, and the 
power obtained was largely due.to the action of the 
vacuum. Watt’s improvements and the standard 
working of the next half century led to the use of 
pressures from 10 Ib. per sq. in. to 20 lb. per sq. in. 
Inventors and constructors, like Hornblower, Trevi- 
thick and Evans, had dared to construct machines 
using pressures of five atmospheres to ten atmospheres, 
claiming economies over the lower-pressure engines, 
but their work produced only a ripple in the general 
practice, since the theory of engine efficiency had not 
yet been formulated. 

It was in 1824 that Sadi Carnot produced the paper 
‘* Reflexions sur la Puissance Motrice du Feu,” which 
was to clarify all our ideas on the efficiency of heat 
engines, and it was about this time that many experi- 
ments began to be made with higher pressures to 
better the economy of machines producing power 
through the use of heat. 
Perkins used steam at 50 atmospheres, and two years 
later had designed a steam generator, which was 
actually operated at 4,000 Ib. per square inch and 


1g.1. EFFICIENCIES OF CARNOT AND REGENERATIVE CYCLES ALSO 
EFFICIENCY OF PRACTICAL CENTRAL STATION CYCLE. 
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temperatures up to 1,000 deg. F. It had been known, 
even in Watt’s time, that “‘ the high-pressure engine 
consumed less fuel than a condensing engine of the 
same power, and that the force of the steam per square 
inch increases in a much greater ratio than the tempera- 
ture communicated to the water” (Galloway, 1836), 
butfa whole century was necessary to raise steam 
pressures generally to 150 lb., and 20 years more 
before 200 Ib. became the standard pressure for power 
production. 

Meanwhile, Carnot’s paper had been discovered, and 
his law applied to our conceptions of efficiency. Super- 
heaters had been invented, discarded, and again applied, 
and the invention of commercial turbines by Parsons, 
De Laval, Rateau and Curtis had shown "the way to 
increased efficiency to be obtained by the use of higher | 
pressures and temperatures. This wave of progress 
resulted in the installation of many high-pressure 
plants, of 400 lb. about 1918, 600 lb. about 1922, and 
1,200 lb. to 1,400 lb. about 1924, while experimental 


Indeed, in 1822, Jacob | 
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Theoretical efficiencies are easily calculated from 
9 

tor = B.Th.U. per kw.-hour, the Carnot effici- 
ency. Assuming a thermodynamic efficiency of 85 
per cent., the turbine heat rates are shown in the dotted 
curves of Fig. 1, reproduced from a paper by the author 
presented to the Second World Power Conference, 
Berlin, 1930. If we allow a further 20 per cent. as a mini- 
mum for all other losses, including combustion, boilers, 
piping, and generator losses, the full-line curves show 
the best possible economy, under the assumptions, 
for the central station as a whole. This, however, is 
not enough; we know that partial loadings of units 
or stations lead to reduced economies, and this factor 
has been reflected in reported economies. The base- 
load unit, with its best point about rating, the ordinary 
unit with its best point at the running point, say, 
65 per cent. to 80 per cent. of rating, and the peak-load 
machine, with its best load at 50 per cent. or below 
of the rating, all show the attempt to secure maximum 
economy over a range. It is possible, however, to 
find an empirical formula connecting load factor and 
economy, and such expressions have been used by 
many engineers. They usually take the form 


B.Th.U..per kw.-hour = C + — 








where C and A are constants and L F is the load 
factor, or more rigidly the ‘‘use’’ factor, in per cent. 
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The term “use” factor 14 


here employed signifies the 
average load carried by 
the station divided by the 
24-hour full-load capacity 
of the station. In the 
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author’s paper on Water v. 1 10 20 
Steam Power, read before 
the Tokyo Sectional Meet- (28) 
ing of the World Power 

» : 100,000 
Conference, in 1929, the expression 14,000 + LF 





= B.Th.U. was used for determining the economy of 
the steam station for comparison with the water-power 
station. 

When we try to get such a formula to include 
pressure and temperature terms, the work is better 
done in steps, and the author’s assistant, Mr. Artsay, 
has suggested the following as an expression for the 
best point (covering the range from 200 lb. up) of the 





plants at 1,800 lb. and 3,200 Ib. are now running in 
every-daycommercial service. Totalsteam temperatures 
have been rising from about 400 deg. in 1905 to 750 deg. 
to-day, with experimental plants at 850 deg. and 
950 deg. in every-day service, and at least one experi- 
mental plant at 1,000 deg. in operation. In the 
United States alone, there are 20,000,000 kw. of installed 
machinery up to 500 Ib., 1,350,000 kw. running between 
500 Ib. and 800 Ib., and 270,000 kw. from 800 lb. to 
1,400 1b., with a few kilowatts of experimental machinery 
working at higher pressures. 

The economy of feed-water heating was understood 
by Watt, who used the water from the hot well as 
feed water. Later, Bourne and others used other 
systems, and in America, Thurston, Stanwood and 
Nordberg carried the regenerative system to its logical 
conclusion for steam engines, heating the feed nearly 
to the saturation temp: ature by bleeding between the 
cylinders. Shortly afte:. the commercial turbine 
appeared, Ferranti applied the regenerative cycle to 
the turbine, and this principle has been one of the 
chief factors in the increase of station economy in the 
last 30 years. Such being the state of affairs at the 
present time, what may be said for the economies 
which have been due to these great increases in the 
Operating pressures and temperatures of our generating 
stations ? 





_* Paper read before Section G of the British Associa- 
tion, at Bristol on Tuesday, September 9, 1930. 
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t = temperature, total, in deg. F. 
P = pressure, gauge, in pounds per square inch. 
H, = B.Th.U’s. base for load-factor correction. 


The family of curves may then be calculated from 
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where 
H.y = B.Th.U’s. at any load-factor LF. 
L F = percentage of possible load. 


These curves have been plotted in Fig. 2, and show 
the best economy to be expected at 750 deg. total 
temperature for the chosen pressures and the range of 
use factors. The dotted curve crossing the field is 
the median curve of a field of yearly records of many 
central stations (about 500 points), which appears on 
page 351 of the last edition of The Engineering of 
Power Plants, by Fernald and Orrok. In all cases, 
the higher heating value of the fuel has been used as 


given by the calorimeter, and the kilowatt-hour “send 


out” of thestation. The median line has a much higher 
slope, showing that, in general, station losses can be 
much better controlled at high use factors. It also 


shows that Hopkinson’s “light running charges” 
category is fully as important to-day as it was in the 
early days of the central station, when Crompton and 
Wordingham stressed the need of a large divisor (i.e., 
hours of use) to reduce unit costs, whether stated in 
terms of heat or money. 

The shape and position of the curves show that the 
savings due to high pressure and temperature are real, 
and of considerable magnitude. Comparisons between 
actual records and the curves show that the losses 
become much smaller as the use factor increases. It 
is probable that an increase of the use factor of 10 per 
cent. would present economies equal to doubling the 
pressure. In general, if any yearly station record be 
plotted on Fig. 2, and an ordinate be drawn from the 
point down to the curve of the station pressure, the 
length of the ordinate will represent the possible B.Th.U. 
per kw.-hour that may be saved by better machinery 
and improved operation at the given use factor. 
These ordinates for modern stations (300 Ib. to 1,200 Ib. 
and the period 1925 to 1930) vary between 1,000 
B.Th.U. and 2,000 B.Th.U., while earlier stations may 
run from 2,000 B.Th.U. to 5,000 B.Th.U., especially at 
low use factor. The high-pressure stations of the last 
few years are all within the 1,000 B.Th.U. of possible 
saving with higher use factors. 

Investment costs of apparatus and station construc- 
tion vary greatly, but it would appear that, for American 
conditions, with pressures from 300 !b. to 1,200 Ib., 
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100 dol., a kilowatt of maximum 24-hour capacity is a 
fair figure to use. Reported high-pressure installations 
have cost about 6 per cent. higher, but it would appear 
that a newer installation would be somewhat cheaper. 
Personally, the author believes that this statement 
should hold up to the critical point, 3,200 lb. From 
published reports, the maintenance and operating costs 
vary more between installations of the same pressure 
than any variation between high and low pressures. 
The hours of use and the price of fuel would then be 
the determining factors in the economies of power 
generation, but with a fixed fuel cost per million 
B.Th.U., station heat rates would decrease :— 

(1) As the use factor increases.—This would be the 
largest variation, and would follow the curves in Fig. 2 
quite closely. 

(2) As the pressure increases.—Roughly 1,000 
B.Th.U. saving for each doubling of the pressure, start- 
ing with 200 lb. 

(3) As the increase in total temperature.—Roughly 
200 B.Th.U. saving for each 100 deg. rise of temperature 
above 500 deg. F. 

(4) As the quality of operation improves.—A decrease 
of 1,000 B.Th.U. to 5,000 B.Th.U. between good and 
poor operation. 

Reference to Tables I and II reproduced in connec- 
tion with the World Power Conference, Berlin, paper 
may be made for a list of the high-pressure stations in 
America.* 





MARKET FoR Motor CYCLES IN THE ARGENTINE. — 
A confidential memorandum on the market for motor 
cycles in Argentina, has been prepared by the Depart- 
ment of Overseas Trade. Interested British firms can 
secure a copy of the memorandum on application to the 
Department, at 35, Old Queen-street, London, S.W.1, 
quoting Reference No. A.X. 10,143. . 








* See ENGINEERING, page 25 ante. 
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GAS REMOVAL AND GRAIN REFINE- 
MENT OF ALUMINIUM ALLOYS.* 


By Dr. W. Rosrnuatn, F.R.S., J. D. Groaan, B.A., 
and T: H. ScHoFIELD, M.Sc. 


Recent developments in the treatment of aluminium 
and some of its alloys for the removal of gas were 
stimulated first by the work of Archbutt on “ pre- 
solidification,”’ and by Rosenhain’s method of passing 
nitrogen through the molten metal. This has since 
been extended by Tullis, who has examined the 
behaviour of chlorine and developed the use of boron 
trichloride. 

In the research here described it was desired to 
carry the investigation further by examining the effect 
of passing other volatile substances through or into 
the molten metal. The remarkable effects of boron 
trichloride in bringing about removal.of gas and grain 
refinement, as described by Tullis, suggested to the 
present authors that similar effects might be obtained 
more conveniently by the use of other substances. 
The substance first selected was titanium tetrachloride, 
which is a volatile liquid bearing a certain degree of 
similarity to boron trichloride, while it is readily 
obtainable commercially and can be handled with 
comparative ease and without the necessity of preparing 
it in the foundry. The results obtained with titanium 
tetrachloride led the authors to investigate the beha- 


Fig.7. 











viour and effects of other volatile substances. In 
selecting these substances it appeared desirable to 
avoid those from which hydrogen could be introduced 
into the metal ; water in any form is most objectionable 
from this point of view. Further, owing to the trouble- 
some effects resulting from the formation of alumina, 
oxygen-bearing substances are also undesirable. These 
considerations practically restrict the choice to halogen 
compounds, and among these the chlorides are the 
cheapest and most readily available. The present 
work has, therefore, been restricted to chlorides. 

The following seven materials were chosen for investi- 
gation, namely: carbon tetrachloride, silicon tetra- 
chloride, titanium. tetrachloride, tin tetrachloride, 
aluminium chloride, ferric chloride, tetrachlor-ethane. 
The last was chosen in order to determine the influence 
of a compound which contains hydrogen. 

The apparatus employed is shown in Fig. 1, on this 
page. It consists of a glass separating funnel attached 
toasteeltube. To the lower end of the tube is attached 
an inverted Salamander crucible, near the rim of which 
a ring of small holes has been drilled. A_nickel- 
chromium alloy steel tube, kindly supplied by Messrs. 
Accles and Pollock, Limited, Oldbury, was found to be 
very resistant to the attack of chloride vapour even at 
elevated temperatures, and superior to ordinary mild 
steel in this respect. The metal to be treated is melted 
in a Salamander crucible in a gas-fired furnace, and 
treatment is carried out while the temperature of the 
molten metal is rising to that employed for casting. 
The apparatus, carried on a tripod, is placed over the 
furnace so that the inverted crusible dips into the 
molten metal. The requisite amount of chloride is 
poured into the funnel, and pressure is applied to the 
top, to force the liquid through the funnel into the 
tube, when the tap is opened. The pressure is applied 
by means of a cylinder containing nitrogen. The liquid 
runs down the tube, vaporises, and passes into the 
molten metal in the form of gas. A “unit” quantity 
of chloride was chosen, based on the titanium in 
titanium tetrachloride, and is that volume which 


* Communication from the National Physical Labora- 
tory Tead before the Institute of Metals, Southampton, 
on Wednesday, September 10, 1930. Abridged. 





contains 0-05 per cent. of titanium relative to the 
weight of metal employed. It is very nearly 0-5 c.c. 
per lb. of metal. The “ units” of the other chlorides 
contain the same weight of chlorine as the unit of 
titanium tetrachloride. 

Part I: Gas Removal.—While aluminium itself, 
even when it contains considerable quantities of dis- 
solved gas, gives castings which appear relatively sound, 
many of the commercial alloys are more sensitive to 
gas content. In some the unsoundness, due to gas, 
is distributed in the form of fine intercrystalline fissures, 
difficult to detect in cut and polished sections. In the 
12 per cent. silicon alloy such unsoundness as occurs 
takes the form of relatively large cavities. For this 
reason this alloy has been chosen as suitable for the 
experiments on gas removal. The alloy was prepared 
by dissolving silicon in commercial aluminium. During 
the process the metal was exposed to furnace gas for 
a considerable period, so that opportunity was afforded 
for its absorption. When the silicon was dissolved, 
the metal was skimmed and cast in cast-iron notched 
moulds. 

The requisite quantity of metal was melted in an 
uncovered Salamander crucible in a gas-fired furnace. 
Care was taken to prevent the temperature of the 
metal from rising above 700 deg. C. Treatment was 
commenced as soon as the metal was molten, with 
0, 2, 4, 8, and 16 units of chloride. The progress of 
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titanium tetrachloride was investigated on metal from 
another source, and gave sound castings, although of 
lower density, after treatment with four units. While 
the evidence available is not sufficient to justify a claim 
that titanium tetrachloride is to this extent more 
efficient than the other reagents, it has been shown on 
larger melts of other alloys that this quantity is suffi- 
cient regularly to remove gas from the metal. 

The untreated alloy, when cast in the form of 1-in. 
diameter sand bar, is definitely modified, and contains 
dendrites of primary aluminium in a eutectic which is 
rather coarse for a modified material. Treatment with 
any of the reagents, except titanium tetrachloride, 
progressively destroys this modified structure and 
causes reversion to the normal. The change is not 
observed when titanium tetrachloride is employed. 
It is possible that titanium itself is capable of modifying 
the structure of the alloy to some extent, but this point 
has not yet been further investigated. As no satisfac- 
tory reagent is as yet available to disclose the macro- 
structure of silicon-aluminium alloys, the accurate 
determination of grain size in this case is difficult. The 
distribution of the dendrites of primary aluminium and 
the orientation of needles in the eutectic afford an 
indication, which, however, is seriously influenced by 
the change in microstructure described above. Careful 
examination did not indicate that any alteration of 
grain size is produced by treatment with carbon, or 
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Fig. 8. ALUMINIUM TREATED WITH 10 Units 
Fr Ci;. No Gratin REFINEMENT. X l. 


the treatment was in no way spectacular. As the 
chloride passes into the metal, white fumes appear 
round the inverted crucible and occasionally a bubble 
of vapour escapes. Since the fumes cause irritation, 
it was found desirable to provide a ventilating hood to 
prevent them from escaping into the air. As treat- 
ment proceeds the nature of the scum on the surface 
of the metal changes; it assumes a non-metallic 
appearance and is small in quantity. When the 
treatment is completed, the crucible is removed from 
the furnace, the metal skimmed and poured at 700 deg.C. 
into an open sand-mould, circular in section, 3 in. 
in diameter and 3 in. deep, without ‘‘ following up.” 
The remainder of the metal is cast in a l-in, diameter 
sand mould and a deep-trough ingot mould. 

The method of applying aluminium and ferric 
chlorides, which are solid at room temperature, was as 
follows :—A small quantity of the salt, wrapped in 
thin aluminium foil, is dropped on the surface of the 
molten metal and stirred in by means of an inverted 
crucible mounted on an iron rod. When fuming has 
| subsided another small portion is added, and the 
process continued until the requisite quantity has been 
used. The metal is then examined in the manner 
described above. 

All the materials employed proved efficacious in 
removal of gas from the metal. Even tetrachlor- 
ethane, which contains a considerable percentage of 
hydrogen, is little, if at all, inferior to the other reagents 
in this respect, although in this case all the castings 
show slight signs of residual gas. Concerning the 
relative efficiency of the various reagents there is some 
doubt, owing to the wide limit of experimental error 
produced by the small quantities of metal employed. 
Tin tetrachloride and ferric chloride contaminate the 
metal with tin and iron, and by altering the density 
prevent that property from being used as an accurate 
measure of soundness. Silicon tetrachloride, carbon 


tetrachloride. tetrachlor-ethane, and aluminium chloride 
give much the same density (2-66) after treatment 
with 16 units in the case of carbon tetrachloride, and 








eight in the case of the other three. The influence of 


Fie. 9. ALUMINIUM TREATED witH 4 UNITS 
Tr Cry, Grain REFINEMENT. X I. 


(REDUCED ONE-SIxTH IN REPRODUCTION.) 


silicon tetrachlorides, tetrachlor-ethane or aluminium, 
or ferric chlorides. Treatment with titanium tetra- 
chloride, and to a lesser extent with tin tetrachloride, 
produces a definite reduction in grain size. 

Part II: Grain Refinement.—As unalloyed alumi- 
nium when sand-cast develops a relatively coarse 
crystal structure, which is easily disclosed by etching, 
it was employed in the following investigation into the 
influence of these reagents on grain size. The procedure 
adopted was similar to that already described. The 
metal after treatment was cast at 700 deg. C. into a 
3-in. diameter sand mould, and no “ following up ” was 
employed. The ingot was split down the centre, and 
the cut surface polished and etched, either in caustic 
soda or in Vilella’s reagent. The results obtained 
confirm the observations made on the silicon-aluminium 
alloy. Carbon tetrachloride, silicon tetrachloride, 
ferric chloride, and aluminium chloride do not alter 
the grain-size. Tin tetrachloride produces a small 
but definite reduction, and titanium tetrachloride a 
marked reduction. Figs. 8 and 9, annexed, show 
the grain-size of metal treated with 10 units of ferric 
chloride and four units of titanium tetrachloride 
respectively. 

It appeared from these experiments that titanium 
itself is the grain-refining agent. Consequently, mate- 
rial treated with titanium tetrachloride should give 
the same fine structure after remelting, provided that 
the titanium is not eliminated during melting. To 
examine this question some of the treated metal was 
remelted and cast as before. The same fine structure 
is obtained even when the metal has been kept molten 
for 30 minutes at a temperature of 740 deg. to 780 deg. C. 
before re-casting. This result is confirmed by adding 
titanium in the form of alloy prepared by the “‘ Thermit””’ 
process. By this means metal containing 0-12 per 
cent. of titanium was prepared and cast. The crystal 
size of this metal is small, comparable with that of 
metal treated with titanium tetrachloride. On the 
other hand, the metal is low in density, which is 2-617 
compared with 2-670 of the sand-cast virgin aluminium, 
and it also contains cavities visible to the naked eye. 
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It appears, therefore, that titanium does not prevent Slab No. Treatment. 
the absorption of gases by molten aluminium. | Briss aaa saa eae None. 
The quantity of titanium found in aluminium and | ; ee aad ae «» Lee. TiCl, per lb. 
Wiens ae aad w< 300.3 » 


silicon-aluminium after treatment with titanium 
tetrachloride has been found to vary from a trace Slabs 1 and 2 evolved some gas on solidification. No 
upwards, but never approaches the quantity of titanium | evolution of gas was observed from Slab 3. With the 
employed. In alloys containing magnesium, however, equipment available in the laboratory, it has generally 
considerably greater quantities of titanium are absorbed, | heen found necessary to employ a preliminary forging 
and selective elimination of magnesium occurs. __ operation in the preparation of ‘‘ Y”-alloy sheet of 

Part III. Treatment of “ Y”-Alloy with Titanium | satisfactory quality. It was hoped that the improve- 
Tetrachloride.—As titanium tetrachloride had proved | ment in soundness and refinement of grain resulting 
to be efficient both in the removal of gas and in reducing |from the titanium tetrachloride treatment might 
grain-size, it was decided to investigate the manner in | render this operation unnecessary. Pieces of each slab 
which these refinements would influence the mechanical | were soaked for 1} hours at 480 deg. C. They were 
and “ working ” properties of a commercial alloy, and | then reduced 10 per cent. in thickness, some by forging 
for this purpose “ Y ”-alloy was selected as one which | and some by rolling. All were then reduced, in stages, 
is employed in both the cast and wrought states. The | to Q-1 in. thickness by hot-rolling. During the earlier 
influence of titanium tetrachloride in removing gas | stages Slab 1 developed considerable surface cracking, 








TABLE I, 
No. | Treatment. Density. 
1 | None ee we a sl 2-708 
2 Two units TiCl, a oo} 2-714 
3 Four ,, ” ee oe! 2-735 
4 | Eight ,, i He et 2-733 
| 





from this alloy was examined in the usual manner. | 
l-in. diameter bars and slabs for rolling were then | 


prepared from treated metal. The procedure adopted 
was similar to that employed in the previous experi- 
ments. Very little fume was evolved on treatment, 
unless the rate of addition of titanium chloride was 


TABLE III.—MecwHanicat PROPERTIES 


'the unforged piece being worse than the forged piece 
|in this respect. The treated material was considerably 
| superior and developed little surface cracking, even 
| when the forging operation was omitted. Indeed, the 
| best result was obtained from a piece which had had 
| the full titanium tetrachloride treatment and no pre- 
liminary forging. To determine to what extent the 
treatment allowed the metal to be roughly treated, 
pieces of the three slabs were hot-rolled to 1-0 in. 
thickness without intermediate annealing. They were 
then reheated and rolled to }-in. thickness. Slab No. 3 
stood’ this treatment very well and could have been 
rolled further to produce satisfactory sheet, although 
|a little surface cracking had occurred. Slab No. 2 
' was somewhat inferior. Slab No. 1 developed such 
| serious surface cracking that satisfactory sheet could 


or HeaAt-TREATED Cast “ Y ”’-AttLoy. 





| Sand-Cast. 











Chill-Cast. | 
Ultimate Stress. | Elongation. } | Ultimate Stress. Elongation. 
No. British Tons per sq. in. | Per cent. on 2 in. | No. | British tons persq.in.| Percent. on 2 in. 
{ 
1¢ | 19-9 | 4 1S | 16-6 1:5 
2C | 19-9 4 28 | 16-0 vs* 
3C 19-9 3 38 | 16-1 1 
4C | 20°9 4 48 16-5 1 
5C 19-6 | 3 | 5S 16-5 1 
6C | 21-0 5 | 6S 16-5 1 





* Broke outside gauge marks. 


made excessively rapid. Little or no gas was evolved 
on solidification in any casting of the series. Density 
determinations of half-sections of 3-in. diameter sand 
castings gave the results shown in Table I. 

The appearance of the 3-in. diameter castings when 
cut and polished is as follows :—No. 1.—Considerable 
unsoundness ; apparently fine intercrystalline cavities, 
particularly around the edges adjacent to the sand. 
No. 2.—Sounder. No. 3.—Still sounder, except around 
edges adjacent to the sand. No. 4.—Not so good as 
No. 3. The inferiority of No. 4 to No. 3 is probably 
due to lack of adequate control of the process when 
carried, out on the small scale employed in the experi- 
ment. In all cases the crystal size is small, the treated 
material being somewhat finer than the untreated. 

Ten pounds of new metal, melted in a Salamander 
pot in a gas-fired furnace, were treated with 2 c.c. of 
titanium tetrachloride per pound of metal, and six 
l-inch diameter chilled and six 1-in. diameter sand-cast 
bars were prepared according to standard practice. 
Transverse sections of the croppings from the base of 
bars 1 and 6 were polished and examined under the 
microscope. The chill-cast material was very sound 
and almost free from cavities. The sand-cast material 
was not so sound and contained a few intercrystalline 
cavities mainly round the edges. The eutectic structure 
appeared not to be altered in any way by the treatment. 
The density of the cropped bars, and of the threaded 
test-pieces machined from them, was determined. The 
density of the chill-cast bars was very satisfactory ; 
that of the test-pieces machined from them was lower, 
as is usually the case. The density of the sand-cast 
bars, although not so high, was quite satisfactory, and 
increased on machining into test pieces. This confirms 
the observation made on the polished sections of the 
sand-cast bars, that unsoundness is concentrated 
mainly near the surface of the bars. 

The cropped bars were heat-treated in the usual 
manner, and threaded test-pieces were machined from 
them after heat-treatment. After storage at room 
temperature for 14 days, the test-pieces were broken 
in tension. Table III gives the results obtained. In 
all cases the fractures were clean and disclosed no 
signs of dirt or unsoundness. The: figures, particularly 
those of elongation, are very satisfactory and distinctly 
superior to those obtained from untreated material. 

“ Y**-Alloy Sheet.—Three slabs for rolling were 
prepared of dimensions 15 in. x 7 in. x 14-in., castina 
metal mould according to standard practice. The metal 
received the following preliminary treatment :— . 


not be produced from it. Tensile test-pieces were 
cut from the sheet after the usual heat-treatment. 
The figures obtained showed that the treatment does 
not adversely affect the mechanical properties of the 
material. ~ 


THE DEVELOPMENT OF RIGID- 
AIRSHIP CONSTRUCTION.* 
By Lieut.-Col. V. C. Ricomonp, O.B.E., B.Sc. 


1. Influence of Operational Conditions on Design.— 
Although the earliest rigid airships designed by Count 
Zeppelin were intended to carry passengers for rela- 
tively short journeys, it was the War which gave the 
biggest impetus to the development of the rigid airship. 
Construction, therefore, pies, oe along lines particu- 
larly suited to war-time needs. For the purpose to 
which they were put during the War, these airships 
did not require very extensive range of action, and, 
although naturally every effort was made to get the 
maximum number of flying hours out of them, it was 
not essential for them'to keep any sort of time-table. 
Beyond provision for the carriage of the necessary 
amount of fuel and ammunition, no particular accom- 
modation or stowage space was required on board. 
One of the features which assumed greater importance 
with the progress of time was the provision for opera- 
tion at high altitudes, in order to escape detection and 
attack. Quite apart from the special problems intro- 
duced by low temperatures and rarefied atmosphere, 
the ability to operate at high altitudes in an airship 
demands that the fixed weights shall be a relatively 
small proportion of the gross lift. The structure has to 
be very lightly built, and although remarkable success 
was achieved in this direction (the structural failures 
being very few indeed), the factors of safety were 
undoubtedly lower than would be accepted in this 
country for a craft operating for other than military 
purposes, 

Opinions differ considerably as to the value to be 
attached to an airship for military purposes in the 
future, but with the progress which has been made in 
the development of the fighting aeroplane and with a 
change in the possible sphere of operations, it is certain 
that entirely new design problems would arise. Great 
| altitude is hardly likely to prove a very effective means 
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of defence. Total desttuction by means of incendiary 
bullets, such as were employed in the last War, is not 
to be contemplated. For defence, the military airship 
would have to rely on being practically non-inflammable, 
on carrying its own defensive armament in the form of 
aeroplanes and guns, and on possessing a fighting 
range which would enable it to operate in spheres of 
action beyond the range of attacking aircraft. Although 
these requirements and the problems which they 
introduce are being studied in connection with the two 
6,500,000-cub, ft. aeroplane-carrying, helium-filled air- 
ships which are now being built for the United States 
Navy, it is the intention of the present paper to deal 
exclusively with the development of the commercial 
airship for long-distance transport, since it is along these 
lines that our attention has been principally focused in 
this country since the War. Such airships must provide 
adequate safety and comfort for the passengers, and 
they must be capable of perpetually running to a 
scheduled time-table over long distances with the 
necessary margin of fuel to meet adverse weather condi- 
tions. They must possess those features which enable 
them to be handled at their terminal bases under such 
conditions. These requirements have important reac- 
tions on design, so that the modern passenger-carrying 
vessel differs considerably from the product which 
was developed under the military impetus of the War. 
Great altitude is not essential, and although inflation 
with helium is a safety precaution which it is hoped 
will ultimately be adopted, and which is probably 
essential in any military vessel to-day, the risk of 
using hydrogen for commercial vessels has now been 
proved to be extraordinarily small. On the other hand, 
the use of petrol as a fuel, whilst introducing no more 
than a justifiable risk in a military vessel, is hardly 
to be contemplated in a commercial vessel specially 
for operation in tropical temperatures. 

In order to attain the necessary range, factors of 
strength and degree of comfort, it is natural that a 
considerable increase in size has been called for, and 
undoubtedly the limit in this direction has not yet 
been attained. This may ultimately prove to be an 
economical rather than a technical consideration. 
Speed of passage may only attain its full value with 
frequency of passage, so that a frequent service of 
relatively small airships may be more valuable than 
a less frequent service of larger ones. The most favour- 
able position from an economical point of view for the 
various bases has yet to be determined. At the 
moment, operations have to be planned to suit the 
somewhat limited ground facilities which exist. Owing 
to variation in meteorological conditions, such as air 
density and wind at different times of the year between 
certain localities, the gross lift of the airship may vary 
by as much as 10 per cent. to 15 per cent., and the 
fuel required for the same journey may vary by as 
much as 200 per cent. Although it would be quite 
feasible to design an airship to carry its normal pay 
load on such journeys all the year round, it is doubtful 
if it would be economically sound to do so, since, for a 
large part of the year when conditions were favourable, 
the ship would have to earry a large amount of unneces- 
sary fuel or ballast. It:may well be that this difficulty, 
which is admittedly inherent in airship transport, is 
best met by having a number of intermediate refuelling 
bases which are only used when meteorological condi- 
tions are adverse and the use of which would not 
appreciably add to the time of passage. 

2. Shape and Aerodynamic Characteristics.—Perhaps 
one of the most noticeable changes which have occurred 
in the development of rigid airships since they were 
first produced by Count Zeppelin is the progressive 
change from the long thin shape with a fineness ratio 
of about 10:1 to the short fat shape with a fineness 
ratio of about 54:1. Shape must have inevitably been 
governed at different stages in the development by what 
was available in the way of shed accommodation, but, 
nevertheless, this marked tendency towards the shorter 
and fatter ship has been steadily pursued both in this 
country and in Germany. The wind-tunnel work carried 
out at the National Physical Laboratory showed the 
advantage to be gained in reduction of drag from these 
modern shapes. How far scale-effect may vitiate the 
wind-tunnel results is a matter on which more will be 
said later, but the speed trials of both R 100 and R 101 
showed that, within the limitations inevitable in such ex- 
periments, the full-scale drag is remarkably close to that 
predicted from the model. Similar results were also 
obtained with one of the older airships, namely R 33. 
The drag coefficient of R 33 is 0-01977, and that of R 101 
0-01156. ~The actual drag in pounds at 60 miles an 
hour of R 33 is 5,861 lb., and that of R 101 6,726 lb. 
From these will be seen how real is the actual reduction 
in drag which has been achieved, since the latter ship 
has two and a half times the capacity of the former. 

Although the contrary was originally predicted by 
certain critics, it is difficult to see why any reasonable 
shape cannot be made sufficiently stable provided the 
stabilising fins are large enough, and experience goes 
to show that the size required for the short fat shapes is 





relatively smaller, and not greater, than that for the 
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long thin ones. At any rate, the two airships R 100 
and R 101 have behaved precisely in accordance with 
the wind-tunnel predictions, and have proved them- 
selves more stable and controllable than probably any 
airship which has previously been built in this country. 

This change to the short, fat shape has an important 
influence on structural considerations. Since it shortens 
the shape and increases its diameter, it has an important 
influence in reducing the bending stresses in a given 
set of longitudinal girders. It does, however, entail | 
making all these girders curved to avoid the serious 
discontinuity that would occur in the longitudinal 
contour if they were straight. It leads to transverse 
frames of much bigger diameter, which, in R 100 and 
R 101, coupled with the big increase in volume over 
any previous airship, means a size of frame which 
presented a very real new problem to the designers 
of both ships. More will be said on this subject 
later. 

One point to note with regard to the new shapes 
is that their block coefficient (i.e., the ratio of their 
volume to that of the circumscribing cylinder) is low. 
It is about 0-59, as compared with 0-7 to 0-8 in the 
older shapes. An increase in block coefficient may 
give an increase in lifting capacity for a relatively 
small increase in structure weight. Experience gained, 
however, with the two new airships, leads to the opinion 
that it is desirable to get more lift into the nose and tail 
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portions (which would automatically have the effect of | 
increasing the block coefficient) because of the heavy | 
weights which modern requirements demand in these | 
regions. For instance, in the nose of the ship the struc- | 
ture has to be heavy to withstand the large forces which | 
occur when the ship is moored in heavy and veering | 
winds. The nose has also to carry a considerable | 
weight of mooring cables and winches. Similarly with | 
regard to the tail, the provision of the large fin and flap | 
areas which are necessary leads to heavy weights. 

Experiments carried out in the wind tunnel, in | 
which the flow of air is very carefully regulated to be 
of a very smooth laminar character, would appear to | 
show that forms having a large fineness ratio or a large 
block coefficient are not the best from the point of 
view of low drag, and in this respect it is pertinent to | 
refer here to certain modern theories on the flow of | 
air over streamline bodies which give rise to a certain | 
amount of doubt as to how far the wind-tunnel results 
represent what really occurs on the full-scale airship. 

The drag on any body may be considered as arising | 
from two causes, namely, pressure or form drag and | 
what, for the want of a better name, is termed skin 
friction. If the pressure distribution over the body is | 
known, it is a simple matter to integrate it and thereby | 
find the form resistance. This process has been carried | 
out now for a good many shapes, and it leads to the | 
interesting result that, provided the shape is reasonably 
good, even if its fineness ratio is as much as 8: 1, the | 
form resistance is zero. It is unlikely, for instance, | 
that the form resistance would amount to anything | 
appreciable even if the noses and tails of the present 
ships were fattened. This leads, therefore, to the 
consideration of these drag problems almost solely 
from the aspect of the skin frction entailed. Here 
modern theory (and to a certain extent, modern 
experiment also) points to the necessity for careful 
discrimination between the case when the air flow in 
the boundary layer is laminar and the case when 
it is turbulent. Coupled with this is the doubt as 
to whether the flow on the full-scale airship is not, 
in fact, always turbulent. 

These theories may be very briefly illustrated 
diagrammatically here with the aid of Fig. 1. Here 
a function representing skin-friction drag per unit 
area is plotted vertically and a function representing 
seale (vl) is plotted horizontally. The upper curve 
corresponds to predictions of skin friction under 
turbulent conditions, and the lower, the same thing 
under conditions of smooth laminar flow such ‘as 
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obtains in the ordinary wind tunnel. Points eure. | 
sponding to the wind tunnel and full-scale drag 
measurements of R101 are plotted on the diagram. 
Both curves fall with increase in scale, showing that 
the drag coefficient of the full-scale airship should 
be less than that of the model, whereas actual experi- 
ment shows them to be nearly the same. If it be 
assumed, however, that on the model the condition 
of flow corresponds to the lower curve, and that on 
the full-scale airship the condition corresponding to 
the upper curve is appropriate, then the more or less 
fortuitous agreement found by experiment is explained. 
The upshot of this is that possibly attempts to get 
perfectly smooth conditions for the measurements of 
very small drags in the wind tunnel may have been 
misleading regarding the relative merits of different 
bodies, if not the absolute values of their drags. 

It is no doubt fascinating to speculate on the results 
which would be achieved if the flow on the full-scale 
airship could be made of a quite truly laminar character 
The curves of Fig. 1 show that it could be driven at 
the present speed for one-tenth of the present horse- 
power. It is natural that, in connection with this 
question of shape, a study should have been made of the 
better-known fast-swimming fishes. Some of these are 
illustrated in Fig. 2,* and particulars relating to them 
are given in Table I below. | 





nature of scales or feathers, or special ducts leading 
air from the nose of the airship to escape out of various 
points on the body, but, at the moment, these ideas 
are put forward merely as interesting speculations 
rather than as of immediate practical use. What, how- 
ever, is of immediate practical necessity, is to test 
airship shapes under turbulent conditions with the 
object of finding out whether ideas as to the relative 
merits of different shapes, &c., are really correct. 
Experiments devoted to this end are now in hand 
at the National Physical Laboratory. Turbulence is 
produced either by putting a net across the mouth of 
the wind tunnel or by putting a small ring round the 
nose of the airship, and as soon as the necessary 
technique can be relied upon, some interesting results 
are to be anticipated. For instance, one of the 
problems which is of interest is the question of the 
drag of the power units. When tested in the ordinary 
wind tunnel, under smooth-flow conditions, the same 
power units placed in the forward part of the hull 
seem to have far more resistance than when placed in 
the aft part. It now seems probable that the reason for 
this lies in the fact that these units set up turbulence, 
the forward ones giving rise to turbulence earlier than 
the aft ones. If the flow on the full-scale ship is 
turbulent in any case, then it is doubtful if the 
position of the units will make any difference to the 


It will be seen that the average fineness ratio lies | added drag. 
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in the region 4 to 4-5. The block coefficients are 
appropriate to forms of this fineness ratio, which are 
not too well filled. Presumably volumetric consider- 
ations are not so important as those of shape. 
Whether the virtue of these fishes lies in the actual 
geometrical shape or whether in the nature of their 
surface, calculations have been made purporting to 
show that they understand this problem much better 


TABLE I.—Fish Forms. 


| Fineness | 








Block Position 
Ratio, Coefficient. | of Maximum 
| Diameter. 
a 3-55 0-58 0-43 L 
b 4-05 0-57 0-44 
c 4°25 0-58 0:5 
d 3-9 0-59 0-54 
e 3-8 0-56 0-47 
f 4-0 0-53 0-35 
h 4-6 0-57 0-36 
g 4-9 0-55 0-42 
R. 101 5-5 0-59 0-397 
Graf Zeppelin 7°74 0-70 0 -366-429 


than airship designers do, and that, for instance, the 
porpoise must be working on the bottom curve of 
Fig. 1 if he is not to exert an incredibly large horse- 
power for the actual speed which he obtains. It is not 
outside the bounds of possibility that either by the 
emission of an oily substance or by the presence of 
scales or by the nature of flow through his gills, he 
manages to prevent a laminar boundary layer from 
becoming a turbulent one. 

It is possible that, in years to come, the outer covers 
of airships may be provided with something in the 








* Reproduced from Aeronautical Research Committee, 
R. and M. No. 607, by permission of the Controller of 
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Another interesting point is the question of adding 
bulges on the side of the ship to improve the passenger 
accommodation. This is explained more fully later. 
Experiments carried out in the wind tunnel appear to 
show that such bulges add very considerably to the 
drag. This may be because they produce turbulence 
where none previously existed, and the result may 
therefore be spurious as far as the full-scale airship is 
concerned. 

3. Structural Arrangement. — The conventional 
arrangement of the structure of a rigid airship is well 
known to consist of a number of polygonal transverse 
frames connected together with longitudinal members, 
the panels formed between the longitudinal and trans- 
verse members being cross-braced with shear wires. 
In all designs, prior to the present British airships, light 
intermediate transverse frames and _ longitudinal 
members have also been included. One advantage of 
keeping the number of individual girders as few as 
possible is that the number of joints between them is 
also kept low, and this is important in connection with 
the use of the special form of bolted joint, referred to 
below, which was designed (amongst other things) to 
facilitate rapid erection. Another advantage of having 
few individual girders is that the load to be carried by 
each is high ; in fact, with the increase in size of the 
present ships over previous ones, these loads are so 
high that they permit of entirely novel forms of girder 
and joint construction, which are more robust, econo- 
mical in weight and easy to erect than the conventional 
forms of past airships. What may be called the 
intermediate girder work of the older ships has, 
therefore, been done away with. 

Two noticeable features introduced by the increase 
in size and the decrease in fineness ratio are the sharper 
curvatures of the longitudinal girders and the much 
greater diameters of the transverse frames. With 
regard to the former, it should be noted that, in all 
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previous airships, all the longitudinal girders, except 
those in the extreme nose, have been made straight. 
To do this in R101, however, would have involved 
serious discontinuities in outline where the longitu- 
dinals meet the transverse frames. It was found, 
however, that these girders could be made to conform 
to the arcs of circles without departing from the 
theoretical contour by more than a few millimetres on 
the full scale. 

With regard to the larger transverse frames, the 
conventional design (which in the past consisted of a 
flat polygonal frame with radial and chordal wires) 
had to be given up in order to obtain economy in 
weight. The loads which these frames had to carry 
may be subdivided as follows :— 

(1) Lift and gravity loads. 

(2) Aerodynamic forces transmitted by the longitu- 

inals. 

(3) Gas pressure, when the end pressure on two 

adjacent gas bags is not equal. 

As far as (1) is concerned, in past airships the principal 
weights have mostly been carried in a keel attached 
to the bottom of the frame, whereas the lifting forces 
from gasbags and shear wires have been concentrated 
mainly at the sides of the frames, so that there has been 
a tendency to distort the frame into a vertical oval 
or pear-shaped figure. The forces under heading (2) 
are similar whatever the type of frame. By far the 
most predominating forces, however, are those under 
heading (3). In the conventional type of frame, this 
end pressure acting on the cross wiring causes heavy 
compressions in the transverse members, and these 
increase rapidly with increase in diameter. 

Improvements have been applied to (1) by means 
of better methods of distributing the weight and lift, 
and these have involved, amongst other things, the 
abolition of the keel. In early ships, the predominating 
bending and shearing forces were in a vertical plane, 
and the keel formed a useful member to resist these as 
well as being a distributor of weight. To-day, how- 
ever, the forces in a horizontal plane are heavy at the 
forward end when the ship is moored in a veering wind, 
and at the aft end when turning at the higher speeds 
which now prevail, so that there is no call for a pre- 
ponderance of strength in a vertical plane, and it is 
more economical to distribute the strength equally 
amongst all the longitudinal girders. In R 101, weights 
are distributed transversely in the novel form of trans- 
verse frame provided, and lifting forces are applied to 
the bottom as well as the sides of the frame by means 
of a special form of wiring system which encompasses 
the gasbag. 

The combination of this novel form of frame and 
gasbag wiring is also designed to overcome the difficul- 
ties under heading (3) above. The single members of 
the conventional frame are replaced by deep triangular 
braced structures forming the equivalent of a stiff- 
jointed polygon. This structure is strong enough to 
resist all transverse forces without any transverse 
bracing. The wiring system may be likened to a pair 
of parachutes placed back to back sharing a common 
crown, by means of which the end pressure is trans- 
mitted directly into the longitudinals without loading 
the transverse frame. The lower half of the parachute 
wiring is anchored to the transverse frame, so as to 
transmit the lift in the bulged ends of the gasbags. 

These frames only require very simple trestles for 
their assembly. They are stitf enough to be lifted at 
four points only to the mid-height of the shed, where 
they are allowed to swing into the vertical like a gimbal 
ring, the side points only being held. Whilst the 
frames are still lying flat on the ground, all the fuel 
and water stowage, branch mains, ladders, gasbag 
nets, &c., can be fixed in place and then lifted with 
the frame so that a large amount of fitting work, which 
would otherwise have to be carried out at a consider- 
able height above the ground, is avoided. 

The nature and extent of the passenger accom- 
modation is dealt with below, but it is pertinent to 
mention here that the support of these large rooms 
within the hull of the airship calls for special care. 
The structure of the passenger accommodation must 
not be built into the hull in such a manner as would 
interfere with the normal distortion of the latter or 
an indefinite, and therefore incalculable, partition of 
stress will be produced. One method of overcoming 
the difficulty is to build the accommodation in the 
form of a separate box and suspend it by means of 


flexible ties. The type of frame described above, | struction may be summarised as follows :— 


however, lends itself to the direct suspension of strong | 
cross beams to which the decks can be attached. 
Light walls are then built up on these decks. The 
deck suspensions are in the form of hinged links, and 
the decks themselves are provided with hinge points, 
so that they will yield to both longitudinal and trans- 
verse distortion. 

4. Structural Detail.—Experience has shown that 
to avoid secondary loading, to economise weight and 
to speed up erection, it is highly desirable to consider 
at a very early stage in design the attachments and 
supports for the wide variety of items which have 








to be carried in the hull such as :—Gasbag wiring, | 
fuel and ballast tanks and piping, power cars, control , 
car, passenger accommodation, nose spindle and tail | 
cap, cover supports, gangways, ladders and platforms, 

handling and mooring guys, controls, valves, &c. It | 
does not do to consider these merely as subsidiaries | 
which can be hung on to the hull somehow after it 

has been completed. Erection work is costly, and’! 
slow, especially if much of it has to be carried out at | 
a considerable height above the ground. Provided | 
the attachments have been well thought out, many | 
of the subsidiaries can be fixed in place in the trans- | 
verse frames before they are lifted from the ground, | 
as has been explained above. Joints and attachments 

in past airships have been constructed from a multi- 

tude of gusset plates which have been so varied in shape | 
as to necessitate them being cut out by hand and riveted 

in place. To overcome this in R 101, the joints have | 
been formed of machined die stampings to which girders | 
and attachments can be bolted. Incidentally, such | 
a system permits of the use of girders having closed | 
sections for the booms, whereas it is extremely difficult | 
to form gusseted joints with such sections. The 

hundreds of tests which have been carried out on | 
girders with closed boom sections have shown them 

to be superior to the previous open channel type. | 
Admittedly, at a first attempt, the number of machined 

parts and bolts which have had to be produced has 

been considerable, but ways of greatly reducing them | 
can be seen, and they can be produced more quickly | 
and cheaply than hand-made gusset plates. The | 
policy of reducing the erectional work in the shed, | 
even at the expense of heavier work in the shops, | 
would appear to be the correct one for a variety of | 
reasons, not the least of which is that the capital 

locked up in sheds for construction is so large that it | 
will become important when airships are required in | 
numbers to get each one through its constructional 

berth as quickly as possible. 

In R 101, the complete hull framework, with the , 
attachments referred to above, weighs about 42 per 
cent. of the total fixed weights (30 per cent. of the gross | 
lift). The remaining 58 per cent. covers a wide variety 
of items, such as fabric, engines, passenger accommoda- , 
tion, &c. Space does not permit of a discussion here | 
of the problems of weight economy in connection with 
these many details, but the percentage is mentioned 
merely to emphasise the fact that the production 
of a light hull is only half the problem as far as weight 
saving is concerned. 

The hull weight referred to above may be divided | 
roughly into 68-2 per cent. girders, 21-6 per cent. 
joints and attachments, and 10-2 per cent. steel-wire | 
bracings. Apart from the bracings, the 89-8 per cent. | 
represented by the girders and joints may be divided 
into 55-3 per cent. steel and 34-5 per cent. Duralumin. 
This extensive use of steel (24-9 tons) for the first time 
in airship construction has been made almost solely 
on the grounds of weight economy. It is estimated 
that at least 3 to 4 tons have been saved thereby. This | 
illustrates one of the advantages of increase in size | 
of ship. The heavier loads to be carried permit of the | 
use of steel of practicable thickness—steel of the high- | 
tensile stainless variety which has a higher specific 
strength than Duralumin. It is the increase in size 
which has also made possible the novel methods of | 
construction outlined above, and has led to a general 
improvement in robustness, i.e., better resistance to 
corrosion and mechanical damage which may arise 
from the necessary traffic over practically all parts of 
the hull. For the same reason, the problem of mainten- 
ance and repair is simplified by the ease with which 
the various parts can be removed from the hull. 
There appears to be no reason why the hull of a 
modern rigid airship should not last at least twenty 
years without extensive replacement. Some idea of 
the efficiency of modern girder construction may be 
gathered from the following figures: Struts 9 ft. long, 
to withstand an end load of 7 tons, can be made for 
a weight of 0-8 Ib. per foot run; struts 11 ft. long, 
to withstand an end load of 18 tons, can be made for 
a weight of 2 lb. per foot-run; girders 35 ft. long, to 
withstand simultaneously an end load of 14} tons 
and a side load of 1-5 tons, can be made for a weight of 
3-6 lb. per foot run. The total cross-sectional area of 
the steel girders used as longitudinal members in the 
huge structure of R 101 is only 8 sq. in. 

The principal materials employed in the hull con- 





Tubular sections formed from Duralumin strip. 

Solid-drawn Duralumin tubes. 

Duralumin die stampings. 

Duralumin web plates. 

(All these have been anodically oxidised to protect 
them from corrosion.) 

Tubular sections formed from non-corrosive steel 
strip (65 tons proof stress). 

Solid-drawn steel tubes (65 tons proof stress). 

Silumin castings. 

High-tensile steel cables and tie rods. 

Materials for aircraft construction are constantly 





undergoing improvements which offer promise of still 
further weight saving. For instance, cables and tie 
rods are being produced of still higher tensile steel, 
and magnesium alloys are being developed which are 
suitable for limited use, more especially in castings. 
Had these been available at the time R 101 was designed, 
it is estimated that they would have produced a saving 
of at least 2 tons, equivalent to an additional 5 or 6 
Large, x (see below). The above must naturally 
not be taken as the only economies in hull construction 
in sight“in the near future. R 101 represents the first 
example of entirely novel type, and it is to be hoped 
that opportunity will be given to perfect the type ; 
that is to say, it is hoped that the requirements of the 
next ship to be built will not be such a big increase in 
size, &c., as to call for still further radical changes in 
design. 

5. Propulsion.—There have been two important 
developments in means of airship propulsion in recent 
years. One of these is the use in the air for the first 
time in R 101 of the high-speed Diesel engine burning 
heavy oil fuel. Although the weight of the engine 
is considerably greater, and the power of the engine 
considerably less, than was contemplated when the 
design was commenced, it represents a very real 
achievement. The Diesel is the engine par excellence 
for airship work. Several other attractive alterna- 
tives have been proposed, but much of their attraction 
lies in easing the difficulties of the construction of the 
power plant rather than in improving the airship. The 
fuel of the Diesel engine is much safer than petrol and 
the consumption ‘of fuel per horse-power is low. 

Since a modern airship leaves its base with about 20 lb. 
of fuel per rated horse-power, a pound or so increase in 
engine weight per rated horse-power can well be afforded 
if it achieves 20 per cent. or so saving in fuel consump- 
tion. The life of the engine without overhaul must, 
however, be numbered in hundreds, not tens, of hours. 

Any system of propulsion which consumes liquid 
fuel entails the progressive lightening of the ship 


| as the journey proceeds, and something has to be done 


to counteract this before a landing can be made. 


|The usual method is to valve gas, which means, of 
course, that a gas plant must be provided at every 


refuelling base, and, if the ship is filled with expensive 


/gas like helium, a considerable amount of money is 


wasted. The idea of recovering ballast water from the 
exhaust of the engines has long been suggested, but 
not much success has been obtained with the design 
of a really efficient apparatus. The apparatus which 
has perforce to be employed on the American ships, 
which are filled with helium, has been proved to add 
at least 20 per cent. to the drag, which, added to the 
weight of the apparatus itself, is a very serious limita- 
tion on performance. The problem is doubly difficult 
in connection with the Diesel engine, owing to the 
sooty and acid nature of the exhaust and the excess 
of air which leaves the apparatus in a saturated con- 


| dition. 


A most ingenious solution of the difficulty comes from 
Friedrichshafen, that great home of airship progress. 
It represents the second chief advance in schemes of 
propulsion, viz., the use of the gas fuel. It will be obvious 
that if a fuel is employed the density of which is equal to 
that of air, the ship will not be lightened by its con- 
sumption. The fact that it can be burnt with very 
even distribution in engines of high-compression ratio 
leads to almost as good fuel economy as that obtain- 
able in the Diesel engine. 

One advantage of any scheme of using gas fuel is that 
the fuel itself displaces the air necessary for its flotation. 
The weight of hydrogen normally required to lift liquid 
fuel is saved, and this saving amounts to 10 per cent. of 
the liquid fuel weight. The most economical arrange- 
ment is probably to ars ag a certain amount of liquid 
fuel in conjunction with the gas. The airship leaves 
so full of gas that it has only sufficient allowance 
for, say, 400 ft. or 500 ft. altitude without valving. 
It proceeds to a ceiling of, say, 1,500 ft. to 2,000 ft. 
valving gas, becoming heavy and sustaining itself 
by dynamic lift. It commences to consume the liquid 
fuel and continues to do so until its static equilibrium 
is restored and it can fly on even keel again. For the 
rest of the voyage, gas alone may be consumed, or a 
combination of gas and liquid, if the engine is suitable. 

In the former case, the gas should be of density equal 
to that of air; in the latter case, the density should be 
such that the consumption of the gas and liquid together 
does not affect the static equilibrium of the ship. The 
ultimate criterion of performance must be the weight of 
fuel (in any form) consumed per horse-power hour, 
and in this respect the possibility of burning heavy oil 
with a light gas in a Diesel engine appears attractive, 
provided the engine weight is reasonable. This re- 
mains to be explored, however. 

From the point of view of safety, there is no doubt 
that Diesel oil is at the top of the scale and petrol at 
the bottom. The exact intermediate position occupied 
by gaseous fuel depends on its density primarily, and 
opinions differ as to the relative merits of a light and a 
heavy gas in this respect. Regarding a helium-filled 
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CONSTRUCTED BY MESSRS. S. MORGAN SMITH COMPANY, YORK, PA., U.S.A. 
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airship as the ultimate end to be universally attained in | 
the interests of safety, petrol as a fuel is likely to dis- | 
appear for the same reason. The use of gas with or | 
without Diesel oil would offer an attractive method of | 
maintaining constant static equilibrium, and thus | 
conserving the helium without resorting to the in- 
efficient expedient of exhaust water recovery. 
The arrangement of the propulsive units and air- 
screws has undergone a good many changes in the course | 
of the development of rigid airship design. Some of 
these changes have been dictated by the use of what- | 
ever engines may have been available, these engines not 
always having the precise power and speed of revolution 
suitable to a particular size of ship. Owing to its low 
forward speed for a given power, as compared with an 
aeroplane, an airship requires, in general, a larger air- 
screw running slower to achieve maximum efficiency. 
Combined with a light-weight high-speed engine, it is 
necessary, therefore, to adopt reduction gearing for | 
maximum efficiency, and this has not always been | 
available. The large airscrew has to be supported | 
with sufficient clearance from the envelope. The most 
generally favoured method is to carry the engines and 
airscrews in separate cars slung outside the ship. An | 
odd number of such cars is preferable, in order to have 
one on the centre line aft to give a slip-stream over | 
the rudder, whereas one on the centre line forward 
would cause an obstruction to the control car. The 
number of cars (if each carries a single engine) will, 
of course, depend on the maximum horse-power of the 
engine available, but, apart from this, there is no reason | 
why there should be more than five, since such a number 
gives an airscrew of reasonable dimensions, and the | 
fractional reduction of power when one or two engines | the hull, not necessarily on the centre line, the shaft 
are rested or stopped for repai: i8 not unduly great./can be made much shorter, and this is the line of 
The same result can be achieved by carrying more than | development being followed in the six and a half 
one engine ina single car, provided each engine carries million cubic feet airships now being built in America. 
its own airscrew, as in the case of R100. This arrange- | Fhe mounting of the engines in such positions is made 
ment, incidentally, has the advantage of requiring | simpler by the adoption of the “ stiff-frame”’ type of 
fewer engineers to run it. A tandem airscrew arrange- | transverse ring, and no extra precautions against fire are 
ment suffers, however, from the disadvantage that the | needed, since these ships are to be filled with helium. 
already Jarge airscrews of the single engine car require | : q 
to be still larger in tandem if good efficiency is to be | sheaaeiacnesaitied 
obtained. 
Some of the earlier Zeppelins, which carried their | 
engines in a keel or car fixed outside under the centre 
line of the ship, had airscrews driven through bevel 
gearing by means of long shafts carried in brackets on 
the outside of the hull. The long shafts and gearing 
were heavy and not very reliable. With engines inside 











AGRICULTURAL MACHINERY EXHIBITION, PaRIs.— 
The tenth French Agricultural Machinery Exhibition, 
which has been organised by the Union of Exhibitors 
of Agricultural Machinery and Plant, will be held at 
the Exhibition Park, Versailles Gate, Paris, from 
January 20 to 25, 1931. The function is under the 
patronage of the Minister of Agriculture. 
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|THE DOW DISC-ARM PIVOT VALVE. 


i 
Wirt the increase of hydro-electric plants more de- 


| tailed attention has been given to the ancillary appara- 
;tus. Among these are penstock valves, an enquiry 
|into the practice regarding which was made last year 
by the Hydraulic Power Committee of the National 
Electric Light Association. Amongst the valves thus 
| dealt with a type of butterfly valve, known as the 
|Dow disc-arm pivot valve, appears to possess a 
number of interesting features. This valve we illus- 
trate by the accompanying Figs. 1 to 5. It is made, 
in sizes above 6 ft. in diameter, by Messrs. 8S. Morgan 
Smith Company, York, Pennsylvania, and of that size 
and below by Messrs. Coffin Valve Company, Neponset, 
Massachusetts. The valve was first designed for the 
Davis Bridge plant of the New England Power System, 
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and a photograph of one of two there installed is 
reproduced in Fig. 1. This valve is 8 ft. in diameter, 
and its characteristic feature, namely, that of effecting 
its movement by applying the rotating force near the 
edge of the disc as opposed to the older plan of apply- 
ing a turning moment to the spindle, is well shown in 
this illustration. The details of construction are, 
however, best seen in the sectional drawings Figs. 2, 
3 and 4. 

From Fig. 2 it will be seen that the valve cross- 
section is roughly diamond-shaped, thus approximating 
to stream-line form, and avoiding the eddy-making 
effect of the protuberant hub if the disc were flat. The 
disc is a hollow casting, well stiffened by ribs, and is 
provided with a bracket, integral with it, on its down- 
stream side. This is of steam-line cross-section, and 
carries the pin of the operating gear. The gear consists 
of a rod coupled to the pin on the disc at its lower 
end and screwed at the upper end, where it passes 
through the nut of a worm wheel. The worm wheel 
may be either hand or motor driven. An alternative 


method of operation is by hydraulic cylinder. The | 


motion required to open and close the valve is, of 


PRESSURE DIE-CAST ALUMINIUM 
ALLOY TEST-PIECES.* 
By J. D. Grogan, B.A. 


IN a previous paper presented to the Institute by 
Archbutt, Grogan, and Jenkin,f the properties and 
production of gravity-cast test-pieces of some alloys of 
aluminium were described. This paper describes a 
similar investigation on pressure casting of such alloys. 

In selecting a material for the construction of a 
vessel to hold molten aluminium alloy under pressure, 
two points of great importance are, that it should be 
strong enough at the rather high temperatures employed 
to withstand the pressure to be applied; and that it 
should resist the attack of molten aluminium alloys 
as completely as possible. Materials of the ceramic 
type were too brittle for the purpose. It was necessary 
|to employ some type of metal. Copper-base alloys 
| would not meet either of the above conditions. Straight 
| carbon steels and cast iron were considered to be too 
| weak at high temperatures to withstand the stresses 
applied. There remained the alloy steels and the 
|nickel-chromium alloys. Attention was, therefore, 





course, a reciprocating one, but owing to the arc | directed to these materials in the first place, and their 
described by the coupling pin, a straight-line motion | behaviour towards molten aluminium was examined. 
is impossible. With hydraulic gear the transverse|The following materials were selected for test: 
movement of the pin due to the arc is taken up by a | (1) Nickel-chromium, 80:20. (2) Cronite. (3) Calite. 
connecting-rod. This involves a crosshead, and slides, (4) Era steel. (5) Chrome-vanadium steel. (6) Cast 
but with a hand or motor-operated gear the simpler | iron. Analyses of (2) (3) and (4) are given in Table I. 
expedient shown in Figs. 2 and 4, is adopted. In this| The specified composition of the chrome-vanadium 
case the column carrying the operating gear is pivoted | steel was, carbon 0-4, phosphorus and sulphur not 
with regard to the valve casing, and can, therefore, | exceeding 0:06, chromium 1-5, and vanadium 0-35 
oscillate as required to accommodate the transverse | per cent. The cast iron was of grey cylinder-iron 
movement of the pin. Watertightness of the rod is | quality. 

ensured by a packed gland above a device embodying} After immersion for 24 hours in an 8 per cent. 
a cup leather packing and a spherical surface per-| copper-aluminium alloy maintained at 800 deg. C., 


therefore designed so that the metal should be brought 
up gently to the gate of the mould by gravity and then 
forced in by pressure. The pressure casting vessel, 
which was substantially a U-tube, is shown in Fig. 3, 
on page 346. Pressure was applied through the large 
end, the mould being clamped to the small end. The 
vessel was mounted so that it could be rotated from 
a horizontal position with both ends pointing upwards 
to a vertical position, the small end being then at the 
bottom. The vessel was heated electrically by means 
of “ bright-ray ” resistance wire. The maximum energy 
consumption was 3-5 kw. In the normal position of 
rest, the vessel was horizontal, with the metal lying in 
the centre of the U. By tilting to the vertical position, 
the metal was brought by gravity to the gate of the 
mould. Metal temperature was measured by means 
of a thermocouple inserted in a hole in the plug cast 
into the vessel. Moulds were made of annealed, grey 
cast iron in two pieces, and were similar in general 
arrangement to those finally employed in the gravity 
casting investigation. Mould temperature was deter- 
mined by means of a thermocouple inserted in a hole 
drilled in the mould. 

The casting vessel was preheated to the required 
temperature by means of the resistance winding. 
Moulds were heated in a gas-fired muffle, and the 
aluminium alloy initially melted in a gas-fired furnace. 
When all was ready, the metal was poured into the 
container, and the moulds clamped in position. The 
vessel was then tilted and pressure applied at a definite 
time and for a definite period. 

Production of Test-Piece Castings.—The test-piece 
selected had the dimensions of the small test-piece 
described in the report on gravity die-castings, and was 
cast to shape ready for testing without the employment 
of any machining other than the removal of runner 





mitting oscillation, somewhat similar to the arrange- 
ment used with swivel nozzles for hydraulic mining 


&c. The lower end of the rod passes through a/| 


bracket attached to the inside of the body. This is of 
the same cross section as the coupling bracket on the 
disc, and both brackets dovetail into one another when 
the valve is fully open, as shown in Figs. 1 and 2. 
The result is virtually a rigid column between the 
valve disc and body, which prevents vibration. 

The method of carrying the disc in the body is shown 
in Fig. 4. The spindle, which is of smaller diameter 
than that fitted in a valve of the ordinary type, owing 
to the absence of torsion, is carried in detachable 
bearings provided with special packing, which can be 
adjusted or renewed without draining or disturbing 
the valve. For valves which are to be kept closed and 
under pressure a Babbitt metal seat is provided in 
the body, cast in a dove-tailed groove. This type of 
valve has proved to be very watertight in service. The 
advantages claimed for the Dow disc-arm pivot valve 
are simplicity of construction and ease in handling. 
These advantages are both reflected in reduced main- 
tenance costs, as compared with the gate-type valve, 
while the disc-arm valve has a strength, reliability, 
and tightness not usually possessed by the ordinary 
butterfly valve. No bye-pass valve is required, as the 
main valve can always be opened under full pressure. 
The general advantages of the butterfly valve for 
economy, compactness, and low head loss are, of 
ceurse, shared by this type. Our last illustration, 
Fig. 5, shows a valve 14 ft. in diameter of the built-u 
type, before plating. This was constructed for the 
Sherman plant of the New England Power Company. 








CATALOGUES. 


_Toothed Gears.—Messrs. The Gear Grinding Company, 
Limited, Handsworth, Birmingham, have issued 
circular giving interesting particulars of ground gears 
for aero-engines. 

_ Mercury Switches.—An illustrated and dimensioned 
list of mercury switch tubes is to hand from Messrs. 
Saxonia Electric Wire Company, Limited, Greenwich, 
London, S.E.10. 

Mechanical Shovels—A circular illustrating the 
development of the Ruston and Bucyrus mechanical 


shovels is to hand from the now combined firm, Messrs. | 


Ruston-Bucyrus, Limited, Lincoln. 


Mine Fans.—A circular with specification and line 
drawing of the Keith double-inlet composite cased mine 
fan is to hand from Messrs. Blackman Export Company, 
Limited, 374, Euston-road, London, N.W.1. 


Steel—A list of extra charges and for small lots, 
special straightening, &c., for Continental steel sections 
and sheets is to hand from Messrs. Edward Le Bas an 
Company, Dock House, Billiter-street, London, E.C.3. 


Telephones.—Messrs. The Automatic Telephone Manu- 
facturing Company, Limited, Liverpool, have sent in 
4 circular illustrating their Strowager automatic ex- 
change instruments as supplied for private exchanges. 


Electric Drives for T'extile Mills.—The latest issue of the 
periodical catalogue published by Messrs. A.E.G. 
Company, Berlin, N.W.40, is mainly devoted to descrip- 
tions of motors for the various machines in textile mills, 
and to switching, lighting, heat economy, wiring materials, 
&c., far the same. 


| si 


the two nickel-chromium alloy bars were very seriously | and riser. The area of. cross-section of the central 


TABLE I.—CompositTion oF MATERIALS EMPLOYED. 




















Nickel. Chromium. Tron. Aluminium. Silicon. Carbon. Manganese. _ Tungsten. 
Material. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
—_ s | | | 
| Cronite .. Bi 50-8 | 14-4 | 2-6 — 0-5 0-66 99 ~ 
Calite .. al 19-9 27-2 | 47-8 3-7 0-4 1-8 _ — 
Era steel . . | 6°75 18-8 56 — 1-35 0-29 3-11 4-05 
| | 


| 
| attacked. All the other machined bars were attacked, | portion was yy sq. in. The dimensions are shown 
| but toa much smallerextent. Of the other unmachined | in Fig. 8.. The manipulation of the test-piece moulds 
| bars those of Cronite and Calite were very slightly | was as follows. The moulds were preheated and used 
| but definitely attacked; those of Era steel, chrome- | alternately, one being reheated while the other was 


| vanadium steel, and cast iron appeared quite free from | used. The initial mould temperature was maintained 





| 


|attack. The bars, except those of nickel-chromium, | at about 500 deg.C. The metal temperature employed 
| were treated as before for a further period of 11 hours. | was rather under 750 deg. C. As a rule, six castings 
| Attack was very uniform, except on the chrome-vana- | were made, at the average rate of one every 2 minutes. 
dium steel, which became rough and developed a When the group was finished the mould temperature 
definite taper, and on the Era steel, which showed | had fallen to about 350 deg. C., and the solidification 
a few spots more resistant to attack than the rest. | of metal in the orifice of the vessel was becoming suffi- 
the unmachined bars, that of Cronite was con- | ciently serious to hinder production. The mould was 
siderably, and that of Calite appreciably, attacked. | then reheated and the other one employed. 
| Attack had definitely commenced on the Era steel| With this procedure a number of castings were 
| bars, and appeared to have commenced at one spot on | produced in Y-alloy. Some were extracted sound, 
| the chrome-vanadium steel bar. The cast-iron bar was | while others were found to be cracked when the mould 
quite free from attack. The tests show that none of | was opened. The distribution of sound castings was 
| the materials tested is completely resistant to attack | so erratic that it could not be attributed to any parti- 
| by molten 8 per cent. copper-aluminium alloy. Grey | cular temperature conditions either of metal or mould. 


P| cast iron withstood the test best. Chrome-vanadium | It appeared probable, therefore, that the cracks were 


| steel and Era steel were somewhat inferior, and Calite | produced when the mould was opened. The adoption 
| still worse. Cronite was somewhat badly attacked, | of a more deliberate procedure in handling the mould 
| and the nickel-chromium alloy very rapidly attacked. | increased the yield of satisfactory test-pieces without 
| The casting skin, which affords very appreciable pro- ‘appreciably decreasing the rate of progress. The 
| tection, appears to be penetrated on prolonged immer- | average yield became about 50 per cent. A number of 
|sion and then no longer affords protection. The these test-pieces were tested as cast and also after 
|chrome-vanadium steel employed in these corrosion heat-treatment. The results obtained were variable, 
| tests had been recommended as suitable for the melt- and generally not good. The fractures were generally 
| ing vessel to be employed in pressure casting, and, dirty, often very dirty. The figures obtained deterio- 
|as nothing superior to it was disclosed in these tests, rated as a run made with a batch of metal proceeded. 
|it was chosen in this investigation for the purpose It appeared that dross was entering the mould with 
|and gave excellent service, although gradual attack | the metal. 
by molten metal finally led to perforation at a point, To prevent this as far as possible, the position of the 
| in the casting where there was slight unsoundness. mould relative to the vessel was altered so that the 
In the production of pressure castings of alloys of | gate was situated at the bottom of the orifice when in 
‘low melting point it is usual to apply pressure by | the casting position. In this way the mould served 
means of a metal plunger, which forces the molten | tosome extent as askimmer. A considerable improve- 
alloy into the mould. This method requires for the! ment resulted. Castings when tested broke with a 
plunger a material which is not attacked by the molten | cleaner fracture, and some remarkable tensile figures 
| metal. No material sufficiently resistant to the attack | were obtained. As before, a progressive deterioration 
| of molten aluminium was available. It was therefore | of the metal was noted. It appeared that small distinct 
decided to employ air pressure for the purpose. A| patches of dross became suspended in the metal and 


a supply of 80 lb. per square inch was available in the| entered the mould together with it. Micrographic 


laboratory, and has been employed throughout the | examination showed that these patches consisted 
investigation. It was anticipated that one of the| of a network of dirt, probably oxide, enclosing clean 
| main difficulties which would be encountered in the! metal. Each patch was an independent unit separated 
investigation would be caused by air carried into the | from the others by clean metal. Such dirty portions 
mould with the entering metal. The apparatus was | of the metal possesslittlestrength. Thetensile strength 
| of castings made — such a metal oe 
* Communication from the National Physical Labora- | pended on the distri ution of the dirt, as @ centra 

: inclusion exerts much less influence than one near the 

tory, read before the Institute of Metals, at Southampton, | custnen.. Patt of o deetetndleslaeta chown in Tia 30 


on Wednesday, September 10. Abridged. f 
t encanta vol. exxvi, page 342 (1928). on page 346, which shows also that the metal had 
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dissolved considerable quantities of iron from the 
casting vessel. 

With copper-silicon alloy the yield of satisfactory 
eastings was increased, and the contamination due 
to dross inclusions was much less marked. Conse- 
quently, it became possible to make comparative tests 
of varying mould and metal temperatures, and of the 
properties of castings made with and without pressure. 
The influence of mould temperature appeared to be 
slight. Good mechanical results were obtained with 
pressure castings even when a mould temperature of 
over 500 deg. C. was employed. Mould temperatures 
of 400 deg. to 450 deg. C. probably gave better results. 
However, the difference in tensile strength between 
castings made under similar conditions of mould 
temperature to a large extent masked the differences 
due to varying temperature conditions. Down to 
the lowest mould temperature employed (350 deg. C.) 
good results were obtained. Within the small range 
of metal temperature employed (710 deg.-760 deg. C.), 
no difference was detected. 

Owing to the failure of the casting vessel during 
the first run with 12 per cent. silicon-aluminium 
alloy, little information is available regarding its be- 
haviour. The metal was made by adding aluminium 
to an alloy containing 13-5 per cent. of silicon, sup- 
plied by Messrs, The British Aluminium Company, 
Limited. No modifying treatment was adopted. 
However, the earlier castings obtained were well 
modified even when high mould temperatures were 
employed. During the run the material gradually 
reverted to the normal condition. Owing to the strength 
of this alloy at high temperatures, no casting was 
broken during the process of opening the mould. 
Gravity castings of this alloy made in a well-dressed 
metal mould can be distinguished from other light 
alloys by the high polish and smoothness of the surface. 
This characteristic feature was noted also in gravity 
castings made by this machine. When pressure was 
employed, however, the surface, though smooth and 
quite satisfactory, lacked the high polish and appeared 
similar to the other aluminium casting alloys. The 
metal became contaminated during the run with dross 
and with iron, as did the other alloys examined. 

Comparison of Pressure Cast and Gravity Cast Test- 
Pieces.—The apparatus was designed so that castings 
could be obtained when required without the employ- 
ment of air pressure, and a number of castings of the 
copper-silicon alloy were made in this way, both in 
batches, and also alternately with pressure castings. 
When casting under pressure, good castings were 
obtained even when a mould temperature exceeding 
500 deg. C. was employed, but when the same working 
conditions were employed for the production of gravity 
castings this temperature was found to be too high. 
The mould was well filled, but the metal in the gate 
and lower part of the casting had not become com- 
pletely solid, and some of it drained away when the 
vessel was tilted back. With lower mould tempera- 


TABLE IT. 
Ultimate Stress. ——— = — 
Tons per sq. in. : Behe 
on 1 in. Fracture. 
24-1 9-0 Clean. 
21°5 | 2-59 | Dirt in centre. 
20-6 3-0* is é. 
22-2 4-0* 3 “ 


* Broke outside gauge marks. 


tures good castings could be produced by both methods, 
those produced under pressure being always sharper 
in outline and smoother of surface. The lower limit 
of mould temperature for the production of pressure 
castings was determined, not by failure to produce 
good castings, but by the delay caused by the solidifi- 
cation of metal in the orifice of the casting vessel. With 
gravity casting this did not occur to the same extent, 
and satisfactory working conditions could be main- 
tained with mould temperatures lower than those 
employed with pressure casting. The castings obtained, 
however, became progressively less sharp, particularly 
at the upper end. It appears, therefore, that the rate 
of cooling of the metal in the mould and orifice of the 
casting vessel is greater when pressure is employed. 
Castings produced under pressure are slightly larger 
than those produced under gravity, particularly when 
the mould temperature is rather low. Hence contact 
between the molten metal and the mould is more 
intimate and the rate of cooling consequently greater. 
The microstructure of all these castings was fine, 
pressure producing a somewhat finer structure. 
Comparison of Mechanical Properties of Pressure 
Cast and Gravity Cast Test-Pieces——The mechanical 
properties of the best castings obtained under pressure 
were superior to those of the best gravity castings 
produced during this investigation, and considerably 
superior to those described in the previous paper.* 





* loc. cif. 





obtained from the pressure casting process, if contami- 
nation of the metal with dross could be avoided. Some 
other results obtained were much inferior. Of 30 
test-pieces broken, 6 broke under a load exceeding 
20 tons per square inch, 13 between 15 and 20 tons per 
square inch, and 1] between 9 and 15 tons per square 
inch. Material tested in the “as-cast” state gave from 
12 tons to 13 tons per square inch with 1-1-5 per cent. 
extension. The figures given in the previous report were 
14 tons to 14-5 tons per square inch with 1-5 per cent. 
extension for “‘ as cast’ and 18 tons to 19 tons per square 
inch with 2 per cent. extension for heat-treated material, 

Four per cent. Copper, 3 per cent. Silicon Alloy.—The 
best results obtained with this alloy were inferior 
to the best of the Y-alloy series. Owing to the 
higher yield of sound castings and greater regularity 
of results, a systematic examination of the behaviour 
of this alloy could be made. The results obtained are 
given in Table III below. They are superior to those 
of the last report, which are repeated in the table for 


This is particularly marked in the values for elongation 
obtained for castings tested in the ‘‘ as cast”’ condition. 
A number of castings were produced alternately with 
and without pressure, and ten of each were tested. 
On pressure castings the best figures obtained for 
elongation on 1 in., were 8, 8, 7, 6, 6 per cent., and 
for gravity castings 5, 5, 4, 4, 4 percent. The mean 
figures were 4-2 and 3-5 per cent, Similarly, the 
best tensile figures obtained for pressure castings 
were 14-6, 13-4, 13-3, 13-2 tons per square inch, 
and for gravity castings, 13-0, 12¢8, 12-5, 12-2 
tons per square inch. The mean figures were 12-0 
and 11-2 tons per square inch. This superiority is 
apparent also after heat-treatment. Heat-treated 
and tempered pressure castings gave figures of 19-9 
and 19-6 tons per square inch with 4 and 3-5 per cent. 
elongation, respectively. The corresponding figures 
for gravity castings were 18-4 and 18-1 tons per square 
inch, and 3 and 2 per cent. elongation. Pressure cast- 





Fig. 3. PRESSURE CASTING VESSEL i | comparison. . . 
t--- 496" -- > | Influence of Dissolved Gases on Pressure Castings.— 
: It had been suspected that gases would become dissolved 





in the molten metal when subjected to pressure, and 
would cause unsoundness in the castings so produced. 
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ings, heat-treated and air aged, gave 19-0 and 17-3} This appears not to be the case. It was observed that 
tons per square inch with 9-5 and 4 per cent. elongation, | metal, withdrawn from the casting vessel and allowed 
the corresponding figures for gravity castings being | to cool slowly in air, evolved little or no gas on solidi- 
17-1 and 16-5 tons per square inch with 5 and 3 per | fication, and appeared to be superior to virgin metal 
cent. elongation. in this respect. Unfortunately, the specific gravity 

Y-Alloy—The results of mechanical tests on/of sand-cast bars could not be used as a measure of 
Y-alloy castings were very variable, owing to the! any change of gas content, produced in the metal while 


TABLE III.—MeEcuHANICAL PROPERTIES OF TEST-PIECE CASTINGS. 
4 Per Cent. Copper, 3 Per Cent. Smmicon ALLoy. 














| Number —_ —— | oe. 
‘ons per sq. in. ait 
Cast Under: | Heat-Treatment. ian * a sic 
| Tested. 
| oe | Mean. Range. Mean. Range. 
| ae 
J ci? | { i 
r| None tte tt A Mts Bebo Bae | 21 | 12-0 14-6-8-4 | 42 | 80 
6 hr. at 520 deg. C., quenched in cold water and | | | 
aged 14 days aa be uk * cet 11 | 16-0 |19-0-13-1 4-1 9-5-2 
Pressure 6 hr. at 520 deg. C., quenched in cold water and | | é 
| tempered 2 hr. at 150 deg. C. .. ie 14-6 |17-0-12-1 3-2 5-1:5 
6 hr. at 520 deg. C., quenched in cold water and | | 
(| tempered 24 hr. at 150 deg. C. oe | 91 | 17-7 neeetel 4-0 7-1 
| | 
None a re a cs - <4 38 ||) Site \13-0-9-6 |§ 3:5 5-2 
| 6 hr. at 520 deg. C., quenched in cold water and | | | "i 
Gravity | aged 14 days ae ais aie am uae 2 {| 16-0 |18-4-14-9¢ | 3-6 5-3 
| 6 hr. at 520 deg. C., quenched in cold water and | | | 
| tempered 24 hr. at 150 deg. C. ae “ 7 | 16:7 /18-4-13-4 | 2-0 3-1 
| 
Previous report. {| None ‘i aa bi a os a | 9-5-10 — | 45 _ 
Gravity cast-< | 6 hr. at 520 deg. C., quenched in cold water and | | | 
ings | aged 14 days *< oe in ‘“ “7 _ | 14-5 | -—~- | 3 | _ 





The following results were rejected :— 
* 18-7 tons per sq. in., extension very small. 
t 10-7 ” ” ”» -” 
6-6 ” ” ”» ” 


employed in the casting vessel, as the specific gravity 
of the metal became greater owing to the solution of 
iron from the vessel. . 
Contamination of the Metal by Iron.—All the time 
that metal remained molten in the casting vessel, iron 
was slowly absorbed from the chrome-vanadium steel 


progressive deterioration of the metal described above. 
A group of four heat-treated castings gave the results 
shown in Table II in the preceding column. 

Such figures would be very good if obtained from 
test-pieces of clean fracture machined from chill-cast 
bars, and indicate that excellent results should be 
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of which the vessel was made. . Analysis showed 
the presence of iron, in quantities up to 2 per cent. 
in castings. The alloys, therefore, were always 
gradually changing in composition from that originally 
intended. 


THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 313.) 

BELOW we give abstracts of certain papers con- 
tributed to Section XX of the Conference dealing 
with] the transmission and flow of energy in net- 
works, 








THE TRANSMISSION OF ENERGY. 


The papers in this section included on2 by Mr. J. M. 
Oliver on “The Control of Generating Station 
Loads and Regulation of Frequency and Voltage 
on an Interconnected System.” The area in ques- 
ttion included parts of South Carolina, Alabama, 
‘Georgia, Mississippi and Florida, and covered some 
150,000 sq. miles. The high-tension network was mainly 
operated at 110 kv., and was supplied by 1-3 million 
kyv.-a. of plant, which in 1929 generated 3,000,000,000 
kw.h., with a maximum demand of 575,000 kw. Of 
the generating plant 920,000 kv.-a. was hydro-electric, 
and the remainder, which acted as a reserve, steam. The 
latter was generally located at or near the load centres, 
and some of the largest stations were at the pit mouth. 
It was intended that in future the steam stations should 
carry the base load. The system was controlled from 
two main and @ number of sectional load dispatching 
centres, each of the latter being responsible for radii 
of from 100 to 150 miles. Communication was effected 
by ordinary and high-frequency telephony, and, in 
cases of emergency, by broadcasting. The voltage 
was primarily regulated by phase advancers, 140,000 
ikv.-a. of which were installed, and also by the hydro- 
electric generators. It was controlled by the local 
stations in accordance with fixed rules under the super- 
vision of the load-dispatcher. Frequency regulation 
was effected by synchronometers. Attempts were 
being made to limit the short-circuit capacity to 
1,500,000 kw. by the use of interconnectors between 
adjacent generating stations and high and low-tension 
reactors. 

In the course of a paper on “The British Grid 
System and its Relation to Certain Technical and 
Economic Problems,” Sir Archibald Page and Mr. C. W. 
Marshall said that the use of the earthed neutral system 
had led in South-East England to a saving of 27 per 
cent. in the cost of the construction of the high-voltage 
transformers. The total saving on all the 132-kv. 
transformers required would be 660,000/. An examina- 
tion of the available protective schemes not involving 
the use of pilot wires had shown that a close approxima- 
tion to the performance of pilot protective gear could 
be obtained by the use of distance relays. In deciding 
on the extent to which “pilotless” protective gear 
could be profitably used, an upper limit of 2 seconds 
had been chosen for the time permissible between 
the occurrence of the fault and its clearance. 

A paper on “Die technische und wirtschaftliche 
Beherrschung des energieflusses in einfach und 
mehrfach gekuppelten Netzen’? was presented by 
Dr.-Ing. A. Menge. The risk of a failure of supply, it 
was pointed out, had been reduced by the increase in 
the number of inter-connected generating stations 
and the employment of ring mains. On the other 
hand, the great expansion of the networks had resulted 
in an increase in the number of consumers, who were 
effected by an earth or short-circuit fault, while for the 
same reason these faults might give rise to others, 
and thus render the maintenance of the pressure difficult. 
These disadvantages could be overcome by re-construc- 
tion and the use of appropriate protective apparatus, 
though in the case of older installations this might 
not always be economically justifiable. As regards 
generator protection, the principal point to ensure 
was that the faulty machine was cut out and de-excited, 
so that it was neither fed from the network, nor 
continued to supply current itself. In addition, 
means for extinguishing fires and for bringing the 
machine rapidly to rest might be adopted. Many 
devices were in use, which enabled these conditions 
to be fulfilled. The Buchholz system was largely used 
for transformer protection. On the network, protection 
had to be provided against earths, short-circuits and 
over-voltages. Of these, the first was of the most 
frequent, and in this connection the way in which the 
neutral was treated was of importance. In Europe an 
earth fault compensation system was usually employed, 
the principle of which was that the phase conductors 
were connected together through inductive devices 
and to earth at several points in the network, so that 
when an earth fault occurred currents which lagged 
90 deg. behind the voltage of the earthed phase and 
were approximately equal to the fault current were 
transmitted to earth. The simplest and most widely 





employed of the devices designed for this purpose was 
a choking coil, which was connected between the 
neutral point of the power transformer and earth. 
Short-circuits were generally dealt with by selective 
protection devices, and overvoltages by rods of special 
material, the resistance of which was dependent on 
the voltage in the circuit. 

In'a paper on ‘‘The Economics of Power Trans- 
mission as Influenced by Recent Stability Studies and 
Increase in Speed of Circuit Interruption,” Mr. C. Le G. 
Fortescue said that considerable analytical study had 
been carried out during the past few years to deter- 
mine the possibilities of the Baum system. of power 
transmission. The latter consisted in placing synchro- 
nous condensers or other suitable means of generating 
wattless power at intervals along the line and regulat- 
ing them, sothat the voltage at these points was main- 
tained within predetermined limits. It was found, 
during the early part of the study, that with established 
methods of excitation and-the speeds of interruption 
then in vogue, the advantage of this system was 
limited by transient instability, due to the high resist- 
ance of the generators and condensers. Considerable 
improvement had, however, been effected by the 
employment of quick response excitation, while recent 
developments in circuit-breakers had enabled the 
system to be used to its fullest economy. As the 
excitation requirements of the line were practically 
proportional to its length and the power transmitted 
was independent of that length, the cost per mile per 
kilowatt transmitted was 10 per cent. to 20 per cent. 
less with the Baum than with the ordinary system 
in the case of a 300-mile line. 

‘* Elektrische Probleme der Energieiibertragung auf 
grosse Entfernung”’ was the title of a paper presented 
by Dr.-Ing. R. Riidenberg. In this it was pointed 
out that to reduce the intensity of the electrostatic 
fields and the corona losses, hollow conductors, whose 
current carrying section was not very large, were being 
used. In the insulators, cement was being eliminated 
at the joints between the porcelain and the metal, and 
rings or arcing horns were being fitted at the bases of 
the chains. The limiting length of a transmission line, 
working at a frequency of 50, was from 100 to 
200 km. Where the lines exceeded that length, they 
must be split up into sections, each of which must be 
connected to an existing station or to a station con- 
taining plant for compensating the reactive power. 
The effect of the ohmic drop could be compensated 
by superposed reactive current, so that all stations 
connected to the system could work at the same 
pressure. The phase angle between these stations 
would, however, be different, and should not be 
allowed to exceed 40 to 50 deg., otherwise instability 
would occur when surges, short-circuits or conductor 
breakages took place. Earth losses and capacity 
currents to earth could be compensated inductively. 
Cables operating at 100 kv. and upwards were being 
utilised for supplying urban districts. 

In a paper on “The Economic Aspects of the 
Alternating Current Low-Voltage Automatic Network 
System,” Mr. H. Richter said that a distribution 
system consisting of a low-tension network with 
junction boxes at every street corner was now installed 
in 50 cities in North and South America. This was 
supplied from radial high-tension feeders, each of 
which was connected to a number of transformers. 
Each group of transformers was so arranged that if 
one feeder failed, a supply could be maintained from 
another group. Breakdowns in the low-tension net- 
work were localised by burning out, while if a fault 
occurred on a high-tension feeder, both it and its 
transformers were tripped out. It was also dis- 
connected at the station end. Connection with the 
low-tension system was automatically re-established, 
when the station switch was closed. The advantages 
claimed for this system were reduced plant cost, 
increased reliability and lower voltage fluctuations. 
It could also be more easily adjusted to the load 
conditions than direct current. 

Dealing with the design of transmission towers in 
a paper on ‘“‘ Mechanische Probleme der Freileitungs- 
technik,” Professor A. Rachel said that the hitherto 
widely adopted system of arranging the conductors 
one above the other was being abandoned, especially 
in localities, which were subject to severe frost. In 
order to eliminate torsional stresses in the support 
towers in the case of line breakages pivotted cross 
arms or sliding clamps were being used, thus obviating 
the necessity of strengthening the towers. The solid 
conductors now used were not free from distortion 
and care should therefore be taken not to twist them 
during erection. Porcelain insulators had been con- 
siderably improved by the use of special pastes and 
better design and manufacture. Pin-type insulators 
were mainly of the one-piece pattern and the use of 
lead for the attachment of the pins themselves was on 
the increase. 

In a paper on “ Kraftiibertragung durch Kabel,” 
Dr. W. Vogel pointed out that better selection and 





preparation of the basic materials, together with 
improved manufacture, had increased the permissible 
dielectric strength of cable insulation. The ionisation 
problem had been largely overcome by observing the 
movements of the impregnation material with fluctua- 
tions in temperature and the stability had been 
increased by the proper selection of physical constants. 
The use of triple clad and Hiéchstidter cables had 
developed rapidly with constantly increasing pressures. 
Single conductor cables impregnated with a light 
fluid compound had been constructed for tensions of 
100 and 132 kv., but it now seemed possible that a 
sufficiently low degree of ionisation could be attained 
with high viscosity impregnation and that the standard 
design might be retained. In Germany it was the prac- 
tice to lay the cable direct in the ground, though 
earthenware ducts were occasionally used. The work 
had been greatly facilitated recently by the use of 
excavators and drills. It was doubtful whether it 
was necessary to armour lead-covered cables. As 
regards operation, the capacity of long-distance trans- 
mission lines could be improved by suitable compen- 
sating devices, though such apparatus had not been 
practically applied. The capacity, however, acted as a 
protection against transients, so that overvoltages 
need not be specially guarded against. In fact, cables 
had recently been employed as a protection against 
overvoltages for the leads-in to sub-stations. In 
determining the maximum intensity and duration of 
the permissible short-circuit, consideration must be 
given not only to the temperature of the copper 
conductor, but to the limit of hydrostatic pressure, due 
to the temperature rise of the oil exerted on the layers 
of insulation nearest to the conductor. Experience 
with high-tension cables showed that they were reliable. 
In fact, the number of defects had been much less than 
in America, probably owing to the lower operating 
temperature. 

In a paper on “ Die Beseitigung von Rauhreif- und 
Eisbildungen auf Hochspannungsfreileitungen,’’ Ing. 
J. Schlégl pointed out that considerable difficulty with 
breakages had been experienced on the 100-kv. line 
between Partenstein and Gresten in Austria, owing 
to ice and hoar frost deposits. Attempts were made 
to overcome this trouble by short-circuiting one end 
of the line and supplying the loop with a current of 
200 amps., so as to give a loading of 2-1 amps. per 
square millimetre. The necessary power was obtained 
from a 3,000-kv.-a. transformer, which enabled the 
voltage to be increased to 9,000 volts and a 30-km. 
length of line to be treated. After about 2 hours 
the ice began to melt and was entirely cleared half an 
hour later. 

The overhead lines now being erected in Russia 
were described by Professor N. I. Suschkin in a paper 
entitled ‘“‘ Hochspannungs-Kraftiibertragungsleitungen 
in U.d.8.8S.R.” For pressures up to 110 kv. H-shaped 
timber structures were usually employed, though there 
were some steel towers. In order that spans up to 
225 m. could be used the structures were erected in 
two parts, the lower being buried in the ground and the 
upper being designed to withstand a one-sided pull 
in case of line breakage. In order further to reduce 
the load due to this cause sliding clamps were used. 

In a paper on “ Glasisolatoren,” Professor F. Niet- 
hammer pointed out that though considerable quan- 
tities of glass insulators were manufactured in the 
United States, France and Italy, practically no informa- 
tion regarding their performance had been published. 
It would, therefore, be appropriate for the World 
Power Conference te collect data on this subject. 
Tests he had made showed that at 400 volts the electric 
restivity and dielectric strength of glass was higher 
than that of porcelain. During the puncture, tensile 
and thermal tests they, however, shattered in a way 
which was not usual with porcelain. As regard dielec- 
tric loss there was no appreciable difference between 
the two materials, while atmospheric conditions 
destroyed the smoothness of the glass surface and 
reduced the resistance of the leakage path. The 
transparency of the glass insulator had the advantage 
that flaws could easily be detected and it was cheaper 
than porcelain. 

In a paper on “ The Testing of Porcelain Insulators,” 
Professor P. A. Florensky and N. A. Tzerevitinov 
said that though it was generally acknowledged that 
the quality of insulating porcelain, both from the 
mechanical and electrical points of view, was closely 
connected with the porosity of the material a stricter 
definition of what was meant by that term was urgently 
required. The results of most of the porosity tests 
only applied to a thin layer below the surface and were 
not in conformity one with another, while variations 
were also noticed when portions of the same insulator 
were submitted tothe sametest. The authors therefore 
suggested that the porosity should be estimated by a 
figure of merit based on an arbitary scale derived from 
quantitative or qualitative data. Microphotographic 
examination of recent fractures was also proposed. 


(To be continued.) 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

= <<. may be obtained at the Patent Office Sales 

, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform * cas of 18. 

The date of advertisement of the 
Specification is, in each case, given after 
Patent has been sealed, when the word “Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 
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AGRICULTURAL APPLIANCES. 


326,419. C. H. Fowler, Hunslet, Leeds, and E. 
Birrell, Hunslet, Leeds. Ploughs. (3 Figs.) June 4, 
1929.—The invention relates to the adjustment of 
— skifes for the purpose of varying the working 

epth of the share point. The means of adjustment 
according to the invention consist of a pair of washers 
which can be relatively rotated having inclined faces 
arranged between the head of the skife and the plough 
beam. a is the plough beam, 6 the skife, and c the plough 
share. The skife b is pivoted at d to the plough beam a 
and its forward end has located between it and the top 
of the beam a a pair of washers e, f mounted upon a 
spigot, the upper washer e being secured to the head 
of the skifeb. Thelower washer f can be rotated about 
the spigot and the two washers e, f have inclined faces 





Pan mn 


in contact. ‘The lower washer f is formed with a series 
of holes adapted, during its rotational adjustment to be 
brought in turn into alignment with a hole in the upper 
washer, a pin attached by suitable means to the skife b, 
being through the aligned holes to secure the 
washers e, f in the adjusted position. The lower washer 
J is hexagonal to permit of ready adjustment by a span- 
ner or key. By rotating the lower washer f in either one 
direction or the other the skife 6 with its share c may be 
raised or lowered as desired through the cam action of the 
inclined faces in contact to vary the working depth of 
the share point as wear takes place. After adjustment, 
the pin is passed through the aligned holes to secure the 
washers e, fin the adjusted position. (Sealed.) 


HYDRAULIC MACHINERY. 








324,630. Gilbert Gilkes and Gordon, Limited, | 
Kendal, and E. Crewdson, Kendal. Water Strainers. | 


(2 Figs.) August 29, 1928.—The invention relates to an 








(324,639) 





improved straining arrangement applicable to conduits 
carrying water. According to the invention a straining 
apparatus comprises an arc-shaped strainer 3 and one or 
more suction nozzles 4 pivoted and capable of rotation 


about the centre of curvature of the strainer 3, the mouth 
of the nozzle being adjacent to the upstream side of the 
strainer. Thus debris or other solid matter can be 
removed progressively by the nozzles 4 from the surface 
of the strainer 3 without interruption of the main flow 
in its normal direction through the rest of the strainer so 
that the strainer can be kept in use and a turbine kept 
at work while cleaning is in progress. (Accepted Febru- 
ary 12, 1930.) 


MOTOR ROAD VEHICLES. 


326,387. Imperial Chemical Industries, Limited, 
Millbank, London. J. E. Greenwood, Wolver- 
hampton, and G. Dance, Penn, Wolverhampton. 
Gear-Changing Mechanism. (8 Figs.) April 22, 
1929.—This invention relates to gear-changing mechan- 
ism of the kind in which a part thereof moves step-by- 
step, and in the same plane to provide three or more 
yet The invention is particularly applicable to 
the gear-box of a motor cyele, in which the gear-changing 
mechanism embodies an arm or crank adapted to be 
engaged by the foot and moved straight through in one 
direction or the other. This arm has to be moved step 
by step through a certain angle and has to be arrested 
at three or more positions, corresponding to three or more 
different gear changes with, if necessary, a neutral 
position. The gear arm 6 is fixed on a shaft which 
carries the gear-operating fork directly. 2 is a movable 
stop pivoted to the notched quadrant 3 and adapted to 
move @ certain angle. The stop can be engaged by 
the gear arm 6 or by the spring tongue 4, movable 
therewith, with a certain amount of lost motion. The 
stop is shown in the form of a fork 5 in the jaw of which 


rt ely 





the spring tongue 4 can lie so that the tongue engages 
the stop with lost motion in both directions. The 
amount of lost motion is such that the arm 6 and changing 
mechanism can be moved freely from one step to another, 
the tongue then merely moving from one side of the 
jaw to the other, when further movement is arrested 
by the stop which is held with a yielding resistance 
upon its pivot. For example, it ennai held by friction 
so that under normal operation of the mechanism it 
remains stationary, but if an exceptional force is applied 
to the changing mechanism, it is moved. Alternatively 
as shown, the face 7 of the pivot may be serrated and 


| be engaged by similar serrations 8 on the stop, the serra- 


|if the gear-changing arm 


tions being held in engagement by a spring 9. In 
operation, when changing up from low gear for example, 
6 is moved with moderate 


‘force, it will only travel one step before engaging the 


fork of the stop 2, so that overrunning of the middle 
gear is prevented. By this means a quick change can 


| be effected from either extreme gear to the middle one 


without any particular skill. When the rider has to 


| make the next change in the same direction, he has to 


use more force as the spring tongue 4 must then move 
the pivoted stop 2 against its yielding resistance, but 
it is then impossible to overrun, as the movement is 
towards the limit of the travel of the mechanism. Thus, 
the first step in each end direction is controlled by the 


' yielding stop, and the second movement, that is to 


|E. G. Grinham, Coventry. 





| say the final one, is limited by the travel of the complete 
| mechanism. 


(Sealed.) 


Humber, Limited, and 

Change-Speed Gear 
Mechanism. (4 Figs.) May 10, 1929.—The invention 
relates to change-speed gear mechanism, of the kind 
wherein there are coaxial driving and driven shafts 2, 7, 
respectively, adapted to be clutched together by a 
sliding member to provide a direct drive and a layshaft 6 
constantly driven at. one end from the driving shaft 2 
through the gears 4, 5, and having fixed at its other end 
a gear wheel 11 in constant mesh with a gear wheel 10 
free on the driven shaft 7, but capable of being clutched 
to it by a 16, to provide an indirect drive. 
The object of the invention is to give a further indirect 
drive. The pinion 4 on the driving shaft 2 is in per- 
manent mesh with the wheel 5 on a layshaft 6. 14 is 
a@ compound gear wheel free to slide, but not to rotate 
on the driven shaft 7. Between the compound gear 
wheel 14 and the constant mesh pinion 4 is a sliding 
dog clutch member 15, which is used to lock the constant 


327,046. Coventry, 





mesh pinion 4, on the driving shaft, with the driven 
shaft. On the other side of the compound gear wheel 
is a second dog clutch member 16, adapted to lock the 
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third-speed driven wheel 10 to the driven shaft. The 
sliding clutch members may be entirely independently 
controlled, or they may be interconnected by their 
operating mechanism so as to move in unison. (Sealed.) 


STEAM ENGINES, BOILERS, &c. 


326,239. H. L. Guy, Hale, and Associated 
Electrical Industries, Limited, Westminster, Lon- 
don. Turbines. (3 Figs.) December 8, 1928.—The 
invention relates to the cylinders or casings of turbines. 
According to this invention, channels or ducts ‘9 are 
provided in the flange portions 5 of the turbine cylinder I, 
2 in the region of the bolt holes 4, and steam is admitted 
thereto by an inlet conduit 10, and led away by an 
outlet conduit 11. The conduits 10, 11, are arranged 
so that the flow of steam through the channel 9 takes 
place mainly in the same general direction as that of 





















































motive fluid in the cylinder, namely from left to right, 
as viewed in Figs. 1 and 2. The steam passing through 
the channels or ducts 9, comes into contact with the 
bolts and heats them at the same time as it heats the 
interior portions of the flanges, so that when starting 
the turbine the temperature of these parts is raised at 
substantially the same rate as the body of the cylinder 
itself. Excessive straining of the bolts and/or flanges 
during starting is thereby effectively prevented, and the 
steam-tightness of the joints preserved. (Accepted March 
19, 1930.) 

322,911. H. E. Yarrow, Scotstoun, Glasgow. 
Boiler Furnaces. (2 Figs.) December 28, 1928.— 
According to the invention, apparatus for drying and 

ulverising coal for use in a boiler furnace in a powdered 
orm is closely associated with the boiler, so as to 
substantially @ part of the furnace structure. A is 
the steam drum and B, C, D, E water drums con- 
nected with the water space of the steam drum by 
steam generating tubes. A fuel drier F, and a fuel 
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pulveriser G, of the known revolving drum pattern, 
are driven through gearing H by an electric motor I, 
which also drives a fan J by which the pulverised fuel and 
its conveying air are delivered to the air and fuel pipe J! 
leading to burners K. The coal is fed from ho Lto 
the fuel drier F, which is situated at the mouth of the 
uptake which carries off the waste furnace gases, 
the heat of which dries the fuel which passes continuously 
through the drier to the pulveriser G from which the coal 
passestofanJ. (Sealed.) 
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THE REFINERY OF THE MOND 
NICKEL COMPANY, LIMITED, AT 
CLYDACH, SOUTH WALES. 


| upon the resumption of peace. Nevertheless, at the 
present time its consumption has grown again to 
about the same tonnage as was being used at the 
|end of the war, and there seems to be good reason 
Prruaps the steady increase in the material well- | to believe that it is very far from having reached 
being of the world is illustrated in no way more | its limit. 
strikingly than in the growth of the consumption! That the use of nickel should have shown this 
of metals. More than once the commercial pro- | extraordinary resilience during a period when the 
duction of a metal, new to industry, has appeared | world’s trade has been for the most part depressed, 
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to threaten the demand for older metals, but 
in the event, as in the instance of aluminium, the 
demand for the old metals has continued to increase, 


must be attributed very largely to the research 
work by which fresh applications of the metal have 
been found, as well as to the organised energy with 





while the newcomer has established a large and | which fresh markets have been sought. To an 
growing market for itself. No metal has shown | important extent, however, the industrial progress 
this tendency more remarkably than nickel, especi- | of the metal is due to the process of extracting and 
ally during the last ten or twelve years. During the | refining it to a condition not far short of chemical 
war it was among the industries of which the pro- purity, which was discovered by Dr. Ludwig Mond 
duction was absorbed most largely for naval and | and his colleagues, and developed at the refinery 
military purposes, and the demand fell to one- | of the Mond Nickel Company, Clydach, South Wales. 
‘ixth of the then current production almost instantly |No more original and ingenious process is to be 
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found in the history of metal extraction, and few 
that have been beset by graver difficulties at the 
outset. It is a matter of common knowledge that 
these difficulties have long since been overcome, 
and that the vast Canadian deposits of copper- 
nickel ore are being extracted and refined by this 
process at Clydach, where it was first worked out on 
a commercial scale. By the courtesy of the Mond 
Nickel Company, Limited, of Imperial Chemical 
House, Millbank, S.W.1, we are now able to give 
an account of these works, and to describe the 
principal operations there carried out. 

The Works and the Process——An aerial view of 
the works is given in Fig. 1, annexed, and a plan 
in Fig. 2. The site on which they are built 
lies in an angle between the main lines of the 
Great Western Railway Company and of the London, 
Midland and Scottish Railway Company, and also 
between the river Tawe and the Great Western 
Railway’s Swansea Canal. The levels of the sidings 
are somewhat above those of the floors of the boiler- 
house and other buildings in the works, so that the 
delivery of the coal, obtained from the company’s 
own collieries, and other materials, is assisted 
by gravity as well as by screw conveyors and 
other mechanical means. As the plan shows, 
the works are served by boiler and engine houses, 
fitting, chain, carpenters’ and cdopers’ shops, 
smithy and foundry, together with warehouses, 
for common purposes, but the process plant has 
been erected in separate units, and, as appears from 
nickel shed No. 7, is still growing. It will be seen 
that the process units run parallel with one another, 
the raw material, such as matte, coal and acid, 
entering the works at one end, and the finished 
| products, principally nickel, nickel sulphate, and 
copper sulphate, coming out at the other. 

The raw material treated in the works consists of 
a Bessemer matte, derived from smelting the copper- 
nickel sulphide ore from the Sudbury deposits in 
Ontario. The process depends essentially on the 
formation and subsequent decomposition of nickel 
carbonyl, a gaseous compound of nickel and carbon 
monoxide. The facts on which it is based, which 
were discovered by Dr. Mond and his colleagues, 
|are that when carbon monoxide is passed over 
|substances containing freshly-reduced nickel at 
| temperatures below 80 deg. C., the nickel and the 
| gas combine to form a gaseous nickel carbonyl with 
a facility far exceeding that at which the carbonyl 
of any other metal is formed, and that, although 
stable up to temperatures of about 80 deg. C., the 
compound decomposes into metallic nickel and car- 
bon monoxide when heated to about 180 deg. C. 
The ores from which nickel is obtained contain 
on an average between 1 and 3 per cent. of both 
nickel and copper. These are treated in Canada 
near the mines to get rid of the iron, rocky 
matter, and some of the sulphur contained, the 
resulting matte containing about 35 per cent. of 
copper, 46 per cent. of nickel, 0-8 per cent. of iron, 
|and 17 per cent. of sulphur. Small amounts of 
silver and precious metals are also present, and 
these are concentrated throughout the process with 
little or no loss, ultimately being sent to another 
factory to be extracted and refined. 

Calcination.—The matte as it is received is ground 
in ball mills to pass all through a 60-mesh sieve, 
and is then calcined in order to convert the nickel 
and copper sulphides into the corresponding oxides. 
Each calciner has its own mill, and is supplied with 
the ground material by means of elevators, con- 
veyors, and distributors. Figs. 3 and 4 show the 
general arrangement of a calciner in sectional 
elevation and plan, respectively, and Figs. 5 and 
6 show, respectively, a general view and a view 
looking into the interior. The calciners are of 
double-deck construction, each deck being sur- 
mounted by a reverberatory arch. The matte 
undergoes a preliminary roasting while passing 
over the upper deck, and a final calcination at tem- 
peratures up to about 780 deg. C. on the lower deck, 
the whole process taking twelve hours. An elevator 
with two chains, respectively for delivering and 
discharging, delivers the matte on to the upper 
deck and discharges it from the lower deck. The 
material is distributed across the hearth by a 
transverse screw conveyor, and along it by ploughs 
or rabbles, which rotate in the opposite direction 
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from that of the feed, and are towed by endless 

chains under inclined flaps, by which the flues are 
sealed. Eight ploughs are attached to each chain. 
The calciners are heated by producer gas through 
burners so fitted into the sides that the material is 
heated by radiation from the flames, arch, and walls. 
The air needed for combustion is obtained by means of 
suction fans, and the exhaust gases pass to the chim- 
ney through a dust catcher, a coke filter, and a fan. | 
The temperature of the matte on the upper deck rises | 
gradually from that at which it is delivered to about | 
680 deg. C., and is raised further in passing along | 
the lower deck as stated to about 780 deg. C. 

The effect of calcining is to reduce the sulphur 

originally present from 17 per cent. to 1-5 per cent., 

partly as sulphide and partly as sulphate, at which | 
figure it remains, as the cost of its further removal | 
would not be warranted. There are at present 18 
calciners in the plant, each holding about 5 short 
tons of matte, and capable of dealing with a 
maximum daily feed of 8-7 short tons. 


(Zo be continued.) 
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Building Construction : Types of Construction, Materials, 
and Cost Estimating. By Wuitney CLark HunTING- 
ton. New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 30s. net.] 


Tue author of this work, who is Professor of Civil 
Engineering at the University of Lllinois, begins 
very properly with a classification of the various 
types of building, of the requirements with respect 
to such buildings, and references to building codes 
affecting their construction. There follows a general 
discussion of building materials, of cementing 
materials, concrete, iron in its various forms of 
wrought iron, steel and cast-iron, of other metals 
used in construction, and of timber and clay 
products. The information given will be of value | 
to the inexperienced, but it may be remarked that | 
while detailed instructions relative to materials | 
which may. be said to be manufactured by the 
building constructor, as, for instance, concrete, are 
most useful, particulars of the manufacture of iron | 
are, perhaps, superfluous, being too detailed for the 
builder who does not need the information, and 
not complete enough for one interested from the | 
point of view of the metallurgist. 

An excellent summary is given of facts and 
principles relating to foundation loads and footings. 
Piles are discussed in a way to make clear—though 
without solving—the difficulties of this vexed 
question. It is, however, well that the student, 
for whom this book is intended, should not be too 
easily satisfied with any one pile bearing rule. | 

Concrete piers of various types, supporting heavy | 
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of this side of construction in practice. Cost keep- 
ing of work during execution forms the subject of 
a particularly good chapter; the same may be said 
of one dealing with estimating. The various methods 
of making approximate estimates are discussed with 
lucidity, and the possibilities of error due to special 
causes are clearly stated. Estimates in detail are 
equally well treated, with examples of methods of 
arriving at the unit costs of items. 

Differences between conditions in the United 
States, and in this country do not, with respect to 
method, detract in any material degree from the 
value of this matter to the English reader, who 
may be, however, reminded that the United States 
ton and gallon have not the same values as with 
us. This work, considered as a whole, should be 
of much use to those taking up practice in building 
construction, and of use also, in some degree, to 


| those already having experience, as, for instance, 


in the consideration of resistance to earthquake 


| shock, the knowledge on this subject being sum- 


marised in a useful manner. The descriptive text 
is intelligibly presented, giving just that kind of 
information most likely to be appreciated, and the 
numerous diagrams are clearly drawn. Many refer- 
ences to other sources of information in connection 
with special matters are given with advantage. It is 


| obvious that on first taking up a study there is so 


much that the beginner does not know, that clear 
description of methods, and particularly the correct 
use of terms must be of the greatest value. 

The purpose of the author, to give a useful 
introduction to the subject treated, seems to be 
achieved with considerable success. 





Modern Steelwork. A Review of Current Practice in the 
Employment of Structural Steelwork in Buildings and 
Bridges. Edited by W. R. Gimusert. London: The 
British Steelwork Association. [Price 5s.] 


Tuts book is the second volume of a survey of 


| modern practice in structural steelwork. The first 


volume, edited by the late Mr. E. F. Etchells, was 
published in 1927, and it would appear that future 
volumes are intended to deal with the practice 
current at the date of issue. A distinctive feature 
of the work is the very large number of illustrations 


| provided. These consist of both reproductions of 


views of finished structures and those in course of 


| construction, and drawings of noticeable features. 


The ground covered is too extensive to comment on 


in detail, but special mention may be made of a 


chapter on the growth of the skyscraper, written 
by Mr. A. C. Bosom. This includes a short, but 
interesting, account of the methods adopted in 
constructing such buildings when working to time- 
schedules. As is known, the New York Zoning Law 
of 1916, while laying down regulations as to the 


building loads are treated in some detail, including | height of buildings in those parts contiguous to the 
the use of caissons and coffer-dams. Masonry | streets, permits them to be carried to any height 
construction, embracing brickwork, is described | for one-quarter of their area. The important and 


in considerable detail, with particulars relating to | difficult constructions involved in the modern cinema | P 


the various kinds of bond in brickwork, and types | theatre are dealt with at some length, and the size 
of stone masonry. Descriptions of practical opera- of the girders involved will, no doubt, be rather 
tions are also given. Hollow tile and hollow concrete | surprising to those whose experience of structural 
block work, much used in the United States, are steelwork has been limited to more conventional 
also enlarged upon, together with what is described | buildings. ; 

as concrete masonry, whether plain or reinforced,| In the accounts which are given of modern 
for walls, piers, beams, columns and arches. Con- buildings in London, the particular difficulties met 
struction in timber is also treated; frame walls | with on many of the sites, both as regards founda- 
of many types, columns, trusses, and roofs, are tions and the necessity of dealing with a building 
dealt with, and useful information given on nails, | piecemeal owing to unexpired leases, are not over- 
screws and bolts. A chapter on steel construction looked. Two other notable chapters are those 
furnishes a good general account of such work. In | dealing with fireproof flooring and steel rolling 
much the same way reinforced concrete in building shutters. Bridges are fully dealt with both by 
work is handled, the descriptive matter being | British and foreign examples, the new Tyne Bridge 
quite good so far as it goes. The construction of |at Newcastle, the Wearmouth Bridge, and the 
floors has a chapter to itself and in this the various | Hudson River Bridge at New York receiving detailed 
materials commonly used are discussed. Special| treatment. A chapter of particular interest in 
reference is made to wearing surfaces. Roofs of this connection is an illustrated resumé of the 








the more usual types, dealing in much detail with 
the many different kinds of cover, are usefully 
described. Other details involved in the construc- 
tion of buildings, as doors and door frames, windows, 
whether of wood or metal, glazing, staircases, plaster 
and stucco, paints and other protective coverings 
are also treated in considerable detail. A section 
also considers plans and specifications, contracts, 
bonds and insurance, and supplies information | 
of value to those having no precedent knowledge 





opening address of the president of the Second 
International Congress on Bridge and Constructional 
Engineering, Vienna, 1928. Examples of pipe lines, 
welded and riveted, steel tunnel linings, electrical 
transmission line towers, blast-furnace plant, &c., 
indicate the extent to which steel is now used. A 
good index is included. As an informative, though 
necessarily somewhat sketchy, account of modern 
steelwork at a very reasonable price this book may 
be commended. 








THE BRITISH ASSOCIATION 
BRISTOL. 


SECTION G.—ENGINEERING. 
(Continued from page 320.) 


Pxrystotocican Errects oF AIR-PRESSURE 
VARIATIONS. 


Ir is regarded as part of the duty of the President 
of the Association to visit all the sections during the 
course of the Session, and Professor F. O. Bower 
duly visited Section G on the morning of Friday, 
September 6. He briefly addressed the Section 
on the similarity of certain plant and engineering 
structures, pointing out that a form of girder con- 
struction had been employed by plants before the 
advent of man. Sir Ernest W. Moir, Bart., Presi- 
dent of Section G, thanked Professor Bower for his 
attendance and pointed out that there was a marked 
likeness between the structural members of the 
Forth Bridge and the bamboo. Sir Ernest then 
proceeded to deliver his address on “The Inter- 
dependence of Science and Engineering,” which 
we reprinted, in abridged form, on page 335 of our 
last week’s issue. A vote of thanks to the President 
was proposed by Professor Sir T. Hudson Beare, and 
after this a joint discussion with Section I (Physio- 
logy) on the subject of “ Air Pressure Variations 
Encountered in Engineering Works and their 
Physiological Effects’? was commenced. The chair 
for this discussion was taken by Professor H. S. 
Raper. 

The first contribution to the discussion was 


AT 


| made by Captain G. C. C. Damant, C.B.E., whose 
| remarks related mainly to deep diving work. After 





referring to the effect of decompression on the 
gases dissolved in the tissues and blood, he explained 
that the problem was to get rid of these gases in 
as short a time as was consistent with safety. 
Haldane had discovered that it was always safe 
to begin decompression by halving the absolute 
air pressure to which a man had been exposed. 
Haldane had also found that no case of compressed- 
air illness occurred from working pressures less 
than 18} lb. per square inch, and that there was 
no danger in decompressing rapidly from a pressure 
of 15 lb. per square inch to atmospheric pressure. 
Experience showed that if a man whose body was 
saturated at 30 Ib. per square inch absolute was 
decompressed rapidly to 15 Ib. per square inch abso- 
lute, bubbles did not appear in his blood. It 
seemed likely, therefore, that it would be equally 
safe to decompress rapidly from 60 Ib. absolute 
to 30 lb. absolute, or from 90 Ib. absolute to 45 Ib. 
absolute, since if the absolute pressure were halved 
the volume of gas (measured at the lower pressure) 
tending to be liberated was always the same. 
The matter was put to the test by experiments on 
goats, and was found to be true up to a pressure of 
75 lb. per square inch, which was the highest 
ressure the apparatus could withstand. Up till 
the time of Haldane’s discovery, no one had thought 
of decompressing men at any but a uniform rate, 
and rates up to 11 lb. per square inch per minute 
had been recommended and used. 

Capt. Damant then went on to consider the case 
of a man fully saturated at a pressure of 45 lb. per 
square inch. In a tunnelling operation, he said, 
the first step would always be to bring him down 
quite rapidly to a pressure of 15 Ib. per square inch, 
after which there was a choice of procedure. Theo- 
retically, the pressure should be allowed to fall 
gradually and continuously, following a logarithmio 
curve, in which case the whole decompression would 
occupy 154 minutes and would be as short as 
possible. This method, however, involved decom- 
pression in an air lock, which was inconvenient, 
A better way, though it took longer, was to bulk- 
head off the tunnel into compartments at different 
pressures, representing stages in the decompression, 
so that the man, after waiting the necessary time 
in each compartment, could be locked straight 
through into the next. If three sections were used 
behind the full-pressure section, at 15 lb., 8 Ib., 
and 3 Ib. per square inch, respectively, the time 
required would be 2 hours 52 minutes, but if the 
procedure were simplified still further by omitting 
the 3 Ib. per square inch section, the time required 
would be 3 hours 22 minutes. 
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It was far more difficult to calculate the decom- 
pressions for partly saturated men than for fully 
saturated men, because some parts of the body 
became charged with gas before others. Diving 
tables, calculated by Haldane for all pressures up 
to 90 lb. per square inch, were, however, available, 
and these could be used for partly saturated men, 
such as engineers making short stays in the high- 
pressure section of a tunnel. He had used these 
tables for diving work and had found them safe, 
but the times required were very long and might 
be capable of reduction. Diving work on the 
Laurentic, in which pressures between 50 Ib. and 
60 lb. per square inch were required, had afforded 
an opportunity for investigating the matter. In 
this, he had found that the times could be shortened 
by 30 or 40 per cent. without danger when com- 
paratively light work was being carried out, but 
for the heaviest work the full times had to be allowed. 
A few specially susceptible men were found to 
require 20 per cent. longer decompression times. 
It was not yet known what physiological feature 
rendered men specially suceptible to compressed- 
air illness. His experience in the Laurentic work 
had satisfied him that it was impossible to improve 
on the Haldane tables as they stood. Every 
system of decompression, however, required to be 
backed up with the medical air lock, or recompres- 
sion chamber, first introduced by Sir Ernest Moir. 
In his experience with divers working at 50 or 60 Ib. 
per square inch, he had found that, as the pressure 
in the chamber was raised, a point was reached 
when the man suddenly became quite well, and 


freely on the sea bottom and in a tide-way. A 
number of metal diving armours had been designed 
and made, and he was of the opinion that for depths 
beyond the reach of the Siebe dress they had great 
possibilities. It had recently been announced 
that the liner Egypt, which sank eight years ago off 
Finisterre, had been located at a depth of 400 feet 
by Italian divers using this type of apparatus, 
and the subsequent operations would be watched 
with the greatest interest. Mr. Davis’ contribution 
|concluded with a description of the construction 
| and method of operation of the Davis submersible 
decompression chamber, the object of which is to 
increase the scope of usefulness of the Siebe type of 
dress by relieving the diver of the tedium of hanging 
on to the shot rope under water during long decom- 
pression periods, the exposure to the cold and to 
strong currents, and, by shortening the actual 
decompression time, by supplying him with oxygen 
during the process, to extend the safe period of 
useful work on the sea bottom at great depths. 
With this apparatus, for a dive of about 15 minutes 
at 300 ft., the total decompression time would be 
about 68 minutes, and the first decompression 
stop would be at 100 ft. from the surface. The 
diver would then be raised in 10 ft. stages at intervals 
ranging from 3 to 12 minutes, and would breathe 
oxygen from a depth of 60 ft. to the surface. 

Dr. J. C. McMaster, the next speaker in the 
discussion, said his experience in connection with 
compressed-air illness had been obtained in the 
course of caisson work, which was carried out at 
| the Silent Valley, North Ireland, during the con- 





there was no point in raising it further. That point | struction of a reservoir for the City of Belfast, by 


was nearly always between 10 and 20 lb., and imme- | Messrs. Pearson. 


Conditions of the work differed 


diately it was reached decompression was com-| from those of deep diving, in that the pressures 


menced. The remaining question was whether 
engineering work could be carried out under 
greater pressures than hitherto, and he thought 
that, from the physiological point of view, there 
was no obstacle in the way. 

A contribution to the discussion by Mr. R. H. 
Davis was then read by Mr. G. W. Davis. This 
contribution dealt mainly with research work on 
the subject, mentioning that Bert’s experiments 
had shown that compressed-air illness was due 
to the liberation in the blood and tissues of bubbles 
of gas, consisting almost entirely of nitrogen. He 
recommended slow and gradual decompression as a 
preventive of caisson disease. Bert also tried the 
effect of administering pure oxygen for the purpose 
of accelerating the expulsion of nitrogen. Bert’s 
method of employing a slow, even rate of decom- 
pression was in general use until 1907, although it 
was not always successful, but, in that year, the 
British Admiralty appointed a Deep Diving Com- 
mittee to investigate the whole subject, with a 
view to finding means to prevent the onset of the 
disease. Professor J. 8. Haldane was the physio- 
logical member of the Committee, and, as a result of 
a most exhaustive series of experiments on men and 
animals, he had found it much safer to complete 
the ascent in stages. The results of experiments 
carried out by Professor A, E. Boycott, in conjunc- 
tion with Captain Damant, were embodied in Pro- 
fessor Haldane’s report to the Admiralty. That 
Professor Haldane’s stage decompression system 
had been amply justified was proved by the fact that 
caisson illness was now practically unknown in the 
British Navy and in foreign navies, all of which had 
adopted it. 

After referring to the work of Bert, Professor 
Lorrain-Smith, Dr. Bornstein, Professor H. von 
Schrotter, Professor Haldane, and others, on the 
use of oxygen in hastening decompression, Mr. 
Davis mentioned that, with a view to lessening 
the risk of caisson disease, it had been suggested 
that divers should be supplied with a mixture of 
helium and oxygen instead of air, as helium had a 
ower solubility and a greater diffusivity than nitro- 
gen. Experiments so far made, however, did not 
prove that any considerable advantage would 
result from the use of helium. Moreover, the 
gas was not likely to be obtainable in sufficient 
quantities for practical diving purposes. The 


ideal diving dress would be one which, while protect- 
ing the diver from the external pressure, would allow 
him to breathe air at the normal atmospheric 
pressure, and at the same time enable him to move 





/encountered were also different. 


were lower, viz., 35 lb. per square inch, while the 
exposures were much longer. The symptoms 
Serious cases 
were met with much less frequently, the chief 
/Symptoms being severe pains in the limbs, known 
jas bends, As already mentioned by Capt. 
| Damant, it took 5 hours completely to saturate the 
body with nitrogen at any given pressure. Tissues 
which saturate slowly, however, also desaturate 
siowly, and after long exposure bubble formation 
| occurred much more readily, in such tissues. For 
economic reasons, it was not possible, in work of 
this character, to shorten the period of exposure 
indefinitely. The shifts worked in the Silent Valley 
were 8 hours, in pressures up to 25 lb. per square 
inch (consisting of two periods in compressed air 
and 45 minutes at mid-shift on the surface), and 
| 6} hours in higher pressures, also including a 45- 
min. period at the surface at mid shift. Each 
time a man was decompressed from a pressure of 
| over 18 Ib. per square inch, he constituted a poten- 
| tial case of illness, and on this basis the total cases 
/of illness at the Silent Valley formed 0-423 per 
}cent. of the decompressions from “dangerous ” 
pressures. Cases occurred with undue frequency 
'in decompressions from 30-35 lb. per square inch, 
under the above-mentioned scheme, the proportion 
| being 0-86 per cent. As, however, it was economi- 
cally impossible to shorten the period of exposure 
| appreciably, the time spent on the surface at mid- 
shift was lengthened, so as to allow thorough 
'desaturation to occur. This was done by re- 
placing one gang, A, at the end of 3 hours by another 
gang B, so that gang A had 3 hours on the surface 
while gang B were in compressed air. Gang A 
then went in for a further period ot 3 hours, while 
gang B were on the surface. The shifts were thus 
9 hours in length, 3 hours being spent on the surface 
in mid-shift. This arrangement reduced the inci- 
dence of compressed-air illness with the highest 
pressures to 0-34 per cent. 

The use of complete stage decompression, Dr. 
| McMaster continued, was not possible in caisson 
| work, since it was undesirable to entrust such a pro- 
‘cedure toalockman. A modification was, therefore, 
| used at the Silent Valley, the control being by three 
|automatic valves fitted to the man-lock. One of 
| these opened at the top, and caused a drop of 
| pressure to half the absolute, when it shut. There 
was then a stage of very slow drop, practically a 
stationary stage, during which only one valve was 
acting, and this valve remained open during the 
entire decompression. When this stage had lasted 














the proper time, the third valve opened and finished 
the decompression more rapidly. The matter of 
humidity had also to be considered in connection 
with compressed-air illness. The compressed air 
at first supplied at the Silent Valley was cool 
and dry, as it was delivered through a long pipe 
line. Later, additional compressing plant was 
installed close to the shafts, and, as a result, the 
air supplied was damp. During the first nine days 
the new compressors were in operation, there were 
10 cases of bends, but, at his suggestion, a con- 
denser had been added to the plant to trap the 
moisture, when only one case occurred in the two 
following weeks, although the pressure was then 
rising. This circumstance seemed to warrant 
further investigation. As a possible explanation, 
he suggested that loss of body heat in heavy work 
necessitated profuse perspiration, owing to evapora- 
tion being slowed by the stagnation of the air. 
If, in addition, the air was damp, the perspiration 
would require to be very profuse indeed, and the 
blood supply to the skin, sub-cutaneous tissues 
and muscles would be greatly increased. This 
greater blood supply would increase the liability 
to bubble formation, and, therefore, to symptoms 
of illness on decompression. 

With regard to treatment by recompression, the 
speaker stated that, with the first few cases treated 
at the Silent Valley, the pressure was raised to a 
figure less than, or at most equal to, the working 
pressure. It was, however, found very difficult 
to remove the symptoms by this method. It was 
found that by raising the pressures from 3 Ib. to 
5 lb. above the working pressure, the symptoms 
could be relieved much more rapidly and com- 
pletely. The excess pressure was used for such a 
brief period, viz., nearly always less than 15 min., 
that it could produce no harmful results. One 
other point was referred to in connection with 
decompression in treatment of cases of illness. 
Dr. McMaster said he saw no reason why stage 
decompression should not be used for this. It 
seemed reasonable to assume that, when symptoms 
were relieved, the bubbles causing them had been 
re-dissolved. If, then, the pressure were not 
reduced suddenly to less than half the absolute 
pressure, there should be no risk of causing them to 
re-form. If, on the other hand, decompression 
were carried out slowly from a high pressure, 
any unnecessary time spent in a pressure above 
18 lb. per square inch was merely adding to the 
degree of saturation. He had, therefore, intro- 
duced a rapid drop to half the absolute pressure 
as soon as the symptoms had been relieved. This 
“critical? pressure was always less than 12 Ib. 
per square inch, since the maximum pressure 
used in treatment was 40 Ib. per square inch. 
At the former pressure, the patient could be kept 
as long as desired, since, if the saturation were no 
greater than that due to the pressure referred to, 
decompression could be carried out rapidly with 
perfect safety. He had found this treatment to 
give good results in practice. 

Professor Sir Leonard Hill, F.R.S., in the course 
of his contribution to the discussion, said that the 
circulation of the blood was not affected by pressure, 
but was rendered sluggish by fatigue, so that 
desaturation then became slow. He referred to the 
importance of an ample air supply to divers at 
great depths, remarking that, without it, a diver 
might be poisoned by exhaled carbon dioxide. 
This difficulty had, however, been overcome by 
the use of tin canisters containing soda and lime, 
through which the diver breathed, the soda-lime 
mixture absorbing the carbon dioxide. In this 
way it had been possible greatly to reduce the 
number of pumps required for the air supply. He 
also referred to the fact that certain men became 
semi-conscious at great depths, and, although able 
to move, had no memory of their actions, behaving, 
in fact, like somnambulists. He thought these 
symptoms were not due to the presence of carbon 
dioxide, but to some particular physiological condi- 
tion which was not understood. The circumstances, 
however, served to show the need for selecting men 
for deep-sea diving with great care. 

Commander Selby said he was interested in deep- 
sea diving trials on behalf of the Admiralty. They 
wished to enable men to stay at a depth of 50 
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fathoms for half an hour and had, in fact, had men at 
this depth for 20 minutes engaged in such operations 
as connecting an air pipe to an imitation submarine. 
The trials had been very successful, although 
finality had not been reached, and they would be 
continued with the object of enabling divers to 
reach greater depths than were at present possible. 
The partial loss of consciousness in divers, referred 
to by Professor Sir Leonard Hill, was a particularly 
interesting point ; its cause was, at present, unknown. 
He also wished to emphasise the need for selecting 
the most suitable men for deep diving, and stated 
that the men employed by the Admiralty for this 
work were required to pass the Royal Air Force 
service pilots’ test, in addition to a severe medical 
examination. As Captain Damant had noticed, dif- 
ferent decompression times were needed for different 
men, and different types of work, from which it ap- 
peared that, if caisson workers were decompressed 
in a batch, the time must be chosen to suit the worst 
subject. 

Dr. J. S. Haldane said he had been interested in 
the work referred to by Dr. McMasters, and had 
talked the matter over with Sir Ernest Moir. The 
system adopted, although not full stage decompres- 
sion, was quite satisfactory. Any symptoms experi- 
enced were not alarming, and cases were easily 
dealt with. The dangerous symptoms were the 
formation of bubbles in the blood, or in the spinal 
cord, which resulted from too rapid decompression. 
There had formerly been many cases of this. Dr. 
Haldane also referred to Soper’s decompression 
tables, remarking that there was a contradiction 
between them and the principles of stage decompres- 
sion as laid down in the report of the Admiralty 
Committee. 

Sir Ernest Moir, in closing the discussion, said 
that, in the Hudson River Tunnel operations, he 
had had the air analysed every day, in order to 
eliminate carbon dioxide. The maximum propor- 
tion of this gas tolerated was 1} parts per 1,000, 
and air had been supplied at the rate of from 
3,000 cub. ft. to 4,000 cub. ft. per man per hour. 
The air had also been tested daily for carbon 
monoxide, but none had been found. With regard 
to the question of stage decompression, he mentioned 
that one of the old diaphragms leaked, and he had 
found it necessary to put in two or three more, as 
if only one chamber was used, the cases of illness 
increased. He had then come to the conclusion 
that the presence of carbon dioxide affected the 
results. In connection with the Blackwall Tunnel 
works, he mentioned that, when coming up on the 
Poplar side, the best men had experienced pains at 
a pressure of 15 Ib. per square inch. Air was 
supplied at the rate of 6,000 cub. ft. per man per 
hour, and was tested for carbon dioxide, but it 
had eventually been found that the trouble was 
due to the fact that they were passing under the 
old Isle of Dogs sewer, the air in the neighbourhood 
of which was saturated with sewer gas and carbon 
dioxide. 

In the afternoon, visits were paid to the works of 
Messrs. The Bristol Aeroplane Company, at Filton, 
and to Messrs. Stothert and Pitt’s works at Bath. 
Excursions were arranged for the following day 
to the Bristol Waterworks and to the Swindon 
Works of the Great Western Railway Company. 


ArrsHie DESIGN AND CONSTRUCTION. 


The meeting of Monday morning, September 8, 
was devoted to the subject of airship design and 
construction, the first paper taken being one by 
Lieut.-Colonel V. C. Richmond, entitled ‘‘ The 
Development of Rigid Airship Construction.” We 
commenced to reprint this paper, which dealt 
mainly with the airship R 101, on page 341 of our last 
week’s issue. 

The next contribution was by Mr. B. N. Wallis, des- 
cribing the design and construction of H.M.A. R 100. 
The author first mentioned that, although the design 
and construction of the R 100 had occupied some 
five years, he found that about the same period 
elapsed between the inception and the final adoption 
of the designs of heavier-than-air craft. He stated 
that the form of the hull was generally similar to 
that of R101, described by Coionel Richmond, 
and added that, of the total resistance, nearly 
70 per cent. was due to the hull, about 18 per cent. 





to the engines and cars, and 15 per cent. to the fins. 
These figures, he remarked, served to show the 
importance of protuberances, which they had en- 
deavoured to concentrate towards the rear of the 
ship, although he thought the arrangements adopted 
in the case of R 101 gave a rather better distribution 
of the loads. In designing the R, 100, an endeavour 
had been made to simplify the structure as much 
as possible, so that the forces in the members could 
be more or less accurately estimated. Fewer longi- 
tudinal and transverse frames were used than had 
previously been employed, and this had given rise 
to some difficult problems in connection with the 
support of the outer cover. The largest panels, 
in the case of the R100, measured about 43 ft. by 
55 ft., and were therefore too large to be left unsup- 
ported. They had, therefore, decided to pull the 
outer cover inwards to a definite curve, and attach 
it to a wiring system inside the ship. He thought 
a considerable measure of success had been achieved 
in this. For the framework, instead of the stainless 
steel used by Colonel Richmond, they had employed 
Duralumin, and had obtained a very high degree of 
efficiency out of this material. In some of the 
thicker tubes, the stress developed was 17} tons 
per square inch in compression, and its average value 
over the whole vessel was 14 tons to 15 tons per 
square inch. Since the vessel had been designed, 
he added, interesting developments had occurred in 
the production of high-tensile light alloys which had 
a yield stress of 25 tons per square inch and an 
ultimate tensile stress of 30 tons per square inch. 
With these alloys it would have been possible to 
save about 15 per cent. of the structural weight of 
the R100. He thought these light alloys would 
prove serious competitors with stainless steel for 
airship construction. 

The tubes for the structural members were made 
in lengths up to 40 ft. or 50 ft. by riveting up a 
helical strip of Duralumin, and it was at first 
intended to make them in a fully automatic 
machine. Difficulties had, however, arisen with 
this, owing to the fact that the strip could not be 
produced sufficiently straight in the lengths re- 
quired, and the helix therefore wandered. Automatic 
riveting was consequently abandoned and hand 
riveting substituted, the rivets being blown up to 
the point required by pneumatic means. As many 
as 24 rivets were used per foot run, but the whole 
cost of riveting had only accounted for about 850/. 
of the total of 400,000/. The tubes were built up 
into curved girders, the exact curvature of which 
was important, since the contour had to be strictly 
correct in all parts. The curve used was an ellipse 
at the nose and a circular are at the tail, so that 
all the longitudinal girders were curved to one of 
these forms, but no difficulty had been experienced 
with this. The form of joint used for connecting 
the longitudinal and transverse girders was illus- 
trated by a lantern slide, as also was the arrange- 
ment of the gas bags. In the latter, he explained, 
there was a considerable range of pressure from the 
bottom upwards, the pressure at the top being some 
8 lb. or 9 Ib. per square foot, while that at the 
bottom was atmospheric. For confining the bags, 
they had therefore used a wire mesh closely pitched 
at the top and expanded at the bottom, so that the 
area supported by a short length of wire was inversely 
proportional to the gas pressure at that point. 

Dealing with the question of passenger accommo- 
dation, Mr. Wallis mentioned that comparisons had 
been made between the performance of our airships 
and the Graf Zeppelin to the detriment of the 
former, but in these comparisons insufficient atten- 
tion had been given to the passenger-carrying 
capacity of the two classes of vessel. In our ships, 
provision had to be made for 100 passengers, whereas 
the accommodation in the Graf Zeppelin was for 
only 20 passengers. Assuming the passenger-carry- 
ing capacity to vary as the volume, the maximum 
number our ships should carry would be 30. This 
would be a great saving and would give our ships 
a performance at least comparable with that of 
the Graf Zeppelin. In this respect both our airships 
suffered from lack of experience at the time they 
were pianned. 

Herr Direktor W. E. Doerr then gave an account 
of the airship Graf Zeppelin, first pointing out that 
its dimensions (length, 700 ft., maximum diameter, 





95 ft., and capacity, 3,700,000 cub. ft.) had been 
limited by the size of the shed available at the time 
the design was initiated. Since that time a larger 
shed had been erected, and future ships would 
doubtless be of more suitable dimensions. The 
hull, he said, was constructed of rings built up of 
light metal with longitudinal girders of the same 
material, stayed by wires. In the lower part of the 
hull a catwalk had been provided along the whole 
length, to act as a reinforcing member for the 
girder construction. Another catwalk was provided 
at about two-fifths of the height of the ship, for 
use in connection with the gas fuel employed. The 
design and construction of the girders was similar 
to those of previous Zeppelin airships, the girders 
being of triangular section and built up of channel 
sections with stam lattice bracing. The outer 
cover was assembled by lacing the panels together 
and afterwards giving them a coating of dope and 
aluminium powder. Each of the 17 compartments 
into which the hull was divided was provided with 
a lifting gas-bag, and 12 of them also with fuel-gas 
bags, the catwalk being arranged between them. 
The fuel-gas bags, he explained, were not provided 
with pressure-relief valves, since any excess pressure 
in them would be transmitted to the lifting-gas bags 
and cause their relief valves to operate, if necessary. 

The engines used were of the Maybach type, which 
had always been employed on Zeppelin airships. 
Five engines were fitted, each of 550 h.p., and, if 
using petrol, these engines would require 500 kg. 
of fuel per hour at the maximum speed, or 400 kg. 
per hour at cruising speed. Thus, in cruising for 
80 to 100 hours, some 30 to 40 metric tons of fuel 
would be consumed, which could only be compen- 
sated for by valving the lifting gas, since static 
equilibrium must be secured when landing. Attempts 
had been made to overcome this difficulty by collect- 
ing water from the exhaust gases and burning 
hydrogen in the engines, but these expedients had 
not proved satisfactory, and the Zeppelin Company 
had therefore decided to dispense with the use of 
liquid fuel, and occupy some of the lifting-gas space 
with a fuel gas having a specific gravity equal to 
that of air. When. the fuel-gas was consumed, 
it was replaced by air, so that no change in static 
equilibrium occurred. The blaugas used had 
proved satisfactory. He pointed out that, for the 
lifting power of 1 cub. m. of hydrogen, a kilogramme 
of petrol containing 10,000 to 11,000 heat units 
could be carried, while if the hydrogen were replaced 
by 1 cub. m. of blaugas, the heat equivalent would 
be 14,000 to 16,000 units. For a given performance, 
therefore, a smaller quantity of gas fuel would be 
required, as compared with petrol, or, if equal 
quantities were carried, the gas fuel would give a 
25 per cent. greater radius of action. Another 
advantage of gas fuel, as compared with petrol, 
was that, with the latter, the carburettor required 
constant adjustment to suit the changing conditions 
in flight, whereas once the correct mixture had been 
obtained with the gas fuel, no further adjustment 
would be necessary. The use of gas fuel, the 
author concluded, had proved so satisfactory that 
the Zeppelin Company would be reluctant to aban- 
don it even if an entirely satisfactory compression- 
ignition engine were produced and inflation with 
helium became practicable. He added, however, 
that blaugas was not employed exclusively, some 
petrol being carried to serve as emergency ballast. 
The change from gas to petrol operation could be 
made without any difficulty. 

Sir Ernest Moir, who occupied the chair, then 
called on Mr. R. V. Southwell to open the discussion. 
Mr. Southwell first pointed out that, owing to the 
R 38 disaster, our designers had had to commence 
without the long accumulation of experience usuaily 
available to the design of engineering structures. 
An interesting comparison could therefore be made 
between the designs of the Zeppelin Company, with 
30 years experience behind them, and those pro- 
duced by men who had had to start ab initio. He 
thought it would be agreed that our methods had 
resulted in very beautiful designs. He instanced, 
in this connection, the parachute suspension of the 
gas bags and the design of the longitudinal members 
and frames of both ships. We could now, he thought, 
adopt the standard method of procedure and ad- 
vance step by step, this procedure being undoubtedly 
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the right one. Operational experience was now 
most needed. It was difficult to criticise the papers 
on technical grounds, but he would like to point 
out that a satisfactory theory of head resistance 
was not likely to be forthcoming very soon. It was 
possible, however, that a wind-tunnel technique 
would be discovered which would enable satisfactory 
predictions to be made; such methods, however, 
were always empirical. The conditions on an airship 
were such as could not be reproduced in the wind 
tunnel. This was because the first stage in the 
instability of the streamline layer occurred near 
the centre, and the turbulent condition moved 
forward as the speed increasei. It was necessary 
to reproduce similar conditions of instability in 
the model experiments to. obiain accurate results. 
He had hoped that more would have been said 
regarding the use of helium in airships, and pointed 
out that if this gas were used in R 100 or R 101, 
the loss of lift would amount to about 11 tons. He 
‘ asked if the dangers of hydrogen were so great as 
to justify the sacrifice of 11 tons in lift to obviate 
them. 

Wing-Commander T. R. Cave-Brown-Cave, who 
followed, first referred to the use of gas fuel in the 
iraf Zeppelin, and stated that at least as much gain 
as the 25 per cent. mentioned by Mr. Doerr was 
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obtained by using heavy oil in place of petrol. 
Mr. Doerr, he continued, had mentioned that 
one of the advantages of the gas fuel was that the 
static equilibrium of the airship was maintained 
automatically. It had, however, been proposed to 
use heavy oil as fuel and burn the surplus hydrogen 
in the engines, which he thought would be distinctly 
superior to the use of gas fuel. An additional 
advantage of hydrogen burning was that, in the 
tropics, where automatic static equilibrium was 
not required, either hydrogen or heavy oil could be 











used as fuel. In this way the buoyancy of the 
ship could be rapidly varied, which would be| 
advantageous from the operating point of view. | 
One point which had not been referred to in any | 
of the papers was the remarkable silence of airships | 
fitted with compression-ignition engines. He agreed | 
with Mr. Southwell’s remarks with respect to the | 
use of helium in airships, and pointed out that the | 
case for the use of this gas in airships using gas | 
fuel was very weak. The only reason for using | 


‘helium was that it was not combustible, and the | 


fuel gas itself was very combustible. 

Mr. D. R. Pye, the only other speaker in the dis- | 
cussion, called attention to the fact that the con- 
struction of the two airships would have the effect 
of increasing the technical skill available in the 
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Fig. 23. PENDULUM MANOMETER. 
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country. The use of the light Diesel engine, he 
remarked, was not confined to airships, and he had 
no doubt that the firms who had been engaged in 
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WORKSHOP MICROSCOPE AT LIEGE EXHIBITION. 


CONSTRUCTED BY MESSRS. REICHERT, ENGINEERS, 
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the structural work would be better equipped than 
others to compete in many other fields of engineering 
constructional work. 

The Chairman then called on the authors to 
reply, and Colonel Richmond, who spoke first, 
said he was sorry to appear as an advocate of 
helium which he greatly disliked. There had, 
however, been a demand for its use in some quarters. 
He agreed with Mr. Southwell with regard to the 
matter of head resistance, and added that the 
empirical method would supply useful information 
as to the relative merits of different forms. He 
suggested that the silence of the airship might be 
due to the absorptive properties of the gas bags, 
and was in agreement with Wing-Commander 
Cave-Brown-Cave that the use of heavy oil in 
conjunction with hydrogen burning was the best 
fuel combination. Mr. Wallis, in the course of 
his reply, said he regarded the use of gas fuel as a 
retrograde step, tending to nullify the work of 
Wing-Commander Cave-Brown-Cave and Colonel 
Richmond in the development of the light-weight 
Diesel engine. He agreed with Mr. Pye that the 
experience gained in airship construction could be 
applied in other branches of engineering work, | 
particularly in heavier-than-air craft, and men- 
tioned an instance in which a saving of 50 per cent. 
had been obtained in the structural weight of an 
aeroplane by employing a method of construction 
previously developed for use in airships. Mr. Doerr 
maintained his preference for gas fuel, which he 
considered was the best method of propulsion at 
present available. He doubted whether a satis- 
factory engine of the Diesel type would be available 
for some years. He agreed with the previous 
speakers that the possible risks from the employ- 
ment of hydrogen were very slight, and insufficient 
to justify the use of helium with the serious loss 
of lift entailed. 

Sir Ernest Moir then closed the discussion, and the 
meeting adjourned until the afternoon, when a 
series of kinematograph films illustrating the con- 
struction and some of the flights made with the 
airships R100, R101 and Graf Zeppelin were 
shown in the Merchant Venturers’ Technical 








College. 
(To be continued.) 








STANDARD SPECIFICATION FOR STEEL ForcmNGs, | 
Booms anp Castrnes.—British Standard Specification | 
No. 24, Part IV—1930 is a revision of an earlier issue, and | 
deals with steel forgings, blooms and castings. The | 
forging and casting specifications include four qualities 
of material, and embody certain modifications which 
practice has shown to be desirable. The former specifi- 
cation has also been amplified to cover rolled bars of class 
D and class D quality of material. Copies of these 
specification may be obtained from the B.E.S.A. Publi- 
cations egy 28, Victoria-street, London, 8.W., 
price 2s, 2d., post free. 


THE LIEGE EXHIBITION. 
(Continued from page 234.) 


As modern engineering practice employs methods 
of great refinement in testing, measuring, &Xc., it is 
but fitting that suitable instruments should be dis- 
played along with other production apparatus. At 
the Liége Exhibition, we find in the machine tool 
hall that Messrs. Em. and P. Bodson, 6 and 11 
Quai St. Leonard, Liége, are showing representa- | 
tive examples of engineering instruments. Some | 
testing machines of the well-known firm Messrs. 
Alfred J. Amsler and Company, Schaffhausen, 
Switzerland, are to be seen on the stand. Of these 
we select two examples, the first being the latest pat- 
tern of the 10 tons Amsler Universal testing machine 
illustrated in Figs. 22 and 23, on page 354. The 
principle embodied in it is that of direct loading of 
the test piece by hydraulic pressure, as opposed to 
the more usual British practice of applying load by 
a system of levers and knife edges. The testing 
machine proper is shown at the right hand side of 
Fig. 22. A cast-iron base carries two columns 
which are connected at the top by a crosshead with 
which the hydraulic cylinder is incorporated. This is 
furnished with a close-fitting ram having its pressure 
stroke upwards. There is no packing in the cylinder 
and the small amount of oil, which is the working 
fluid, leaking past the ram serves to lubricate it. 
The top of the ram is formed with a crosshead 
through which are screwed two rods forming a 
stirrup carrying a beam. The beam is situated 
between the columns and has on the top in the centre 
a cup-shaped projection in line with a flat-faced 
projection on the under side of the cylinder cross- | 
head. This provides facilitiés for compression, 
shearing and hardness indentation tests. Adjust- 
able supports at the ends of the beam admit of 
transverse and bending tests. The top grip for 
tensile tests is formed on the lower side of the beam, 
while the bottom grip is carried on a crosshead 
attached by a screw tothe base. This latter enables 
the distance between the grips to be adjusted to suit 
the length of the test piece without necessitating 
excessive movement of the ram. The height above 
the beam can be similarly adjusted by the worm gear 
on the ram crosshead. 

The apparatus on the left of the figure is a com- 
bined pump and pendulum manometer, an additional 
view of the latter from the back being shown in 
Fig. 23. The pump, with its driving motor are 
mounted on the two sides of the A frame, carrying 
the manometer gear. The control valves are seen 
immediately below the dial. The load on the test 
piece is measured by the movement of the weighted 
pendulum, which movement is indicated on the dial 
and recorded on a paper-covered drum, and is 





effected by a small hydraulic cylinder on the pipe 
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circuit of the mainram. This cylinder is seen below 
the cross-piece of the frame, its ram acting down- 
wards and being connected by a stirrup and lever to 
the fulcrum of the pendulum. The pendulum is 
vertical when there is no pressure on the rams and is 
deflected as the pressure increases a state of equi- 
librium always being maintained between it and the 
small ram, which results in a very steady and accur- 
ate movement of the dial pointer. The dial has also 
a loose pointer which remains at the highest point, 
i.e., the yield point, after the test is completed. In 
addition to moving the pointers, the pendulum also 
actuates the horizontal rod near the centre of the 
dial. This rod carries a pencil bearing upon the 
recording drum, which is caused to rotate by a 
cord attachment to the beam. The resultant stress- 
strain diagram is drawn with rectangular co- 
ordinates and is therefore easily interpreted. The 
pendulum can be suspended from four different 
points which makes possible the measurement of all 
loads with the same degree of accuracy. This is 
guaranteed within plus or minus one per cent. for all 
loads above half the maximum load of each range. 
By suitable manipulation of the controls and by the 
use of a delivery regulator the load may be applied 
at any desired uniform speed up to the maximum 
and any particular load may be held on as long as 
desired. The oil is short circuited between tests, 
and is automatically returned from the ram to the 
pump chamber on release of the load. 

The apparatus shown in Fig. 24 is a new design of 
ductility tester for thick wires and small bars. 
These are bent through an angle of 45 degrees by an 
oscillating motion of the hand lever, the number of 
bends being indicated on a small counter. Several 
other patterns of this apparatus for testing thinner 
wires and strips are also shown. Other exhibits 
are a pendulum impact testing machine which can 
be arranged for either Charpy or Izod tests and a 
torsion testing apparatus. Messrs. Amsler also show 
in the Palais du Génie Civil a 50-ton compression 
testing machine for concrete, cement, stone, &c., 
and in the Swiss Pavilion a recording tide gauge, 
and a selection of integrators, planimeters, &c. 

Messrs. Bodson, as the representatives of Messrs. 
Reichert, of Vienna, are also showing metallurgical 
microscopes, two specimens of which are illustrated 
by Figs. 25 to 28, above and on page 356. A 
variety of other patterns are also exhibited. A 
‘“* Martens ” workshop microscope is shown in Figs. 
25 and 26. A leading characteristic is the jointed 
arm which, it will be clear, enables the micro- 
scope to be set in any desired position for the 
purpose of examining a large piece of work. This 
arm also swivels in a horizontal plane, and when a 
small specimen is to be examined the tube is swivel- 
led over the table seen on the base at the left hand 
of the figures. The table is made with a spherical 
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under surface so that the specimen can be adjusted 
to any angle or, when irregular, be set so that its 
upper surface is horizontal. The microscope is 
fitted with a prism just above the nose-piece, a 
device which ensure a constant vertical illumination 
of the object even when the microscope is moved. 
This illuminator may be used with daylight or with a 
low-voltage electric lamp worked from an accumu- 
lator, or, with a resistance, from an ordinary lighting 
supply. Another interesting instrument is a polar- 
ising metallurgical microscope. It is intended for 
the examination of non-ferrous metals and ores, 
aluminium and copper alloys, &c., as the use of 
polarised light picks out the different constituents. 
Thus, in re-melted copper the oxide in an unetched 
specimen will appear a deep red while the sulphide 
shows up blue-grey. Non-metallic inclusions are 
thus easily detected. The illuminating tube in this 
pattern contains a Nicol polarising prism, while the 
analysing prism is fitted in the tube of the instrument 
as in the ordinary petrological microscope. A collar 
is provided for a rotating analyser to be placed above 
the eyepiece. The stage is rotatable and has a scale 
for exact measurements. An ordinary petrological 
condenser can be fitted for mineralogical work. 
Both these microscopes have rack and pinion coarse 
adjustment and micrometer fine adjustment. The 
workmanship is excellent. 

The large microscope bench shown in Figs. 27 
and 28 is the latest form of this instrument. It 
consists of a frame with three-point spring sus- 
pension, an arc lamp, a camera, and a microscope. 
This latter is, however, not shown in the figures, as 
the bench is there arranged for taking macrophoto- 
graphs that is, low power enlargements, from 1 to 
50 magnifications, of large surfaces such as fractures, 
blow-holes, corroded parts, &c. With this arrange- 
ment, the source of light, which is a 44 ampere 
are lamp with the carbons at right angles, is placed 
at right angles to the bench on a projecting bracket 
which also carries the light filters, and condensing 
lenses. The specimen is placed on an adjustable 
table provided with the necessary levelling move- 
ments, and vertical or oblique illumination can be 
arranged as desired by means of appropriate lenses. 
The camera is of the mirror-reflector type with the 
ground glass screen at the side, so that the operator 
can examine the projected image through a lense 
before it without leaving his seat at the side of the 
bench. When the instrument is used with the 
microscope, the magnification with direct observa- 
tion ranges from 30 to 1,500 diameters, and with the 
camera it is from 1 to 5,000 diameters. The micro- 
scope has an illuminating tube in a correctly centred 
position so that no difficulty is experienced in 
obtaining the right illumination on the specimen, 
either a prism or a plain glass slip being used as may 
be most suitable. The specimen is placed on the 
stage polished side downwards. Coarse focussing 
is effected by means of a rack and pinion, with an 
index giving the correct working distance for the 
several object glasses thus preventing injury to them. 
The object glasses are attached to the microscope by 
a clamp which permits a change being made in a 
second or two. The change from direct observation 
to projection in the camera is made by simply turning 
a knob. 

The individual displays of wood-working machines 
at Liége are remarkable for their completeness, 
the variety of machines exhibited being exception- 
ally wide. The workmanship and design is of 
a high standard. We select for description two of 
the newer machines on the stand of Messrs. Machines 
4 Bois Danckaert S.A, 53 Rue des Vétérinaires, 
Brussels. The first of these, a sectional feed roller 
thicknessing machine, is illustrated by Fig. 29, on 
page 357. It will deal with timber up to 36 in. by 
8} in. Special care has been taken to provide a 
rigid base and frame, with the result that the 
machine gives accurately planed stock up to the 
extreme ends and even when very thin. The 
cutter-block is of the circular type 5} in. in diameter, 
and has four cutters, which are kept in line with a 
truing device not shown in the figure. The feed 
gear is somewhat unusual. It consists of four rollers, 


5 in. in diameter, all driven by machine-cut gears 
wholly enclosed in dust-proof cast-iron housings. 
The top front roller is divided into four sections, each 
of which is driven independently by machine-cut 
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gears and can rise separately through a distance of 
lin. The pressure is applied to the sections, also 
separately, by means of long springs, while the 
front pressure bar is made in four parts corresponding 
to the sections, the position and amount of pressure 
on each part being gapable of separate adjustment. 
Boards of four different and considerably varying 
thicknesses can therefore be planed together at one 
operation, which makes for cheapness in production. 
Two rates of feed, viz., 28 ft. and 45 ft. per minute, are 
provided. The four-section feed is stated to be 
equally efficient when planing panels as when hand- 
ling narrow boards. When engaged on the latter 
work the front table is provided with the three 
fences shown in the figure. These are carried 
almost up to the cutter centre line and provide a 
useful guide when planing short lengths of timber 
which have a tendency to twist. The fences are 
readily removable for panel work. 

The machine shown in Fig. 30, on page 357, is a 
triple-drum sander, which is compactly arranged 
owing to the method of drive adopted. This consists 
of a single belt from the source of power carried over 
the pulleys of all three drums and over appropriate 
jockey pulleys at the bottom of the side frames, in a 
somewhat zig-zag manner. All three drums rotate 
at different speeds, and carry sand paper of different 
grades. Springs are fitted for automatically tighten- 
ing the paper during operation. The oscillating 











Microscope BENCH ARRANGED FOR MACROPHOTOGRAPHIC WORK. 


motion also differs with each roller, e.g., the last 
drum oscillates faster than the first drum. The 
oscillating gear is shown in the figure. The drums 
are mounted on roller bearings, and ball thrust races 
are provided on the oscillating arms. The feeding 
apparatus, as will be clear from the figure, consists 
of an endless belt. The surface of this is provided 
with rubber studs slightly varying in thickness. 
There are two rates of feed, viz., 17 ft. and 35 ft. 
per minute, obtained through a gear box. The rise 
and fall action of the table is effected by power and 
controlled by a friction clutch. The drums them- 
selves can be adjusted independently for height. 
There are two rotating brushes, one for cleaning the 
wood after sanding and the other for cleaning the 
bed. Both the feed belt and the brushes are driven 
from one of the jockey pulleys of the main belt. 
This machine is made in two sizes, to handle wood 
6 in. thick and 40 in. and 50 in. wide, respectively. 

Messrs. Constructions Mécaniques de Longdoz, 





103, Quai Orban, Liége, are showing a number of 
|heavy machine tools of which we select two for 
| description. The first of these, Figs. 31 and 32, on 
| page 364, is a four-saddle railway-wheel turning 
lathe, two of the saddles, on the Hegenscheidt 
principle, being fitted with formers to finish the 
wheels to the correct profile automatically. Two 
wheels mounted on their axle are, of course, turned 








simultaneously, and the machine will handle sets 
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Fie. 30. Triete-Drum SANDING MACHINE. 


suitable for gauges between the limits of 29-5 in. | periphery of the faceplates of both headstocks. 
and 66 in., with a°maximum diameter, over the | These faceplates are provided in the centre with 
flange, of 45-27 in., and a minimum diameter, on | self-adjusting chucks, which receive the journals. 
the tread, of 18-89 in. The back of the machine, | The wheel and axles, then, do not run between dead 
which best shows the general arrangement, is seen | centres, nor are supported upon blocks, but correct 
in Fig. 32. A plain bed carries two headstocks, | centreing of the tread with the axle is ensured by 
that on the right hand being fixed, and that onthe | the employment of the chuck or collet. This 
left being arranged for traversing by means of a | consists of four segments, cylindrical on the inner 
screw actuated by a 5-h.p. reversible motor. A surface and conical on the outer one. Journals 
subsidiary bed is attached to the back of the main | up to a diameter of 12 in. and a length of 11-22 in. 
bed, as shown, to carry the back saddles. The | can be accommodated, while the maximum length 
drive may be either by a constant speed motor of | of axle admissible is 8 ft. 6 in. The back saddles 
40 h.p., with a gear-box giving 12 speeds to the | have multiple tool holders, with both cross traverse 
chucks, varying from 0-7 to 9 r.p.m., or by a|and longitudinal traverse. They are used for facing 
variable speed motor of the same power, when | the point of the tyres, chamfering the edge, grooving, 
the limits lie between 0-7 and 8-44 r.p.m. The|and so forth, but the profiling is done by the tools, 
first arrangement is shown in Fig. 32, the second in guided by formers, contained in the front saddles 
Fig. 31. This figure illustrates the machine actually | Seen in Fig. 31. There are two tools in each saddle, 
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dently of the saddle, motion being given by traverse 
‘over profiling formers contained in the latter. The 
| two tools between them finish the flat machining of 
| the tread and the profiling of the flange, and are 
| automatically withdrawn at the finish of the cut. 
| The changing of the formers, when a different type 
'of wheel is to be dealt with, occupies only some 
| 4 or 5 minutes. 
The other machine on this firm’s stand with which 
| we may deal is the horizontal boring and facing 
|machine shown in Fig. 33, on page 364. This, 
|as shown in the figure, has a surfacing head for 
|machining surfaces at right angles to the surface 
| to be bored, the head permitting the boring bar to 
| pass through its centre. The machine is driven by 
a constant speed motor, through a six-speed gear- 
box, and the saddle is provided with a fast and slow 
| selecting gear, thus enabling 12 speeds in either 
| direction of rotation to be obtained by the boring 
| bar. The same speeds are available for the surfacing 
head provided the diameter of the work does not 
{exceed 294 in. Beyond this, and for very hard 
| material, a modification is made, by the addition of 
v second set of gears, in order to reduce the cutting 
|speed. The feeds available are, like the speeds, in 
| two groups, arranged respectively for the fast speeds 
|and for the low speeds, and giving a total of 18. 
| The feed gear-box is seen in the figure immediately 
| below the motor, next to it is the gear-box for 
| traversing the saddle and the work table. The 
|former has a vertical traverse of from 314 in. to 
393 in., depending on the radial position of the 
surfacing tool. Both sets of gear run in oil baths. 
The saddle is balanced by a counterweight within 
the column, and is elevated either by hand or power, 
|a small star wheel in the centre of the hand wheel 
actuating a clutch, which brings the latter into 
action. The smaller handwheel on right of the 
saddle is the selector for the fast or slow speeds, the 
lever to the left being the starting and stopping 
lever. 

The boring bar, which is 3% in. in diameter, is 
suitable for boring up to 193 in. in diameter, and has 
a traverse of 314in. Its position can be determined 

on a scale on the bracket containing the feeding 
screw at the left of the saddle. In this connection 
it may also be noted that both the saddle slide and 
that of the outer support are provided with scales. 
All three scales have verniers and magnifying 
|reading lenses. The work table has a surface 
| 35$ in. by 433 in., and a traverse, either by power 
;or hand, of 393 in, The rapid power traverse is 
controlled by a lever interlocking with the similar 
| motion of the boring bar or the saddle. The table 
‘is arranged to swivel and to lock at angles of 90 deg. 
|The back support is traversed by hand. The 
| surfacing tool is carried in a detachable tool holder, 
| which can be bolted in any position on the slide. 
| The standard holder can carry two tools and special 
| holders can be fitted. The feed of the tool can be 
| effected by hand instead of automatically if desired. 
| Coarse adjustment is made by the handwheel con- 
| trolling the hand traverse of the boring bar, and 
| fine adjustment by a smaller handwheel above it. 
The position of the tool is indicated by a scale on 
the slide. The machine is amply equipped as regards 
both means of lubrication and safety interlocks. 


(To be continued.) 








PANEL OF TECHNICAL TRANSLATORS.—Engineers and 
technical men who require the services of a translator 
often experience difficulty in finding one who has both 
the knowledge of the language and also of the special 
subject concerned. Moreover, the difficulty increases 
when the language is uncommon and the subject highly 
technical. With the object of overcoming this difficulty, 
which has been brought to their notice continually, the 
Council of the Association of Special Libraries and 
Information Bureaux has appointed a committee com- 
prising Dr. 8. C. Bradford, Mr. Allan Gomme, Dr. R. 8. 
Hutton, Miss A. L. Lawrence, General Magnus Mowat, 
and Mr. E. I. Robson, to prepare a scheme for establish- 
ing a panel of translators having both linguistic and 
technical qualifications. The part taken by the Associa- 
tion will be to act as a connecting link between the 
translator and the user. Names of approved qualified 
persons are now being registered, and those who are 
interested, in either capacity, are invited to write for 





exhibited at Liége. lof circular section, and mounted on holders one 

The drive is transmitted through the spur gear | above the other, so that the work can be done by | 
on the right of Fig. 32 to a shaft carried in bearings| moving both tools outwards from one point or | 
bracketed out from the bedplate. This shaft |inwards from the edges simultaneously. It is| 
carries two pinions which mesh with teeth on the | understood that the tool-holders move indepen- 


particulars to the secretary of the Association of Special 


Libraries and Information Bureaux, 26, Bedford- 
square, London, W.C.1. Commercial translating bureaux - 
are also asked to apply for registration, if they are pre- 


pared to satisfy the Association of their ability to offer 
high-grade service. 
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THE INSTITUTE OF METALS; 
SOUTHAMPTON MEETING. 
(Continued from page 335.) 

ConTINUING our report of the recent Southampton 
meeting of the Institute of Metals, held in the 
Chantry Hall, Chapel Road, from September 9 to 
11 last, we have now to deal with the proceedings 
which followed the reading and discussion of the 
first and second papers on Wednesday morning, 
September 10. 








ARTIFICIAL AGEING OF DURALUMIN. 


The third paper considered on Wednesday 
morning was entitled “The Artificial Ageing of 
Duralumin and Super-Duralumin.” It was by 
Dr. K. L. Meissner, who, in presenting it to the 
meeting, stated that the effect of artificial ageing, 
from 50 deg. to 200 deg. C., upon two commercial 
Duralumin alloys, and upon _ super-Duralumin 
(Duralumin with the addition of silicon) had been 
investigated. The periods of tempering were 
generally from 20 to 40 hours. The artificial ageing 
had been applied, in the first series, after ageing 
at room temperature, and, in the second series, 
immediately after quenching from high tempera- 
tures (about 500 deg. C.). No substantial difference 
had been observed between the two series. We 
intend to reprint this contribution to the proceedings, 
in abridged form, in a forthcoming issue. 

The discussion was opened by Dr. IL. Aitchison, 
who stated that results similar to those found by 
Dr. Meissner had been obtained in this country for 
some time past. The publication of these results, 
however, served a useful purpose. All the results 
had been obtained from sheet, and he would like 
Dr. Meissner to give the meeting the size and other 
particulars of the original cast billet from which 
the sheet had been produced. The author had 
set out results on two series of alloys, which were 
similar, with the exception that the manganese 
content was 0-6 per cent. in the one case and 
0-25 per cent. in the other. Comparisons between 
the two series were thus rendered difficult and 
the issue was needlessly complicated. The elongation 
values reported for ordinary Duralumin seemed to 
be somewhat low. This might, however, be due 
to the composition of the material worked upon. 
By a small modification of the silicon, after pre- 
cipitation heat treatment at 175 deg. C., it was 
possible to obtain better values for elongation 
without very much altering the proof stress and 
maximum stress of the material. 

Dr. M. L. V. Gayler stated that her work had 
shown that it was impossible to compare the age- 
hardening properties of an alloy made from pure 
aluminium, magnesium and copper, with those of 
a Duralumin made from commercial aluminium. In 
the first case, a pure ternary alloy was involved, 
whereas, in the second, iron and silicon were also 
present. The author had stated that the hypo- 
thesis that age-hardening at room temperatures 
was only caused by the precipitation of Mg,Si, could 
no longer be maintained. She would like to point 
out that they, at the National Physical Laboratory, 
had never said that age-hardening was due solely 
to Mg,Si. They had always maintained that this 
phenomenon was due to both CuAl, and Mg,Si. 
In the course of a brief reply, Dr. Meissner, com- 
menting on Dr. Aitchison’s contention that the 
figures reported for elongation were low, said that 
his values had been calculated as percentages on a 
length of 11-3 xdiameter. In England it was usual 
to give the elongation percentage on 2 in., and this 
calculation might give rise to higher values. Dr. 
Aitchison here remarked that the figures he had in 
mind had also been calculated on 11-3 x diameter, 
and were, therefore, strictly comparable. 


Larrick DIisTORTION AND HARDENING OF METALS. 


The next paper, “‘ Lattice Distortion as a Factor 
in the Hardening of Metals,” by Drs. W. L. Fink 
and K. R. Van Horn, was taken as read. It was, 
however, thrown open for discussion. The authors 


stated that lattice distortion, produced by an 
externally applied load, was not necessarily accom- 
panied by increased hardness. Rockwell hardness 
measurements and X-ray diffraction patterns had 
shown that lattice distortion could be accompanied 
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by appreciable softening in an externally-stressed | menced when the first particle of metal fell into the 


aluminium alloy (Duralumin) or 70:30 «-brass.|mould. A good deal of agitation occurred during 


The Duralumin alloy used, designated “178,” had 
the following nominal composition: Copper, 4-5 
per cent.; magnesium, 0-5 per cent.; manganese, 
0-5 per cent.; the remainder being made up of 
commercial aluminium. It had been found, in 
certain 17 S-alloy specimens, that lattice distortion, 
resulting from quenching stresses approximating the 
elastic limit, did not alter the hardness. Moreover, 
maximum lattice distortion and maximum hardness 
were not necessarily coincident in age-hardened 
alloys. The results obtained in the present investi- 
gation, taken in conjunction with a consideration of 
recent experiments, indicated that considerable 
caution should be exercised in attributing the 
hardening of metals to lattice distortion. 

In opening the discussion, Dr. M. L. V. Gayler 
stated that the paper dealt with the changes in 
lattice distortion which might occur when alumi- 
nium, or «-brass, were stressed below the elastic 
limit. The method used, however, did not appear 
to be one which was able to detect small changes 
with a high degree of accuracy. It could be shown, 
moreover, that hardening could take place in a 
5 per cent. copper-aluminium alloy without any 


change in the lattice constants being detected by the 


X-ray methods used at the present time. It 
might also be pointed out that a change of lattice 
parameter in an alloy was not always accompanied 
by hardening. It must be emphasised that a 
change in parameter indicated a change in the 
amount of one constituent which was being held in 
solid solution, while the diffusiveness of reflection 
images indicated some other additional change 
caused by the setting up of internal stresses. The 
latter was generally dependent on the former and 
the two changes could occur simultaneously, as 
shown in the process of age-hardening. 

The only other speaker, Dr. W. Rosenhain, said 
that the paper contained a criticism of his views 
on the subject under discussion. There was, 
obviously, more than one kind of lattice distortion. 
The one might be called distortion and the other 
disturbance. In the first, there was a general change 
of dimension of the lattice. In the second case, 
irregularities were produced in the lattice, which 
irregularities showed themselves by a diffuseness 
of the X-ray spectrum lines, whereas changes of 
dimensions showed themselves as changes in the 
spacing of the lines. The real objection to the 
paper was that the authors had made a measurement 
of what they called hardness by making an in- 
dentation in a material while under elastic stress. 
He wished to know what was their conception of 
hardness. In his opinion, the only definition he 
had yet seen which had any claim to be regarded 
as logical was the resistance to displacement of the 
material by an applied pressure. When one had 
a material in which an active tensile strength was 
present, and pressure from a ball was imposed upon 
it, the forces which tended to cause displacement 
were surely the pressure of the ball plus the active 
stresses present in the material. For that reason, 
he considered that the hardness figures given in 
the paper were completely vitiated and misleading. 
They should not be made under the conditions 
described at all, and, in his opinion, this really 
disposed of the whole argument. 


Macro- AND MICROSTRUCTURE. 


The last paper considered on Wednesday morning 
bore the title ‘‘ A Study of the Relation between 
Macro- and Microstructure in some Non-Ferrous 
Alloys.” The author, Dr. M. L. V. Gayler, read 
the contribution in abstract. She stated that the 
macro- and microstructure of an alloy did not seem 
to be affected by various gases, provided the casting 
temperature was kept low. If, however, the casting 
temperature were raised, the atmosphere to which 
the molten metal was exposed had a marked effect 
on the macrostructure, together with a small effect 
on the microstructure. We reproduce this contri- 
bution to the proceedings in abridged form, on 
page 380, of this week’s issue of ENGINEERING. 

In opening the discussion, Mr. R. Genders stated 
that the behaviour of the metal during the pouring 
into the mould was of the utmost importance. 
The formation of the structure of the ingot com- 








pouring, and small variations in the pouring tech- 
nique led to changes in the structure of the resultant 
metal. The author had drawn attention to the 
importance of pouring speed in the case of the 
5 per cent. lead-tin alloy, but had given no par- 


| ticulars whatever of the pouring speed employed 


in the experiments with the other alloys. 

Professor T. Turner, referred to the author’s 
results indicating the presence of inverse segrega- 
tion in her copper-aluminium alloys. He said 
that she had shown that, in alloys cast in a steel 
mould, the copper content on the outside of the 
ingot was 6-60 per cent., whereas that at the 
centre was 5-90 per cent. Jokibe, working with 
an alloy containing 15 per cent. of copper and the 
remainder zinc, had found that, on casting in sand, 
the proportion of Cu present was constant through- 
out the mass of the metal. When casting in a chill 
mould having a wall thickness of 2 in., the proportion 
of copper was somewhat greater at the outside of 
the ingot than in the centre. When casting in 
a chill mould having a wall thickness of 1 in., under 
which conditions the chilling effects were greater, 
the percentage of the copper was considerably 
larger on the outside of the ingot than it was at the 
centre. 

Dr. A. G. C. Gwyer commented on the size of the 
ingots used by the author. He said that, although 
these were very small, they gave valuable indica- 
tions as to what took place in much larger ingots. 
Nevertheless, he hoped that, if more work were 
undertaken in this direction, larger ingots would be 
used, and that it would be possible to extend the 
work in several practical directions. In addition 
to studying the effects of pouring time and pouring 
temperatures, the resultant ingots should be sub- 
jected to forging and rolling in order to see how they 
behaved. Furthermore, he would like to see a 
combination of forces between two of the National 
Physical Laboratory researches, and the effect of 
the titanium tetrachloride treatment studied in 
connection with the matter now under discussion. 

There being no time left for a reply to the dis- 
cussion, Dr. Gayler merely stated that she was now 
in possession of a few more facts concerning segre- 
gation, which she would communicate in writing 
to the Journal of the Institute. The President then 
adjourned the meeting until 9 a.m. on the following 
day, Thursday, September 11. The afternoon of 
Wednesday was devoted to visits to Portsmouth 
Dockyard, to Romsey Abbey and Winchester, to 
the Supermarine Aviation Works at Hythe and 
Woolston, and to the Ordnance Survey Office at 
Southampton. In the evening, an enjoyable recep- 
tion and dance was held in the Royal Pier Pavilion, 
by invitation of the Mayor and Corporation of 
Southampton. 

(To be continued.) 


LAUNCHES AND TRIAL TRIPS. 


‘** GyFue.”’—Single-screw tank motorship. Launched, 
September 8. Length between perpendiculars, 395 ft. ; 
breadth moulded, 54 ft. 9 in.; depth moulded, 32 ft. 
Built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company (Shipbuilders), Limited, Walker Shipyard, 
Newcastle-on-Tyne, for Messrs. E. I. V. Evensen A/S. of 
Oslo. Six-cylinder two-stroke single-acting Armstrong- 
Sulzer engine by Messrs. Sir W. G. Armstrong, Whitworth 
and Company (Engines), Limited, Scotswood. 


‘** BUCKINGHAM ” AND ‘‘ SANDRINGHAM.’’—Single-screw 
trawlers. Launched, September 10. Length, 122 ft.; 
breadth, 22 ft.; and depth, 13 ft. 6 in. Built by Messrs. 
Cochrane and Sons, Limited, Selby. 


“San Francisco.’”’—Single-screw cargo steamer ; 
triple-expansion engines. Launched, September 11. 
Main dimensions: length, 430 ft. ; breadth, 57 ft.; and 
moulded depth, 37 ft. 6 in. Built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
Compagnie Générale Transatlantique, Paris. 

“*Mavis.”’—Single-screw cargo steamer; __ triple- 
expansion engines. Launched, September 11. Main 
dimensions: length, 225 ft.; beam, 35 ft.; and depth, 
21 ft. 6 in. Built and engined by Messrs. Workman, 
Clark (1928), Limited, Belfast, for the General Steam 
Navigation Company, Limited. 








Dry Dock ror VERA Cruz.—It is stated that plans 
are in preparation by Sr. Eduardo Abaroa, of the Tech- 
nical and Contracting Association of Mexico City, for a 
30,000-ton dry dock for Vera Cruz. The scheme is 
expected to cost 1,500,000 dols. 














SEPT. 19, 1930.] 


ENGINEERING. 


359 











LABOUR NOTES. 


In the latest Trade Report of the United Pattern 
Makers’ Association, the acting general secretary states 
that the total number of members is now 11,216. 
“Tt will be noted,” he observes, ‘“‘ that our unemploy- 
ment roll has gone up with another leap and bound and 
can be spoken of only in the terms of our national 
unemployment; 1,493 as compared -with 1,194 last 
month, and 486 in the corresponding month of last 
year. Itis cold comfort to be told that other countries 
are also suffering from the complaint, and it is not 
much more re-assuring that the only remedy at hand 
is ‘a grant from the Treasury ’—to use a phrase from 
the ’nineties.” 





This trade union official regards the resolution on 
the shorter working week as probably the most 
important of all the resolutions passed by the Trades 
Union Congress at Nottingham. But, in his opinion, 
the demand on the Government to introduce legislation 
is ‘‘ somewhat pious.” ‘‘ May we hope,” he goes on to 
say, “ that the Trades Union Congress General Council, 
with its overwhelming vote, will start now to put into 
operation rationalisation of working hours against 
displacement by reducing the hours of labour in 
accordance with the resolution, and immediately 
absorb the unemployed in proportion to the hours 
reduced: or let the inauguration of a campaign for 
its adoption be commenced immediately without too 
much consideration, and thus relieve the Government 
of the shackle that, unless removed, will ultimately 
destroy it. We may then, and only then, escape from 
the impending doom of 4,000,000 unemployed in 
February next.” 


The September issue of the Amalgamated Engineering 
Union’s Journal, contains an account of an interview 
with the Chancellor of the Exchequer on the subjects 
of a 44-hours’ working week and an improved pensions 
scheme for workers in Government employment. 
In accordance with a resolution of the National Com- 
mittee, copies of a demand for these concessions were 
sent, it is stated, to the various Government Industrial 
- Councils, and a meeting of representatives of all the 
trade unions concerned, called subsequently by the 
Trades Union Congress General Council, decided to 
appoint a deputation to lay the matter before the 
Chancellor. Mr. Kaylor, a member of the execu- 
tive council of the Amalgamated Engineering Union, 
presented the case for the 44-hours’ working week 
and Mr. A. G. Gourd, of the Transport and General 
Workers’ Union, that for the improved pensions 
scheme. In the course of his reply, Mr. Snowden 
expressed confidence that the present state of world 
unemployment could not last, that there was bound 
to be a break, and that when the revival came, it 
would probably come with great rapidity. “ He 
invited the deputation to come back and see him,” 
it is stated, ‘‘ when times are better, when he would 
be very pleased to consider the matters put before 
him once more.” 





At the annual general meeting of the German 
Miners’ Union, Mr. Fritz Husemann, who presided, 
referred to the wages movements that had taken 
place in various parts of Germany in the past year, 
and quoted figures to show the success which had 
attended the efforts of the organisation. From 1927 
to 1929, the average cash earnings of the men engaged 
in German mines, that is to say, piece-work earnings 
or shift rates of pay, including bonuses for overtime, 
housing, children, and social insurance, increased 
in the Ruhr coalfield from 8-04 to 8-92 marks, in 
Upper Silesia from 5-94 to 7-77 marks, in Lower 
Silesia from 5-80 to 6:53 marks, in Aix-la-Chapelle 
from 7-20 to 7-95 marks and in Saxony from 6-91 
to 7-83 marks. In the ore-mining industry, the 
average cash earnings increased, between 1927 and the 
last quarter of 1929, in the Mansfield area, from 5-85 
to 7-63 marks, in the Upper Harz district from 5-52 to 
6:42 marks, in Siegerland from 6-40 to 7-25 marks, 
and in Nassau-Wetzlar from 5-45 to 6-90 marks, 
{n the salt-mining industry cash earnings increased, in 
the period under review, in Clausthal from 6-74 to 
8:36 marks, and in Halle from 6-58 to 8-31 marks. 
In the lignite industry the average cash earnings 
increased, between 1927 and the last quarter of 1929, in 
the Ostelbien district from 5:69 to 7-10 marks, in 
Westelbien from 6-67 to 7-60 marks, and in the Rhenish 
Palatinate from 7-36 to 9-01 marks. 





The weekly official organ of the National Minority 
‘ovement is not at all complimentary to the official 
Labour movement in its comments on the proceedings 
of the Nottingham Trades Union Congress. In the 
course of a leading article it says :—‘‘ One or two of 
the resolutions adopted might sound well to anyone 


Pensions at 60, the repeal of the Trade Disputes 
Act, the 7-hour day and compensation for dismissals— 
these were all pious decisions adopted for the purpose 
of deceiving the workers into the hope of some improve- 
ment by-and-by. If anyone believes that the T.U.C. 
and the Labour Party will attempt to remove the 
T.U. Act, which they helped Baldwin so magnificently 
to adopt—then they are fools indeed. The Act may 
be modified, altered slightly, to bring more money into 
the coffers of the Labour Party; but all sympathetic 
strikes, any general strike, and all picketing will remain 
illegal. In these respects the Act is a useful instrument 
for carrying out the present policy of the T.U.C. Then 
why alter it ? As for pensions, compensation for dis- 
missals and the 7-hour day—people who praise the 
Coal Bill (which will increase hours, reduce wages 
and cause widespread dismissals), who are assisting 
the rail companies, who cut wages in wool and cotton 
and who want the eight-loom system—people who 
advocate a policy of empire unity and tariffs (that 
is, more intense imperialism), who want a ‘strong 
hand’ in the colonies and at home—such people 
will provide pensions only for princes and the like, 
and compensation only for big employers and fat 
directors. And the 7-hour day will be applied only 
to the few workers who may now be working six.” 





A communication received by the International 
Labour Office at Geneva states that at a meeting 
held in Zurich on August 29, at which Mr. de Brouckére 
presided, the executive committee of the Labour and 
Socialist International adopted a resolution inviting 
the International Federation of Trade Unions to set 
up a joint committee with the Labour and Socialist 
International, with a view to convening as soon as 
possible a special world conference, at which other 
important workers’ organisations might be represented, 
for the purpose of undertaking simultaneous inter- 
national measures againt unemployment. 





Learning that certain provincial employment 
offices were making the registration of persons seeking 
employment conditional on the presentation of a 
trade union card, the Italian Ministry of Corporations 
have sent definite orders to the organisations concerned, 
the prefects, and the directors of employment offices 
to discontinue the practice immediately. The in- 
structions point out that the duties of the employment 
offices are quite different and distinct from those 
performed by the trade union associations in regard 
to their members, and that registration is both a 
right and aduty. Any condition or hindrance imposed 
by the employment exchange officials, on persons 
desiring to register is, therefore, it is declared, an 
abuse of authority, which may entail punishment. 





A recent issue of the Monthly Review of the United 
States Department of Labour contains a summary of 
an interesting report made to a convention of the 
International Brotherhood of Electrical Workers. 
The report related to a re-organisation of New York 
No. 3 Branch of the Brotherhood, and stated that, in 
addition to concerning itself with the wages and hours 
of members, the union endeavoured to raise their 





have the contractors. -Our opponents in the building 
industry have often shown they know less about the 
actual conditions. Our members have known little 
of what industrial science has been doing to them, to 
their families, and to their organisation. Lack of 
knowledge of our own industry has left many unions 
throughout the country in a serious and uneasy predica- 
ment. Changes vitally affecting the bread and butter 
and the wives and children of our members have been 
occurring quite rapidly in recent years, and with 
little or no warning. We are a part, a very big part, 
of our industry. As it fares, well or poorly, so fare 
our organisation, our employers, and our members. 
It is our duty to understand our industry thoroughly. 
We have stated repeatedly that our industry must 
come first—not the union. Those administering the 
affairs of our New York local saw the absolute necessity 
of having scientific knowledge of industry, of knowing 
the exact conditions and influences and changes affect- 
ing it. They saw that bare hands are not enough ; 
that brute strength, bluster, and bluff do not go; 
that facts are more valuable than opinions and guesses. 
They readily saw we are now in a day of scientific 
organisation.” 





“Through this department,” the report goes on to 
say, ‘‘ we have already discovered many facts unknown 
generally to the industry, new even to our own em- 
ployers—facts highly valuable, which have materially 
aided us in keeping our members at work and con- 
structively building up the industry to a more healthful 
and stabilised condition. No longer can we confine 
our interests simply to getting so much wages a day 
or to certain working conditions.” The department 
gathers “statistics of the daily job,” and through 
it the union expects soon “ to be able to gauge rather 
accurately the trend of our industry and know definitely 
in advance how things will be, say, six months or one 
year ahead, as to the actual conditions of work, em- 
ployment, new developments, &c., in the electrical 
field, and the real effect of these on our members, the 
organisation, and the industry in general.” 





The Ministry of Labour states that at September 8, 
1930, the numbers of persons on the registers of Em- 
ployment Exchanges in Great Britain were 1,368,030 
wholly unemployed, 674,450 temporarily stopped, and 
97,091 normally in casual employment, making a 
total of 2,139,571. This was 79,127 more than a week 
before and 989,879 more than a year before. The 
total on September 8, 1930, comprised 1,508,902 men, 
62,417 boys, 512,767 women, and 55,485 girls. 





According to the New York correspondent of The 
Times, the United States Department of Labour’s 
employment index fell a further 1-4 per cent. in 
August, and pay-rolls declined 2-6 per cent. The figures 
cover 39,828 establishments in the 13 major industrial 
groups. In August these groups employed 4,711,968 
persons, whose combined earnings in one week were 
117,997,212 dols. Four of the 13 groups reported a 
seasonal increase of employment, but nine showed a 
decrease. In the manufacturing industries outstanding 
decreases in employment and pay-rolls occurred in 
the east of the North Central section of the United 








efficiency and status. When the re-organisation 
began, conditions were, it is declared, about as bad 
as they could be. Inefficiency, graft, and trade union | 
politics were prevalent, unqualified helpers were 
doing journeymen’s work, and electrical installations | 
were being carried out in the quickest and easiest 
way regardless of safety. Since then, a great deal | 
of attention has been given to improving work stan- 
dards and to raising the level of the efficiency of the | 
workers. The compilers of the report said :—‘‘ The | 
mechanical ability and electrical knowledge of the 
major portion of our members in New York were at a 
very low point when we began our campaign for 
improvement. This proved most embarrassing, and 
a great handicap to the officers. Many calls came in 
from members asking that business agents be sent 
to the job to show them how to connect up certain 
motors and properly do certain other classes of work. 
Not very many had ever read even the code book. 
In any case, when standards are improved or reduced, 
our members are vitally affected. We decided to 
improve them. The results now speak for themselves. 
But the campaign for improvement was indeed very 
bitter medicine for most employers and most of our 
members. It was no easy task to show them what a 
sickened condition the industry was in—but soon they 
saw the tonic was very salutary. Now, happily, it 
is all quite different.” 





The Branch also has its own engineering and research 
department. The conditions which led to its formation 
were described in the report as follows :—‘‘ Our 
members have known little or nothing about the actual 








who fails to see the general line of the Congress, 





forces playing through the electrical industry. Neither 





States, which is the area most affected by the changes 
in the motor-car industry. Reports from 10,370 of 
the 13,055 manufacturing establishments included 
in the August survey, showed an average of 78 per cent. 
of the normal force of employees working 91 per cent. 
of the full time. 





Amongst the resolutions to be discussed at next 
week’s congress in London of the International Trans- 
port Workers Federation, is one from the postal and 
railway workers of Palestine, to establish a strike fund 
for the assistance of affiliated unions when necessary, 
the contributions to the fund to be obligatory and to 
be fixed by a commission elected by the Congress. 
The British Transport and General Workers’ Union 
has a resolution instructing the executive to institute 
an investigation and enquiry into the organisation and 
control of road passenger transport. From the Spanish 
transport workers there is a resolution in favour of 
collective labour agreements, the introduction of a 
strict eight-hour day or forty-eight-hour week, with 
the abolition of overtime, the general adoption of a 
weekly day of rest and annual holidays with wages, 
the fixing of a minimum wage proportionate to the 
cost of living in each country, and the adoption of 
definite rules governing engagement and dismissal. 





Thirty-five countries are represented in the Federa- 
tion with a total membership of 2,275,336. The 
countries include Great Britain, the United States, 
Germany, France, Sweden, Poland, Austria, Italy, 
the Argentine, Spain, India, Ireland, Canada, China 
and Japan. 
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THE VICKERS-BERTHIER MACHINE RIFLE. 


CONSTRUCTED BY MESSRS. VICKERS-ARMSTRONGS LIMITED, ENGINEERS, LONDON. 
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THE VICKERS-BERTHIER MACHINE | 
RIFLE. 


Tue desirability of reducing the weight of quick- | 
firing small arms, while improving them in other | 
directions, has resulted in the production, by Messrs. | 
Vickers-Armstrongs Limited, London, of a very effective | 
weapon in the Vickers-Berthier machine rifle, of which | 
a demonstration was given on the National Rifle | 
Association ranges at Bisley oa Wednesday, Septem- | 
ber 10. Of this demonstratior and the construction | 
of the rifle we now give some account, which is illus- 
trated by Figs. 1 to 7.on this and the opposite pages. 
The calibre and muzzle velocity in the new rifle are | 
the same as those of the Infantry regulation rifle, | 
while its weight, complete with front support, is 20-3 Ib., | 
as against the 28-5 lb. of the rifle now most commonly | 
in use. The breech mechanism is operated by part | 
of the compressed gases generated by the explosion of | 
the charge, and the rifle, therefore, after the first shot, | 
is self-operating until the magazine is exhausted, or | 
until the trigger is released. At the same time, the | 
rifle can be immediately altered to single-shot firing | 
by trigger. Two forms of magazine are available, the | 
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THE VICKERS-BERTHIER MACHINE RIFLE. 


CONSTRUCTED BY MESSRS. VICKERS-ARMSTRONGS LIMITED, ENGINEERS, LONDON. 
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RIFLE Firrep with Drum MaGazine. 

















Fie. 7. 


first consisting of a sector-shaped chamber holding 
30 rounds and weighing 24 lb., and the second being a 
drum containing 60 rounds and weighing 7} Ib., or, if 
desired, 100 rounds. The automatic firing rate with 
both types of magazine is 450 rounds per minute. 

The details of construction may be dealt with first, 
for which purpose reference should be made to Figs. 1, 
2, 3 and 4, which show right and left-hand sides of 
the rifle, a plan view, and a section, respectively. The 
barrel, which is 23-6 in. long without the flash tube, 
is readily detachable, and can be changed in 5 seconds 
when overheated without being handled, and without 
the necessity of dismounting other parts of the gun. 
It is formed externally with air-cooling fins, and is 
held in the receiver by integral lugs, which fit into 
corresponding recesses in the latter. It is locked in 
place by an L-shaped lug on the underside, which 
engages with a similar lug on the piston guide a below. 
Chis guide is moved longitudinally by a rack meshing 
with a partial pinion on the locking pin b, which is 
withdrawable, and is formed like a small crank lever. 
Che cartridge chamber is contained in the end of the 
barrel, and attached to the barrel are a sling eye, 
gas block, foresight, and flash tube, the latter being 





ANTI-AIRCRAFT PATTERN. 


screwed to the end for the purpose of concealing the 
flash of the discharge. The receiver comprises the 
rear sight, ejector, cocking handle, handguard, and 
barrel-locking pin. Its top surface is provided with 
an opening for the insertion of the mouth of the maga- 
zine. The front end receives the rear of the barrel 
and the piston guide, while the rear end is connected 
to the butt block and trigger mechanism. The striking 
mechanism consists of breech locking block with 
extractor and feed piece, firing pin and piston. 

The piston c is forged with a projecting lug d on its 
rear end, which lug actuates the firing pin, and slides 
in a guide a situated immediately under the barrel 
between the gas block e and the receiver. It is driven 
backwards by the gases of the explosion, and com- 
presses a return spring contained partly in the receiver 
and partly in the top part of the wooden butt. Dealing 
with the backward stroke first, and referring to Fig. 4, 
it will be noticed that the gas block communicates 
with the rifle bore by a port. This port is continued 
through a cleaning plug screwed into the block, so that 
it points directly at the head of the piston, which is 
provided with a conical depression to increase the 
force of the gas impact. This takes place as soon as 





the bullet has passed the port in the barrel. To the 
right of the plug will be seen a tubular structure con- 
taining three ports. This is the gas regulator, the 
function of which is to provide a ready means of adjust- 
ing the action of the rifle to meet varying climatic 
conditions. The three ports are of different sizes, and 
when the regulator is turned so that one of them 
coincides with a recess on the plug, an outlet is provided 
for a portion of the gas through the centre of the 
regulator, and a predetermined drop is caused in the 
gas pressure on the piston, and, in consequence, also 
in the violence of the recoil. The outer edge of ‘the 
regulator is graduated for setting purposes. The 
regulator, as shown in the figure, is closed, and the 
full force of the gases is available. The rifle in this 
figure is shown just at the moment of firing. The 
piston guide does not, of course, move when firing, 
the longitudinal motion provided by the rack being 
only made use of when changing the barrel. It is 
provided with a two-legged support, which can be - 
folded up as shown by the chain-dotted lines in Figs. 
1 and 2, a self-locking device being embodied to keep 
the support in position when firing. 

Referring now to the rear end of the piston, the lug 
d is provided at the sides with two cams f, to engage 
with inclined grooves g formed inside the breech- 
locking block h, while, at the extreme end, is a smaller 
lug which engages with the locking block and secures 
it to the piston during a part of the motion. Below 
the lug on the right-hand side of the piston is a cocking 
tooth and, a little farther forward, on its underside, 
is a bent. This engages with the trigger sear to 
hold the piston in the retracted position. The locking 
block, which slides in the receiver, is rectangular in 
outline, and is recessed externally on the right-hand side 
for the extractor and its spring. It is also recessed on 
the underside, the walls of this recess being provided 
on each side with an inclined groove g, which provides 
the opening and closing motion as the piston cams f 
travel in them. In Fig. 4, the block is, of course, 
closed, and is hard up against the locking shoulder i on 
top of the receiver. Supposing that the rifle has just 
been fired, the piston begins to move backward, due 
to the barrel gas release already referred to. The 
sequence of motions which then follow are: The 
firing pin is withdrawn from the fired cartridge, and 
the piston cams, entering the inclined grooves of the 
locking block, cause the latter to tilt down at the 
frontend. The piston lug then strikes the overhanging 
end of the block, which is by this time below the 
shoulder on the receiver, and carries it to the rear. 
The shoulder, which is of hardened steel and detach- 
able, is formed with an inclined surface, and this, in 
conjunction with the action of the cams, brings the 
block finally into a horizontal position, and settles it 
on to the piston end with the rear end of the block 
behind the projection on the small lug of the piston. 
The two parts are thus locked together for the re- 
mainder of the rearward stroke, and during a portion 
of the forward stroke. 

The extractor j, mounted on the side of the locking 
block, and having a claw at its front end inwardly 
inclined, is engaged with the rim of the fired cartridge 
case, which thus travels along with the block in the 
first part of the rearward stroke. The ejector lever & 
is pivoted in the left-hand wall of the receiver, and 
has a projecting cam on its rear end and a toe on the 
frontend. The locking block has a cam-shaped face on 
the left side, which, as the block continues its rearward 
motion, comes into contact with the cam on the rear 
end of the ejector lever, and causes the toe to 
be moved inwards. The cartridge case is thus brought 
suddenly, by the movement of the block, up against 
the toe, and is forced out through the ejection slot. 
This slot is protected by a sliding cover during tran- 
sport, which cover is opened automatically by the 
action of the cocking handle. The ejection of the , 
cartridge takes place while the block and. piston are 
completing the backward stroke within the receiver, 
At the end of the stroke, the mechanism is stopped by 
a spring buffer mounted in the butt. 

Assuming the trigger is set for automatic firing, the 
return spring then forces the mechanism forward to 
feed and fire the next cartridge. It will be remembered 
that the piston and block are locked together, and 
travel thus while the new cartridge is being fed in with 
itsrim behind the extractor claw, but, as the end of the 
travel is approached, the block rides over a hardened-.’ 
steel cam projecting from the bottom of the receiver. 
This causes the rear end of the block to be lifted clear 
of the projection at the rear end of the piston, and the 
side cams and inclined slots engaging tilt up the block 
which comes to rest with its rear end against the lock- 
ing shoulder. The piston then continues the forward 
stroke freely until the firing pin strikes and fires the. 
new cartridge, after which it finally comes to rest against 
a solid stop formed in the receiver and the cycle is 
repeated. The firing pin is centrally disposed, and is 
provided with a withdrawal spring and a retaining pin. 
The ejector lever is restored to its firing position by the 





forward movement of the block. 
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this form it is shown in Fig. 7. Demonstrations 
of all three forms, the last with blank cartridge, 
were given at Bisley. Apart from the shooting display, 
which will be commented on later, this demonstration 
was very impressive as showing the simplicity and 
ease of handling of the gun. For cleaning the gun, it 
was stripped into 5 main parts in about 10 seconds, 
and it can be completely stripped in 35 seconds and 
re-assembled in 75 seconds. The method of changing a 
hot barrel for a cool spare one takes from 6 to 8 seconds. 
The barrel used in the test was very hot from a 1,000 
rounds firing period, and was changed by cocking the 
gun, turning the barrel-locking pin, turning the rifle 
on its side and shaking out the barrel. It was not 
necessary to use the hands on the hot surface at all. 
The cool barrel was, of course, handled and was rapidly 
inserted. The magazine is changed in about 2 seconds. 
As the magazine holds only 30 rounds, this changing, 
of course, does not permit the firing of the 450 rounds 
in one minute, stated earlier, this figure being only a 
“rate.” Used automatically, 300 rounds can be 
fired in a minute. Actually this number took | min. 
7 secs. to shoot in the demonstration, but, as the gunner 
had immediately before fired 700 rounds without a 
pause, the performance was excellent. Single sighted 
shots can be fired at the rate of 90 a minute. The 
rifle is capable of firing 1,500 rounds from one barrel 
without cessation and without cooling, though this is 
subjecting it to undue wear, and indeed, as this amount 
is considerably more than is generally available in 
action, is not necessary, particularly as a change of 
barrel is such a simple matter. 

Tests showing the immunity of the gun from 
derangement were carried out by burying the normal 
type in sand, immersing it in mud, &c., all of 
which it successfully passed, a few rounds being 
fired from it after each test. Other tests of differ- 
ent firing positions, prone without the front rest, 
kneeling, standing, and firing from the hip, as well as 
firing automatically whilst advancing, and firing with 
the rifle upside down or onits side were equally successful. 
The grouping of the shots on the targets was good, and 
the firing of 180 rounds in horizontal traverse across a 
wide target was particularly striking, all but a few shots 
lying in a belt 9 in. deep. A vertical traverse test was 
equally good. The range was 100 yards. The accuracy 
was not appreciably affected by the hot barrel, as 
the barrel used for 1,000 rounds was again used for 30 
rounds when it had cooled down and was found to be 
unimpaired. The recoil is negligible, and the demon- 
strator did not appear to be fatigued by the 2,000 rounds 
or so he had fired in a short time. The ejector action is 
effective, the empty shells being thrown well clear of the 
man. The firing time without changing barrels can 
be about doubled by the use of a barrel heavier than the 
pormal. This barrel was also demonstrated. By its 
use the weight is increased to 33 lb. with the front rest, 
and the rifle becomes virtually a heavy machine gun. 
In its air-service form, the rifle weighs 18]b. and has a 
firing rate of 800 rounds per minute. The Vickers- 
Berthier rifle appears undoubtedly, on performance, 
to possess many advantages over other light machine 
guns used to-day, but, of course, only service condi- 
tions will discover the points, if any, on which adverse 
criticism may be made. 
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The trigger gear is simple, and its action is easily 
followed in Fig. 4. The sear is situated directly over 
the trigger, and is mounted on trunnions in the frame. 
The rear end of the sear is fitted with a spring pawl to 
engage with the trigger lever. A fire control lever, J, 
is situated immediately in front of the trigger. This 
can be set for automatic and single firing and safety. 
It is operated by an external knob, and is set for the 
three conditions just referred to by placing it in the 
highest, middle, and lowest positions, respectively. 
It is set for single firing in Fig. 4. In this position, the 
trigger lever cannot move far enough to bring the sear 
out of engagement with the piston; a spring then 
causes the sear to move rearwards on its trunnion 
until the spring pawl slips off the step on the trigger 
lever, @ movement anon a allows the sear to rise and 
re-engage with the piston on its return. For automatic 
control, the control lever is turned so that a corner of 
its cam comes into contact with a projection on the 
bottom of the sear, forcing the latter forward and so 
preventing the pawl from slipping off the trigger step. 
A continuous pull on the trigger thus keeps the front of 
the sear depressed and out of the way of the bent, 
which travels forwards and backwards freely. In the 
safety position, the trigger is positively locked by 
turning the cam until one edge is under the projection 
in front of the trigger. The sear can, however, descend 
to allow the gun to be cocked in the event of the 
trigger being set to ‘‘ safe’? when the breech is closed. 
An indicator stop prevents accidental movement of 
the control lever. 

The method of feeding the cartridges may now be ex- 
plained. The sector magazine is of light steel plates, and 
the cartridges are fed downward by a plate controlled 
by a spring of the form shown in Fig.4. The magazine 
is hooked into the front of the magazine opening, and 
then pressed down until the magazine catch has slipped 
into place. This is withdrawn for changing magazines 
by the lever m. Below the lever is the breech catch, 
which is projected into the receiver immediately the 
last cartridge has left the magazine, in order to hold the 
mechanism in the open position. The spring plate in 
the magazine is provided with two short side exten- 
sions that travel in grooves formed in the side walls of 
the magazine, which extensions operate the breech 
catch when the magazine is empty. The feed piece is 
hinged to the top front end of the locking block, and is 
deflected downwards when passing beneath the cart- 
ridge in the magazine. It is controlled by a small 
spring which presses it upwards in readiness to engage 
the base of the cartridge when the locking block 
commences its return to the locked position. The 
feed-piece pushes the lowest cartridge from the 
magazine into the chamber, the cartridge being guided 
by the bullet lead and forced down with its rim behind 
the extractor claw. A dust cover n is provided for 
the breech during transport. 

The cocking handle o consists of a flanged rod with 

‘an operating knob which slightly hinges to disengage 
a catch that locks it to the receiver. The rod slides 
in a groove in the piston guide and carries a tooth which 
engages with that on the piston, so that the latter is 
pulled back when the cocking handle is drawn to the 
rear, @ position it retains during firing. The hand 
guard is of wood, and is provided to form a convenient 
grip when firing from the hip. It can be removed to 
allow the gun to be used on a mounting, when the eye 
seen in its recess is employed. The butt is of wood | 
of the conventional pattern, with an eye for a sling at 
the end. The trigger guard embodies a pistol grip. 
The normal method of firing is from the prone position, 
the butt resting on the shoulder and the front of the 
barrel on the two front supports. This method gives 
sufficient accuracy of aiming, but, for long ranges, the 
elevating gear under the outt may be used. This is | 
usually carried separately, and consists of two telescopic 
screws with a milled outer sleeve for height adjustment. | 
The rifle may also be fired either from the shoulder or 
the hip when the gunner is standing. It does not 
require any adjustment when fired at any angle of 
depression. When used for prone firing, the left hand 
is put on the butt to afford additional steadiness and 
the right cheek is laid on the back of it. The sights ; 1 : : 
are arranged off the centre line towards the left-hand | Najexty's Stationery Office, [Price 24. net) 
side of the barrel, so that the position of the gunner | Zen; Annual Report of the Scientific and Industrial Re- 
is quite comfortable with regard to them and vision! search Council of Alberta, 1929. Edmonton, Alberta : 
is not interfered with by the magazine. The back-| Research Council of Alberta. 
sight p is mounted on a bracket, and consists of a | Copyright in Industrial Designs. By A. D. RussELL- 
vertical toothed rack provided with the usual form | tea TPrine le. 6d Tt Pitman and Sons, Lim- 
y : ‘ 4 i ea, . . . 
of V-slot. The sight - elevated by turning » smal I Electrical Power Transmission and Interconnection. 
milled drum which, together with the sight stem, is) °¢ Dawnxarr and J. W. Da.eLeisH. London: 
graduated from 200 m. to 1,400 m. or 1,700 m., depend- | saac Pitman and Sons, Limited. [Price 30s. net.] 
ing on the cartridge in use. The overall length of the | Physical Principles of Electricity and Magnetism. By 
gun is 48-9 in., and the overall height from the ground R. W. Pout. London: Blackie and Son, Limited. 
to the top of a 30-round sector magazine is 21-3 in. [Price 17s, 6d. net.] ewer 3 
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magazine, and the latter with the drum magazine and 
central sighting. This latter rifle, with a change of 
butt, can be used as an aircraft observer's rifle, and in | 








TENDER. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of a tender invited by the Latvian Roads Administration. 
The closing date of the tender is stated below. Details 
may be obtained on application to the Department at 
the above address, the reference number given being 
quoted. 

Road-Making Plant.—The supply of road-making 
plant, comprising motor-rollers, stone-crushers, &¢c.— 
The Latvian Roads Administration; October 1 (Ref. 
No. A.X. 10216). 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEssrovucGH, Wednesday. 

The Cleveland Iron Trade.—Makers adhere firmly to 
their fixed minimum figures for Cleveland pig, and 
second hands have little iron to dispose of. Export 
sales continue few and small, but home consumers who 
have to come on the market for supplies are taking up 
fair quantities. Ironmasters continue to use a large 
proportion of the make at their own consuming depart- 
ments. Stocks are only small, and quantities of foundry 
iron stored are likely to be reduced. A little Midland 
and foreign iron continues to be used at Teeside works. 
No. 1 Cleveland pig is 66s.; No. 3 g.m.b., 63s. 6d. ; 
No. 4 foundry, 62s. 6d.; and No. 4 forge, 62s. 


Hematite.—The firmer feeling that recently entered 
the hematite branch of trade is fully sustained. 
steady moderate business is passing, and both makers 
and merchants report further sales to firms abroad, as 
well as to home customers. Continental competition in 
overseas markets is keen, but producers of East Coast 
brands hope to regain a good deal of trade with overseas 
customers, who at one time drew their supplies almost 
entirely from this district. Second hands have still 
substantial quantities to offer, and are accepting rather 
lower rates than are the makers. The latter hold out 
for 71s. for ordinary qualities, and 71s. 6d. for No. 1 iron. 

Foreign Ore.—Foreign ore is very slow of sale, con- 
sumers being well placed as regards supplies. Sellers 
put best rubio at 19s. c.i.f. Tees, but an odd cargo is 
stated to have been purchased at substantially below 
that figure. 

Blast-Furnace Coke.—Durham blast-furnace coke prices 
are inclined to stiffen. While round about 16s. 6d. is 
still accepted for prompt parcels of good average kinds, 
17s. has been realised for forward delivery, and 17s. 6d. 
is now generally asked. 

Manufactured Iron and Steel.—Orders for most des- 
criptions of manufactured iron and steel are urgently 
needed. Much of the work in hand is fast approaching 
completion. Producers of railway. material, construc- 
tional steel and sheets are fairly busily employed. Quota- 
tions keep steady. Common iron bars are 101. 15s. ; 
best bars, 11l. 5s.; double best bars, 11/1. 15s.; treble 
best bars, 12/7. 5s.; iron rivets, lll. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 15s. ; steel billets (medium), 7/. 12s. 6d. ; steel 
billets (hard), 81. 2s, 6d.; steel rivets, 111. 5s.; steel 
ship plates, 8/. 15s.; steel angles, 8. 7s. 6d.; steel 
joists, 8/. 10s.; heavy sections of steel rails, 81. 10s. 
for parcels of 500 tons and over, and 9. for smaller 
lots; fish plates, 12/. 10s. ; black sheets (No. 24 gauge), 
91. 12s. 6d.; and galvanised corrugated sheets (No. 24 
gauge), 11l. 17s. 6d. 

Scrap.—Most descriptions of scrap are slow of sale 
and weak in price, but heavy steel is in fairly good 
request, and is steady at 47s. 6d. Borings are 32s. 6d. ; 
turnings, 37s, 6d.; ordinary heavy cast-iron scrap, 
55s.; and heavy machinery metal, 56s. 














EeyptiAn Imports.—The Journal of the British 
Chamber of Commerce of Egypt recent!y contained 
some instructive comparisons between the imports from 
various countries into Egypt before the war and at the 
present time. Generally speaking, the various categories 
into which British trade is divided show decreases, and 
in only 12 classes, out of 34 classes, selected for investiga- 
tion, was any improvement shown. It is gratifying, 
however, to find that no less than six of these classes 
relate to engineering products. We note that, compared 
with 1913, an increase of 15 per cent. was shown in 1929 
in iron or steel works. This is a class in which, before 
the war, Belgium was a very successful competitor. 
That country’s business is, however, now 27 per cent. 
less in this class than formerly. The trade of France 
has also declined in this line by 7 per cent. 





ConTRACTS.—Messrs. The Parsons Oil Engine Company 
have received a repeat order for two 20-kw. generating 
sets for Canadian destroyers being built by Messrs. 
John I. Thornycroft, Limited, and have also received 
an Admiralty order for three more marine engine sets 
for 20-ft. launches and two marine sets for the India 
Office.—Messrs. Petters, Limited, Yeovil, have recently 
fulfilled an order for a four-cylinder 100-h.p. Diesel 
engine for the stores of Messrs. G. J. Coles and Company, 
Limited, Bourke-street, Melbourne.—The General Elec- 
tric Company, Limited, Magnet House, Kingsway, 
W.C.2, have recently received an order for the complete 
electrical equipment of 50 tramcars from the Leeds 
Corporation.—The Combustion Engineering Corporation 
of New York have recently received an order for a 
Combustion steam generator from the Solvay Process 
Company. This unit will have a heating surface of 
15,671 sq. ft. and will be fired through tangential 
burners from two unit mills. We understand that this 
will be the fortieth of these boilers to be installed. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Though there is an increased feeling | 


of optimism abroad, and slight signs of improvement 
are to be detected, the iron and steel trades continue 
in the grip of an acute depression. In some directions 
activity is more pronounced. On the other hand, how- 
ever, firms who were previously immune from the lack 
of trade are now reported to be affected. Sections 
devoted to the production of raw and semi-finished 
materials are more or less marking time. Order books 
present a neglected appearance, and it is only with 
great difficulty that the current restricted output is 
maintained. Basic steel is only a shade more active, 
while acid steel is a very weak market. Stocks at 
users’ works are below normal, but despite the attractive 
level of quotations buyers are content to order only 
meagre supplies. Rolling mills and forges are short of 
work. Billets, strips and rods show little life. Con- 
structional steel is one of the few departments where 
headway is being made. The pig iron market displays 
a brighter appearance, yet buying is well below normal 
dimensions. Ferro-alloys are dull. The latest quotations 
are: Siemens acid billets, 91. 10s. ; hard basic-steel billets, 
91. 2s. 6d. to 91. 12s. 6d. ; medium hard basic billets, 
71. 12s. 6d. to 8l. 2s. 6d.; soft basic billets, 6/. 10s. ; 
Derbyshire foundry pig iron, 68s. 6d.; Derbyshire forge 
iron, 64s. 6d.; Crown iron bars, 10/. 5s.; iron hoops, 
121. ; steel hoops, 91. 10s. to 101. ; basic-steel scrap, 50s. 
Erratic conditions prevail in the heavy engineering trades. 
Home railways are ordering sparingly in view of their 
economy campaign. The continued absence of sub- 
stantial business from overseas users also militates 
against improvement. Inquiries are more abundant, 
and have been received from the India Store Department 
for crank shafts, axles, plates, boiler tubes, vacuum 
cylinders, buffers, tyres and springs. The electrical 
industry shows further progress. Development schemes 
in this country are calling for a variety of products, 
including switch gear, turbo-generators, transformers and 
eables. Patchy conditions operate in the tool trades. 
Brisk lines are twist drills (both carbon and high-speed 
steels), hack-saws and blades, and wood-working 
requisites. The light foundries could handle a much 
greater volume of work. Prospects are fairly bright. 


South Yorkshire Coal Trade.—While the recent improve- 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—No change of any kind has 
taken place in the Scottish steel trade, and the outlook 
continues gloomy. The demand from the shipyards is 
far from heavy at the present time, and is not likely 
to get better for some time; home consumers generally 
have not much in the way of orders to give out. Export 
business, which is usually of good tonnage, is now of 
small dimensions, while inquiries are also far below the 
average. The black sheet trade has not changed much, 
and although the lighter gauges continue to be in fair 
request, the demand for the heavier sorts is poor. 
Galvanised sheets are not moving as freely as producers 
would like or expect at this time of year, but the 
unrest in so many of the countries or States overseas 
is hampering business considerably. Prices are easier, 
except where fixed by arrangement, and current quota- 
tions are as follows :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. per ton ; 
black steel sheets, } in., 87. 15s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 11/. 17s. 6d, per ton, 
all delivered Glasgow stations. The lower prices now 
quoted by producers of black and galvanised sheets 
are as an inducement to buyers to place orders, and 
thus keep plant in better employment, but it is early 
yet to say whether business has received the desired 
stimulus. 


Malleable Iron Trade.—The West of Scotland malleable- 
iron trade shows no improvement, and is undoubtedly 
in a very depressed state. Buyers are few in number, 
and tonnages are so small that there is quite a lot of plant 
unemployed. The re-rollers of steel bars are very dull, 
and the low prices now being quoted for Continental 
bars is causing much of the quietness locally. The 
| following are the current market quotations :—Crown 
| bars, 107. 5s. per ton for home delivery and 91. 15s. per 
| ton for export; re-rolled steel bars, 71. 7s. 6d. per ton 
| for home delivery and 7, 5s. per ton for export, 
| Scottish Pig-Iron Trade.—Several factors are militating 
| against any improvement taking place in the Scottish 
pig-iron trade, and conditions this week show no change. 

Shipments of Indian pig-iron, as well as lots from 
| England and the Continent continue to arrive here, 
|and each ton helps to postpone the possibility of any 
early improvement in home manufacture still further. 





j 
| 





ment in the demand for certain classes of fuel has been |The demand for the local product is quite easily met 
maintained, several sections are still in a depressed | by the few furnaces now in blast. Prices are inclined to 
condition. Export requirements tend to increase. | sag, and the following are current quotations :—Hema- 
Industrial fuel continues disappointing, and until the | tite, 78s, per ton, delivered at the steel works ; foundry 


iron and steel trades show increased activity, improve- 
ment is out of the question. Hards and cobbles are 
steady. The demand for house coal continues to 
expand, largely as a result of country and Metropolitan 
consumers taking in stocks for winter use. The depressed 
condition of pig iron is reflected in the meagre call for 
blast furnace coke. Foundry and furnace sorts are 
steady both on home and export account. Gas coke 
quoted at 21s. to 25s. are moderately active. Latest 
quotations are as follows :—Best hand-picked branch, 
24s. to 25s. 6d.; Derbyshire best bright house, 19s. to 


21s. ; best housecoal, 18s. to 19s. 6d. ; sereened housecoal, | 


16s, to 17s. ; screened house nuts, 14s. to 16s.; Yorkshire 
hards, 14s. to 15s. 6d. ; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
small, 3s. to 5s. 








Om SHALE DEVELOPMENTS IN AUSTRALIA.—It has 
recently been announced that the four associated 
companies of North Broken Hill, Broken Hill South, 
the Zine Corporation and the Electrolytic Zinc Company 
of Australasia have purchased a shale distillation plant 
and oil refinery at Newnes, in the Wolgan Valley, 
N.S.W. The plant in question has been idle since 1923, 
The shale deposits are supposed to amount to about 
20,000,000 tons, of a character proved, by many years’ 


commercial production, to be capable of yielding on | 


the average 100 gallons of crude oil per ton. The beds 


are about 4 ft. thick. 





RENEWABLE STEEL BusHES.—The wear of the holes 
for pin joints has always been a subject of annoyance ; 
its prevention is in many circumstances practically 
impossible, while the repair and renewal of parts is 
frequently an expensive and lengthy operation. The 
use of the usual hardened steel bush requires considerable 
accuracy in fitting, and does not offer a complete 


solution for repair work, often conducted under more | 


or less makeshift or emergency conditions. The Walter 
hardened steel split steel bush, recently introduced by 
the Patent Steel Bush Company, Royal London House, 
Finsbury-square, E.C.2, is intended to meet these 
conditions. The bush is split on one side, the slot 


iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, September 13, was only 183 tons. Of 
that total 105 tons went overseas and 78 tons coastwise. 
During the corresponding week of last year the figures 
were 220 tons overseas and 10 tons ecoastwise, making 
a total shipment of 230 tons. 

Shipbuilding.—There are rumours that one or two 
orders for new tonnage have either been placed or are 
nearly fixed up for Clyde yards, but official confirmation 
cannot be obtained. 


British CHAMBER OF COMMERCE IN BELGIUM: 
Erratum.—We regret that in our issue of September 5, 
|page 306, the address of the British Chamber of 
Commerce in Belgium was incorrectly given. It is 
82-84, Rayguy House, 22, Place de Brouckére, Brussels. 

Frenco Morocco.—A confidential report on the 
market for galvanised sheets in the French Zone of 
Morocco has been prepared by the Department of 
Overseas Trade. Firms desirous of receiving a copy 
| should apply to the Department at 35, Old Queen-street, 





| London, 8.W.1, quoting Reference No. A.X. 10,175. 





| THE StorAGE or Waste Natura Gas,—An interest- 
ing experiment on the storage of waste natural gas is 
being made by the Canadian Western Natural Gas- 
Light, Heat and Power Company. Three 200-h.p. two- 
stage compressors, situated within six miles of Burdett, 
Alberta, are being used to force waste natural gas from 
the Turner Valley into the depleted sands of the Bow 
Island gas field. The plant started operations on July 25 
and the experiment appears likely to be successful. 





Hypro-Etectric Power In SWEDEN.—Recent reports 
indicate a continued rapid development of the hydro- 
electrie power resources of Sweden. The Swedish 
Government Waterfalls Department in its last annual 
report, just published, shows a gross income of 1,688,888/. 





being tapered. When inserted in the hole to be bushed, and a record net profit of 888,888/., corresponding to 
the bush can easily be driven in, and is then expanded | 5-02 per cent. on the working capital voted by the 
by means of a tapered pin inserted in the slot. When | Government for the past year. The total production of 
driven home the latter is trimmed off and the bush | power of the Government hydro-electric plants during 





is held firm; when required, however, it can easily 
be removed by driving out the pin again, These bushes 
are suitable for a variety of purposes such as brake 
rigging, points, &c. They are made to any standard 
dimensions, and obviously it would not be a difficult 
matter to standardise many parts to their use. They 
have been adopted on such lines on the locomotive and 
other rolling-stock of Austria, Roumania and Czecho- 
slovakia, and the system has, we understand, been 
taken up by the Railway Board in India. They are 
also on trial on the railways of this country. In Germany 
and Holland and in Austria they are standardised, or 


will shortly be so, in connection with points and | 


crossings. The possible field of application is, of course 
much wider than is thus suggested, 


1929 reached the record figure of 1,700 million kw.-hrs., 
against 1,580 million kw.-hrs. in 1928. The area of elec- 
trified cultivated farm land has grown since 1928 from 
567,400 to 571,500 hectares, with a corresponding increase 
of the agricultural consumption of electricity from 34-3 
to 38-4 million kw.-hrs. At the same time the con- 
struction of large power plants is reported from Norr- 
land. The Nergvikala Sawmill and Power Company, 
belonging to the Kreuger combine, the Swedish Cellulose 
Company, will build a new plant on the Ljusnan River 
and a syndicate of central Swedish industries proposes to 
exploit the large Kraangede Falls on the Indal River, by 
extensive water-regulation works and by constructing a 
new power station, the final capacity of which is esti- 
| mated at about 300,000 h.p. 








NOTICES OF MEETINGS. 





INSTITUTE OF MARINE ENGINEERS.—Tuesday, Sept- 
ember 23, 6 p.m., 85-88, The Minories, E.C.3. Presi- 
dential Address by Lieut.-Commander Sir A. B. T. 
Cayzer. 


InstitTuTION oF LocoMoTIVE ENGINEERS.—Thursday, 
September 25, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. Presidential Address by Mr. H. K. 
Bamber. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—Friday, September 26, 10 a.m., Audit House, South- 
ampton. Description of Works by Mr. 8S. G. Stanton. 
Saturday, September 27, 9.30 a.m., South Western 
Hotel, Southampton. Discussion on ‘“‘ Municipal 
Undertakings.” 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


Colliery Abandoned.—-The Celtic Collieries in the Mae- 
steg district of the South Wales coalfield, established 
30 years ago, under the style of Elder’s Navigation 
Collieries, have been abandoned, The property was 

laced in the hands of a receiver and manager in March 
ast. The collieries, which at one time employed 1,000 
men, had an output of 250,000 tons a year, but during 
the period of its 30 years’ existence only returned to the 
ordinary shareholders an average of 1-56 per cent. a year 
in dividends. 

Coal Loading Hoists Closed Down.—South Wales 
traders have received a surprise by the intimation of the 
Great Western Railway Company that from Monday 
next the coal loading hoists in the East Bute Dock, Cardiff, 
will be withdrawn from service because of the continued 
depression in the coal export trade. To-day, represente- 
tives of the Great Western Railway Company met the 
council of the Cardiff Chamber of Commerce, which 
includes representatives of the coalowners, coal exporters, 
shipowners, shipbrokers and pitwood importers’ associa- 
tions, and promised to communicate with Mr. James 
Milne, general manager of the Great Western Railway, 
with a view to suspending the withdrawal of the tips 
from service, pending negotiations on the matter. The 
Great Western Company has, however, also put out of 
operation seven hoists at Barry, two at Newport and one 
at Port Talbot, contending that the requirements of the 
trade can be fully met by the tips kept in commission. 
The withdrawal of the appliances involves the dismissal 
of some 60 tippers, besides men engaged in keeping the 
hoists in repair and the tip roads in good order. 

Coal Exports.—Exports of coal as cargo foreign from 
the South Wales docks in August amounted to only 
1,467,868 tons, which was 534,014 tons less than in July, 
and the smallest total for any normal month since 
September, 1925. The value of the coal at 18s. 11}d. 
per ton f.o.b. was also 34d. lower than in July, though 
the price secured for bituminous classes was advanced 
by 14d. to 17s. 9}d., but for anthracite reduced by 10}d. 
to 25s, 1jd. At Cardiff, shipments were reduced from 
1,087,212 tons to 791,896 tons, at Newport from 359,432 
tons to 300,860 tons, at Port Talbot from 222,716 tons 
to 145,193 tons, and at Swansea from 332,522 tons to 
229,919 tons. 

Iron and Steel.—Exports of iron and steel goods last 
week totalled 11,404 tons, compared with 10,053 tons 
in the preceding six days, Shipments of tinplates were 
increased from 7,477 tons to 8,167 tons, blackplates and 
sheets from 184 tons to 914 tons, and galvanised sheets 
from 696 tons to 1,315 tons, but of other iron and steel 
goods fell from 1,696 tons to 1,009 tons. 














Prrsonau.—Mr. A. J. Giffin has taken up an appoint- 
ment on the Continent, with address at 48 Rue Ampére, 
Paris, 17 E. 

TropicaL HyGitene.—The next series of lectures and 
demonstrations on tropical hygiene at the London 
School of Hygiene and Tropical Medicine, University 
of London, intended for men and women outside the 
medical profession proceeding to the Tropics, will be 
given by Lieut.-Colonel G. E. F. Stammers, M.R.C.S., 
L.R.C.P., on October 8, 9, 10, 13, 14, 15, 16, 17, from 
1l a.m. to 12.30 p.m. Full particulars may be obtained 
on application to the Secretary of the School, Keppel- 
street, Gower-street, W.C.1. 





CANADIAN STEEL Propuction.—The Dominion Bureau 
of Statistics states that the Canadian production of iron 
and steel and manufactures thereof reached a total 
value of 732,390,039 dols. in 1929, this figure representing 
an increase of 20 per cent. over that for the previous year. 
The production from the 698 establishments in Ontario 
was valued at 496,502,639 dols. and that from the 216 
factories in Quebec was valued at 146,637,396 dols. 
Imports of iron and steel and their products into Canada, 
during 1929, had a value of 342,480,427 dols., of which 
more than 93 per cent. came from the United States. 





OPENING For BritisH Motor Cars 1n Spain.—Owi 
to the fact that the new tariffs on motor cars importe 
into Spain are calculated on the weight of the vehicle, 
it is thought that the British light-car industry is 
placed at a distinct advantage in comparison with other 
competing countries. Spain, it may be added, has 
pursued a progressive policy with regard to roads in 
recent years, many new roads having been constructed. 
Some of the latter are specially intended for fast traffic, 
having wide bends, banked corners and danger signals 
which are visible from a considerable distance. 
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MACHINE TOOLS AT LIEGE EXHIBITION. 


CONSTRUCTED BY 


MESSRS. CONSTRUCTIONS MECHANIQUES DE LONGDOZ, LIEGE. 


(For Description, see Page 355.) 
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PROFILING WHEEL LATHE; FRONT VIEW. 








THe MARKING OF IMpoRTED Exvecrric LAmps.——In 
nceordance with Section 3 of the Merchandise Marks 
\et, 1926, the Board of Trede has directed that electric 
incandescent lamps of ornamental design, which, on 
account of their uneven surface, cannot be marked on 
the bulb, as prescribed by the Merchandise Marks 
(Imported Goods) No. 2 Order, 1928, may bear an 
indication of origin indelibly stamped, embossed, incised, 
or impressed on the cap. 


THE PROFESSIONAL CLAssEs A1ip CounciL.—Instituted 
in October, 1914, as The Professional Classes War Relief 
Council, The Professional Classes Aid Council, to , give it 
its present title, exists for the relief of distress among the 
professional and other highly educ:ted classes. The work 
of the Council continues to increase, and, according to the 





Fia. 32. 


ninth annual report, 1,077 applice.tions were considered | 


during the year ending April 30, 1930, as against 920 
during the previous twelve months. Financial assistance 
was given to 239 families, 25 persons received grants of 
clothing, and 277 applicants were advised. It was also 
possible to give helpful advice to many of the 327 appli- 
cants who did not come within the scope of the Council’s 


work, Unsatisfactory cases numbered only 22. The 
income for 1929-1930 amounted to 9,217/., and it is | 


satisfactory to note that nearly 78 per cent. of the whole 
outlay for the year has been spent in direct relief, this 
being the highest percentage yet achieved. The Council 
appeals for donations and subscriptions to enable it to 
continue its good work, and full particulars regarding its 
objects may be obtained on application to the secretary 
at the office ofthe organisation, 251, Brompton-road, 
London, 8.W.3. 





PRoFILting WHEEL LATHE; REAR VIEW. 
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THE NOMENCLATURE OF HIGH- 
SPEED OIL ENGINES. 


THE renewed interest which is being taken in 
the proposal to create a universal index of technical 
knowledge brings to mind the saying that ‘“‘ man 
never is, but always to be blessed.” Supposing 
such an index to exist, it is not difficult to imagine. 
say, a car designer deciding to study the more 
recent work on combustion-chamber design before 
laying out a new engine. He would hardly need 
the gift of tongues to find ample occupation for 
both his working and leisure hours, since the 
amount of material available in English alone would 
well-nigh fill a new Encyclopedia Britannica. 
It is true that much of the information published 
is of purely ephemeral value, or of no value at 
all, and it appears that in that fact lies the fatal 
objection to a universal index. Until man is 
perfect, when the index would no longer be required, 
it is impossible to set up arbitrary standards of the 
value of technical literature, and the last state of 
the seeker after knowledge would be worse than 
the first, since he would be presented with the task 
of a lifetime in separating the wheat from the tares. 

As an alternative to the universal index, it 
may be suggested that our leading Institutions 
should give more encouragement to authors of 
papers written with a view to collocating existing 
knowledge. It may be objected that such a func- 
tion is best fulfilled by a text book, but in point of 
fact, text books on specialised aspects of the engi- 
neer’s work are rarely forthcoming, as their limited 
sale hardly justifies the cost of production. There 
is a further objection to this form of exposition 
in that text books take so long to prepare that 
they rarely contain the latest information, and 
in any case, an author of a work which he hopes 
may become authoritative is chary of including 
the latest theories lest time should prove them 
unsound. The type of paper that we have in mind 
could hardly be more happily illustrated than by 
one read by Dr. 8. J. Davies and Mr. E. Giffen 
before the recent meeting of the British Association. 
The paper deals with the present position of the 
high-speed heavy-oil engine. We propose to reprint 





the paper in a later issue, but may refer here 
to one or two of the major issues raised by the 
authors. 

Considerable space is devoted to the classification 
of engines of the type covered by the title, but 
before dealing with this in detail, it may be pointed 
out that an unfortunate degree of confusion exists 
in the nomenclature of heavy-oil engines in general. 
Although efforts have been made from time to 
time to achieve some measure of agreement, the 
only point on which uniformity has been reached is 
that all engines utilising air injection of the fuel 
shall be called Diesel engines. The claims made on 
behalf of Dr. Diesel of having been the first either 
to evolve this type of engine, or to have brought it 
to practical success, have been disputed, but his 
work in connection with the type was undoubtedly 
of sufficient importance to merit the present 
association of his name with such engines. It is 
very open to question, however, whether engines 
which do not employ air injection should be included 
under the generic title of Diesel. It is true that air- 
injection is in no way implied in Dr. Diesel’s original 
specification, but all his work was associated with 
this system, the development of airless injection 
actually having occurred in the British Isles. 
It has frequently been suggested, therefore, that 
airless-injection engines should not be entitled 
Diesels on patriotic grounds, but such an argument 
would naturally have no weight abroad, where the 
confusion in nomenclature is at least as great as in 
England. On the other hand, it would no doubt 
be freely admitted abroad that the distinction 
between the two types is sufficient to justify dis- 
tinctive type names, and in fact this is tacitly 
admitted by the use of such terms as iniezione 
meccanica in Italian, kompressorlos in German 
and the employment of the English term “ solid- 
injection” in France. In England and America, 
engines which do not employ air injection are 
referred to variously as compressorless, mechanical 
injection, solid injection, or airless-injection, and 
there has been a regrettable tendency lately to fur- 
ther extend the list by the use of such arbitrary 
names as atomic Diesel. Personally, we have a 
preference for the term airless-injection, as being 
concise and adequately descriptive of the type, but 
the difficulties which have to be met in any attempt 
to secure uniformity are illustrated by the fact 
that certain makers have objected to our substituting 
this term in place of Diesel when describing their 
products. 

The high-speed heavy-oil engine is at present 
hardly beyond its development stage, and it may 
therefore not be too late to adopt a uniform nomen- 
clature. To a certain extent, it is still being manu- 
factured with air injection, and for such models 
the term Diesel is quite appropriate. The great 
majority of these engines operate, however, on the 
airless-injection principle, and assuming that a 
generic name could be agreed upon, there would 
still be the question to be settled of the names to 
be given to the various types. As has previously 
been pointed out in these columns, all such engines 
can be roughly divided into two classes, according to 
whether they have, or have not, an auxiliary com- 
bustion chamber. As the latter, however, is not 
always intended to fulfil the same function, the 
authors of the paper to which we have referred 
suggest subdivision into three main types, a sugges- 
tion with which we are in substantial agreement. 
As in the case of other oil engines, some of the exist- 
ing designs are such as to constitute border line 
cases between the proposed subdivisions, but if 
anything, this merely strengthens the case for a 
definite nomenclature where such is possible. 

The grouping proposed by Dr. Davies and Mr. 
Giffen is based on the form of the combustion cham- 
ber, and is so far in conformity with existing 
practice. As stated, however, under the proposed 
new classification three instead of two types 
are recognised, respectively designated as direct- 
injection, antechamber and auxiliary air-chamber. 
No difficulty will be experienced in recognising the 
first type, as it represents the form of combustion 
chamber normally employed in larger engines run- 
ning at lower speeds. With regard to the remaining 
two types, it may be recalled that Benz engines 
were provided with a pre-combustion chamber as 
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early as 1909, based on the still earlier work of 
Stuart, Hirsch, Brons, and others. When the high- 
speed engine was developed, considerable difficulties 
were experienced with the direct-injection system, 
due to the high fuel pressures necessary, and to the 
metering of the exceedingly small quantities of 
fuel required per cycle. With the earlier arrange- 
ments of combustion chamber adopted, in addition, 
the speed of the engine was limited by the speed 
at which the fuel could be forced through the atom- 
iser without breaking up, the latter leading to defec- 
tive penetration. For these reasons, several manu- 
facturers have preferred to concentrate on dual 
chamber types of engine, which involve much lower 
fuel pressures, and consequently do not require 
such a high degree of skill in manufacture. In 
the arrangement most commonly adopted, an 
auxiliary chamber is separated from the main cham- 
ber by a restricted passage, the fuel being injected 
into the smaller chamber, where a portion is burnt, 
the resulting rise in pressure causing the remainder 
to pass into the main combustion chamber at high 
velocity, where it mixes with the air and is burnt. 
Engines of this type are open to the objections 
that it is difficult to control the combustion with 
accuracy, the efficiency is lower than with the direct- 
injection type, and some auxiliary starting device 
is necessary. 

With a view to obtaining more effective control 
of the combustion, one or two makers have shown a 
preference for the Acro system, which was fully 
described in ENGINEERING, volume cxxv, page 699 
(1927). It may be recalled that in this system, 
the combustion chamber is again divided into two 
parts, but the passage between them is roughly of 
Venturi form. During the compression stroke, 
air is forced into the auxiliary chamber, and the 
fuel is injected upwards into the mouth of the 
Venturi: just before top dead-centre. When the 
piston commences to descend, air passes through 
the opening at fairly high velocity from the auxiliary 
chamber to meet the injected fuel, and it may be 
noted that used air is continually passing away to 
the main combustion space, leaving only pure air 
to meet the stream of fuel particles. Since the 
velocity of the air is proportional to the speed of the 
engine, similar conditions prevail over a wide range 
of speed, and the design is stated to be very flexible. 
It has been shown by actual trial, as mentioned by 
Dr. Davies and Mr. Giffen, that by advancing the 
point of injection, it is possible to control maximum 
pressures and fuel consumption in a manner similar 
to that with engines having direct injection. It 
will be seen that with this arrangement, there is 
a considerable difference in the method of operation 
as compared with the more usual ante-chamber 
design, and as the differences in the engine charac- 
teristics are equally marked, a strong case is pre- 
sented for classifying them as different types. 

As showing the rapidly-increasing importance 
of this type of engine, it is interesting to note 
that the authors of the paper referred to tabulate 
no less than twenty-eight different makes, and even 
so, the list is by no means exhaustive. Of the engines 
of which the leading particulars are given, eleven 
are British, six American, and the remainder 
Continental, and the high percentage of British 
models can only be regarded as exceedingly satis- 
factory in view of the situation only two or three 
years ago. It is true that a number of the British 
engines are made under foreign licence, but several 
of them are of purely British design, and of these, 
the Beardmore in particular has been in use suffi- 
ciently long to establish its complete reliability, 
and to justify its inclusion among the most successful 
engines of this type so far developed. 


THE COMPLEMENT OF 
RATIONALISATION. 


ProcessEs of rationalisation in this country have 
now passed the stage at which they were Continental 
or American innovations, and are appearing in 
British practice on a large scale. The term, indeed, 
is vague, and includes a variety of alternatives or 
combined operations, but whatever they may. be, 
their purpose is to obtain more efficient working in 
the enterprises to which they are applied. In most 
instances, one consequence of their successful appli- 





cation must mean, as Professor T. E. Gregory 
pointed out to the British Association in a detailed 
analysis of the subject, that if a greater output 
is not produced, a smaller number of hands must 
be employed. This aspect is particularly evident 
in some recent examples. A great shipbuilding 
organisation has been instituted, which has already 
bought up a large shipbuilding yard in Scotland in 
order to close it down, and is said to be preparing 
to deal similarly with two other yards. Several coal 
mines are likewise being closed down, and similar 
arrangements are being made to close superfluous 
factories in the cotton trade. The fact that such 
arrangements are being made with the co-opera- 
tion of the works principally interested is good 
evidence that they are actually necessary. Their 
purpose is evidently to recognise the fact that the 
capacity of existing works is greater than the 
total trade available, and the re-allocation of 
available business, if it is successful in its purpose, 
must necessarily reduce employment, both in manu- 
facturing and in overhead staff. The necessity for 
this reduction lies in the fact that, unless the 
increased efficiency at which it aims is obtained, and 
the competitive power of the works in the world’s 
markets is increased, a still larger amount of unem- 
ployment would occur. A chief reason, however, 
for which rationalisation is recommended is that 
ultimately it should reduce the amount of unem- 
ployment. This reduction may indeed follow if the 
improvement in efficiency is enough to enable a 
larger share of the world’s markets to be secured. 
Whether this is possible or not, it would evidently 
not be prudent to rely on improvements made in the 
productive efficiency of each group of enterprises, 
or even in their selling organisations, if other 
agencies could also be invoked in aid of those intro- 
duced by rationalisation. 

To what extent such complementary assistance | 
is necessary in aid of the re-organisations in question | 
must depend partly on the prospects of future 
world trade, and partly on the extent of competition 
to which it will be subjected. The former factor 
cannot easily be estimated, but clearer indications 
can be obtained in regard to the latter. Though 
it would be a long business to collate such indications 
for all markets, it is instructive to consider them in 
regard to any market on which the necessary 
observations have been made, and, in a recent 
address by Mr. W. Reavell to the British Engineers’ 
Association, a series of such indications was given, 
arising out of the speaker’s visit to Japan, to repre- 
sent the Institution of Mechanical Engineers at the 
Tokyo Engineering Congress, and his journeys to and 
from Japan through Canada and India. Mr. Reavell 
did not submit any statistical results, which, indeed, 
have come forward very fully through the usual 
channels. The interest of his address lay in the fact 
that he had exceptional opportunities for inspection. 
He related a number of impressions derived 
from what he saw, describing them merely as 
snapshots ; and it may be that they are none the 
less valuable for that, bearing in mind that the lens 
through which they were taken was the result of a 
lifetime’s mechanical work, and the film on which 
they were recorded had been sensitised by as long 
an experience. Mr. Reavell’s impressions in Canada 
were compared with those of a previous visit twenty 
years ago, and broadly threw into relief three features 
of the country’s economy. In respect of its manu- 
factures, he observed a vast increase in that period, 
and with it a very rapid infiltration of American 








The greatest length of time Mr. Reavell spent in 
Japan, where also the most striking impressions 
were received. They were derived not only from 
intercourse with Japanese engineers, for which 
the congress offered the most ample opportunity, 
but also from visits to the principal manufacturing 
centres. 

It would appear that the most noteworthy 
impression left by these visitations was the extra- 
ordinary manner in which the Japanese had taken 
up modern manufacture, and, in particular, the 
engineering trades. In the dockyards of Kobe, 
Nagasaki, and Yokohama, engines and turbines 
of modern type were being turned out unexception- 
ably and on a large scale. In Osaka, a Manchester 
of the East had grown up, with a population of 
1,300,000 engaged principally in the textile trades, 
and Japanese engineers have devised automatic 
looms on which cotton imported from India could 
be woven in Japan, and exported to that country 
in competition with local manufacturers, in spite 
of the fact that the Indians were paying substan- 
tially lower wages. This was only one example 
of the vigour with which Japanese manufacturers 
have developed their industries. Another was 
that of cement manufacture, in which, from having 
been dependent solely on imported material, Japan 
had become a large producer and exporter. This 
great and all-round development was the more 
remarkable because the entry of Japan into manu- 
facture began only within the lifetime of living men. 
From time immemorial, indeed, Japanese craftsmen 
had practised their arts, and manual skill had long 
been traditional with them. The developments 
which now were to be seen, notably in engineering, 
showed that they had been able to apply this skill 
to the various purposes of engineering manufacture. 
The scientific genius, technical ability and economic 
enterprise of their leaders are already well-known 
in this country, and to Mr. Reavell it seemed that, 
as a necessary consequence of all he had seen, 
Japanese engineering manufacture was certain to 
be a strong competitor in Oriental markets, and 
possibly a predominant one. In India, Mr. Reavell 
was impressed chiefly with the remarkable perfection 
of the railway shops, indicating a similar tendency 
towards engineering production by local labour. 

These observations are instructive, not because 
they are specially new, but because they are the 
outstanding impressions of an experienced and 
highly competent observer. They indicate clearly 
that, whatever may be the immediate future of 
engineering trade in the countries in question, an 
increasing share of their business will be sought by 
local or foreign competition. The gains to be 
obtained by rationalisation will do no more, or little 
more, than place the industries concerned on an 
equal basis with foreign competitors in respect of 
economical production. With equality in these 
respects, other factors may determine the event 
of the competition. One of these was brought 
to Mr. Reavell’s notice by a quaint incident of his 
Japanese visit. While he was undergoing necessary 
attentions in the barber’s shop, he remarked that 
he was being scrutinised by a stranger, who at 
the end of the operation introduced himself as the 
American Consul, anxious to place all his services 
at the disposal of a fellow countryman. The mis- 
take was explained, but the incident indicated the 
energy with which the United States looks after 
the interests of its nationals in their commereial 
competition. The activity of our Department of 





methods. Branch works, moreover, were being 
established largely by American firms, and to some | 
extent by British. There appeared no prospect of | 
the protective tariff being reduced; on the con- | 
trary, there was a serious question as to whether | 
the preference shown to goods of British origin | 
would be maintained at its present amount. 


The | 


second impression was that the sentiment of | the taxation per head in the United Kingdom is 


Overseas Trade and its intelligence officers is well- 
known, but it may be questioned whether the 
resources at their disposal are even yet comparable 
with those provided by the United States. British 
industry, moreover, is handicapped heavily by 
the burden of taxation which, though often deplored, 
seems never to be reduced. In very round figures, 


relationship with the United Kingdom was exceed- | three times as great as it is in the United States, 


ingly strong, and must be regarded as a factor | 
which could not be left out of account, in consider- | 


ing measures for the common advantage of the two 
countries. The final consideration, the importance 


of which was likely to be constantly increasing, 
arose out of the enormous mineral wealth of the 
country, both in sight and in reserve, the develop- 
ment of which might be said to have been barely 
begun when compared with its ultimate scope. 


and twice as great as in Germany or Canada. A 
large part of this taxation is due not to the war, 
but to the increase of social expenses, and the basis, 
in particular, on which unemployment allowance 
is made is having a marked effect in preventing 
men from taking work where they are wanted. 
| because they are led to await idly, at the expense 
of the State, the chance of employment in an 
| over-populated trade. 
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The effect of such burdens in markets already 
developed is serious enough in the competition for 
trade in commodities with which they are well 
supplied. Among other consequences, the supply 
of necessary capital is reduced, and this disadvantage 
is felt equally in the development of new markets 
and the establishment of new industries, which are 
no less important than the competition for supply- 
ing existing markets with products with which they 
are already saturated. It is indeed in the develop- 
ment of such markets, and the introduction of 
new industries or inventions, that the most hopeful 
future for engineering is likely to be found. Pro- 
bably the most conspicuous example of a product 
with which as yet no market seems to be saturated 
is that of motor traction, and the course of trade 
in that industry, both in this country and elsewhere, 
illustrates well the advantage that an industry 
enjoys when, for the time being, markets are not 
saturated with its products. The development 
of fresh countries offers an attraction of a similar 


locomotives from the different parts of the world. 
By this it was hoped to symbolise the greatness of 
the gift by Great Britain of modern transportation 
to the world, and the full appreciation by the world 
of the debt it owes her. 

The exhibition in St. George’s Hall, to which we 
shall refer later, is but one of the four main features 
of the celebrations which have been arranged to 
extend over the week and ending to-morrow. Every 
evening, and on three afternoons, a great Pageant 
of Transport is being given in the Wavertree Play- 
ground, while in the same place an exhibition 
of old and new locomotives, together with rolling 
stock, is open for inspection. On Sunday, Septem- 
ber 14, an impressive commemoration service was 
held in Liverpool Cathedral, at which the Bishop of 
Liverpool (Dr. A. A. David) preached ; on Monday, 
the Lord Mayor of Liverpool and representatives of 
the city travelled over the original Liverpool and 
Manchester Railway to Manchester, where a tablet 
was unveiled by the Lord Mayors of Manchester 


order, and for both of them an adequate supply of | and Liverpool at Liverpool Road Station—the 
capital is among the necessary essentials. Ulti- | first station in Manchester; and on Wednesday, 
mately, indeed, a new industry may saturate} September 17, a special pageant entitled “A 
existing markets with its products, and a newly- | Pageant of Liverpool’s Industries” was presented 
developed market may be so invaded by competition | by the workers of the London Midland and Scottish 
that it ceases to be a practical monopoly. This| Railway. The commemoration celebrations were 
is only an illustration of the universal truth that | set on foot by Mr. Matthew Anderson, secretary cele- 
most business is carried on two wheels, tandem, brations organisation, but the various committees 
and can maintain itself erect and prosperous| have been composed of representatives of the 
only while it is progressing. The progress comes | Liverpool and Manchester Corporation, the London 
to those enterprises that can get a start over their Midland and Scottish Railway Company, Liverpool 
competitors, and are able to make « fresh start Engineering Society, Liverpool University, railway- 
in a new direction by the time others have caught | men, trade unions and public bodies and societies 
up to them. The opportunities for developing | in both Manchester and Liverpool. 
fresh markets, notably within the Empire itself,/ With the pageant there is no need to deal in 
are at present unlimited. The energy and influence detail. Travel and transport, from time imme- 
of the engineering trades should be combined to morial, have proved fruitful fields for the inventor, 
secure the economical conditions in which advantage | and whether we travel by road or rail, sea or air, 
may be taken of it. | we are the debtors of thousands of ingenious men 
: : | whose names will never be known. In museums 
; all over the world are to be seen examples of primi- 
THE CENTENARY tl ge me VER- | tive carrying appliances, and readers of Mason’s 
POOL AND MANCHESTER RAILWAY. Origin of Inventions, and similar works, will be 
PLANNED on a scale worthy of the importance of | familiar with the development of the sledge, the 
the event which they commemorate, the Centenary | truck, the barrow, and the carriage. Next in 
Celebrations of the opening of the Liverpool and | importance, perhaps, to the training of animals 
Manchester Railway were inaugurated by His | for transport was the invention of the wheel, without 
Excellency General Dawes, Ambassador for the | which rapid travelling would be impossible. To-day, 
United States, at Liverpool, on Saturday last. The} the world may be said to be running on wheels, but 
opening proceedings took place in St. George’s Hall, | just as we are not told who invented the boat, the 
in which a very interesting collection of models, | oar, the sail or the rudder, so are we ignorant of the 
drawings, portraits and historic relics relating to! great benefactor who first made a wheel. How, 
railways has been arranged. Referring, in the course | during the centuries, improvement followed improve- 
of his speech, to the influence of the Liverpool and | ment, was shown admirably in the great Pageant at 
Manchester Railway, which became a model for! Wavertree, with its twenty-four episodes, beginning 
immediate imitation the world over, General Dawes | with the early man carrying and dragging, and 
said that “ the financiers, business men and states- | ending with the appearance in the arena of a replica 
men who carried this enterprise through its early | of the first of the procession of eight trains which, 
stages have justly found an enduring place in history. | on September 15, 1830, travelled from Liverpool to 














But standing out before them all, in the minds of 
the world, are the two Stephensons and their little 
locomotive Rocket, with its tubular boiler and its 
draught-creating steam blast.’ Great as have been 
the beneficial changes in the life of this island 
which the railroad has wrought, the debt of distant 
countries to that achievement of British genius is 
even greater than that of the British people them- 
selves, and to no country more than the United 
States had the railroad been of importance. The 
railroad gauge of the United States and Canada 
was set at an early day, the same as that of England, 
largely because of the early importation of British 
!ocomotives into North America. 
The United States, in return, had contributed 
mething to the railway progress of Great Britain. 
‘oss Winans, of Baltimore, introducing the double- 
ruck ear, while the name of Pullman was to be 
seen everywhere upon the fine trains of Great 
ritain and Europe. It was in England, Westing- 
nouse, the inventor of the air brake, received his 
‘irst real encouragement. In concluding his speech, 
“eneral Dawes made the announcement that for 
‘he Century of Progress Exhibition to be held in 
Chicago in 1933, the British Government had 
consented to lend Stephenson’s famous Rocket, 
Ow preserved in the Science Museum. The Rocket 
vould be placed in the new Transportation Building, 
and surrounding it would be distinctive modern 





| Manchester, drawn by the Northumbrian, driven by 


George Stephenson. The pageant is a remarkable 
piece of organisation, and great credit is due to 
Mr. Matthew Anderson, Mr. E. P. Genn, and 
Lieutenant-Colonel G. McClintock, who have been 
responsible for its production. Unfortunately, the 
opening performances were marred by a steady 
downpour of rain, from which the spectators in 
the stands were sheltered, but from which there 
was no escape for the hundreds of performers who, 
during the past months, have given their time and 
energy to the learning their parts. 

Wavertree Playground is a large open space 
within easy reach of the centre of Liverpool, given 
to the City in 1895 by Mr. Philip Holt, especially as 
a playing field. Unlike the beautiful Sefton Park 
nearby, it has neither gardens, shrubberies, trees or 
glasshouses and was, therefore, easily converted 
into a show ground. Its proximity to the railway 
has been a great advantage, and in the playground 
were collected the locomotives and carriages for the 
inspection of the visitor. Here again is to be seen 
yet another replica of the Rocket, the engine so 
aptly described by Dixon in 1829 as “the best 
engine I have ever seen for Blood and Bone united,” 
and the North Star, built by R. Stephenson and 
Company in 1837, for the Great Western Railway. 
Next to these come the L.M.S. 2-2-2 passenger engine 
Columbine, the first engine to be built at Crewe in 








1845, when Francis Trevithick and Alexander Allan 
were in office. For 22 years the Columbine was on 
main line service. Then it was used for the engineers’ 
private coach in North Wales till 1902, when it was 
placed in the paint shop at Crewe for preservation. 
Another engine built by Trevithick also to be seen, 
is the Cornwall, of 1847, which originally had the 
boiler below the driving axle, with the object of 
keeping the centre of gravity as low as possible. 
As first constructed the Cornwall was not a success, 
and in 1858 she was fitted with an ordinary type 
boiler above the axle. The Book and Programme of 
the Liverpool and Manchester Railway Centenary, 
a copy of which should be obtained by all students 
of railway history, contains further particulars of 
these engines and also of others on view, including 
Samuel Johnson’s express passenger engine No. 118, 
of 1897, with single driving wheels; the L.M.S. 
2-6-0-0-6-2 Beyer-Garratt locomotive No. 4972, 
with a length of 79 ft., a weight of 148 tons 15 cwt., 
and a tractive effort of 45,620 lb. ; the L.M.S. 4-6-0 
passenger engine, The King’s Own; the L.N.E.R 
4-6-2-2 high-pressure compound engine, No. 10,000, 
with the Yarrow-Gresley water-tube boiler, working 
at 450 Ib. pressure ; the G.W.R. 4-6-0 King Stephen 
and the S.R. 4-6-0 Lord Nelson. In addition to the 
locomotives, there are sleeping cars, dining cars, 
corridor cars, kitchen cars, together with a 40-ton 
self-discharging wagon, a 20-ton coke wagon, and 
a grain van, a banana van and a ventilated van, and 
other wagons. Of especial interest, however, is the 
old locomotive Lion, built for the Liverpool and 
Manchester Railway in 1838, by Messrs. Todd, 
Kitson and Laird, of Leeds, and in all probability 
the first engine made by that firm. From the Liver- 
pool and Manchester Railway, the Lion passed to 
the Grand Junction Railway, then to the London 
and North Western Railway and in 1859 was sold 
to the Mersey Docks and Harbour Board. It was 
worked as a pumping engine at Princes Graving 
Dock till 1928, when it was presented to the Liver- 
pool Engineering Society. It has since been restored 
at Crewe, and it is probably the only locomotive 
now in working order having the original gab valve 
motion. The present boiler is of later date than 
the engine, but it works at 50 lb. pressure. During 
the Centenary Celebrations the Lion is working ‘‘ the 
train of 1830,” carrying passengers around a circular 
track, but after the celebrations are concluded, it 
will be given a place of honour in Lime Street 
Station, Liverpool, as a permanent exhibit, 


(T'o be continued.) 


INTERNATIONAL AGRICULTURAL- 
TRACTOR TRIALS. 


We have more than once suggested that agri- 
cultural-tractor trials should be organised under 
Government auspices, as to be of any real value 
they must be of an international nature, and thus 
lie somewhat outside the scope of any trade 
organisation or scientific body. Of the four trials 
that have been held since the war, two have been 
organised by the Society of Motor Manufacturers 
and Traders, one by that body in association with 
the Royal Agricultural Society, and one by the 
Royal Agricultural Society in collaboration with 
the Institute of Agricultural Engineering, University 
of Oxford. All these trials have been international 
in scope, and reflect the greatest credit on the 
organisers in each case, but that the work could 
best be done by some such body as the Depart- 
ment of Agriculture and Fisheries is indicated by 
the entire absence of uniformity in the intervals 
between each trial. After being held in three 
successive years, 1919, 1920 and 1921, the trials 
were allowed to lapse until the present year, thus 
giving a period of nine years between the last two 
series. It is very possible that the lack of interest 
in tractor ploughing in the British Isles, in con- 
junction with the depressed state which has charac- 
terised the farming industry for several years, 
has led the authorities responsible for previous 
trials to the conclusion that further demonstrations 
along these lines would not be justifiable, but if 
this is the explanation of the long interval preceding 
the trials just completed, it may be suggested that 
it represents a rather short-sighted view, as no 
British manufacturer of tractors can hope to rely 
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Fig. 1. 30-H.P. Tractor; THE CATERPILLAR TRACTOR CoMPANY. 











Fig. 2. 45-H.P. Tractor; THe LiInKE-HorMANN-BuscH WERKE A.-G. 


110 yards distant. During the test between the} tests. Four hours each of ploughing and cultivating 
posts, a continuous record of the draw-bar pull was | were done by each tractor. No attempt was made 
taken on the dynamometer, together with a record | to load the larger machines to their full capacity, 
of the total number of revolutions made by the | and no power measurements were made. The object 
driving wheels of the tractor. Wheel slip was/of the tests was simply to afford an opportunity 
determined by the difference between the latter | of observing the performance of the machines when 
figure and the corresponding number of revolutions | working with implements, and to include eight 
made when the tractor was running light between | hours of actual agricultural work in the running 
the same marks. Generally two or three tests were | time of each tractor as a further test of general 
carried out in each gear at slightly different speeds | efficiency. It may be mentioned that the perfor- 
close to the rated speeds. The horse-power deve- | mance of every tractor in these tests was satisfactory, 
loped was worked out in each case, and the maximum | and that none of them appeared at any disadvantage 
value obtained was recorded. The dynamometer | where handling implements in the field. 
cars will be described later. During the whole series of tests on each tractor, 
As regards the field tests, all ploughing tests |a total period of two hours for stoppages for minor 
were carried out on hay stubble on a chalk subsoil, | repairs or replacements was allowed. If this 
with a good deal of clay in the top soil. All plough-| limit were exceeded, or if a major breakdown 











ing was done at a depth of about 4} in., and the | occurred, the tractor was withdrawn from the 
same land was afterwards used for the cultivator | trials. The regulations regarding the entry of 


machines permitted the entry of two machines of 
the same model, tests on the second of which were 
carried out only in the event of breakdown of the 
first. In the intervals between testing periods, 
the machines were returned to store and sealed. 
The fuels used throughout the tests were as follows : 
For the petrol tractors, Shell-Mex, with a specific 
gravity of 0-748; for the paraffin tractors, Pratt’s 
Anglo Vaporising oil, with a specific gravity of 
0-820; and for the heavy-oil tractors, Diesoleum, 
with a specific gravity of 0-866. 

Before referring to the results of the tests, it 
will not be out of place to give some description of 
the tractors taking part in the trials. The leading 
particulars of the machines entered are given in 
Table I on the opposite page, and it will be seen 
that they can be divided into three groups, accord- 
ing to whether they are fitted with petrol, paraffin, 
or heavy-oil engines. The developments which have 
taken place since the last trials are indicated by the 
large number of makes then represented which 
are no longer manufactured, and the equally large 
number of new machines entered for the trials just 
completed. The most striking development is, of 
course, in tractors driven by heavy-oil engines. 
Only one tractor of this type was demonstrated 
on the former occasion, the machine in question 
being fitted with a single-cylinder engine of the 
hot-bulb type, operating on the two-stroke cycle. 
In the recent trials, however, as shown from the 
table, no less than nine tractors were driven by 
heavy-oil engines, four of these being of the semi- 
Diesel type, and five of the airless-injection type. 
All the semi-Diesel engined tractors were of foreign 
origin, the Lanz being entered by Messrs. Heinrich 
Lanz A.-G., of Mannheim, Germany; the two 
Munktells by Messrs. Munktells Mekaniska Verk- 
stads Aktiebolag, of Eskilstuna, Sweden; and the 
Hofherr-Schrantz by Messrs. Hofherr-Schrantz- 
Clayton-Shuttleworth A.G., of Budapest, Hungary. 
All the tractors driven by airless-injection engines 
were entered by British firms, the Blackstone and 
Aveling and Porter being entered by Messrs. Agri- 
cultural and General Engineers, Limited, Aldwych, 
London, W.C.2; the Mercedes-Benz and McLaren 
by Messrs. J. and H. McLaren, Limited, Midland 
Engine Works, Leeds ; and the Marshall by Messrs. 
Marshall, Sons and Company, Limited, of the 
Britannia Iron Works, Gainsborough. Two of these 
tractors, the Blackstone and the Marshall, were fitted 
with engines of British origin, the remainder being 
fitted with engines manufactured in Britain under 
foreign licence. Taking the tractors as a whole, 
there was evidence of a marked tendency towards 
standardisation as regards the layout, the highly 
unconventional layouts characterising some of the 
machines entered for the earlier trials having, 
presumably, been found inferior to the arrangement 
with the engine forward and the gear-box and rear 
axle constituting one unit, of which the casing 
usually forms the main frame of the vehicle. Of 
the tractors tested, eight were of the track-laying 
type, the machines in this class all operating on 
petrol. Two of the tractors, viz. the Latil, entered 
by Messrs. Latil Industrial Vehicles, Limited, 11, 
Albert-embankment, London, S.E.11, and the 
Citroén-Kegresse, entered by Messrs. Citroén 
Kegresse, Limited, Brook Green, Hammerswmith, 
London, W.6, were suitable for road work, in ad- 
dition to field work, and were subjected to separate 
road tests. 

It is, clearly, not possible to describe all the 
tractors taking part in the trials in detail. A 
number of them have, however, previously been 
described in our columns, and we propose to amplify 
this information by dealing with a few others of 
representative types. Of the tractors previously 
described, particulars of the Rushton standard 
model will be found in ENGINEERING, vol. cxxvii, 
page 262 (1929); of the McLaren Diesel in vol. 
exxviii, page 89 (1929) ; of the Marshall in vol. exxx, 
page 41 (1930); of the Latil in vol. cxxvi, page 71 
(1928); and of the Lanz in vol. exxviii, page 40 
(1929). 

One of the five caterpillar tractors entered by 
Messrs. The Caterpillar Tractor Company, of San 
Leandro, California, the “Caterpillar Thirty,” is illus- 
trated in Fig. 1, on this page. As will be seen from 
Table I, all these tractors, having a drawbar rating 
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ranging from 10 diate to 50 h.p., are fitted with | 
four-cylinder engines utilising petrol as a fuel, | 
and all are of the track-laying type. The leading | 
particulars of the engines, in each case, are given in | 


INTERNATIONAL 


AGRICULTURAL-TRACTOR TRIALS. 





the table, but the following details may be added :— 
Ignition is by magneto, and an Ensign carburettor 
is fitted. All models are provided with a Vortex 
air cleaner. Forced-feed lubrication is employed, 
and cooling is by thermo-syphon assisted by fan. 
The capacity of the water system varies from 
4 gallons for the 10-h.p. model to 13 gallons for the | 
60-h.p. model. The pulleys are arranged for rear | 
drive, and vary according to the size of tractor, 
from 9} in. diameter by 6}-in. face to 16 in. diameter 
by 10-in. face. The pulley and belt speeds for the | 
various models are as follows: For the 10-h.p. 
model, 1,050 r.p.m. and 2,600 ft. per min. ; for the | 
15-h.p. model, 950 r.p.m. and 2,600 ft. per min. ; | 
for the 20-h.p. model, 836 r.p.m. and 2,600 ft. per | 
min.; for the 30-h.p. model, 850 r.p.m. and 2,670 ft. 
per min. ; and for the 60-h.p. model, 650 r.p.m. and 
2,720 ft. per min. As regards the tracks, these | 
vary from 8 in. wide by 37-in. centres, with a ground | 
contact of 514; in., for the 10-h.p. model to 16 in. | 
wide by 72-in. centres, with a ground contact of | 
793 in., for the 60-h.p. model. These figures | 
correspond to an area of ground contact of 817 sq. in. | 
and 2,544 sq. in. in the two cases. There is a'| 
central equaliser spring in place of the front and | 
rear axles in all models. Details of the gear ratios | 
are given in Table I. The clutches throughout the 
range are of the dry-plate type, and each model is 
provided with multiple dry-plate steering clutches. 
Brakes are provided on each track. The vertical 
height of the drawbar varies from 10} in. in the 
smallest model, to 19} in. in the largest, and the 





Fig. 3. 20-H.P. 








PETROL Tractor ; SocrETE ANONYME AUSTIN. 





corresponding lateral adjustment varies from 11} in. 
to 21} in. 

The Linke tractor, illustrated in Fig. 2 on page 
369, is also of the track-laying type, as shown. The 
engine is fitted with magneto ignition and a Delbag 
air filter. Forced-feed lubrication is employed, with 
an oil cleaner of the felt-cartridge type. Pump and 
fan cooling is employed, the water system having a 
capacity of 10-4 gallons. As in the case of the 
Caterpillar tractors already described, the belt 
drive is to the rear, the belt pulley being 15} in. 
diameter by 97 in. wide. The pulley runs at a 
speed of 600 r.p.m., giving a belt speed of 2,487 ft. 
per min. The tracks are each 114§ in. wide, with 
a length of 20 ft. The ground contact is 46 in. in 
length, and the area of contact is 543 sq. in. A 
single-plate disc clutch is employed for the trans- 
mission, and the tractor is provided with both hand 
and foot brakes. The vertical height of the drawbar 
is 16 in., and it has a lateral adjustment of 15} in. 
The tractor was entered by Messrs. Linke-Hofmann- | 
Busch Werke A.G., of Breslau, Germany. 

The two tractors entered by the Société Anonyme | 
Austin, 139, rue Lafayette, Paris, one designed for 
operation on petrol and the other on paraffin, are | 
similar in appearance, and, as shown in Fig. 3, on | 
this page, the machines are very typical of modern | 
design in their partic vular class. 











| 
| 
| 


The cylinder bore | 
and piston stroke is the same for both petrol and | 
paraffin, but, for the former fuel, a compression ratio | 
of 4 to 1 is employed, as against 3-5 to 1 for paraffin. | 
The engine, in the case of the latter fuel, is started on | 
petrol in the usual way. The following particulars | 
apply equally to both machines. Ignition is by! 
Voltex magneto, and a Zenith carburettor is fitted.| The most interesting machines entered for the 
An air filter of the manufacturer's own make is| trials were undoubtedly those fitted with airless- 
fitted. The lubricating oil is fed to the bearings under | injection engines, which are particularly suitable 
pressure by a gear pump, and the cooling water is | for this class of work, since only a moderate crank- 
also circulated by a gear pump, the cooling being | shaft speed is required, and the ability of these 
assisted by a fan. The capacity of the water system | engines to exert a good torque at low speeds can 
is 10 gallons. The belt pulley is on the off side, and | be utilised to the best advantage. The tractor 
is 16 in. in diameter by 5 in. wide. It runs at/illustrated in Fig. 4, above, was entered, as 
590 r.p.m., giving a belt speed of 2,500 ft. per min. | already mentioned, by Messrs. 


Fig. 4. 


Agricultural and 
The chassis is of the four-wheel type, the two rear| General Engineers, Limited, Aldwych, London, 
wheels being driven. These wheels are 42 in. in} W.C.2, and is known as the A.G.E. agricultural 
diameter by 10 in. wide, and are provided with tractor, Aveling and Porter model. The engine, 
demountable rims fitted with spade lugs. Trans- | which has a belt rating of 38 h.p., was fully described 
mission is by a dry cone clutch to a three- -speed | in ENGINEERING, vol. cxxx, page 80 (1930). The 
gear-box, the travelling speeds being given in | belt pulley is mounted on the off side, and has a 
Table I. There are two independent hand brakes | ‘diameter of 16} in. with a face width of 9 in. It 
on the rear wheels. The drawbar is adjustable in | runs at 700 r.p.m., giving a belt speed of 3,070 ft. 
both directions, the vertical adjustment being from bee min. The chassis is of conventional design, 
7 in. to 14} in., and the lateral adjustment being 8} in, | the front pair of wheels being steered, and the rear 








38-H.P. AvELING AND PorTER Tractor; Messrs. AGRICULTURAL AND GENERAL 
ENGINEERS, LIMITED. 


wheels forming the driving wheels. The latter 
are fitted with detachable spade lugs. The power 
is transmitted from the engine to the gear-box 
through a plate clutch, and the tractor is provided 
with a band brake. Particulars of the road 
speeds, turning circle, and so on, are given in 
Table I 
(To be continued.) 








Tue TEsTING oF ANCHOR AND CHAIN CaBLES.—The 
Board of Trade has recently issued Statutory Rules 
and Orders No. 373, dated June 4, 1930, relating to 
tests for anchor and chain cables of jron and cast 
steel. The order revokes that dated June 26, 1900, 
and is, in effect, a detailed schedule of tensile tests 
to be applied to chain cables the diameters of the 
links of which range from } in. to 44 in. The leaflet 
is obtainable, through any bookseller, price Id. net, 
from H.M. ee Office, Adastral House, Kingsway, 
London, W.C.2 
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THE IRON AND STEEL INSTITUTE ; 
PRAGUE MEETING. 


THE annual autumn meeting of the Iron and 
Steel Institute opened on Monday, September 15, 
at Prague, Czechoslovakia, and is to be brought 
to a conclusion to-morrow, Saturday, September 20. 
On the morning of the first day, the members 
assembled in the House of the Czechoslovakian 
Engineers, Prague, and were welcomed, on behalf 
of the Society of Czechoslovakian Engineers, by 
Dr. V. Sykora, the President of that body. In 
the course of his speech, Dr. Sykora stated that 
the society had been highly gratified that their 
invitation to the Iron and Steel Institute to come 
to Prague had been accepted. This invitation 
had originated at the instigation of Mr. Eugéne 
Schneider. A welcome to the Institute in the 
name of the Czechoslovakian Government was 
given by H. E. Dr. J. Matousek, Minister of 
Commerce, Industry and Trade, while Dr. K. Baxa, 
Lord Mayor of the City of Prague, in the name of 
the Municipal Council of Prague, welcomed the 
members to that city. Speaking in French, Dr. 
Baxa stated that close commercial and industrial 
relations had been established between Great 
Britain and Czechoslovakia and the visit of the 
Institute would, he felt certain, tighten still more 
the already very cordial existing relations. Dr. A. 
Sonnenschein, as representing the Czechoslovakian 
iron and steel industry, also extended a welcome 
to their confreres of the British Institute. In 
the course of his speech he stated that their works 
were in the heart of Europe and, to a certain 
extent, this was a disadvantage. Some of their 
raw materials had to be conveyed over long 
distances from the sea, and the same was true 
of their exports of finished materials. The question 
of rationalisation was of great importance and it 
was only by giving every consideration to organisa- 
tion that prosperity could be assured. In returning 
thanks to the four speakers for their cordial welcome, 
the President of the Institute, Professor H. Louis, 
stated that although this was the first visit of 
many of the members to Czechoslovakia, so much 
attention had been paid to them since their arrival 
that they all now felt quite at home. There was 
no doubt that iron and steel makers all over the 
world had similar problems to encounter, and it 
was only by meeting together and freely discussing 
their difficulties that progress would be made. 
The Council of the Institute at their meeting that 
morning had decided to ask Dr. Sykora to occupy 
the position of honorary vice-president of the 
Institute. 


HETEROGENEITY OF A HarMet INGorT. 


The first paper considered by the meeting was by 
Dr. A. Kriz, and dealt with ‘‘ The Heterogencity of 
an Ingot made by the Harmet Process.” The 
paper was, in effect, a report on the heterogeneity of 
a nickel-chromium-molybdenum steel ingot, made 
at the Skoda Steelworks, Pilsen, by the Harmet 
method of compression during solidification in the 
ingot mould. Dr. Kriz stated that, in regard to 
the procedure of testing, he had followed as closely 
as possible the scheme outlined in the well-known 
reports presented during recent years by the 
Heterogeneity Committee of the Iron and Steel 
Institute. We intend to reproduce this contribu- 
tion to the proceedings in a future issue of Enat- 
NEERING. 

Dr. W. H. Hatfield, who opened the discussion, 
said that when the Heterogeneity Committee had 
presented their first report to the Institute, they 
had been asked whether they possessed data con- 
cerning the effect of pressure applied during the 
freezing of the ingot. Although many steel makers 
in Great Britain had installed Harmet presses during 
the period of from 1905 to 1908, these had gradually 
been discarded, and by the time the report had 
been issued not one press remained in operation. 
The committee, therefore, had had no opportunity 
of studying an ingot made by the Harmet process. 
Dr. Kriz had now, however, stepped into the 
breach and had given the Institute the desired 
information. Dr. Hatfield here drew the attention 
of the members to-the large sulphur print of the 
Harmet ingot exhibited in the meeting hall. Those 
who had raised the question as to whether the appli- 
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cation of pressure during solidification diminished 


‘the heterogeneity of the resulting ingot, continued 


Dr. Hatfield, would find the answer in the sulphur 
print before their eyes. They would see that, in 
spite of the pressure, the process of differential 
freezing had not in any sense been modified and 
heterogeneity was disclosed in all its features, as 
found in an ingot in which pressure had not been 
applied. There had, however, been a certain 
amount of displacement of the structure on account 
of the work put into the ingot during the process. 

For the electrical and other industries large ingots 
weighing from 100 tons to as much as 150 tons were 
now required. At the Atlas Works, Sheffield, of 
Messrs. John Brown and Company a 6,000-ton press 
had been installed about the year 1906. The 
limiting size of ingot which this press could deal 
with was a 30-ton ingot. He did not know,what 
was the size of the press at the Skoda works, nor 
the limiting size of ingot it would take. Probably 
the maximum ingot which the Skoda press could 
accommodate was a 40-ton one. This meant that 
these presses could not be used for the large ingots 
now demanded. As shown in the author’s illus- 
trations, the Harmet press demanded an ingot 
having the smaller end at the top and the larger 
at the bottom. In the light of modern knowledge 
this was a bad feature ; the smaller end should be 
at the bottom. Further, he would like to know if 
the pressure resulted in very high internal stresses 
which frequently led to transverse clinking in the 
centre of the ingot. He thought that if the ingots 
were all taken direct from the mould, when hot, to 
the re-heating furnaces and forged without being 
allowed to become cold, no mishaps would occur. 
If, however, the ingots had to stand, in his opinion 
there was a danger of the occurrence of clinking. 
The author had said that the compression had been 
commenced 35 minutes after the end of teeming. 
Thus, continued Dr. Hatfield, pressure was only 
applied after an outer crust 7 in. thick had been 
formed. In England, on the other hand, pressure 
had always been applied as soon as the ingot had 
been cast. 

Professor R. Vondracek said that he had some- 
times occasion to call at the research institute of 
the Skoda Works. At each visit Dr. Kriz and his 
collaborators delighted him with some interesting 
result of their numerous tests and investigations. 
It was the ambition of the institute not to restrain 
itself to establishing the cause of a failure or of a 
success, but to go to the root of the matter and 
undertake an investigation of the whole problem. 
Many valuable reports on important subjects were 
kept in the records of the Skoda Works, and it 
was to be regretted that, hitherto, little of this 
work had been published. It was, therefore, 
gratifying that the present paper and that by Dr. 
Kriz and Mr. Poboril, which was also on the list 
of the present meeting, marked a change in that 
practice. The etching method devised by Mr. J. 
Kocarek had given excellent results, the primary 
structure of the steel being well brought out. He 
would like to know if the method could be applied 
to ordinary carbon steels with the same success. 
Most of the results of the investigation were in 
accordance with those of the two reports on the 
heterogeneity of steel ingots, presented to the 
Institute. It was once again confirmed that the 
binary alloys, in which the liquids and solidus lines 
were close together, did not tend to cause an 
increase in the degree of segregation. Moreover, 
there was nothing surprising in the statement 
that the axes of the dendrites coincided with the 
axes of the columnar crystals, because the dendrites 
formed the internal structure of the crystals. 
On the other hand, since granular crystals had 
no preferential orientation, the axes of their 
dendrites must be also arranged at random. Never- 
theless, it would be interesting to know whether 
there were any changes in the orientation of the 
dendrites owing to the compression of the steel 
during solidification. 

Professor Bradley Stoughton stated that the 
compression process had been used in past years 
in the United States. The last remaining Harmet 
press, however, had been dismantled a year or two 
previously on account of the length of time 
required and the cost of the compression operation. 





Taking a general view, however, the paper by 
Dr. Kriz gave him the impression that they had 
perhaps been too hasty in abandoning the method. 
He would like to pay a tribute to the science and 
knowledge of the Czechoslovakian technologists. 
A party of them had visited the United States for 
the purpose of seeing their methods. They had 
actually taught more than they had been able to 
carry away, particularly in the matter of etching 
and sulphur printing. The next speaker, Mr. C. H. 
Ridsdale, stated that, in 1925, he wished to obtain 
a bloom for the purpose of making analytical 
standards. He had secured a bloom from a Harmet 
pressed ingot. This was a carbon steel softer 
than that of the author, containing 0°13 per cent. 
of carbon, 0°527 per cent. of manganese, and 0-176 
per cent. of silicon. While, of course, this piece of 
steel was not an ingot it was nevertheless repre- 
sentative of the whole cross section of an ingot. 
The bloom had been cut into various pieces and 
slices, and the analysis made at six depths from 
the outside to the core. These had revealed the 
striking fact that the variations in the steel itself 
were lower than the experimental error of the 
chemist. He did not know the size of the original 
ingot from which the bloom had been taken, but 
he would judge that it would not be less than 
12 tons in weight. 

Dr. A. McCance said that the most noticeable 
feature of the sulphur print before them was the 
absence of A-segregates down the centre of the 
ingot. This was the main result of the Harmet 
process. He desired to know if that result out- 
weighed other disadvantages, which were inherent 
in the ingot. One of these had been mentioned 
by Dr. Hatfield, namely, the ingot had to be cast 
with the large end at the bottom; moreover, it 
had no sinking head. Mr. W. Austin, who spoke 
next, said that Dr. Kriz had taken the arithmetic 
average of a large number of analyses for his 
results and this was a notable step to make. Dr. 
Kriz having signified his desire to reply in writing, 
the meeting passed on to the next paper on the 
agenda. 

Tatn-WALLED Biast FURNACES. 


This paper, which was contributed to the meeting 
by Dr. J. Sarek, was entitled ‘“‘ What Reasons 
Compelled the Prague Ironworks Company to 
Introduce Thin-Walled Blast Furnaces?” Mr. E. 
Czeike-Zentzytzki, who read the paper in abstract 
for Dr. Sarek, stated that observations made 
at Kladno and at Kraluv Dvur had shown that 
a furnace lining only a few centimetres thick, pro- 
duced as a result of the melting of the thick lining, 
lasted well for a comparatively long time. As the 
thick lining melted at the inner surface, because it 
was not sufficiently cooled, whereas the thin lining, 
cooled by air, proved successful, the idea of building 
thin-walled furnaces had arisen. The first of these 
had been installed four years previously at Kladno, 
and the Prague Ironworks Company was now 
building the fifth furnace of this type. Experience 
gained during the past four years had fully justified 
the expectations. The furnaces preserved their 
original lines for Jong periods, troubles in operation 
were decreased, and the consumption of coke was 
actually lowered. We hope to reprint this paper, 
in abridged form, in a forthcoming issue. 

Mr. A. Hutchinson opened the discussion. He 
said that he would have liked the author to have 
added the dimensions of his furnace and more data 
on its actual working and operation. The next 
speaker, Mr. W. Simons, said that the usual practice 
in Great Britain was to have steel-cased linings. 
It was rather interesting to find that thin-walled 
blast furnaces were being built in the United States, 
but more interesting to note that furnaces with steel- 
cased linings were being constructed in Germany. 
These facts showed that there was a wide range of 
practice in regard to the construction of blast 
furnaces. He would like to know the tonnage of 
pig-iron produced during the life of the lining of 
the new thin-walled blast furnaces. A total of 
750,000 tons of pig-iron should be produced during 
the lifetime of a blast-furnace lining. The life 
of a lining was an important factor in blast-furnace 
working, as the relining of a furnace was a very 
costly item. 

Professor R. Vondracek said that Dr. Sarek’s 





paper dealt mainly with difficulties arising from the 
improper penetration of the charge column by the 
blast. This irregularity and the reasons for it 
had, naturally, been the subject of a large number 
of investigations. Mr. J. E. Johnson, in his funda- 
mental work The Principles, Operation, and Pro- 
ducts of the Blast Furnace, stated that if the gas 
stream were too much in the centre of the furnace, 
and a scaffold begun to be built on the walls just 
above the tuyeres, this would tend to throw the 
gas still more strongly to the centre, and thereby 
favour still further building up of the walls, this 
condition continuing until the furnace could no 
longer operate. On the other hand, when penetra- 
tion was deficient, a cone was built up in the centre 
of the hearth and filled the latter up until there was 
nothing left for the passage of the gases, but a narrow 
ring around the outside. In this case the tendency 
was for the blast to be thrown back more strongly 
against the walls, and so cut them away more 
actively. The author had referred to these two 
conditions as the “internal”? and ‘“ external” 
methods of blast-furnace working. These two 
conditions also occurred in lime kilns. It was 
interesting to note that the coke consumption in 
thin-walled furnaces was even lower than in those 
of the older type. It would be interesting to know 
what the reason of this reduced fuel consumption 
might be, and if Dr. Sarek could give the meeting 
any data on the present and the previous coke 
consumption, the members would be very glad to 
have them. 

Mr. David E. Roberts stated that the question of 
how best to treat the lining above the lintel had 
engaged the attention of blast-furnace men for 
many years. He had seen drawings of an American 
blast-furnace, in which the hearth and bush were 
of the ordinary type. Above the bush, however, a 
false lintel had been placed, and the lining above 
this was made of quite thin material. He had never 
heard whether the furnaces had been successful. 
He saw from the drawing given by the author in 
his paper (Fig. 9) that the thin lining was brought 
right down to the hearth. Whereas he was in full 
sympathy with thinning down that portion of the 
lining, which stood above the lintel,*it would take 
a great deal to convince him that a thin-jacketed 
lining gave the best results below the lintel. The 
next speaker, Professor Bradley Stoughton, said 
that some time previously there had been quite a 
vogue in the United States for thin-walled blast 
furnaces, but after a few years the interest had 
died down. He could not give a reason for this, 
except, perhaps, that blast-furnace problems in the 
United States were connected more with the utilisa- 
tion of the soft, fine Mesaba ores. No doubt the 


various difficulties connected with the treatment of | 


these ores, which had arisen, had caused the 
question of the utilisation of thin-walled furnaces 
to be forgotten. 

Mr. E. Czeike-Zentzytzki, in a brief reply to 
Mr. Simons’ question on outputs, said that. their 
furnaces at Kladno were producing, per week, from 
2,100 to 2,500 tons of basic Bessemer pig-iron of good 
quality, low in sulphur and in silicon. The furnaces 
at Kraluv Dvur were smaller ; they produced from 
1,200 to 1,210 tons of foundry and forge pig-iron 
per week. As regards the tonnage of output 
equivalent to the life of the lining, the first furnace 


had been installed four years previously, and had | 


been in regular operation ever since, producing about 


2,100 tons a week. The idea of building these fur- | 


naces had come gradually. They had first carried 
out water-cooling up to the bosh. This process had 
been continued farther and farther, until now they 
water-cooled the furnace right up to the top. 


(To be continued.) 


THe Epcar ALLEN News.-—First published in 1919 
with the object of supplying technical information not 
only on the products of Messrs. Edgar Allen and Com- 
pany, Limited, Imperial Steel Works, Sheffield, but also 
concerning the steel and engineering industries generally, 
the Edgar Allen News has now attained its hundredth 
number. This issue, dated September, 1930, contains 
articles on pens tools, the file shops of the firm, progress 
in steel manufacture, cobalt magnet steels, the machining 
of manganese steel, the mechanical casting of pig iron and 
many other subjects. It is well printed and illustrated 
and seems to be quite worth the price of 6d. charged per 
copy. 
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THE LATE SIR W. E. SMITH. 

Tue history of the four schools of naval archi- 
tecture, which have existed for longer or shorter 
periods in this country during the last one hundred 
and twenty years, exhibits a curious mixture of 
honest endeavour, clear-sighted experiment and 
political interference. This is amply confirmed 
by a study of the series of articles by Mr. A. W. 
Johns on the First and Second Schools of Naval 
Architecture, which appeared in ENGINEERING in 
1926 and in the early part of last year, and by 
one on the third and fourth schools, which we 
published in 1923. These contributions further 
indicate that admission to these institutions was 
only to be secured by hard work, and that retention 
on their rolls could not be maintained except by 
equal sacrifice of leisure. 

As has been said the hours of study at the third 
school, which existed at South Kensington from 
1864 to 1873, were somewhat heroic. They lasted 
from 9 a.m. to 9 p.m. each day with short intervals, 
except on Wednesday, when work ceased at noon 
and, in fact, proved too strenuous for all but the 
most robust. The course consisted of four sessions 
of seven months duration, during the’ intervals in 
which students were encouraged to inspect any 
work in progress in a Royal Dockyard and to 
make sketches and descriptions of it. Nevertheless 
there were some, who were able to take full advan- 
tage of the training provided, and ten, who at the 
end of the course, were awarded first-class fellow- 
ships, as the result of a very difficult examination. 
Of these ten, one was Sir William Edward Smith, 
whose death, we regret to record, occurred at Herne 
Bay on September 16 after a distinguished career 
in the Construction Branch of the Admiralty 
during the important period which immediately 
preceded the Great War. 

William Edward Smith was born at Portsmouth 
on April 4, 1850, and after a period, during which 
he helped the local farmers and _ blacksmiths, 
entered the Rope House in Portsmouth Dockyard 
at the age of eleven. He then served four years 
as an apprentice shipwright, one year at Ports- 
mouth and three years at Woolwich, and in 1869 
joined the School of Naval Architecture at South 
Kensington. As we have already said, in 1873, he 
graduated from this institution with the high dis- 
tinction of a first-class certificate and immediately 
received an appointment at the Admiralty. His 
first work was to assist in designing the ironclads 
Northampton, Colossus and Inflexible, the last 
|named being the last ship to be equipped with 
| wrought-iron armour 24 in. thick, the result of 
| which was that her speed did not exceed 14 knots. 
He also played his part in developments which were 
taking place owing to the improvements in armour 
|and propelling machinery and won special distine- 
‘tion, during the controversy on partial and complete 
/armour belts, by a series of lectures on ‘‘ Armour” 
| delivered at the Naval College, Greenwich, at which 
jhe had been appointed instructor in the early 
| eighties. 
| In 1887 Smith became Inspector of Contract Work 
|and was thus brought into close contact with the 
| shipbuilding establishments throughout the country. 
| Some years later he was appointed chief constructor 
|at the Admiralty, where he was occupied on the 
| design of some of the vessels constructed under the 
Naval Defence Act of 1889 and of the more important 
ships built later for the Navy. In 1902 he became 
Superintendent of Construction Accounts and 
Contract Work, and during his ten years tenure of 
this post succeeded in cementing the amicable 
relationships between the Admiralty and _ their 
contractors, with the result that the announcement 
of his appointment as Director of Naval Construction 
as successor to Sir Philip Watts in 1911 was generally 
welcomed. It may further be recalled that the 
time during which he was acting as Superintendent 
of Contract Work was one of extreme importance 
in the development of the Navy. It included the 
advent of the big gun battleship, the steam turbine, 
the use of oil for fuel and numerous other minor 
improvements, while in another category the 
Antarctic exploration ship, Discovery was one of his 
products. In the event, however, Sir William never 








occupied the premier post in British naval architec- 
ture. For in June, 1912, before he had actually 











taken up the position, it was announced in the 
House of Commons that his services were more 
useful as Superintendent of Contract Work and it, 
therefore, came as no surprise that, in spite of the 
sugary compliments with which what must have 
been a bitter pill was coated, he retired from the 
service of which he had been so long a leading 
member when Mr. E. H. (afterwards Sir Eustace) 
Tennyson-D’Eyncourt was brought in from outside 
the Corps of Naval Constructors. 

In 1913 Sir William became vice-chairman of the 
Board of Trade Committee on the Load Line for 
Merchant Ships, and for eight years was Chairman 
of the Board of Studies of the London University 
in Civil and Mechanical Engineering. He was also 
chairman of the Advisory Committee of the William 
Froude National Tank and of the National Physical 
Laboratory, as well as of the Technical Committee 
for the restoration of H.M.S. Victory to the condition 
she was in at Trafalgar. He was for some years a 
member of the Board of Governors of the Imperial 
College of Science and Technology, South Kensing- 
ton, and of the main Committee of the British 
Engineering Standards Association. He was elected 
a member of the Institution of Naval Architects in 
1880 and served as one of its vice-presidents. 
He was also a member of the Institute of Metals. 
He was appointed a C.B. in 1903 and received the 
honour of knighthood in 1911. 


ENGINEERING TRAINING AND 
EDUCATION. 


Engineering Courses at Manchester.—Full particulars 
of the courses available at the Municipal School of 
Technology, Manchester, in mechanical, electrical and 
municipal engineering, as well as in building construc- 
tion, industrial. chemistry, textile work, mining, 
photography and printing are given in a prospectus, 
which has recently been issued. These include 
advanced study and research in the various branches 
of science and technology mentioned, as well as 
courses extending over three years and leading either 
to degrees or certificates. Details regarding the 
scholarships open to intending students and of the 
social and other activities are included in the pam- 
phlet. 


The Royal Technical College, Glasgow.—The Calendar 
of the Royal Technical College, Glasgow, for 1930-31 
gives particulars of the classes available for day and 
evening students in the various branches of engineering, 
as well as in naval architecture, chemistry, metallurgy, 
architecture, and textile manufacture. These lead up 
to the Kachelor’s Degree in the University of Glasgow, 
to which the College is affiliated, as well as to the 
College Diploma. Similar courses are provided for 
evening students. 


Instruction in Aeronautics.—Details regarding the 
courses in aeronautics, which are available at the 
Imperial College of Science and Technology, South 
Kensington, London, 8.W.7, are given in a pamphlet 
which has recently been issued. These courses are 
organised in two main branches, aerodynamics and 
aero engines, but the times are arranged so that all 
the lectures can be attended. There are special 
courses on airships, air navigation, and aircraft instru- 
ments and mathematics—as well as in meteorology. 
The school is in the main post-graduate, and students 
should have passed their first degree examination or 
have attained a recognised equivalent standard. 
Details of the fees are not given. 


Sir John Cass Technical Institute—The syllabus of 
classes at the Sir John Cass Technical Institute, Jewry- 
street, Aldgate, London, E.C., for the 1930-31 session 
shows that a large range of educational facilities is 
provided at very moderate fees, especially for students 
residing in the County of London. The courses lead 
up to the internal degrees in science and engineering 
at the University of London, though students are also 
prepared for matriculation. In addition, courses have 
been arranged for those who wish to take the examina- 
tions of the Institute of Physics, the Institute of 
Chemistry, the Institutions of Civil and Mechanical 
Engineers, and other bodies. There are also many 
classes in trade subjects. 





INDUSTRIAL RESEARCH IN CANADA.—The tenth annual 
report of the Scientific and Industrial Research Council 
of Alberta, for the year 1929, shows that investigations 
carried out in the Province during that year included 
a number of hydrogenation tests with samples of Alberta 
coal, as well as with tar reduced from bituminous sands. 
Work was also carried out in connection with the chemical 
utilisation of natural gas of which enormous quantities 
are going to waste, particularly in southern Alberta. 
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BRITISH AND CONTINENTAL OPEN- 
HEARTH FURNACE STEEL WORKS.* 
By H. C. Woop, M.I.Mech.E. 

THE progress of the steel industry in Great Britain, 
looked at from a technical point of view, is one of such 
absorbing interest that the author has been prompted, 
after twenty years’ observation, to make an examination 
of the development and the present-day position in this 
country, in comparison with the leading steel-producing 
countries of the Continent. In doing so, he restricts | 
himself to the Siemens-Martin process solely, owing | to the outbreak of the war, British open-hearth steel- 
to the fact that practically the whole of the output of | making plants were for the most part handicapped 
steel in Great Britain to-day is made by this process.| by lack of space and efficient material-handling 
The reasons tor this are well known and do not need | equipment. Many of them had grown up from small 
to be referred to here. | units on a distinctly limited area, the result being 

On the Continent, on the other hand, the Siemens- | that no room was available for modernisation of the 
Martin process has for over fifty years found a very | installations in question. Labour costs and fuel 
strong competitor in the basic Bessemer converter, | consumption were high, and the tonnage outputs low. 
or ‘‘ Thomas ”’ process as it is generally called. Without | During the war, much good work was done in enlarging 
a doubt this competition between the two leading and increasing the output of existing plants in order 
steel-producing processes has given the followers of | to meet the rapidly increasing demand for steel, and 
each process every incentive to improve their practice | several entirely new plants were constructed. Due, 
and performance to the greatest possible degree. This | however, to the urgency dictated by the situation, it 
applies in particular to the Siemens-Martin process, | was in some cases not possible to give sufficient con- 
which, apart from the fact that it lends itself better to | sideration to the situation or the planning of such 
the manufacture of a very wide range of steel qualities | plants to ensure their utility and general efficiency 
and the utilisation of large quantities of scrap iron,| in post-war days. The result, to-day, is that in 
has been susceptible to large variations in the method | several cases well-equipped steel plants are situated 
of working charges, and in the design of furnaces|remote from blast-furnaces and are, accordingly, 
and the material-handling equipment employed, in | deprived of the advantage of working hot metal. They 


lines. In many cases, however, where the recon- 





has been long overdue, the financial stringency pre- 


TABLE I.—PRoODUCTION oF STEEL INGOTS AND CASTINGS. 


Great Britain.—In Great Britain, very considerable 
extensions to existing Siemens-Martin steel plants 
were made during the war period, and in several 
cases entirely new installations have been constructed. 
Since the war, further new plants, notably at Clyde- 
bridge, Appleby, Crewe and Consett, have been built, 
and these have been laid out on thoroughly modern 


struction of existing furnaces or plants as a whole 


vailing has caused postponement of the work. Prior 


added advantage that the same storage mixers will 
serve both steel-producing plants. It may be men- 
tioned that the duplex process of steel-making—that 
is, the combination of converters and open-hearth 
furnaces—is followed at the Huckingen works of the 
Mannesmann Company, where basic converters of 
30 tons capacity have recently been installed to 
operate in conjunction with already existing 40-ton to 
80-ton open-hearth furnaces, producing steel for the 
weldless steel tube-making industry. 

In the construction and equipment of open-hearth 
steel plants in Germany, great importance has rightly 
been placed upon the obtaining of big tonnage outputs 
per unit employed at a low fuel consumption, low 
repair costs, reduction of labour charges, and the 
general ease of control and scientific or automatic 
registration of working results. Particularly note- 
worthy is the important place which the tilting furnace 
has gained for itself in German steelworks. When 
Dr. Voegler, chairman of the United Steelworks 
and president of the Verein deutscher Hisenhiittenleute, 
in 1911 had the temerity to place orders for the 
construction of three Wellman furnaces each of 60 tons 
capacity for the works of the Dortmund Union of 
which he was at that time manager, voices were heard 
on all sides prophesying that the initial cost of the 
furnaces and the upkeep charges would be so high that 
they could not compete with fixed open-hearth furnaces, 
even for the working of molten metal charges. So 
favourable were the results obtained, however, that 
the furnaces were not only able to convert charges 

















| 
‘ Converter. Other | 
, 7 | pen- eae ee ee an Oe ee eee oa Processes 
Country. Year. | Hearth. including Total. 
| Acid Basic. Castings. 
| 
tas a Nl 
| Tons Tons. Tons. Tons. | Tons. 
Great Britain .. --| 1910 4,595,366 1,138,103 641,012 -- 6,374,481 
| 1913 | 6,063,175 1,048,772 551,929 —_ 7,663,876 
| 1920 7,984,100 552,500 268,400 262,300 9,067,300 
| 1928 | 7,831,300 475,900 _ 212,500 | 8,519,700 
Germany 1910 | 5,113,758 171,108 8,030,571 383,201 | 13,698,638 
1913 7,613,904 155,138 10,629,697 536,350 18,935,089 
1920 | 5,615,555 45,102 | 3,219,624 397,601 | 9,277,882 
| 1928 | 7,509,453 2 6,548,027 459,595 | 14,517,103 
| | | 
France / 1910 | = 1,187,397 105,582 | 2,136,558 33,767 | 8,413,804 
1913 1,582,478 252,704 2,806,475 45,209 | 4,686,8 
1920 1,255,120 60,188 1,656,972 78,116 | 3,050,396 
| 1928 | 2,688,648 80,588 | 6,586,214 144,078 | 9,499,528 
Belgium .. ..  ..| 1910 | — — — _— 1,944,820 
ae ; = | Eas 
— _- — _ | 1,253, 
1927 | 399,890 — 3,192,600 87,680 3,680,170* 
Italy de aa oe | 1920 | 633,537 + _ 140,224 | 773,761 
| 1927 | 1,383,561 -= = 212,209 1,595,770 
Czecho-slovakia .. 1920 = = LS — | 973,006 
1027 os -- — —_ | 1,732,000 





* Includes Luxemburg. 


order to make it more capable of competing with are, further, dependent on producer plants for their 


the lower cost of production of Thomas steel usually | supply of gas, and only in a very few instances is the 


encountered. 

With a view, in the first place, to enabling a com- 
parison of the tonnages of steel manufactured in 
Great Britain and in the leading Continental steel- 
producing countries to be made, reference should 
be made to Table I, which gives the outputs for the 
years 1910, 1913, 1920, and 1928 for Great Britain, 
Germany, and France, and for Belgium, Italy, and 
Czechoslovakia (as far as these are available), divided 
into Siemens-Martin, Thomas, and other processes. 
From this it will be seen that in the case of Germany, 
the largest European producer of steel, the Siemens- 
Martin process to-day holds a highly important position, 
the tonnage produced approximating very closely to 
that of Great Britain, whilst the total tonnage of steel 
made by all processes is nearly double that of the 
latter. 

A graphical representation of the production of open- 
hearth steel in Great Britain and Germany, and also 
in France, is indicated in Fig. 1, on page 374. This 
shows that the outputs of Great Britain and Germany 
have run on more or less parallel lines since 1910, 
but have been deeply influenced by the 1921 trade 
slump and the 1926 coal strike in Great Britain, as 
also by the occupation of the Ruhr and the inflation 
period in Germany. In the case of France, the output 
curve indicates a steady and continuous rise. 

A comparison of the practice followed, and the 
results obtained in Great Britain and Germany, 
appear to be of particular interest, seeing that the 
tonnage outputs are so similar. They will, therefore, 
be dealt with first. 





* Paper read before the Iron and Steel Institute, 
at Prague, Czechoslovakia, on Tuesday, September 16, 
Abridged. 
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employment of coke-oven gas or a mixture of that 
with blast-furnace gas possible. 

The size of furnace generally installed in recent 
years is of 70 to 80 tons capacity in the case of fixed 
furnaces, and 150 to 250 tons in the case of tilting 
furnaces. There are, of course, many smaller units 
in use suited to meet the special conditions obtaining 
in the particular works in which they are installed. 
Larger units of the fixed or tilting variety, respectively, 
than those mentioned are rarely met with. 

Germany.—Owing to the loss of the Lorraine ore 
fields and the difficulty of obtaining a sufficient supply 
of ore at reasonable prices as a result of the war, 
Germany has been faced with the necessity of paying 
greater attention to the pig-iron-scrap process, in 
order to bring the tonnage of steel up to the desired 
level. This has necessitated the extension of several 
existing open-hearth steel plants and the construction 
of new ones. Great attention has been paid to the 
choice of the most suitable sites for these works, 
consideration being given to the possibility of linking up 
such new plants with existing blast-furnaces and 
rolling-mills. The questions of direct shipment of 
finished products by water and the availability of 
coke-oven gas for heating purposes have also received 
due consideration. However, many open-hearth steel 
plants, built prior to 1914, already possessed these 
desirable features, the result being to-day that prac- 
tically the whole of the large-capacity open-hearth 
plants in Germany are found to be part of a composite 
installation, consisting of coke-ovens, blast-furnaces, 
steel furnaces, and rolling-mills. In many cases, 
basic or Thomas converters are installed in the same 
plants, and the open-hearth furnaces are placed in 
direct competition with them and take their molten 
iron from the same source of supply, this having the 














Taste [I. 
Size of Furnace. | Great Britain. Germany. 

Ae AD | | 

| 
10 to 12 wal 14 40 
15 | 12 | 65 
20 ea 13 53 
25 | 20 39 
30 42 78 
35 to 40 116 66 
45 ,, 50 efi 145 | 53 
55 ,, 60 ea “al 103 39 
70 SETAE ae 69 | 10 
80 ay | 13 18 
100 “a | 8 11 
120 to 300 | 25 6 
Total number of furnaces} 580 | 478 





at a cost very closely approaching that of an entirely 
up-to-date installation of Thomas converters in the 
same works, but they demonstrated their ability to 
produce steel of every desired quality, and the capacity 
of the plant was soon still further increased by the 
addition of two further furnaces, of similar construction 
but slightly larger dimensions. Arising out of this 
favourable introduction of the tilting furnace, many 
further important installations were planned and built, 
and to-day the tilting furnace may well be termed the 
most popular steel-producing unit in that country. 
Constructors of fixed open-hearth furnaces have, 
on the other hand, been spurred on to make improve- 
ments in thedesign of such furnaces, in order to maintain 
their position in competition with the tilting furnace. 
The fact remains, however, that, since the year 1912, 
no Siemens-Martin steelworks of importance has been 
built, comprising fixed furnaces only. On the other 
hand, those high-capacity plants of Dortmund Union, 
Krupp, Rheinhausen and Berge Borbeck, also that of 
the Bochumer Verein at Hoentrop, are composed of 
tilting furnaces only, and many such units have been 
added to other plants which were composed hitherto 
solely of fixed furnaces. 

The sizes of furnaces mostly favoured in modern 
plants are of 50 to 60 tons capacity, in the case of 
fixed furnaces, and 80 to 180 tons for tilting furnaces, 
although there is one of the latter variety of 200 tons 
capacity, working the Talbot process, and installed at 
Meiderich. Published statistics giving the number of 
open-hearth furnaces existing in Great Britain and 
Germany, including those installed in steel foundries, 
are reproduced in Table II. This table reveals the 
somewhat remarkable fact that, of small-size furnaces, 
Germany possesses a far greater number than Great 
Britain, whereas in respect of units of 35 to 40 tons 
capacity and upwards the latter shows a great numerical 
superiority. The total furnace tonnage capacity of 
the two countries shows approximately 17,000 tons 
for Germany and 32,000 for Great Britain. Having 
regard to the fact that the total tonnage of steel made 
by the open-hearth process is nearly equal in the two 
countries, the great furnace tonnage capacity difference 
may be due in part to the fact that perhaps a greater 
number of furnaces in Great Britain than in Germany 
are inoperative (probably 40 per cent.), and partly 
also to the greater tonnage obtained per unit in Ger- 
many. The number of tilting furnaces installed in 
the two countries is approximately 35 in Great Britain 
and 32 in Germany. 
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France.—Turning now to France, it is found that 
no developments of outstanding character in open- 
hearth steelworks construction and operation are to 
be recorded. Modern installations have, however, 
been built at Le Breuil, Caen, Gueugnon, and Denain, 
and extensions made at other works. Fixed furnaces 
working on cold pig iron and scrap charges are almost 
universally employed, although tilting furnaces are 
to be found at Longwy and Hagondange, and are 
now under erection at Thionville. Preference is given 
to the working of molten iron in Thomas converters, 
but, as will be seen from the production curve shown 
in Fig. 1, annexed, the output of open-hearth steel is 





are provided with fast-running cranes of the combined 
magnet and box-lifting type for filling the charging 
boxes and placing them in position for the charging 
machines to pick up. 

The efficiency of a Siemens-Martin furnace plant, 
depending as it does so much on the speed at which 
it is possible to bring up the material to be charged, 
makes it accordingly a question of paramount import- 
ance to have charging machines of efficient type and 
of sufficient number to cope with the work of charging 
the furnaces. In this connection it is generally found 
desirable to have one machine for every two furnaces 
in service. Undoubtedly the furnaces giving the 








TABLE III.—REPRESENTATIVE FURNACE OUTPUTS. 





consumption figures, expressed as a percentage of 
the tonnage of steel made, are also given. Naturally, 
the output figures vary to some extent for each 
particular furnace, depending on the nature of the 
charge and the grade of steel made. In the case of 
furnaces heated by means of a combination of coke- 
oven and blast-furnace gas, the consumption of heat 
units has been converted to its equivalent value in coal 
and expressed as a percentage of the output. Apart 
from the figures given in Table III, the best tonnage, 
outputs in Great Britain known to the author are, in 
the case of furnaces of 30 tons to 40 tons charge capacity, 
140 tons per day, for 50-ton to 60-ton furnaces, 180 








Rated Approximate) Area per | PO Output — 
, " Hearth r utpu Output per Hour 
* Furnace Type of : Area of Ton of per Ton r, - 7 r utpu ri 
Works. Capacity. Furnace. Dimensions. _ Hearth. | Capacity. | of Steel Siahare:oh Change. o4 Hours, | Per Hour. = Bo iy? 
Tons. = Square Feet. | Square Feet. Made. ons. Tons of Area 
Per cent. Tons 
250 Tilting 45 x 13 560 2-24 17°5 Hot metal from mixer ar 285 | 11-9 | 2: 
Appleby fet tee 300 sh 45 x 15 650 | 2-17 17-5 2 5 re i 300 | 1255 | 1:9 
120 a 36 x 14 480 4-0 | 16°5 Hot and cold metal ae 330 13-7 2- 
Bochum (Hoentrop) 180 AN 36 x 143 510 2-8 16-5 ” pe na a 360 | 15-0 2 H 
Consett 75 Fixed e 33 x 1 395 |} 5-25 26-0 Cold metal .. Ss sil 175 | 74 | 2-0 
onse' . ee 80 », (Terni) 35 x 12 410 | 5-0 —_ ae 1. a Ms sat 225 9-4 | 2-3 
Dorman, Long (Britannia) .. 250 Tilting 47 x 16} 700 | 2-4 19-25 Hot metal .. se oe | 350 | 14:4 2-0 
Gueugnon... a = 30 Fixed 25 x 10 240 | 8-0 21-0 Cold metal .. af aa 125 | 5-2 2-1 
Krupp, Rheinhausen os 80 Tilting .. 36 x 14 480 | 6-0 a Hot metal from mixer... 330 | 13-7 2-8 
Lysaght, John os os 50 Fixed (Terni) 34 x 12 360 7-0 19-75 Hot metal .. aig ae 210 | 9-0 2-5 
Meiderich is Aa oe 200 Tilting .. 46 x 14 635 8-17 —_ Hot metal from mixer as 365 15-0 2+4 
Oneglia = + aA 45 Fixed (Terni) a x a1 290 | 6-4 20-0 Cold metal .. KS a 175 | 7-3 2-5 
Schneider, Le Breuil ne 60 et sie 28 x 13 350 | 5-8 egy ” aS a oe 180 | 7°5 2-1 
Terni .. . a oa 50 a 29 x 11 310 | 6-4 19°5 Sa, oa =e a8 200 8-3 3°2 
( 200 Tilting 47 x 13 585 3-05 19-0 Hot metal .. ws vis 339 14-0 2-4 
180 a Be 40 x 12 475 2-64 20-0 a ie sie é> ve 303 12-6 | 2-7 
Witkowitz 150 a as 40 x 12 465 | 3-1 20-0 ne os = me are 282 11-7 | 2°5 
] 60 Fixed (Moll) 33 x 12 375 6°25 21°6 | Hot and cold metal 224 9-3 | 2°5 
L 60 > at 33 x 12 375 6-25 21-6 = on i ae 220 9°15 2°5 








steadily rising, and it may be confidently anticipated | 
that the future will see a further extension of the open- 
hearth process in keeping with the increasing demand 
for better steel qualities. 

Italy.—In Italy, practically the entire tonnage of | 
steel produced is made by the open-hearth process, | 
and owing to the fact that, apart from some deposits | 
of lignite, limited in quantity and calorific value, the | 
whole of the fuel used in the steelworks has to be | 
imported, at a high cost, from other countries. This | 
has not unnaturally induced the steel-producers to | 
study fuel economy to the furthest possible degree, | 
and considerable success has rewarded their efforts. | 
Particulars are given later of working results obtained | 
at Terni and Oneglia, which are of considerable interest, 
indicating as they do the good outputs obtained with 
a favourable fuel consumption. 

Czechoslovakia.—With regard to Czechoslovakia, the | 
open-hearth process again plays the predominant part 
in the steel output of the country, the principal centres 
of production being Pilsen, Trinec, and Witkowitz. 


OUTSTANDING CHARACTERISTICS OF MODERN 
STEEL PLANTs. 


| 

The small number of furnaces employed to obtain | 
large outputs is perhaps the most striking characteristic 
of modern open-hearth steel plants. In place of a 
long string of furnaces being employed to yield an 
output of, say, 25,000 tons per month, this is now often 
obtained by four units only, of which three are in use 
at atime. This limitation of the number of furnaces 
used ensures greater ease of control, a reduction in 
capital outlay on the plant, and in particular in the | 
cost of the building, crane tracks, and foundations, | 
and, further, a reduction in the time and cost of | 
bringing the material to be charged to the furnaces 
and dealing with the finished casts. With the use of 
tilting furnaces, the further advantage of the possibility 
of keeping the capacity of the ladle cranes within 
reasonable limits is also obtained. In turn, the cost 
of the crane runways is proportionately low. 

The uniformity in the general arrangement of | 
modern steel-works installations in Great Britain 
and on the Continent is remarkable. In practically | 
all cases, the scrap yards ate situated parallel and | 
adjacent to the furnaces, and not at a distance as in | 
American practice. Charging machines of the overhead | 
revolving type are almost universally employed, 
although machines of the revolving type running on | 
the charging platform are in use at some steelworks | 
of note, such as those of Appleby, Bolckow Vaughan | 
and Witkowitz. These have the advantage that it is | 
possible to place an overhead crane runway at a} 
moderate height above the level of the furnaces, for the 
reception of cranes which serve to bring the hot metal 
to the furnaces. Charging machines of the non- | 





revolving type, picking up and setting down the) 
charging boxes immediately in front of the furnaces, 
are now seldom met with in modern installations. 
The scrap yards are nearly always roofed over, and | 


|seems undeniable. Fig. 2, Plate XXIII, gives a cross- 
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best tonnage results, particularly when working with | 
large scrap-iron charges, are those provided with the | 
most advantageous charging arrangements. The pro- 
vision of means for the quick execution of furnace 
repairs, bringing up of refractory material, and the 
removal of refuse, also leads to the general efficiency 
of a plant. 

On the tapping side of the furnaces, high-capacity 
ladle cranes are employed for the handling of the 





finished charges, teeming being effected either direct 
from the ladle suspended from the crane or from a} 
stand into moulds carried on casting cars. It is| 
generally established that steel of practically equally | 
good quality can be made from furnaces of either large 
or small capacity ; further, that every desired grade 
of steel can be made, provided that suitable iron and 
good-quality scrap is available. The demand is for 
ever-improving steel qualities, with, if possible, a 
decrease in the cost of conversion. In the working 
of phosphoric iron, in particular, the advantage 
gained through the employment of the tilting furnace 


section through a steel plant designed for the working 
of molten metal, ore and scrap. It consists of tilting 
furnaces of 200 tons capacity, heated by means of a 
mixture of blast-furnace and coke-oven gas. The 
plant is well provided with cranes and charging 
machines for the rapid handling of the incoming 
material and the steel produced. 

In Table ITI, on this page, the outputs of a number of 
furnaces of different sizes in use in Great Britain, 
Germany, France, Italy and Czechoslovakia are given. 
These may be taken as representing the best practice 
in each particular country. The approximate coal 





TaBLeE IV.—Results obtained with 30-Ton Open-Hearth 
Furnaces Installed at Forges de Gueugnon, Etablisse- 
ments Campionnet, France. 





No. of Heat (between | 
: | S22. | 3Me 

















| 
Repairs | 114. | 115 
| | 
z | 
Kg. | Kg. Kg. Kg. 
a of Charge: . ' 
ron— 
Pig-iron (Chasse) 7,500 7,500 7,500 9,500 
Ingot mould iron 2,000 2,500 | — — 
Cylinderiron .. — — | 2,000 | -- 
‘crap— | 
Sheet .. -. 6,000 a= “= 6,000 
Tin bar .. ..| 4,000 — | — | _ 
Bloom croppings 6,000 _ | _ | 7,250 
Bundle .. ee mo 8,800 — | —_ 
Miscellaneous ..' 6,500 13,200 | 22,500 | 10,900 
Additions— | j 
Spiegel .. os 150 300 300 300 
Ferro-manganese | 240 240 | 250 240 
Ferro-silicon .. 64 64 | 64 64 
Total --| 32,454 32,604 | 32,614 | 34,254 
Lime ats --| 2,400 2,400 2,400 {| 2,400 
Ironore.. .- 300 eee li) anes | = 
Lime silicates .-| None None None | None 
Nature of slag --| Good Good | Good | Good 
Duration of Charge: | 
au: ) 4 P.M. P.M. 
Commenced | | 
charging --; 12°45 6-35 | 12-25 6-0 
Completed charg- | | 
in se .-| 8°15 | 9-5 | 2-55 8-30 
T 6:5 11-55 | 5:30 11-10 


‘ap aC aA 
Total time taken | 5 hours | 5 hours | 5 hours | 5 hours 
| 20min. | 20min. | 5 min. | 10 min. 
Total tap, 20 | | 

ingots .. 80,400 kg.'30,360 kg. 30,400 kg.'32,200 kg. 





Analysis of Tap: | | 
Per cent. | Per cent. | Per cent. | Per cent. 
Carbon .. -. 0-092 | 0-10 | 0-105 | 0-105 


Manganese -.| 0-46 0-45 0:45 | 0-44 

Silicon .. ..| 0°07 0-09 0-065 | 0-066 
Sulphur .. --| 0-087 0-032 0-038 | 0-032 
Phosphorus + 0-026 0-018 0-022 0-026 


| | 





tons, and for 70-ton to 80-ton furnaces, 225 tons. The 
fuel consumption of these furnaces usually ranges 
between 22 per cent. and 25 per cent., but there are 
many plants in service where the outputs are appre- 
ciably lower and the fuel consumption higher. 
Without doubt the tonnage outputs cited represent 
a distinct advance as compared with results obtained 
as recently as ten years ago, and in particular with 
those given by Clements in the memorable paper 
presented by him to this Institute in 1922.* Still 
greater improvements, both from a tonnage and fuel 
economy point of view, can and must be made in Great 
Britain. We have, in general, still a long way to go 
to arrive at the desirable coal consumption figure of 
15 per cent. per ton of steel made, set up by Clements 
as the goal to be reached by good furnace design and 
operation. Although the sale price of steel to-day is 





* See ENGINEERING, vol. exiii, page 579 (1922). 
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generally only 14 per cent. above the pre-war price, 
it seems essential that it should be still further reduced 
in order to meet Continental competition. This can 
be mainly achieved by increasing the output of steel 
per furnace and per man employed, and by reducing 
the consumption of fuel required for conversion. 
Appleby Iron Company, Limited.—With regard to 
the different furnace installations given in the list, 
details of the steel furnaces of the Appleby Iron Com- 
pany, Limited, and working conditions were given by 























with 80 to 85 per cent. of pig iron and 20 to 15 per cent. 
of steel scrap, and run the slag off when thoroughly 
melted; 225 to 250 tons of steel are tapped each time 
in three ladles, leaving a little steel and all the finishing 
slag in the furnace. The average yield is 99 to 100 per 
cent., with an average output of 1,850 to 1,950 tons 
per week on the smaller furnaces, and over 2,000 tons 
on the large furnace. 

The 250-ton furnaces have hearth dimensions of 
45 ft. by 13 ft., with a bath area of approximately 





Fg. 6. SECTION THROUGH THE STEEL PLANT 


FERRIERE DI VOLTRI, ONEGLIA. 


furnace steel plant of the Consett Iron Company, 
Limited, was built in the years 1924 to 1925, and 
consists of nine fixed furnaces of 70 tons to 80 tons’ 
capacity each. A cross-section through this installa- 
tion will be seen in Fig. 3, on Plate XXIII. The 
general practice at Consett is to charge the furnaces 
with approximately 60 per cent. of scrap materia] and 
40 per cent. of cold pig-iron, no molten metal being 
employed. The furnaces are heated by means of a 
mixture of coke-oven and producer gases, which are 
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TABLE V.—TERNI. 50-TON FURNACE LOG FOR WEEK ENDING SEPTEMBER 15, 1929. 
Heat | Complete Duration | Heat | | Complete | Duration | 
No. | Charged. | Melting. Tapped. of Heat. | Output. No. Charged. | Melting. | Tapped. of Heat. | Output. 
| | | af 
et eee walle , 2 , pare eRe eS ee “ 
| Hr. Min. Hr. Min. | Hr. Min. | Hr. Min. | Hr. Min. Kg. | Hr. Min. Hr. Min. | Hr. Min. Hr. Min. | Hr. Min. | Kg. 
| | | | ican: “e | Brought forward 672,700 
, 10 35 to 11 55) | | si - 18 50 to 2 : 
923 412 50. 18 30 14 45 15 50 | 5 15 | 48,640 937 20 55 21 at | 23 20 24 10 | «5 20 49,400 
, 16 5 ,, 16 35 , | f24 35 ,, : 
~ (2 ieee | | ee | see) eee) 6s | ee 
22 25 ,, 23 30 . a | 5 ,92 
925 34307 1B 250 | 8 40 5 15 | 40,540 = 10 45%, 12 “0 | 14° 15 0 | {15 26,020 
, 4 0, 5 0 s 941 16 15 ,, | 25 ) 472 
926 6 10” 6 40 81 | 9 & % 48,640 || ggg | 19 30 5, 20 80 | 22 50 23 45 415 85,720 
9 40 ,, 10 45 | 943 2 2 ’ 
m7 11 40 }, 11 55 9 “oe | FS 47,880 || gg 4355, 5 35 | 7 60 8 55 4 20 | 37,940 
, 15 10 ,, 16 30 5 
028 17 30 “ 17 45 19 30 20 20 | 5 10 46,700 945 i 3 ° 11 25 | 12 55 13 50 4 35 | 39,250 
5 2 2 4 | 5 ” | 
929 22 40.” 23 20 1 0 20 | 5 2& 47,880 946 | 16 0 . 16 30 | 1s 0 18 55 4 45 | 41,800 
| - > 2 = 6 
930 72 " Z a 7 10 825 | 5 45 | 47,880 947 a 15 i 31 30 23 «5 24 0 4 45 | 42,500 
8 50 ,, 10 20 b= 24 a 5 
931 10 50 . 11 20 18 10 45 | 5 15 | 46,360 948 2 35 - 2 45 | 4 20 5 15 4 45 41,800 
J 4 ’ 1 1 5 | | ”» 5 f 2 
932 16 45°" 17 15 19 0 19 45 5 5 | 48,560 949 2 49 = 3 2 | 9 10 10 15 4 40 39,520 
20 5,, 21 a i | | ae 
933 92 5” 99 40 24. 40 1 25 5 20 | 48,670 950 12 35 . 13 S | 1b 5 16 10 5 35 46,630 
to, S$ © 6 40 ,, 0 ; 
934 430” 4 50 6 35 7 30 5 40 47,410 951 18 30 . 18 65 | 21 0 22 10 5 30 46,410 
8 0 9 0 i| . fa P ; 
935 940710 5 12 10 | is. Oo | ‘eed | 48,640 || 952 24 40 . 1 2 | 38 0 | 4 0 5 25 46,920 
‘ 13 15 ,, 14 30 . | | f 4 20, 
936 1510" 15 af | 17 30 | 18 30 | 5 15 | 49,400 953 } 46 15% 7 io | 8 45 | 10 0 5 40 | 46,980 
! sepepte aA eae a 
| Carried forward 672,700 || | | | Total .. 1,378,610 
Average Charges. 52-Ton Heats. | 44-5-Ton Heats. | 39-Ton Heats. 
Kg. | Kg. Kg. 
Pig-iron .. 8,810 | 6,400 5,880 
Tron scrap a. 3,000 3,000 2,260 
Ordinary steel scrap 39,800 35,100 30,780 
Iron ore .. os ae ae on 385 70 310 
Ferro-manganese (80 per cent. Mn) .. 280 240 240 
Ferro-silicon (70 per cent. Si) a 110 70 65 
Total | 52,385 44,880 39,535 
aii | 2,130 1,880 1,700 


Lime (burned) .. 





Messrs. Crooke and Thomson in 1928.* This fine 
plant, representative of best British steelworks practice, 
consists of three tilting furnaces of 250 tons capacity 
fitted with movable port ends, and one tilting furnace of 
300 tons capacity with fixed port ends. The furnaces 
are hydraulically tilted, and heated with producer-gas. 
A 500-ton metal mixer is employed for reducing the 
silicon and sulphur contents in the pig iron, and for 
storage purposes. The mixer is heated with blast- 
furnace gas. The blast furnace iron contains on an 
average: Silicon 0-6 to 0-9, sulphur 0-08 to 0-10, 
phosphorus 1-35 to 1-55, and manganese 1-4 to 1-7 
per cent. The usual practice is to charge the furnaces 








* See ENGINEERING, vol. cxxv, page 551 (1928). 





560 sq. ft., or 2°24 sq. ft. per ton of capacity, and an 
output per 24 hours of 285 tons (11-9 tons per hour). 
The 300-ton furnace measures 45 ft. by 15 ft., its 
area is 650 sq. ft. approximately, equal to 2-17 sq. ft. 
per ton of capacity, and it has an output per 24 hours 
of 300 tons (12-5 tons per hour). The total coal con- 
sumption at the producers is 34 cwt. per ton of ingots. 
The 250-ton furnaces are fitted with waste-heat boilers 
giving 7,000 to 8,000 lb. of steam per hour per furnace, 
supplying the total steam requirements of the steel- 
“a including the producers. This credit has to be 
deducted from the 3} cwt. of coal used per ton of ingots. 
The basic slag contains 15 to 16} per cent. of phosphoric 
acid with a citric acid solubility of over 90 per cent. 





Consett Iron Company, Limited—The open-hearth 


mixed together before entering the regenerator 
chambers. The average output of each furnace 
amounts to 950 tons per week, and to 22,000 tons per 
furnace campaign. : 

Hoentrop Steelworks, Bochwm.—The construction of 
this steelworks was commenced in 1923, and the first 
furnace was put into commission towards the end of 
1924. The following conditions were laid down as a 
basis for the installation of the plant: (1) No coal 
to be employed. (2) Furnaces to be capable of 
making all qualities of steel from either cold or molten 
charges at the lowest possible cost of conversion. 
(3) Provision for casting large quantities of ingots of 
even the smallest sizes. (4) Best possible means of 


bringing in the raw material and removal of the finished 
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product. A cross-section through the plant is given 
in Fig. 4, Plate XXIII. The furnaces selected are 
practically of Wellman standard design, the first two 
built being of 120 tons capacity, followed later by two 
furnaces of 180 tons capacity. The furnaces are 
mounted on rollers, and are tilted by electric motors. 
The port ends are built integral with the uptakes, 
and removable blocks on the Friedrich system are 
employed next to the furnace chills. The 120-ton 
furnaces have a length of bath of 11 m. (36 ft.) and 
a width of 4,300 mm. (14 ft.), giving a hearth area 
of 42-5 sq. m. (680 sq. ft.). The length of the furnace 
over the chills is 14 m. (46 ft.). The 180-ton furnaces 
have the same bath length, but the width is increased 
to 4,500 mm. (14 ft. 9 in.), giving a hearth area of 
44-5 sq. m. (510 sq. ft.). The regenerator chambers 
are enclosed in a steel-plate binding, forming a con- 
tinuous envelope around each pair of chambers. 
The regenerator dimensions are :— 


180-ton Furnaces. 
Cub. M. Cub. Ft. 


120-ton Furnaces. 
Cub. M. Cub. Ft. 


Air 103 (3,700) 115 (4,059) 
Gas ... 57 (2,050) 63 (2,224) 
Total 160 (5,750) 178 (6,283) 


Each furnace is fitted with three large charging 
doors, all doors and door frames being water cooled. 
The circular-shaped chills on the furnace ends are 
also water cooled, as well as a series of pipes carried 
through the noses of the Friedrich blocks. The 
furnaces are fired with a mixture of blast-furnace and 
coke-oven gas, having generally a heating value of 
2,200 cal., which is intermixed in the regulating box 
above the Forter gas reversing valve before entering 
the regenerators. The gas consumption amounts to 
1,200,000 cal., which is equivalent to 4,764,000 B.Th.U., 
and when converted to the corresponding coal value 
gives a consumption of 16 per cent. per ton of steel 
made. 

The practice at Hoentrop is to cast two 60-ton 
ladles from the 120-ton furnaces, and three of similar 
size from the 180-ton furnaces, the hearths being 
totally emptied of steel at the finish of each charge, 
and only a small covering of slag retained. The 
charges usually consist of 70 per cent. to 75 per cent. 
of good mill and general scrap, and 25 per cent. to 
30 per cent. of molten metal containing carbon 4-5, 
manganese 3 to 4, phosphorus 0-15, silicon 0-7, and 
sulphur 0-34 per cent. Remarkably good outputs 
right from the date of starting up have been obtained, 
these being on the average 2,000 tons for the 120-ton 
furnaces, and 2,200 tons for the 180-ton furnaces per 
week of six days. The hot metal comes direct from 
the blast-furnaces at Bochum, there being no storage 
or refining metal mixer on the plant. It may be noted 
that during the melting-down period, the calorific 
value of the gas is sometimes increased from 2,200 cal. 
to 2,800 cal. by increasing the quantity of coke-oven 
gas employed. The air supply to the regenerators is 
passed in under pressure by means of a fan. Practically 
the whole of the steel output is cast into circular ingots 
for tube-making. Group casting is employed, as 
many as 36 ingots of small diameter being often cast 
in one group, the teeming of a single ladle occupying 
up to as much as 1 hour 30 minutes. From the section 
of the plant given in Fig. 4, it will be seen that there 
are two casting bays, each served by ladle cranes of 
100 tons capacity. This is necessitated by the large 
number of ingots to be cast per charge and the large 
amount of space required. The transfer of ladles to 
be teemed in the second bay is made by means of a 
ladle carriage. A third bay serves for the dressing 
of the ingots. There are no soaking pits in the steel- 
works. 

Generally, three open-hearth furnaces only are 
working at the same time, that is to say, two 120-ton 
and one 180-ton furnaces, or one 120-ton and two 180- 
ton units. With this combination, the best working 
results are obtained, the monthly output closely 
approaching and even reaching 30,000 tons. As 
much as 58,000 tons to 60,000 tons are obtained 
regularly in one furnace campaign, which is equivalent 
to an unbroken run of 28 weeks to 30 weeks. The 
brickwork repair costs are particularly low. The plant 
is well equipped with crane power, and ample space 
is allowed for the efficient preparation and handling 
of the incoming material. Great credit is due to 
Mr. Ernst Kerl, who was not only chiefly responsible 
for the general layout and construction, but also for 
the working of the plant for several years. 

Krupp, Rheinhausen.—The open-hearth steel plant 
of Fried. Krupp at Rheinhausen is one of considerable 
interest. Construction was commenced early in 1914, 
with the installation of two Wellman furnaces, each 
of 80 tons capacity, having a length of hearth of 36 ft. 
and a width of 14 ft., giving an area of approximately 
480 sq. ft. Space was made available for eight such 
units, but, up to date, only four in all have been built. 
This is accounted for in part by changes in the steel- 
producing p me of the works, and in part by 
the fact that the output of the furnaces, when put to 
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work, soon exceeded the modest tonnage of 225 per 
furnace per day guaranteed by the builders, and 
to-day averages 330 tons per day. The charges are 
made up of scrap material and molten phosphoric iron, 
drawn from the same storage metal mixers which 
serve the basic converters installed in the same works, 
the proportions of scrap and hot metal varying with 
the market conditions. Each charge is completely 
tapped, only the end slag being retained in the furnace 
to cover the hearth. 

It is interesting to record that a few years ago an 
American railway company, with a view to comparing 
the quality of steel made in Europe with that in the 
United States, placed an order for 12,000 tons of rails 
in Germany, and that the steel was made in these 
furnaces. The finished rails were submitted to very 
close inspection on the part of the American engineers, 
and the percentage of rejects was almost negligible. 
So satisfactory have been the results obtained with 
the tilting furnace plant at Rheinhausen, that Messrs. 
Krupp were led to install furnaces of similar type and 
size in the splendid new steelworks more recently 
built at Berge Borbeck, near Essen, a full description 
of which has been given in Stahl und Eisen.* 

Witkowitz.—At the May meetings of the Iron and 
Steel Institute and of the Verein deutscher Eisen- 
hiittenleute in 1914,f Schuster gave a full description 
of the new open-hearth steel plant of the Witkowitz 
Mines, Steel and Ironworks Corporation, situated at 
Witkowitz, now in Czechoslovakia, and particulars of 
the working results obtained with the different furnace 
units installed. Further valuable data were published 
by Puppe in 1922,} giving tabulated results of several 
years’ working and the conclusions arrived at. 
Originally built to take the place of a duplex process 
plant, the installation comprised one 200-ton and 
one 60-ton tilting furnaces, three 60-ton fixed furnaces, 
and one 300-ton metal mixer, built on the same lines 
as the 200-ton tilting furnace; that is to say, six 
units in all. The basic idea was to test the Talbot 
continuous steel-making process, in competition, with 
regard to output capacity, quality of product, and 
cost of conversion, with the ordinary molten metal 
and ore steel-making process carried out in fixed and 
tilting furnaces of moderate capacity. 

As a result of the experience gained, several modifi- 
cations have since been made to the plant. These 
consist of the conversion of the metal mixer into a 
200-ton tilting furnace, enlargement of the 60-ton tilter 
to 150 tons capacity, and replacement of one 60-ton 
fixed furnace by a tilter of 180 tons capacity. Two 
additional 200-ton tilters have been installed, and the 
plant now comprises four tilting furnaces of 200 tons, 
one of 180, one of 150, and two fixed furnaces of 60 
tons capacity, that is, eight units in all. The tilting 
furnaces all have fixed port ends fitted with water- 
cooled Friedrich removable blocks, and one of the 
fixed furnaces has Moll type port ends. The tonnage 
outputs of the different furnaces are given in Table III. 
The figures represent the average outputs spread over 
a whole year’s working. The fuel consumption figures 
are given on the same basis, and include all idle time 
losses on Sundays and holidays, together with the fuel 
required for the first heating-up of the furnaces. The 
gas supply consists of 75 per cent. producer and 25 per 
cent. coke-oven gas, the actual calories used being as 
follows : 

Calories per Ton. 
200-ton tilting furnaces 1,320,000 (5,238,000 B.Th.U.). 
150-ton and 180-ton tilt- 

ing furnaces ... 1,360,000 (5,396,000 ne } 
60-ton fixed furnaces ... 1,450,000 (5,754,000 a : 


In the case of the tilting furnaces, a credit of 300,000 
cal. (1,190,000 B.Th.U.) should be given on account of 
waste-heat used in the generation of steam. The actual 
fuel consumption amounts accordingly to from 1,020,000 
cal. (4,047,000 B.Th.U.) to 1,060,000 cal. (4,206,000 
B.Th.U.). 

The fuel consumption figures are further based on 
the following percentages of hot metal charged : 


Hot Metal. 
Per cent. 
200-ton tilting furnaces ... <s 85 to 90 
150-ton and 180-ton tilting furnaces 70 ,. 75 
60-ton fixed furnaces ie 45 ,, 50 


The hot metal from the blast-furnaces is brought to 
the steel furnaces in 30-ton ladles and has the following 
average analysis: Carbon 3-2, manganese 2-2, silicon 
0-35, phosphorus 1-9, and sulphur 0-10 per cent. The 
metal is poured direct into the furnaces, no metal 
mixer having been employed since 1921. 

The fixed furnaces are charged with either hot or 
cold pig iron, then rolling-mill crop-ends and scrap iron. 
The tilting furnaces are operated on the molten iron 
and ore process, and are charged in the first place with 





* Stahl und EHisen, vol. xlix, page 1789 (1929). 

+ Journal of the Iron and Steel Institute, lxxxix, page 
51 (1914) ; ENGINEERING, vol. xcvii, page 682 (1914). 

t Stahl und Eisen, vol. xlii, pages 1, 46 (1922). 





hot metal and then with scrap, crop-ends, and a large 
amount of packeted light scrap iron. 

Depending on the quality and quantity of the iron 
charged, the furnaces require the following additions 
per ton of steel made : 

220 to 250 kg. ore and 115 to 

125 kg. lime. 

50 to 70 kg. ore and 80 to 90 kg. 
lime. 


The yield of the furnaces is : 


Tilting furnaces 


Fixed furnaces 


Per cent. 
103 to 105 
04 ,, 95 


It has been rightly said that probably more has been 
done at Witkowitz than at any other works in Europe 
to test different types and sizes of furnaces in the 
manufacture of steel on the molten iron and ore process, 
and great credit is undoubtedly due to the management 
and officials concerned for the valuable work they have 
accomplished. The results obtained indicate that the 
quality of the steel produced is not in any way depen- 
dent on thé size of the furnace in which it is made, 
that the cost of conversion and brickwork repairs are 
lower per ton of steel made in the large tilting furnaces 
than in the smaller units, that the installation costs 
of the large furnaces, although higher in the first place, 
are lower when calculated on the daily tonnage of steel 
made, and that the fuel consumption per ton of steel 
made is also lower. It has further been found that the 
employment of a metal mixer of the active type only 
increased the output of the open-hearth furnaces by 
from 10 per cent. to 20 per cent. Having regard, 
therefore, to the cost of working the mixer and the 
corresponding increased ladle-handling charges, its 
employment has been discontinued. A cross-section 
of the Witkowitz open-hearth steel plant is given in 
Fig. 5, Plate XXIII. 

Gueugnon.—The open-hearth furnace plant of Forges 
de Gueugnon (Etablissements Campionnet), situated 
at Gueugnon (Sadne-et-Loire), is generally represen- 
sentative of the practice found in the smaller open- 
hearth steel plants in France. The installation consists 
of three furnaces of 30 tons cmpenity each. The works 
are principally employed in the manufacture of steel 
for the rolling of high-quality sheets and tinplates. 
Furnace outputs of 110 tons to 120 tons, representing 
4 heats per 24 hours, are regularly obtained. The log 
of a series of four charges is given in Table IV, on 
page 374. The chemical analysis of the finished steel 
from these charges will be seen in the same table. 
The furnaces are charged by means of two overhead 
chargers, and one guided ladle-crane of 60 tons capacity 
serves for the handling of the charges. Minor repairs 
are carried out after about 230 to 250 charges. A 
general repair is made after 400 charges. 

Terni.—The works of the Terni Company, situated 
at Terni, near Rome, have long been dl for the 
quality of the steel products made, notably those for 
military and naval armaments and for the automobile 
trade. Steel is made in seven open-hearth furnaces 
of capacities ranging from 20 tons to 50 tons. With a 
view to economising fuel to the greatest possible 
extent, experiments in the construction and operation 
of furnaces, and particularly in respect of the design 
of the port ends, have been carried out, under the super- 
vision of Fiorelli, over a number of years, resulting 
in the establishment of a furnace system to which the 
name of the works has been given. Eminently satis- 
factory results have been achieved, particularly in regard 
to the furnace outputs, length of furnace campaign, 
and consequent low repair costs, and low fuel con- 
sumption. Every desired quality of steel, including 
high-carbon and alloy as well as medium and soft steels, 
is obtained with the greatest facility. In the case of the 
20-ton furnaces, whereas the number of charges per 
campaign previously made was 450 and the tonnage 
9,000, 1,000 charges are now obtained and 24,000 
tons. With a 40-ton furnace, the equivalent figures 
of 450 charges and 18,000 tons are now 1,000 and 
45,000. Table V on page 375, gives the log of a 50-ton 
furnace for the week ending September 15, 1929. The 
furnace in question gives an average daily output of 
180 tons to 200 tons with a fuel consumption of 20 per 
cent. 

Oneglia.—This works, situated on the Gulf of Genoa, 
is of entirely modern construction, and is well suited for 
the manufacture of a wide range of steel qualities 
demanded by the peculiar conditions obtaining in the 
northern part of Italy; that is to say, the supply 
of sheets for the automobile, electrical, and other 
industries, high-quality steel for brake discs and springs, 
together with all commercial qualities. The open- 
hearth furnace plant consists of three fixed furnaces 
of 30 tons capacity each. The best output of the 
furnaces as originally built was four and a- 32-ton 
charges per 24 hours. One of the furnaces, however, 
has now been transformed to the Terni system, and 
without in any way modifying the dimensions of the 
hearth or the regenerators, but raising the roof a few 
inches, it is now charged with 45 tons. The result is 


Tilting furnaces 
Fixed furnaces 
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that whereas formerly a daily output of 130 tons to 
140 tons was made, four charges are now made per day 
and the average output has been increased to 170 tons 
toJ180 tons. The charge is usually made up of 14 per 
cent. of pig iron and 86 per cent. of scrap of varying 
qualities. The fuel consumption is 20 per cent. Fig. 6 
on page 375, gives a cross-section through this plant. 
The furnaces are served by means of two overhead 
charging machines and one 60-ton guided ladle-crane. 


(To be continued.) 








THE ASSOCIATION OF PUBLIC 
LIGHTING ENGINEERS. 


THE seventh annual meeting of the Association of 
Public Lighting Engineers was held last week, in the 
Lancaster Hall, Leicester. At the opening meeting 
the members were accorded a civic reception by the 
Lord Mayor, Councillor W. E. Hincks, after which the 
president, Mr. S. B. Langlands, called on his successor, 
Mr. Thomas Wilkie, the Lighting Superintendent of 
Leicester, to occupy the chair. Papers relating to 
laboratory work, gas lighting, and electricity were 
presented, and also one recording the views of a 
motorist, Mr. H. Sturgess-Wells. Visits to works were 
also made, and there was an investigation, under the 
auspices of the Illumination Committee of the Depart- 
ment of Scientific and Industrial Research and the 
National Physical Laboratory, of the performance of 
various experimental street-lighting installations. 

In his presidential address Mr. Thomas Wilkie dealt 
with some of the problems confronting a lighting 
engineer, taking his own town as the example. Within 
the limited sums allocated for street lighting a pro- 
gramme of development and improvement was desirable. 
In Leicester they had prepared a scheme which would, 
in seven years, place the city in the first class as regards 
quantity of light and its distribution. They had 
decided to substitute electricity for gas in main roads, 
after conducting experiments with two comparable 
thoroughfares. The deciding factors were efficiency 
and cost, and the president called attention to the 
need for better terms for gas supply for public lighting, 
if this valuable load and advertisement was to be 
retained. The stage was now being rapidly reached 
when they could have truly automatic lighting by 
electricity, which would reduce still further the 
maintenance charges for an electrical installation and 
make the comparison more unfavourable for gas. The 
standard of illumination which was considered satis- 
factory for slow-moving traffic was totally inadequate 
now, but the necessity to alter the standard of expen- 
diture had not been so widely acknowledged. The 
president advocated the appointment of qualified 
lighting engineers, holding independent positions and 
not actively interested in either gas or electrical under- 
takings. In conclusion, he advocated the reorganisa- 
tion of the work of the association by the establishment 
of committees, dealing with Parliamentary matters, 
tariffs, safety, and technical developments. Public 
lighting should be made a statutory duty, and not an 
act of grace. <A portion of the Road Fund revenues 
should be set aside for the provision of lighting of 
arterial roads. In the interests of safety it seemed to 
be desirable to prohibit the use of motor-car head lights 
in streets where a certain standard of illumination was 
provided. 

In the first paper submitted, Messrs. W. L. Marshall 
and R. H. Redmill dealt with ‘“‘ Practical Use of a 
Test Room.” In this contribution they suggested 
that the work carried on in a test room of a lighting 
department should be confined to problems directly 
affecting practical work. The laboratory was largely 
concerned with corroborating the figures given by 
makers for their appliances and maintaining service 
results. By the performance of such duties alone the 
institution of a test room could be justified. It 
frequently happened that such work disclosed defects 
in the construction of plant, and the makers were 
usually glad to receive constructive criticisms of their 
products. An example of defective design was given 
by an electric fitting the method of wiring, or re-wiring, 
of which was by removing the cast-iron canopy—a 
simple matter on a bench, but not so when the lantern 
was erected 20 ft. above the ground level and the 
fitter had to balance himself on a ladder and often had 
cold hands. Another fitting had the special diffusing 
globes held in position by three small screws, so that 
it could be dislodged by the least touch. 

As in most matters relating to illumination, the 
personal element was introduced in work with all types 
of visual photometers. This was particularly trouble- 
some when there was a colour difference between the 
test and standard lamps. There was no doubt that 
in the future a suitable photometer would be designed, 
which made use of photo-electric cells. This would 
eliminate the balance by vision and replace it by 
‘efinite scale readings of galvanometers. The lamp 
‘esting board should be provided with three indepen- 


dent connections to the lamps, direct supply from the 
mains, a supply through a resistance and another 
with a time switch in circuit. 

Much attention had been devoted to the subject 
of glare, but the data available was rather scanty, 
and the results found in certain installations showed 
that the allowable glare factor in the B.E.S.A. Specifi- 
cation was too high. Experiments with daylight lamps 
had shown them to give greater visibility than clear 
lamps, with the glare proportionately reduced. The 
ideal to be arrived at in street-lighting practice would 
appear to be a fairly uniform brightness of the road 
surface, which would necessitate a fairly high diversity 
of illumination, depending, of course, on the nature of 
the road considered. This was in direct contradiction 
to the exponents of uniform illumination. For gas 
lighting the equipment included photometers to 
determine candle power, means for testing the strength 
of the fabric of a mantle after the collodion had been 
burned off, and a shock giving machine. Owing to the 
high durability of modern gas mantles, their testing 
by shock meant the devotion of a great amount of 
time, and consequently it was suggested that measure- 
ments of the tensile strength of the fabric should 
replace them as being much quicker, and for com- 
parison purposes quite satisfactory. In the type of 
machine in use at Leicester, the gas mantle, after the 
collodion had been burned off, was lowered until its 
tip was immersed in a bath of molten wax. The 
wax was left to set, three minutes being allowed for 
the purpose, after which a regularly increasing force 
was applied to the bottom of the mantle until it was 
broken. The pan containing the wax was attached 
to a weighted float in a cylinder of water. The total 
time taken in performing such a test, from the lowering 
of the mantle into the wax, was from 5 to 6 minutes. 

“The Case for Gas in Relation to Public Street 
Illumination’ was the subject of a joint paper by 
Mr. C. I. Winstone and Mr. W. A. Bishop. After 
referring to the early history of the use of gas in street 
lighting, the authors claimed that since the abolition 
of flat flame gas lighting, there had been no spread of 
electric street lighting of any kind in London. They 
also contended that the same applied in the provinces, 
where there was no municipal bias against gas through 
ownership of the electricity undertaking by the street 
lighting authority. In the City of London there had 
been no extension of the use of electric street lighting 
for 25 years, and in Westminster, none for 30 years. 
Indeed, gas replaced electric light over a large area of 
that city in 1910. In all, there were 635,000 gas 
lamps in use in the roads and streets of England and 
Wales. For gas, the authors claimed outstanding 
reliability, in contrast with the frequent breakdowns 
experienced with other systems of lighting, economy, 
absence of glare and good diffusion. A further claim 
was its utility in times of fog. It happened frequently 
that gas lighting was neglected for years until the 
installation was completely unsatisfactory, and was 
replaced, at great expense, by a new electric system, 
although the same results could be obtained by 
modernising the existing gas installation at one-tenth 
of the cost. The authorities did not recognise that the 
trouble was due to small financial appropriation and 
little engineering supervision. Maintenance was a 
matter of supreme importance. The loss of light due 
to accumulations of dust might be as high as 15 to 
20 per cent., while in neglected cases, where the 
cleaning interval extended to from four to six weeks, 
the light diminished by 35 to 50 per cent. 

It was wise to plan the lighting of secondary roads 
with the view in mind that in ten years they might 
become main roads or at any rate would be carrying a 
much greater volume of traffic. The ideal method was 
to fix tall steel columns with brackets overhanging the 
roadway, at a suitable spacing ratio, with suspension 
globe lamps of the cluster type to take larger clusters 
at a future date. The lamp should be suspended from 
a raising and lowering gear and should have a distant 
control valve in the base of the column. A method of 
lighting for main roads which was growing in popularity 
was the hanging of the lamps over the road-way, 
either centrally hung or from brackets extending any- 
thing up to 12 ft. over the roadway from the tops of steel 
columns. The bracket system was the cheaper. A 
constant by-pass was necessary when the lamps were 
18 to 20 ft. above the roadway. The use of an inter- 
mittent by-pass might save 3s. per annum, but for 
main-road lighting, where the smallest details must be 
studied to obtain perfection, the saving was not worth 
while. It was a remarkable tribute to the reliability of 
gas that during the past 120 years there had never been 
a complete failure of gas in street lighting. London 
lighting was regarded as ample proof that modern gas 
lamps can meet all requirements, economically and 
effectively. 

Laboratory experience in relation to public lighting 
was dealt with in two papers considered jointly. That 
concerned with gas was a contribution from the Public 





Lighting Department of the South Metropolitan Gas 





Company, London. In this paper the contention was 
made that efficient gas lighting was only possible when 
efficient appliances were used. The paper then dealt 
with the methods of design used by the Company, 
which utilised the fundamental principle that fixed gas 
and air ratio should be incorporated in all gas consuming 
appliances. The conditions to be satisfied in a burner 
were, firstly, efficient entrainment of the air by the gas 
issuing at the fire hole, or holes, of what is called the 
ejector, and secondly that the internal surface of the 
orifice in the disc should impede the flow of gas as little 
as possible. In the South Metropolitan laboratories 
the discs were tested on a revolving fitting to ensure 
that none were put to service which showed a departure 
of the jet from a truly axial direction. For photo- 
metric test the ultimate standard light source used was 
a Harcourt 10 candle-power pentane burner, but in 
order to avoid as far as possible the difficulties inherent 
in heterochromatic photometry, a suitable incandescent 
burner was employed to illumine an adjustable slit in a 
Methven screen, and the light transmitted by the screen 
was adjusted to equality with the 10 candle-power 
standard and used as a secondary standard. Within 
recent months the relighting of the highways within the 
area of supply of the Company had been undertaken 
with lamps having reflecting mirrors of silvered glass, 
stainless steel or chromium-plated steel and with a 
pressure governor and clock controller within a case 
at the base of the lamps. 

Mr. G. H. Wilson of the Research Laboratories of the 
General Electric Company, contributed the electrical 
paper on the subject. It bore the title ‘ Labora- 
tory Experience in Relation to Public Lighting.” 
In this paper the author dealt with experiences gained 
in testing lamps, lighting units and installations, and 
with the factors which experience had shown were of 
importance in their designs. In the modern develop- 
ment of photometers, photo-electric cells were used to 
get over personal errors and the effects of fatigue. 
They were now working successfully with both dis- 
tribution and integrating photometers. In the investi- 
gations of polar curve data for bare lamps, it must be 
appreciated that the vertical curve was not the same in 
all planes, owing to the filament not being a complete 
ring. It was necessary to obtain the mean of the curves 
in a number of, say four, vertical planes, if a misleading 
impression was not to be produced. Voltage control, 
when testing, was necessary, for it was characteristic 
of the majority of tungsten filament lan.ps that a 
change in voltage of 1 per cent. resulted in a change in 
luminous intensity of 3} per cent. Lamps for test 
should be aged and run at such a voltage that they gave 
a light output according to the rated initial value 
suggested in the British Standard Specification. 

General experience on the design of installations 
had been gained at a rapid rate during the past few 
years. The efforts of fitting designers had been directed 
towards obtaining a maximum of effectiveness for 
a given energy consumption. In the suspension of 
fittings, while the swinging of the housing type lantern 
was scarcely noticeable in its effect upon the lighting, 
with directive equipment, the effectiveness of the result 
was liable to be seriously affected. Directive equip- 
ment should be so supported as to avoid swinging and 
rotation, and the greatest care should be exercised 
when installing asymmetric units. Street surface 
reflection affected very considerably the lighting result. 
If it was desired to have uniformity of brightness, 
different types of light distribution should be employed 
for polished roads and for dull-surfaced ones, 

Mr. R. Mason in dealing with ‘‘ The Lighting of Bir- 
mingham ”’ said they had in that city 31,640 lamps, of 
which 31,145 used gas. It was their aim to keep a 
two-light lamp as the minimum capacity for street 
lighting, and to have at least four-light lamps on all 
bus routes and “ cross-traffic’’ routes. When lamps 
of a higher candle-power were used, full advantage 
could only be obtained by raising the light source. 
Extension pieces had been fitted to existing columns, 
or swan-neck brackets had been introduced, but 
undoubtedly it was better to replace the old columns 
by some of the new types now produced, which were 
specially designed for the purpose. The author then 
described the manner in which the provision of illumi- 
nation gradually diminished from Victoria-square, 
Birminghan:, where high-pressure lamps of 4,500 candle- 
power were erected on 18-ft. columns spaced 19 yards 
apart, to the outskirts of the town. By the Hall of 
Memory, electric lamps of 1,500 watts were used, then 
units of 1,000 watts, followed by others of 500 watts. 
All were erected on 21-ft. columns about 25 yards 
spacing on the alternate system. All lamps were cleaned 
once a week, but those in important centres received 
additional attention. The entire city was automati- 
cally lighted, and the system had proved in every way 
satisfactory. 

The motorists’ standpoint regarding street lighting 
was dealt with by Mr. H. Sturgess-Wells in a short 
paper, entitled ‘‘ Public Lighting as viewed by the 
Motorist.” In this, he called attention to the varied 
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nature of the illumination encountered in a journey of 
say 50 miles, when passing through the districts con- 
trolled by 20 different authorities, each with its par- 
ticular scheme or without any scheme at all. Uni- 
formity from the standpoint of the road user was 
essential. A notable omission was made in the new 
Local Government Act of 1929, which transferred the 
control of the highways to the county councils, but 
not the control of the lighting. Gas was preferable 
to electricity because of the better dispersion of the 
light, without concentrated bright patches, and better 
penetration of fog. 








SUPER-LANCASHIRE BOILER UNIT. 


IN controversies on steam raising, commercial or 
urely technical, the opponents of the Lancashire 
iler usually lay great stress on the low thermal 
efficiency of this type, the ineffective circulation below 
its furnaces, and the costly brickwork setting, chiefly, it 
would appear, from the belief that these are insuperable 
disadvantages. The Super-Lancashire boiler unit 
recently developed by Messrs. Daniel Adamson and 
Company, Limited, Dukinfield, Manchester. has, 
however, removed all three objections. It is true that 
it may be argued that the new boiler can be no longer 
called a ‘‘ Lancashire,” but, as it still retains the 
characteristic features of a long cylindrical shell with 
two internal furnaces immediately below the water 
level and stretching from end to end, together with the 
advantages of a big water content and a large steam- 
liberating area such an argument is lacking in some 
important premises. However that may be, the 
design is certainly of very considerable interest, and 
we are glad to be able to give some account of its 
construction and performance, together with the illus- 
trations forming Figs. 1 to 6 on this and the adjoining 
—. The particular example illustrated in these 
gures has been installed for turbine steaming pur- 
in Messrs. Adamson’s own works at Dukin- 

eld where it has been tested by Messrs. The National 
Boiler and General Insurance Company, Limited, 
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Manchester, but we understand that 
contracts for other firms are now 
being proceeded with. 

Again, attention may be drawn to 
the fact that it is a boiler unit that 
is being described, t.¢., a boiler plus 
an air preheater and fans, and a 
superheater, though the latter, as 
also a feed heater, may be added or 
omitted according to purchasers’ re- 
quirements. The particular boiler 
under discussion is 8 ft. 6 in. in dia- 
meter by 20 ft. long, and is con- 
structed for a working pressure of 
260 tb. per square inch and a test 
pressure of 440 lb. per square inch. 
It has two plain furnaces with the 
original Adamson rings, and the firm’s 
later reduced absorbing sections at the 
back ends. The grate surface is 38 
sq. ft. The heating surface is 1,427 
sq. ft. which is relatively greater than 
the normal Lancashire boiler of the 
same size owing to nests of small 
tubes below the furnaces which take 
the place of the return flues in the 
brickwork of the normal boiler. These 
features can be made out in Figs. 1 
and 3, which, with Fig. 2, serve also 
to make clear the course of the gases. 
These after leaving the grates, tra- 
verse the furnaces and return to the 
front of the boiler after passing over a superheater 
situated in a steel casing lined with firebrick. On 
leaving the tubes at the front of the boiler the 
gases enter a box placed beneath the fire doors. 
They are thence diverted, under the suction of an 
induced draught fan, through the tubes of the air 
preheaters which extend at the sides of the boiler 
for practically its full length. These tubes are con- 
tained in sheet steel casings which constrain the cold 
air, from two small forced-draught fans, to flow over 
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them. The heated air, on leaving the casings, is led 
through the front boxes underneath the grates. regu- 
lating dampers being, of course, provided. The total 
effective heating surface of the air preheaters is 1,060 
sq. ft. 

‘he general appearance of the whole unit is well 
shown in Fig. 4, on page 379. Both the boiler tubes and 
air heater tubes are accessible through removable doors 
in the front boxes. It is not necessary, however, to 
remove these doors for cleaning as they are provided 
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with small circular openings, with detachable covers, 
suitably spaced for the insertion of a flexible wire 
brush. The boiler is carried on cast iron stools, and is 
completely lagged, though the photographs repro- 
duced in Fig. 4, was taken before this was applied. 
The whole external surface of the shell is, therefore, 
accessible for inspection on removing the lagging. 
As regards internal cleaning, a manhole is provided 
between the two nests of tubes giving access to them. 
These tubes are pitched diamond-wise to permit the 
use of brushes, &c., in a diagonal direction. It might 
be expected that the space occupied by the unit would 
be greater than that taken by the older type boiler set 
in brickwork, but this is not the case. The new 
boiler will generally be not greater than 20 ft. long, 
and needs only a short steel chimney which, in the 
case under consideration, is erected at the end imme- 
diately contiguous to the induced-draught fan, the 
whole occupying less floor space than a brick-set boiler 
of equal evaporative capacity. The draught, controlled 
as it is by both induced and forced draught fans, is 
balanced. The former fan is driven by a small high 
speed steam engine and runs at 360 r.p.m., the latter 
fan is direct coupled to a 5-h.p. motor and runs at 
765 r.p.m. The control of the fire is complete, and on 
our inspection of the plant at work, only the faintest 
trace of smoke was visible for a few moments after 
firing. 

The superheater, shown in section in Fig. 1, and 
externally in Fig. 5, is of the firm’s parallel flow type 
and consists of 12 elements, each containing two solid 
drawn U-tubes, 1} in. in diameter externally. The 
total effective heating surface is 285 sq. ft. The 
headers are circular in section and are provided with 
branches having bolted joints for the elements which 
are withdrawable vertically. The tubes are bifurcated 
just below the level of the headers, as shown in Fig. 6. 
They are cased in above the main back casing and 
suitably lagged and packed against air leakage. Cleaning 
doors are provided at the sides, and a door for with- 
drawal of the ashes at the bottom of the casing at the 
back. The curved course of the flue gases over the 
superheater tubes, however, automatically keeps the 
tubes clean and free from dust. The fitting of the 
return flow tubes in the lower part of the boiler removes 
the old objection to the mass of “ dead” water lying 
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Fig. 6. BirurcaTeD SUPERHEATER TUBE. 


below the furnaces, and the better circulation thus 
effected not only lessens the steam-raising time and 
improves the steaming capacity, but removes troubles 
due to varying temperatures and unequal expansion 
and contraction. 

The test previously referred to as having been carried 
out by the National Boiler and General Insurance 
Company was of just over 12 hours’ duration, at an 
evaporative rate of 8,773 lb. of water per hour from 
feed water at a temperature of 113-1 deg. F., and a 
steam pressure on entering the superheater of 138-3 lb. 
per square inch. The coal used was ‘‘ Manton Cobbles,” 
and had a gross calorific value as fired of 12,835 B.Th.U. 
per lb., and a net calorific value of 12,330 B.Th.U. 
The fuel was fired at the rate of 28-38 lb. per square 
foot of grate per hour, and the water actually 
evaporated was 8-13 Ib. per lb. of fuel, the equivalent 
evaporation from and at 212 deg. F. being 10-68 Ib. 
The total power required to produce the draught was 
5-83 kw. The temperature of the air entering the 
forced draught fans was 65-9 deg. F., that leaving the 
air heaters 255-8 deg. F., and that of the gases leaving 
the air heaters 407-3 deg. F. No economiser was 
fitted. The pressure of steam at the superheater 
outlet was 137-8 lb. per square inch, and the tem- 
perature 680-4 deg. F. The moisture of the steam 
entering the superheater was 1-05 per cent., and the 
temperature of saturation 360 deg. F. Analysis of the 


Fie. 5. Smartt TuBE SUPERHEATER. 


flue gases showed a CO, content of 12-9 per cent., 
with 6-2 per cent. of free oxygen, and no CO. With 
| the above figures, the gross overall thermal efficiency 
worked out to 84-13 per cent., from which after deduct- 
| tion of 0-82 per cent. for the heat absorbed by the 
| induced and forced draught plant the very satisfactory 
| net overall thermal efficiency of 83-31 was obtained. 
| A preliminary 6-hour test gave a gross overall thermal 

efficiency of 83-24 per cent. 

The official report of the tests states that both boiler 
and superheater were absolutely tight and no leakage 
had been observed. The boiler was stated by the 
makers to have worked about 250 hours and had not 
been cleaned internally since it was first put to work. 
The report is concluded by some general remarks, from 
which the following are abstracted. ‘“‘ We consider 
the thermal results very good, especially in view of the 
fact that the feed water is not heated by means of the 
flue gases. The high efficiency appears to be due, 
not only to the provision of air heaters, but also to the 
fact that the boiler is extremely well clothed with non- 
conducting composition and has no external brickwork 
flues, hence radiation is reduced to a minimum, and 
there is no loss owing to the ingress of air. The low 
radiation loss was very apparent. The fireman has 
extremely easy control, and when the door is open for 
firing no cold air is drawn into the furnaces. During 
the test the chimney was kept under observation, and 
in spite of the high CO, content of the gases, it is 
satisfactory to report that smoke was practically non- 
existent. As the overall net efficiency of a Lancashire 
boiler with superheater and economiser is usually from 
60 to 70 per cent., the net thermal efficiency of your 
Super-Lancashire Boiler Unit (which does not include 
a flue gas water heater) is a noteworthy achievement.” 

















Super-Tax aND SuRr-Tax Manvuat.—We have just 
received a copy of the second edition of Super-Tazx and 
Sur-Tax. This manual shows how these taxes are 
computed and assessed in Great Britian and the Irish 
Free State, and gives full details regarding deductions, 
rates, returns, appeals, and the like. The book com- 
prises 87 pages, and is obtainable, price 2s. 6d. net, or 
—_ free 2s. 74d., from the author, Mr. C. H. Tolley, 
07, Tierney-road, Streatham-hill, London, 8.W.2, or 
from the publishers, Messrs. Waterlow and Sons, Limited, 
London Wall, E.C.2. 
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CONSUMPTION OF FUEL IN LOCO- 
MOTIVE PRACTICE.* 
By Sm Henry Fow ter, K.B.E., M.Inst.C.E. 


THE consumption of fuel in a locomotive firebox is, 
the author believes, unique in boiler practice. The con- 
ditions under which coal is consumed are in themselves 

uliar, but the demands for steam made upon the 
iler first of all require consideration. These vary 
almost from moment to moment, and there are com- 
a, few cases where the demand is constant 
or more than a few minutes consecutively. In the 
first place the demand is dependent amongst other things 
on the location of the stations at which the train is re- 
quired tostop. Whilst stationary, naturally there is no 
demand, but fortunately the ordinary means of draught 
ceases; nevertheless when a fresh start is made there 
must be a full head of steam, so as to ensure a good supply 
in order to allow of a late cut off, and so permit a 
maximum tractive effort to give as rapid acceleration 
as possible from rest until normal speed is attained. 
It is necessary too, to prepare the fire for a stop at a 
station so as to prevent as far as possible the genera- 
tion of steam when standing and the serious steam loss 
and inconvenience from noise, &c., due to the safety 
valves blowing off. There is too a point arising out of 
stopping which is perhaps not always fully recognised. 
All coals possess a certain amount of ash, and in 
some cases this causes a slag which collects on the 
firebars. The slag in itself varies in character, some 
setting into hard masses at a comparatively low tem- 
perature. Where this occurs during the stop at a 
station and retards the free passage of air through the 
bars, it may be a considerable time after re-starting 
before the fire can again be got into good condition. 
It is very rarely (practically never) that the stop at a 
station is long enough to enable the fire to be cleaned 
properly. In addition to seeing that the fire is in 
proper condition before coming to a booked stop, it is 
advisable to see that the water in the boiler is not too 
high, asit is often advantageous to put on the injector 
to fill the boiler while standing, so as to prevent blow- 
ing off, with the resultant of waste as previously 
mentioned. 

Stopping at stations is, however, only one of the 
matters resulting in variations in steam demand. The 
contour of the line is constantly varying, and with it the 
demands for power. It may be taken that under 
normal circumstances on a level railroad, on a calm day, 
travelling at, say, 50 miles per hour, the tractive effort 


required at the tender drawbar is somewhere in the | 2 


is universal on the larger types of locomotives, not, how- 
ever, because they give greater efficiency, but because 
the amount of fuel to be fed into the firebox per hour 
necessitates their use. 

It will readily be understood with so comparatively 
small a grate area common with English locomotives, 
the combustion of fuel per square foot of grate area is 
high. This matter is one which has received the closest 
attention, and it may be taken that under the con- 
ditions existing in this country it is not advisable to 
burn more than 80 Ib. per square foot of grate area per 
hour, (although a much higher figure than this is 
common in America), and it may be taken that any 
increase leads to very considerable loss of efficiency. 
Figures for the water evaporated per lb. of fuel in 
America are not readily available, but it may be taken 
that in this country with a well-designed boiler and 
satisfactory firing, an evaporation of 8 lb. to 9 lb. of 
water per lb. of coal may be looked for in British 
practice. As the author has pointed out elsewhere,* in 
a case taken this gave an efficiency of the boiler of 
71 per cent. and an evaporation of 9-5 lb. of water per 
square foot of heating surface. 
square foot of heating surface had been burnt, the 
evaporation per square foot of heating surface would 


have risen to 14 lb., but the efficiency of the boiler | 


would have fallen to 40-2 per cent., and the water 
evaporated per lb. of fuel to 5-75 lb. It will therefore 
be seen how necessary it is from an economical stand- 


oint not to force the boiler and to see that it is care- | 


ully designed and maintained in good working con- 
dition. 

It is often a matter for wonder how so small a boiler 
as that of a locomotive can provide sufficient steam 
to produce over 1,000 h.p., as is the case with many 


If 160 lb. of fuel per | 


smokebox of about 6 in. of water is usually looked upon 
as satisfactory. This can be varied as the size of the 
issuing orifice of the exhaust is varied. A balance, 
however, has to be struck, as, if the orifice is too large, 
the issuing velocity will be low, and it may be that 
although the “‘ pull” on the fire may be gentle, it may 
not be sufficient to draw the necessary air through. 
There have been many devices which are arranged to 
vary the size of the orifice according to the cut off 
at which the engine is working ; as for instance, with a 
late cut-off, and therefore large amount of steam to 
be exhausted per stroke, a large opening, and vice 
versa. These, however, have not given the success 
which would lead to their universal adoption. If the 
orifice is reduced too much a keener draught is the 
result. This allows of more coal per square foot of grate 
area being burnt, but with a loss of efficiency ; and not 
only is a greater back pressure thrown on the pistons, 
but the harder “ pull” on the fire causes it to burn in 
holes and pulls the smaller and ligher portion of com- 
bustible matter through the tubes. It will be seen that 
| the orifice has to be arranged so that sufficient coal 
may be burnt, and steam raised and yet the efficiency 
of the boiler maintained as high as possible. An impor- 
tant point in the efficiency is the size and length of the 
tubes through which the hot gases pass on their way from 
the firebox to the smokebox and chimney. This is a 
point to which very careful attention has been given, 
and particularly by Mr. Lawford Fry, who has embodied 
his investigation in a small volume published a few 
years ago.* Sufficient heating surface has to be pro- 
| vided and yet the tubes must not be so long in propor- 
tion to their diameter that the velocity of the gases is 
| unduly retarded. Larger diameters of boiler tubes with 
the restricted diameter of the boiler barrel, as in a 








neighbourhood of 10 lb. per ton. Directly a rising 
gradient of 1 in 224 is met, however, this is immediately 
doubled, whilst for a rising gradient of 1 in 100 the 
resistance is increased by 22-4 lb. per ton, and such 
gradients are to be found on many of our main lines. 
The effect of curves is considerable, and although 
their actual influence is dependent on many causes, it 
has not been very fully investigated. 

The wind also has a very considerable influence on 
the power demanded. This is more marked, however, 
in the case of a side wind, rather than a head wind. 
This is due to the fact that a side wind tends to drive 
the whole train over against one rail increasing 
materially the flange friction against this rail. 

Now let us consider the method by which coal is 
consumed in the locomotive firebox. It is not necessary | 
to give in detail the construction of the locomotive or 
its boiler, but to consider this as it affects combustion. 
In this country it is the general, but not universal, 


engines. If the design of a locomotive presents—as it | locomotive, tend to give too small a heating surface, 
undoubtedly does—certain difficulties, the boiler has | whilst considerations of weight prevent the lengthen- 
certain distinct advantages. One of these is that it can | ing of the barrel itself. It may be taken, however, that 
be relied upon to give much greater steaming capacity | @ ratio of length to diameter of tubes of 90—100 is 
than is the case with many stationary boilers. This is | generally sufficient. It is a fallacy to imagine that the 
probably largely due to the fact that it is constantly steaming capacity of a locomotive boiler may always 
moving and being shaken, and this leads to the rapid be increased by increasing the number of tubes in the 
release of the steam bubbles as they are formed, and | barrel. Under certain conditions this may be the case, 
to the maintenance of what may be called ‘“ wet’’ | but if improperly designed there may be trouble, from 
surfaces of the metals exposed to heat. This is not | a steam point of view, as the tubes may be so close 
always an advantage, for when sodium salts are present | together as to prevent proper circulation in the barrel, 
in water they cause priming much more easily in| whilst the reduction of the bridges between the tubes 
a locomotive than in a stationary boiler. In the latter | in the copper tube plate of the firebox may lead to 
they may rise as high as 800 to 1,000 grains per gallon, | cracking and the difficulties which arise from this. 
whilst with a locomotive they may not rise higher than| There is little that can be said with regard to firing 
250 grains per gallon. The high and rapid evapora- | itself which is not self-evident. There are two methods, 
tion from the small body of water leads to small | namely, the one in which the fire is kept slightly hollow, 
particles of water being carried away with the steam, | being somewhat thicker at the sides, and the other 
although this is, of course, rectified somewhat in the | commonly known as the haystack method, in which the 
case of superheated locomotives. thicker fire is down the centre. In both cases the fire 
The combustion of the fuel takes place wholly in | should be as thin as possible and yet not in holes. Care 
the firebox, and the necessary air is fed in two ways, | must be taken to regulate the secondary air, and to watch 
the primary air coming in through the damper or | carefully and anticipate wherever possible the varying 
dampers, and through the fuel bed, and the secondary air | demands on the boiler. Little has been done with 
through the firehole door. The air supply must of | regard to preheating the air for combustion with 
necessity be adjusted so that in neither case is there | ordinary locomotives, although this has been employed 
too large an excess or deficiency, with resultant loss. | on certain turbine locomotives, whilst it is interesting 
As has been said, the fuel is burnt at a high rate per | to note that Mr. H. N. Gresley, of the London and 
square feet of grate area, and the velocity of the air| North Eastern Railway, has adopted this on his 


admitted is also very high and the combustion rapid. 


In order that there should be as good a mixing of gases | 


as possible, and that little shall pass away inthe form 


|of unburnt combustible gases, a brick arch is fitted 


across the front portion of the firebox directly under 
the boiler tubes. Round this the partially burnt gases 





practice to arrange the fire-grate of the boiler between | from the fuel pass on their way, meeting the secondary 
the frames. This means that the width available is not | air from the firehole door, which is fitted with a deflector 
greater than about 3 ft.4in. On the London and North plate, to assist in the necessary mixing and turbulence. 
Eastern Railway many of their largest and most recent | The entering air may have a velocity of well over 60 
locomotives have grates carried over the top of the | miles per hour; and the deflector tends to throw it under 
frame and of a width of vearly 7 ft. This naturally, | the brick arch which is built at a rising angle to the 
however, decreases the depth of the firebox. The length horizontal, and arranged so that there can be no 
of the firebox is also restricted, as it is necessary natu- | opportunity of the air from the firehole door passing 


rally to allow of the fireman being able to spread the | directly over it and into the boiler tubes. If firing is’ 


coal over the grate satisfactorily. In order to help in | correct and the boiler properly designed, the ideal 
this direction the majority of the grates of locomotive | conditions for economical fuel combustion would seem to 
boilers in this country are inclined, at all events, for | be secured when a very thin smoke issues from the 


part of their length. In any case the greatest length chimney. Such conditions show that there is no excess | 
of grate which can be satisfactorily fired is about | of air; the latter may be present not only through the | 
9 ft. 9 in. inside, and assuming the box is 3 ft. 6 in. | firehole door being opened too much, but through holes | 


wide, this means a grate area of 34 sq. ft. As a/in the firebed itself. It will be appreciated that the 
matter of interest, it may be mentioned that the | firehole door is arranged so that the amount of second- 


| interesting locomotive which has a water tube boiler. 

| Various methods have been adopted for conserving 
| fuel on a locomotive, such as superheating, feed-water 
heating, the employment of exhaust steam injectors, 
&c., but these seem to be hardly within the scope of 
this short paper. 





THE RELATION BETWEEN MACRO- 
AND MICROSTRUCTURE IN SOME 
NON-FERROUS ALLOYS.+ 

By Marre L. V. Gayuer, D.Sc. 


| In the course of a research on the undercooling of 
|some aluminium alloys it was noticed that in a chill- 





|} cast alloy a coarse macrostructure was accompanied 
by a fine microstructure. The macrostructure of an 
| alloy is that structure which is determined by oblique 
lighting, and is developed by an etching reagent that 
attacks the various individual crystals of the constituent 
which separate primarily. The number of dendritic 
| branches growing from the original dendrite determines 
|the arrangement of the eutectic which solidifies last, 





‘grate area of the three most recently constructed | 
locomotives of the railways of this country are “ Royal 
Scot’ (London Midland Scottish Railway), 31-2 | 
sq. ft., “Lord Nelson” (Southern Railway), 33 sq. | 
ft., “King George V” (Great Western Railway) | 
34°3 sq. ft., these having narrow fireboxes; whilst | 
the grate area of the “Flying Scotsman” (London | 
and North Eastern Railway), is 41 sq. ft. with | 
a wide firebox. In the U.S.A. where the loco- 


motives may be, and are, much larger, the grate area 
rises to 90 sq. ft. There the use of automatic stokers | 
* Paper read before Section G of the British Associa- | 
tion at Bristol on Tuesday, September 9, 1930. 


ary air admitted through it may be varied according | 20d this arrangement is generally known as the micro- 
to requirements. Care has also to be taken so that | Structure. The actual fineness of the eutectic which 
there is never too much green coal on the grate, as in crystallises last depends, as well as that of the micro- 
the restricted space there is little chance for the distilled | Structure, upon the casting temperature, i.c., the 
hydro-carbons to be properly consumed, and they | higher the casting temperature, the finer the eutectic 
escape, not only causing heavy smoke, but also leading structure and the finer the microstructure. In order 
to considerable waste. to find an explanation of these facts, some further 
The method of utilising the exhaust, or portion of the experiments were carried out on a tin alloy containing 
exhaust, by passing it through a blast pipe, which, byits | 9% Per cent. lead, and also on a 7 per cent. copper- 
* 4A Study of the Locomotive Boiler. By Lawford H. 


ejector action, draws air through the fire and firehole 
door, is well known, but there are several points in this | Fry. New York: The Simmons-Boardman Publishing 
| ~y (1924). 


to which attention may be drawn. A vacuum in the 
—=4 *aper read before the Institute of Metals, Southamp- 
Abridged. 








| 
* Institute of Fuel Conference, November 21, 1928. | ton, on Wednesday, September 10. 
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aluminium alloy, and an 11 per cent. silicon-aluminium 
alloy. The results obtained regarding the effect of 
rate of cooling, gas, &c., on the structure of the alloys 
were considered of sufficient interest to warrant publi- 
cation, even though they did not solve the immediate 
problem. They should, however, be considered as 
preliminary to a much wider investigation, which 
involves the study of crystallisation. 

The 5 per cent. Lead-Tin Alloy.—This alloy was chosen 
since it is completely liquid at 225 deg. C., and the 
effect of superheating on the macro- and microstructures 
can, therefore, be easily followed. Three types of 
moulds were used: Two l-in. steel moulds, the ratio 
of the cross-section of the mould to that of the casting 
being 7:1 and 3:1 respectively, i.e., ratios of the 
mass of the mould to that of the casting being respec- 
tively 48:1 and 8:1; and a 1-in. sand mould with a 
wall thickness of } in. in a steel tube. The alloys were 
cast from three temperatures, namely, 250 deg., 350 deg., 
and 450 deg. C. Each casting was sectioned in the 
vertical and transverse direction, and the sections thus 
obtained were etched in order to develop their macro- 
and microstructures respectively. It was seen in the 
case of the chill-cast alloys that the higher the casting 
temperature the coarser becomes the macrostructure, 
while the microstructure becomes correspondingly 
finer. With sand moulds, however, little difference 
was observed in the macrostructure, but the micro- 
structure varied appreciably. It appears from these 


conducted away from the molten alloy in the mould is 
little altered by different rates of pouring. 

Effect of the Mould.—In both experiments the heavier 
steel mould gave the coarser macrostructure, but the 
difference was less marked in the castings poured at the 
slower rate. The heavier mould gave the coarser 
microstructure when the rate of pouring was slow, but 
a finer microstructure while the rate was more rapid. 
The mass of the mould is an important factor in these 
experiments, for on it depends the rate at which heat is 
conducted away from the melt. The finer micro- 
structure, which accompanies the coarser macrostruc- 
ture on rapid pouring, is in agreement with the results 
already mentioned, and is indicative of a certain 
amount of undercooling. In the case of sand-castings 
the microstructure is finer when the alloy is poured 
at the slower rate. 

Effect of Mould and Rate of Pouring.—The coarsest 
macrostructure and the finest microstructure are 
obtained when the molten alloy is poured most rapidly 
into the heavier mould. From these results it is seen 
that the rate of pouring affects both macro- and micro- 
structure, and that in the case of chill-moulds the ratio 
of the cross-section of the mould to that of the casting 
is of great importance. 

Aluminium Alloys.—The alloys were cast from their 
normal casting temperature, and from a temperature 
about 100 deg. C. higher, and were previously melted 








in one of the following ways: (1) in vacuo; (2) in an 





tends to be only very slightly coarser than that cast into 
a graphite mould, and there is no visible difference in 
the corresponding microstructures. This is rather 
surprising, since one would have expected greater 
chilling in the cast of the steel mould, and consequently 
a more marked difference in both the macro- and the 
microstructures. When the alloy is cast from 840 deg. C. 
the chilling effect of the steel mould is more marked. 
In the case of both moulds, crystals start to grow out 
into the centre of the chill in a direction at right angles 
to the wall of the mould. Little difference, however, 
occurs in the corresponding microstructures. 

It is very surprising that the moulds employed have 
little or no effect on the microstructure when the alloys 
are cast under similar conditions, but that differences in 
the microstructures occur if the casting temperature is 
raised. For example, when the casting temperature is 
740 deg. C., the microstructures are similar whether 
a steel, graphite, or water-cooled copper mould is 
used, as is evident upon comparing Figs. 1, 2 and 3, 
annexed, in which the specimens have been etched 
with 20 per cent. nitric acid at 70 deg. C. Hf, 
however, the alloys are cast from 860 deg. C. the 
microstructures of the castings are again similar, as 
before, to each other, but they differ from those of 
the alloys cast from 740 deg. C. into similar moulds, 
though in the present instance only by a small degree. 
When the casting temperature is raised to 950 deg. 
C. and above, the change in microstructure has been 
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results that large crystals grow both in a steel mould 
as wellfas in a sand mould, but they are of a different 
type. Those formed in the steel moulds tend to be 
columnar, growing inwards in a direction normal to 
the wall of the mould, while those formed by slow 
cooling tend to be equi-axed. The microstructures of 
these two types of crystals are quite different. 

The effect of rate of pouring on both macro- and 
microstructure was next studied, using the same 
moulds. The rates of pouring are given in Table I. 
The casting temperature was 350 deg. C.; this tem- 











Taste I. 
Time taken for 
Time taken in 
Mould. Melt to Solidify 
Pouring. in Mould. 
— Seconds. 
‘ 30 
Steel (7:1) ay 55 70 
‘ 29 
Steel (8: 1) a 60 om Ra 
nutes approx. 
Sand (ii) 49 Several minu 








perature was chosen because variations in the grain- 





size are more marked in an alloy cast from a tempera- 
ture well above the liquidus. The results may be 
considered briefly under three headings, namely, 
(1) effect of rate of pouring; (2) effect of the mould; 
(3) the combined effect of (1) and (2). 

Effect of Rate of Pouring.—In the case of both chill- 
castings, a coarser macrostructure is obtained with the 
faster rate of pouring; and this macrostructure is 
accompanied by a finer microstructure. The macro- 
structures of the sand-casting are practically the same, 
which is to be expected, since the sand has little actual 
chilling effect, and hence the rate at which heat is 
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atmosphere of air; (3) in an atmosphere of nitrogen ; 
(4) in an atmosphere of hydrogen ; and (5) in an atmos- 
phere of furnace gases. The metal was then poured into 
four different moulds, namely, a 1-in. steel mould, the 
ratio of the cross-section to that of the casting being 
as 3:1; a 1-in. graphite mould, the ratio of the cross- 
section to that of the casting being as 3:1; a 1-in. 
water-cooled copper mould, the ratio of the cross- 
section to that of the casting being as 3:1; and a 
l-in. sand mould, 4-in. wall thickness. The steel and 
sand moulds were at room temperature. 

In all cases the castings were cut vertically down the 
centre, and the lower half of one piece was macro- 
etched, while a transverse section was taken from the 
middle of the casting and etched in order to bring up 
the microstructure. The alloys were made from the 
purest commercial aluminium, which was previously 
freed from gas by either the nitrogen process or by 
the slow-cooling process, and the second constituent, 
copper or silicon, was added in small pieces, keeping 
the temperature of the melt as low as possible; the 
melt was cast into chill-moulds. These castings were 
then remelted in a high-frequency induction furnace 
in vacuo; some of the gas which had been absorbed 
during the previous melting was now liberated during 
this heating, and was thus pumped off. The special 
gas was then admitted and passed over the melt for a 
given time. A 7 per cent. copper-aluminium alloy 
was first employed, and the two casting temperatures 
chosen were 740 deg. C. and 840 deg. C., respectively. 

When the alloy is cast from a normal temperature, 
i.e., ® temperature not far removed from the liquidus, 
the macrostructure is comparatively little affected by 
the different atmospheres under which the alloy is 
melted; but when the casting temperature is high 
the effect of various gases on the macrostructure is 
very marked. Generally speaking, the macrostructure 





of the alloy cast from 740 deg. C. into the steel mould 
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shown to be very marked.* There are marked differ- 
ences in the corresponding macrostructures. - From 
these results it appears that, provided the dimen- 
sions are kept constant, variation in the type of mould 
used for chill-casting has little or no effect on the 
microstructure. If the casting temperature is not 
much above the liquidus, only slight differences in 
macrostructre appear, but when the casting temper- 
ature is raised much above the liquidus the effect of 
the mould on the macrostructure is much more 
marked; the micro-structure is affected in a much 
lesser degree. 

This conclusion may be compared with that deduced 
from the experiments with lead-tin alloys. In the 
latter case it was found that variation in the ratio of 
the cross-section of the mould to that of the casting 
caused changes in both macro- and microstructures. 
In the above instances, however, when that ratio was 
kept constant with similar conditions of casting, a 
steel mould and graphite mould gave practically 
identical macro- and microstructures. The water- 
cooled copper mould, however, causes more rapid 
chilling when the metal first enters the mould, and 
the resulting crystal size is extremely fine. On the 
whole, little variation in crystal size could be detected 
in the macrostructures of either series of castings when 
the above mould was used. alloys cast from 
840 deg. C. were characterised by a more marked narrow 
layer of columnar crystals along the edge of the chill 
and slightly larger equi-axed crystals inside. The 
microstructures were all fine, but the fineness varied 
according to the conditions of casting. 

Copper-aluminium alloys are well known to exhibit 
inverse-segregation, and it was thought advisable to 
see whether gas had any effect on the segregation of 





* Gayler, “The Undercooling of Some Aluminium 
Alloys,” Jour. Inst. Metals, 1927, vol. xxxviii, page 157. 
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| 

the copper in the alloys. Analyses were taken from | use of water-cooled copper moulds, prevents the 
the centre and outer edges of chills cast in graphite, | absorbed gases from affecting the resulting macro- 
copper, and steel moulds. Turnings were taken from | structures. It seems probable that a gas other than 
the outside of the casting to a depth of ,'; in., and| hydrogen, or possibly atomic hydrogen formed from 
from a central portion % in. diameter. The results of furnace gases, is responsible for the coarse macro- 
the analysis are given in Table IT, below. | structures which can exist in 7 per cent. copper- 

It appears from these results that material which has | aluminium alloys, when they are cast from high 
been previously freed from gas, and which has subse- | temperatures. 
quently been melted in vacuo, still presents the pheno-| It has been shown above that the presence of furnace 
menon of inverse segregation. It is not suggested | gases, when an alloy is heated much above its liquidus, 
that all gas had been removed, previous to casting,| has a very marked effect on the macro- and micro- 
from the metal, but that it is more gas-free than that | structures. The possibility, therefore, of furnace gases 
used normally. It is remarkable that the alloy chilled | playing an important part in the “ modification * of 
in the most rapid manner shows the greatest amount | silicon-aluminium alloys needs consideration, since in 
of segregation. If the casting temperature is raised|the method recommended by Archer and Kempf 
and the melt is exposed to nitrogen, slight decrease in| (and used in the following experiments) the alloy is 
segregation occurs in the alloys cast in the graphite | heated to a temperature about 200 deg. C. above its 
and steel moulds, respectively, and a marked decrease | liquidus, and is also kept for 10 minutes, after the 
when the water-cooled copper mould is used. The| addition of the sodium, at a temperature above 
presence of hydrogen, however, seems to cause an | 700 deg. C., so as to prevent cooling too rapidly before 
increase in the percentage segregation in both the| casting. The alloy has, in this way, plenty of oppor- 
water-cooled copper and steel castings, but a decrease | tunity to absorb gas previous to casting. In order, 
in segregation in the alloy cast in the graphite mould. | therefore, to demonstrate whether absorbed furnace 

These results are interesting in view of the conclu- | gases do or do not affect the process of modification, 
sions which have been deduced by Genders* in his | the conditions of casting must be exactly similar. 
researches on ‘“* The Mechanism of In- 
verse Segregation.”’ He concluded that 
gases play an important part in inverse 
segregation, and suggested possible 
methods for avoiding this by either free- 
ing the melt from gas or by inducing 
solubility of the gases in the solid alloy. 
In the present case, the facts indicate 
that the removal of gas from a copper- 
aluminium alloy by the nitrogen pro- 
cess, followed by vacuum melting, does 
not stop segregation, and that in the 
case of the melt which has been exposed 
to nitrogen and hydrogen, rapid chilling 
prevents segregation in the first case, 
but not in the second. The gases used 
in these experiments caused marked 
effects on the grain-size. If the alloy 
is melted in vacuo and if its macrostruc- 
ture is compared with that cast under 
normal conditions, it is found that the 
alloy melted in vacuo has a finer macro- 
structure, whether it is cast from 740 
deg. or 840 deg. C. The corresponding 
microstructures are similar. When the 
alloy is melted in vacuo and then ex- 
posed to nitrogen or air there is little 
difference in the macrostructure from 
that obtained under normal conditions 
when the casting temperature is 740 
deg. C., but marked differences occur 
when the casting temperature is 840 
deg. C. The microstructures of the 
alloy cast from 740 deg. C. and 840 
deg. C. into a steel mould, after expo- 
sure to nitrogen, are both slightly 
coarser than that obtained when the 
alloys are cast normally from these 
temperatures. When the melt is ex- 
posed to hydrogen the finest macro- 
structure of all is obtained, whichever 
casting temperature is used. The corresponding micro-| Experiments carried out using an 11 per cent. 
structures of the alloy cast into the steel mould were, | silicon-aluminium alloy showed that the best ‘* modi- 
if anything, slightly finer than those obtained on) fied” structure was that obtained after exposing the 
exposure to nitrogen. The macrostructures of the | melt to furnace gases previous to modification. 
sand-cast alloys are of interest. The variations in| This experiment was repeated twice more under 
crystal size of the alloys cast from 740 deg. C. after| similar conditions, and the resulting microstructures 
exposure to different gases are of the same order as in| confirmed the above results. It must be realised that 
the chill-castings. It is remarkable, however, that | it is extremely difficult to ensure all conditions being 
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TABLE Ni. 
| Cast from 840 deg. C. 
| Cast from 740 deg. C. : eS 
Mould. | Vacuum Melt. Exposed to Nitrogen for Exposed to Hydrogen for 
| 25 minutes before Casting. 25 minutes before Casting. 
Copper. Per cent. Copper. Per cent. 
Per cent. Per cent. Per cent. 
Censbite. eutebh — difference. difference. difference. 
rap , Ou D xe *62 ” 6-95 .s 6-93 
Copter ofemte 5-98 -y 6-30 seine 6-33 ecd 
lopper, outside .. he a 55 ce } 6-92 7:10 
sth ogee 5-73 a4-8 6-55 alia 6-00 16-8 
s , Outside <= + ss 6-60 , 7-07 7-03 
» centre 5-90 ss 6-33 at? 6-24 aliad 





the casting previously exposed in the molten state to | similar and that small differences may cause marked 
furnace gases for 25 minutes shows no difference in| changes in the resulting structures, but in the three 
crystal size in comparison with that cast under normal | series of experiments carried out, modification had 
conditions. In contrast with this, the very marked | taken place most completely in the alloy which had 
difference in crystal size which occurs when the casting | been exposed longest to gas. The chill-castings 
temperature is 840 deg. C. is shown in Fig. 4, | obtained from the experiments were examined for 
above. By comparison with the above results, it | pinholes, as an indication of their gas contents. It 
appears that rapid chilling, such as is caused by the | was seen that the greatest number of pinholes occurred 
— in the last casting, where the alloy had been exposed 
* See ENGINEERING, vol. cxxiii, page 370 (1927). longest to furnace gases, 
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It has been suggested that modification by under- 
cooling might be obtained if a melt were cast into a 
heavy copper mould. Previous experiments had 
shown that modification could not be obtained by 
casting a melt into wedge-shaped thin copper moulds 
standing in ice and brine. A normal 11 per cent. 
silicon-aluminium alloy was cast ra 770 deg. C. into 
the steel, graphite, and water-cooled copper moulds 
used in the previous experiments with copper-alumi- 
nium alloys. The microstructure of the respective 
edges of the resulting castings showed that in no case 
was a modified structure obtained. As in the 
case of the 7 per cent. copper-aluminium alloy, the 
differences in microstructure due to the different 
moulds were extremely slight. Unfortunately, no 
reagent has been found which develops the macro- 
structure in a satisfactory manner, but judging by 
the dendrites, long columnar crystals had grown out 
radially from the walls of the moulds. The conclusion, 
therefore, is the same as previously stated, that a 
modified alloy cannot be obtained by chill-casting. 


CATALOGUES. 


Water Heater.—An electric water heater for small 
quantities to suit domestic requirements is illustrated 
in a circular received from Messrs. The Bastian Meter 
Company, Limited, Farnham-road, Slough. 

Electric Starters—A leaf catalogue of automatic 
motor starters for starting polyphase squirrel-cage 
induction motors up to 5 h.p., is to hand from Messrs. 
Igranic Electric Company, Limited, 149, Queen Victoria- 
street, London, E.C.4. 

Instruments.—A number of leaf catalogues of instru- 
ments for regulating water level, temperature, pressure 
and vacuum, and of steam traps, a portable gas calori- 
meter and small air-compressor sets, are to hand from 
Messrs. Drayton Regulator and Instrument Company, 
Limited, West Drayton, Middlesex. 


Electrical Machinery.—We have received two recent 
issues of the periodical bulletins issued by Messrs. 
A.C.E.C. Company, Charleroi, Belgium, illustrating and 
describing some of the large-scale generators, motors 
and other electrical machines produced by the firm, 
whose London office is at 56, Victoria-street, S.W.1. 
The bulletins are in French. 

Turbo-Generators.—Messrs. Metropolitan Vickers Elec- 
trical Company, Limited, Trafford Park, Manchester, 
have issued a new catalogue containing a detailed descrip- 
tion of the self-contained turbo-generating unit, which 
they originated in 1927. These are made for high-pressure 
service or for pressure-reducing and pass-out service, 
and in capacities from 200 to 6,250 kw. alternating 
current, and from 200 to 2,000 kw. direct current. 
We have also received a leaflet giving a report of tests 
of this company’s machines at Riverside, Shanghai. 


Stone Preparing Machinery.—A catalogue of machines 
for preparing stone, sand, gravel, asphalte, concrete, 
&c., by breaking, crushing, screening, washing, and 
other processes is to hand from Messrs. Marshall, Sons 
and Company, Limited, Gainsborough. These machines 
are designed to handle the work automatically as far 
as is practical; for example, in loading by mechanical 
elevators and discharging the several grades of output into 
separate containers. Complete line drawings are given 
for a plant producing supplies for macadam road making, 
and of another for crushing, washing and grading gravel, 
&e. 

Steam Valves.—One of the most comprehensive cata- 
logues of valves, gauges and similar steam fittings is that 
issued by Messrs. Smith Brothers and Company (Hyson), 
Limited, Nottingham. The new edition for this year 
makes a substantial volume of 240 pp. Each section is 
indexed and a general index is added, while the sections 
are easily found by projecting indicators. The sections, 
which are also issued as separate pamphlets, deal with 
pressure gauges and thermometers, lubricators, whistles 
and signals, steam traps, fire fittings, injectors, valves 
and water fittings. Illustrations, dimensions and prices 
are given for every item. 


Electrical Fittings.—Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne, have sent us a set of cata- 
logues in a loose-leaf binding divided into sections, and 
provided with a thumb index. The catalogues deal with 
fuse gear, air-break switches, oil-break switches, plugs 
and sockets, heating apparatus, and cable sealing ends. 
The section on plugs and sockets present a very extensive 
range of fittings with illustrations, working dimensions 
and prices for each item; the other sections, though 
smaller, give similar details. The firm have also issued 
a leaf catalogue of metal-clad oil-immersed, ring-main 
isolators, with provision for teeing off a small supply. 


Marine Oil Engines.—The Deutz marine oil engines 
made by Messrs. Motorenfabrik Deutz, of Cologne, are 
the subject of a special catalogue to hand from the 
British agents, Messrs. Porn and Dunwoody, Limited, 
72, Fleet-street, London, E.C.4. The engines are of the 
airless-injection type and are made to operate on the 
four-stroke cycle with 2 to 10 cylinders developing from 
80 h.p. to 1,600 h.p., and on the two-stroke cycle with 
1 to 4 cylinders, developing from 6h.p. to 100 h.p. Three 
variations are described as ordinary speed, high speed 
and light weight. Particulars are given which show that 
the engines are widely employed as main engines in small 
and fairly large canal and sea-going vessels, and more 
| extensively as auxiliary engines for driving generators, 
| pumps, air compressors, capstans, winches, &c., on board 
|ship. The catalogue is in English. 
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THE OAKLAND-ALAMEDA ESTUARY 
TUBE. 

By A. R. Baker, A.M.Am.Soc.C.E. 


THE cities of Oakland and Alameda, California, 
lie on the eastern shore of San Francisco Bay. 
Together with the cities of Berkeley and Richmond 
to the north they form what is known as the East 
Bay District, and up till within the last ten years 
were merely suburban adjuncts to the great city of 
San Francisco across the bay. Within the last 
decade, however, the growth in population and 
industrial activity has caused the district to become 
more and more an entity in itself, aggregating a 
population of 500,000. The relation of the cities 
named will be clear from the Fig. 1 below. All the 
usual problems of modern metropolitan districts 
are being encountered in this area, and among the 
greatest is the traffic problem, aggravated by the 
rapid increase in the use of motor vehicles. Arterial 
highways have to be continually widened and 
improved, and new outlets for traffic have to be 
provided. The construction of the Oakland- 
Alameda Tube, now known as the George A. Posey 
Tube, was the outcome of one of these traffic 
problems. 

The City of Alameda is cut off from direct connec- 





tion with the City of Oakland by the San Antonio 
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Consequently, studies were started to provide 
for this contingency. 

In the early days of the State of California the 
Board of Supervisors of the County of Alameda, in 
which the cities of Oakland and Alameda are located, 
were charged with responsibility for the operation 
and maintenance of the bridges across the Estuary, 
and naturally the duty of replacing the Webster- 
street Bridge fell upon that body, the County 
Engineer being Mr. George A. Posey. The Board 
of Supervisors instructed Mr. Posey to proceed 
with studies, and make designs of possible solutions 
of the problem. The geological and topographical 
formation of the site did not lend itself to the more 
usual or accepted forms of solution, and the 
problem proved a rather complex one to solve. 

The building of a high-level bridge was hardly 
economically possible. The country on each side was 
low and flat, making long approaches necessary, and 
the approach at the Oakland end would have had 
to extend almost to the present business centre of 
the city, to give an easy grade to the centre span, 
which would have to provide 150 ft. clearance over 
the Estuary. This would have interfered with the 
increasing traffic of the downtown district of Oak- 
land, and would not have provided easy access to 
the business area adjacent to the Estuary, which was 
probably more interested in the crossing than any 
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Estuary, an arm of San Francisco Bay running in 
an easterly direction between the two cities as 
may be seen in Fig. la. The Estuary is maintained 
by the United States Government as a navigable 
inlet of the bay, and is an important feature of the 
industrial life of the two cities. It is some five 
miles long, with an average width of 1,000 ft. and 
a maintained depth of 30 ft. over most of its length. 
Piers and shipyards line its shore on both sides, and 
with the growth and prosperity of the twin cities 
ship traffic has increased very rapidly. 

Crossing the Estuary at right angles to its ever- 
increasing marine traffic, the vehicular traffic 
between the cities has been carried over four low- 
level swinging bridges, which are located at advan- 
tageous points. For many years it has _ been 
realised, with the vehicular traffic also on the in- 
crease, that these bridges are rapidly becoming 
obsolete. Stoppage of one of these traffic streams 
to give the other unobstructed passage, has been 
a source of increasing aggravation, and the delay 
incident to the opening and closing of the bridges 
became almost unbearable. Some years ago the 
United States Government condemned the Webster- 
street Bridge, shown in Fig. 3, page 384. This 
is the most westerly, and therefore the bridge 
nearest the business centre of Oakland, and carry- 
ing the most traffic. The Government notified 
the County of Alameda that the Webster-street 
Bridge must be replaced at once with either a 
high-level bridge or subsurface tube, to give un- 
obstructed passage to the growing marine traffic 





on the lower or western reaches of the Estuary. 


other parts. The geological formation was also un- 
favourable for a high-level bridge. On the Oakland 
side a tough sandy clay was present within a few feet 
of the surface, and would have provided suitable 
foundation for piers, with proper precautions in 
design and construction. As shown in Fig. 2, this 
formation lies on a plane which slopes southwards 
on a 15 deg. angle and as the Estuary is reached, 
it is some 30 ft. below the surface. In the centre 
of the Estuary it is about 50 ft. below, and continues 
downward on about an even grade to the Alameda 
shore. On the south side of the San Antonio 
Estuary is a deposit of soft mud, of a thickness 
exceeding 100 ft., and the construction of suitable 
foundations for the piers of a high-level bridge 
would have been almost prohibitive in cost on 
this side. 

The usual method of tube construction did not, 
for the same geological reasons, seem to lend itself 
to the solution of the problem. In order to provide 
suitable protection and adequate cover for the suc- 
cessful use of compressed air in the unstable 
material on the Alameda side, the depth to which the 
tube would have had to be carried would have made 
it also prohibitive in cost, in addition to being 
extremely hazardous. 

Consequently, after numerous proposals and esti- 
mates had been made, it was decided that the 
form of tube construction described below was 
perhaps more suitable both economically and 
physically than any other. The general plan 
consisted in building the open approaches, portal 
buildings for the housing of the ventilating appara- 
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tus on each end, and 1,000 ft. of tube itself on the 
Oakland side, behind cofferdams where necessary, 
and to close the intervening space between and 
under the Estuary with precast reinforced concrete 
tubes floated and sunk in place and joined together 
under the water with tremie concrete. 

Tubes had been previously constructed for which 
the same general methods had been used, but in 
these cases the tube constructed was relatively 
small and the prevailing material of construction 
was steel. The use of reinforced concrete on so 
large a scale had not been attempted before, nor 
had the size of the structure been so considerable. 

A consulting board, consisting of Mr. Charles 
Derleth, Jr., Mr. W. H. Burr, of New York, and 
Mr. C. M. Hoiland, who was at the time Chief 
Engineer of the Hudson Vehicular Tubes, New 
York, and who had made exhaustive studies of the 
ventilating features of that project, was formed to 
consider the feasibility of the scheme and later to 
work out the details of design. Mr. Lochiel M. King, 
who had been a strong advocate of the plan, was 
later appointed construction engineer. The bold- 
ness and originality of the scheme necessitated 
great ingenuity and much original study and plan- 
ning in the design. It may be said that no drastic 
departures from known and proved methods were 
used, but rather the thoughtful combination of 
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former uses of such methods. Great credit must be 
placed with the contractors’ engineers in connection 
with the actual construction of the tube. In many 
instances, as the work progressed, problems had to 
be met for which no precedent existed. Mr. F. B. 
Smith was consulting engineer for the California 
Bridge and Tunnel Company, the contractors, and 
Mr. Bailey Hipkins, constructing engineer, during 
the early period of the work, while Mr. C. B. Root 
was in charge of the most hazardous part, namely, 
that of sinking and of placing the tubes in the 
Estuary. The writer was engineer for the sub- 
contractors, Messrs. Robinson, Roberts and Rohl, 
who constructed the approach and dry land portion 
on the Oakland side of the Estuary, and later 
engineer for the general contractors at Hunter’s 
Point Drydock, where the tube sections were cast. 

In the summer of 1924 a bond issue for 5,000,000 
dols. was voted by the County of Alameda and in 
the spring of 1925 proposals were called for. Many 
contractors investigated the plans, but only two 
bids were received. The California Bridge and 
Tunnel Company was awarded the contract for 
3,890,000 dols., and since they were about 1,200,000 
dols. below the other bidder and because of the 
hazard and unknown features of the project, con- 
siderable difficulty was experienced in obtaining a 
suitable and legal bond. This was, however, finally 
obtained. : 

As finally decided upon, the work consisted of 
a length of open approach on the Oakland side, 
at the end of which is the portal building. Beyond 
this is a length of flattened section tunnel, built 
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to what was styled A section. Beyond this, again,;into the two lower side ducts of the following 
is a length of circular tunnel, termed Section C, the | length of tunnel, as indicated in Fig. 14, while the 
two being joined by a transition, Section B. At|exhaust is withdrawn through the upper conduits. 
the end of the Section C length the tunnel was| At the Alameda end the building is much more 
joined to the underwater length, constructed of| compact. The transition at this portal is froma 
units floated into place. This length was com-| circular section to open cut. The building has a 
pletely circular in form, and known as type D.| base width of 90 ft., and length of about 68 ft. In 
Leaving by the Alameda approach, the circular) this case also fresh air is supplied to a conduit below 
type D section was employed up to the Alameda| the tube roadway by fans feeding through the outer 
portal, bevond which the work was finished in| openings in the fan room floor (Fig. 7) and the 
open cut. |outside compartment of the structure shown on 
The various features referred to are shown in the left in Fig. 5. The duct above the tube roadway 
Figs. 4 to 41, on pages 385 and 386, and Plates} roof slab communicates, as also shown in Fig. 5, 
XXIV to XXVI, which accompany our issue this | with the central (exhaust) openings in the fan room 
week. Of these illustrations, Figs. 4 to 8, on Plate! floor. Fig. 8 is a section on the centre line, the 
XXIV, and Fig. 36, page 385, and Fig. 40, page 386, | joint shown in Figs. 37 to 39, page 385, being used | 
show the Alameda approach and portal building.| at the left-hand end of the part of the structure 
Figs. 9 to 13, on Plate X. XV, illustrate the Oakland | shown in Fig. 8. 
portal building. Figs. 14 to 17, on Plate XXV, are} In June, 1925, the California Bridge and Tunnel 
drawings of the A-type section mentioned above, and | Company started work through its sub-contractors, 
Figs. 18 to 26 on the same plate refer to the C type} Messrs. Robinson, Roberts and Rohl, on the Oak- 
section. As stated, A and C sections were joined | land approach and sections A, B, and C, all located | 
by B transition section, shown in Figs. 27 to 35,)on Harrison-street, Oakland, and extending from | 
on Plate XXVI. Of the remaining illustrations,|the south side of Sixth street to within 200 ft. 
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only, were constructed by the California Bridge and 
Tunnel Company, and in the case of the Oakland 
portal building there were no prominent features 
except in their massiveness. To carry the weight of 
the structure and to prevent disturbance from up- 
lift, the floor slab was designed to distribute the load 
evenly over the entire area. This called for a thick 
slab, heavily reinforced. There were no unusual 
construction problems. 

Section A, as shown in Fig. 14, was rectangular 
in cross-section. The roadway proper occupied the 
centre section, with an outlet and inlet ventilating 
tube superimposed on either side. This design was 
necessary because of the shallow cover over the top 
of the tube, which did not permit the more econo- 
mical circular section of Section C to be used. The 
double ventilating tubes on either side of the road- 
way section insured uniform distribution of fresh 
air and the uniform removal of foul gases from this 
section. Details of the ventilation distribution 
system are given in Figs. 15 vo 17. This section 
occupied almost the entire width of Harrison- 
street, and it was necessary to shore and otherwise 
protect the foundation of the two storey brick 
buildings on the east side of the street. When this 





Figs. 37 to 39 show the junction between the D) of the north bank of the Estuary, a total distance of 
type section and the portal building on the Alameda} 1,455 ft. To provide for access to the portal, | 
side, while Fig. 41 is a view of the interior in the| Harrison-street was widened to 100 ft. from Sixth- | 
A section length, Oakland. ‘he D section will be} street to Fourth-street by the County, through the | 
illustrated in a subsequent article. | purchase and destruction of numerous wooden 
The Oakland portal building consisted of a struc- | buildings on either side of the street. 

ture, having a base 116 ft. wide by 65 ft. 6 in. long.| The construction of the approach section pre- 
Three cross sections are shown in Figs. 9 and 13.) sented no difficulties, as it was simply an open cut 
Fig. 11 is a longitudinal section on the tunnel axis, | with massive retaining walls on either side. No 
and Fig. 12 is offset about 38 ft. from the axis. | bottom slab was provided in the upper 200 ft. of its 
The plan, Fig. 10, is of the fan room floor. Public | length, which was above the ground water elevation, 
access to the subway is afforded at the portal| but below this point a waterproofed slab was used. 


building by a flight of steps on each side, as shown | The portal buildings with ventilation plant were 


in Figs. 10 and 11. The building is arranged so | constructed under a separate contract after the tube 
that the air is delivered through the basement! had been practically completed. The foundations 





was done the material was of such high-class 
quality that no sheeting was necessary, although 
the extreme depth of excavation was some 30 ft. 
at the lower end and the sides were cut almost 
vertically. 

At Third-street, the tube passed under the main 
lines of the Western Pacific Railroad. Traffic was 
maintained without interruption by the railway, 
by throwing across Harrison-street a heavy steel 
girder span carried on pile bents. This work 
was accomplished by the railway company and was 
done before the excavation of the tube. When the 
tube had been completed, the girders were removed 
and the rails replaced directly on the fill on the 
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top of the tube. The only unusual feature of the 
construction of Section A was the arrangement of | 
the outside forms on the outside of the brick water- | 
proofing protection. 
concrete walls first and placing the waterproofing | 
on them, followed by the brick protection layer, 


the process was reversed. The forms were set shovel and gasoline dragline excavator. At the lower 
out in the thickness of the brick protection, and | | end below First- street, where the depth of excava- 
when the brickwork had been set inside them it! tion was 70 ft., the work was done with a stiff-Jeg 
was waterproofed and the concrete of the tube was | derrick with dis shell bucket. 


poured against the waterproofing. 





Instead of constructing the | was fresh and came from ground seepage. 


Section B illustrated by Figs. 27 to 35, on Plate | 
X XVI, is the transition structure between the rectan- | 


cular Section A and the circular Section C, the latter 
being shown in Figs. 18 to 25. The roadway section in 
all Sections was practically the same, but the two 
outlet ventilating tubes had to be turned from the 
sides of Section A to the top and bottom respec- 
tively of Section C. Not only did these ventilating 
tubes have to change direction and shape in this 
transition, but their area of cross section and con- 
tinuity had to be maintained with exactitude to 
prevent loss of power in transmission. The tran- 
sition was much easier to plan than it was to 
construct, but nevertheless it was accomplished 
satisfactorily. Fig. 33 gives a good idea of some of 
the complicated form work involved. 

From the beginning of Section B to the end of 
Section C the construction became more difficult 
and hazardous. The depth of excavation at 
Section B was about 35 ft. and increased at the end 
of Section C to 70 ft. below the surface. The material 
excavated up to this point had been firm sandy clay, 
which stood almost vertically without shoring. It 
was thoroughly impregnated with ground water, the 
latter standing 8 ft. from the surface at the start 
of operation, but by means of the liberal use of 
pumps, sumps and tile drains, no particular diffi- 
culty was encountered. From Third-street to the 


Estuary this sandy clay was topped with a gradu- | 


ally increasing depth ‘of filled-in material. This 
consisted of dumpings from excavations in years 


gone by, of rubbish and of dredgings from the | 
Estuary. It was not homogeneous, and where much | 


of this old material was encountered the banks 
were very unstable. Even with heavy shoring it 
had a great tendency to slide. Adjacent to the 
Estuary this was very pronounced, but the remark- 
able feature was that it was entirely impervious and 


although within 200 ft. of salt water, there was no | 
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| seepage from that source. All the water encountered 


The excavation throughout, with the exception 
of a small area below First-street, was done by steam 


This machine 
also handled the massive timbers used in shoring. 
The tube passed under the main-line tracks of the 
Southern Pacific Railroad at First-street. The 
same method of maintaining traffic was employed 
as at Third-street by the Western Pacific Railroad, 
except that the piles used in the bents were longer, 
and more care was exercised in placing them. It 
was absolutely essential that these piles should 
penetrate to an elevation well below the excavation 
line of the tube, and considerable difficulty was 
experienced in getting them down. The work, 
however, was handled very efficiently by the railway 
company and no trouble occurred. 

It was decided that, as the tube below Third-street 
was only 38 ft. wide and was circular in shape, it 
would be possible to excavate with open cut to a 
depth of 25 ft. with half to one slopes on the banks, 
without shoring. Below that depth steel interlock- 
ing sheet piling was used, leaving the cut vertical, 
with shores at varying intervals both horizontally 
and vertically, according to the varying depths of 
excavation. Between Third- and Second-streets 
12 in. by 12 in. waling and 12 in. by 12 in. struts 
were used. Between Second- and First-streets 12 in. 
by 22-in. waling was used with 12-in. by 12-in. struts. 
One line of waling for each row of of struts only was 
found necessary near the top, but as the depth 
increased, a double line of 12-in. by 22-in. waling 
was demanded. Struts were at first placed on 12-ft. 
centres each way, but in places this spacing was 
necessarily decreased. The ends of the struts were 
protected by corbels cut 4 ft. long. They also 
covered the joints in the waling. These corbels were 
of Oregon pine, the same material as the struts and 
waling, at the start of the shoring, but later it was 
found that the great weight of the ground crushed 
them and most of them had to be replaced with 
hardwood. Considerable saving could have been 
accomplished by using hardwood corbels originally, 





to remove, especially after the banks had started to 
move, with the resulting vastly increased weight. 

When it is considered that this cut was 70 ft. 
deep at the extreme end, was within 200 ft. of salt 
water, and 44 ft. wide throughout, it is considered 
that with the exception of the substitution of the 
hardwood corbels it was remarkably well executed. 
It was thought that it would be possible to remove 
the struts as the concrete was poured, but the 
ground having started to move, the pressure 
became so great that this proved to be impossible 
and holes through the concrete had to be left, and 
the struts cut out after the arch of the tube was 
completed. This was a very costly operation as 
every joint in the concrete walls of the tube, however 
insignificant, had to be made with a copper plate 
cut-off, with welded joints in the plate. It also 
destroyed the continuity of waterproofing. 

The steel sheet piling, furnished by the United 
States Steel Company, was 12-in. wide and of the 
heaviest section obtainable. It varied from 30 ft. 
to 50 ft. in length, of 38 lb. weight per foot, and was 
driven on an average, 5 ft. below the excavation 
line. A great deal of difficulty was encountered in 
driving and later in pulling it. The section between 
Third and Second Streets, where the depths of 
penetration were not great, was driven with a drop 
hammer swung from false leads on the drag-line 
excavator. Between Second-street and the Estuary 
the work was done with a Pratt and Tierney double- 
acting steam hammer on a regular pile driver. Some 
trouble was encountered at first to get a hammer to 
stand up under the heavy driving through the hard 
clay formation, but the machine named proved 
entirely satisfactory. When it was withdrawn this 
section of piles was in relatively good shape, being in 
line and uninjured, which was not true in the case 
where the piles were driven with the drop hammer. 

The pouring of concrete was done from a central 
mixing plant located at Fourth-street. Section 
A and the portal building were poured from cars 
on tracks suspended on a trestle spanning the excava- 
tion. Sections B and C were poured with Ford 
trucks conveying the concrete, operating from the 
same plant. The concrete specifications called for 
six sacks of cement to a cubic yard of concrete, with 
a variation in the rock and sand according to tests 








because the pine corbels were difficult and costly 


made by the County as the work progressed. 
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Building, and the Oakland approach were being 
constructed, dredging work was being done on the 
Alameda side. The top layer of silt was removed d 
by suction dredger, the section from the Estuary ’ 
to beyond the Alameda Portal Building being done 
first to allow a start to be made there. 

There is some question whether the most econo- | 
mical method of procedure would not have been to | 
construct the Alameda approach, the Alameda 
Portal Building and from 400 to 600 ft. of the tube | 
in a similar manner to that employed on the Oakland 
side, i.e., behind cofferdams. The material exca- 
vated, however, was extremely unstable, and the 
pressure imposed by such material saturated by 
water is very problematical for the economic 
design of cofferdams. For this reason it was deemed | 
wiser to construct these particular portions in | 
open cut. This entailed a very wide trench to} 
maintain the banks against sliding, but this was | 
done inexpensively by dredging. | 

The construction of the Alameda Portal Building | 
developed some interesting features. As just stated | 
the excavation was done by dredging and a wide 
trench connected it with the estuary ; at first the | 
construction operations being carried on under | 
water. First the pile foundation was driven. It | 
was found that the number of piles had to be 
increased over that called for in the specifications 
to prevent flotation of the cofferdam, since the 
pile friction, together with the weight of the tremie 
concrete seal of the bottom, was all that resisted 
this force. The tremie seal was also increased in 
thickness from 3 to 5 ft. for the same reason. While 
the piles were being driven, a sheet-steel frame was 
constructed on the bank, made up of plates on edge, 
4 ft. wide, riveted together and dividing the entire 
bottom of the building into 10 ft. by 10 ft. cells, 
1 ft. deep. This was floated out on a barge in one 
piece and an attempt was made to sink it in that | 
shape, but it proved too heavy, and had to be 
cut and sunk in sections. Its purpose was to divide 
the bottom into cells or sections and prevent the 
spreading of the tremie concrete of the bottom seal, 
with a consequent series of laminated joints. 

Simultaneously, the interior shoring was built 
up in one piece on the shore close by, and when 
completed was launched and floated into place. It 
of trusses, cross braced, and when in 
place and anchored to piles at the proper elevation, 
it formed a template for the placing of the sheet 
piling. This consisted of 12-in. by 16-in. timbers, | 
built up on the edges, with tongues and grooves 
made of shaped smaller timbers. When the sheet 
piling had been placed, the tremie concrete seal was 
poured continuously till completed, from a tremie | 
barge fully equipped. 

The unwatering of the coffer-dam was done very 
slowly. after the concrete seal had set twenty-one 
days, the joints in the sheet piling being caulked as 
the water receded. The bottom seal was remarkably 
tight, the only minor leaks occurring in the sheet 
piling. When these had been stopped a 4-in. pump, 
running part time, handled all the water. The 
waterproofing, placing of the steel, and pouring of 
the concrete after the cofferdam was unwatered, 
presented no points of special interest. 





Fig. 40. 
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THE INSTITUTE OF METALS; 
SOUTHAMPTON MEETING. 
(Concluded from page 358.) 

To conclude our report of the recent Southampton 
meeting of the Institute of Metals, held in the 
Chantry Hall, Chapel-road, from September 9 to 
11 last, we have now to deal with the proceedings 
of the second day, Thursday, September 11. 


Fic. 41, 


bution in abstract. The paper contained details of 
tests on a number of hard-drawn non-ferrous metal 
wires, in which determinations of the breaking ioad 
| had been made before and after exposure to the 
|South Kensington atmosphere for two years. We 
|intend to reproduce this contribution to the pro- 
| ceedings in a forthcoming issue. 

| Dr. W. H. J. Vernon, who opened the discussion, 
| stated that, in most cases, the changes recorded were 
ES in magnitude, but when it was remembered 





Errect OF ATMOSPHERE ON BREAKING LOAD OF | 
WIREs. 

When the members re-assembled in the Chantry 
Hall, Chapel-road, Southampton, at 9 a.m. on 
Thursday, September 11, Dr. Seligman again 
oceupied the chair. The first paper considered by 
the meeting was by Dr. J. C. Hudson, and was 
entitled “‘ The Effects of Two Years’ Atmospheric 
Exposure on the Breaking Load of Hard-Drawn 
Non-Ferrous Wires.” The author read the contri- 


that the tensile-test method was not, after all, a 
sensitive method of measuring corrosion, and 
furthermore, that Dr. Hudson was dealing with 
relatively low rates of corrosion, it appeared to be 
a distinct achievement to have obtained definite 
results at all after such a relatively short period of 


exposure. It might, therefore, be asked, what was 
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the use of the tensile-test method as applied to 
the measurement of corrosion? The answer, he 
thought, lay not so much in the main body of 
Dr. Hudson’s results as in the results yielded by 
one particular material. Dr. Hudson had indicated 
that the values for equivalent average thickness of 
the corroded layer, on his specimens, in millionths 
of an inch per annum, were uniformly low, with the 
one exception of the value for 70:30 brass. This 
latter was of a very much higher order of magnitude. 
This result was, in his opinion, of great significance. 
It meant that, when the corrosion was confined, 
or practically confined, to the surface of the specimen, 
the tensile test was insufficiently sensitive. <A 
much greater sensitivity would, in fact, be obtained 
from the ordinary loss-in-weight method. Where, 
however, corrosion penetrated into the body of the 
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material, the tensile-test method responded com- 
pletely and afforded a satisfactory index of the 
total corrosion. On the other hand, it was in just 
these circumstances that the loss-in-weight method 
broke down and became, in tact, entirely useless 
as a measure of corrosion. Even the electrical- 
resistance method, which Dr. Hudson had developed 
so successfully, did not seem to respond quite so 
well in cases in which the dezincification of brass was 
concerned, owing, presumably, to the conductivity 
of the re-deposited copper. In such cases, the 
tensile-test method seemed to be the method par 
excellence. 

Dr. Hudson had referred to the relative in- 
corrodibility of the materials tested, with the 
exception of the 70 : 30 brass. He, himself, thought 
that it was necessary to guard against the impression 
that these materials would necessarily be equally 
incorrodible under all conditions of atmospheric 
exposure. There were some circumstances in which 
corrosion might become quite a serious problem. 
For example, within recent years, Post Office 
engineers had found it necessary to investigate 
the corrosion of copper-conductor wires, not, it 
was true, over the length of the wire, but in the 
neighbourhood of joints. It had been thought 
that, in a twisted-sleeve joint, where there was no 
question of contact with dissimilar metals, no 


protection against corrosion would be necessary. 
a ' 


that their length of service could be measured in 
lifetimes and not in years or months. The author 
had drawn attention to the fact that the corrosion of 
brass was much more rapid than that of any other 
sample tested ; nevertheless it might be supposed, 
from these tests, that brass wire, for example, 
would have a comparatively long life, despite the 
rate of corrosion which the author had observed. 
Various experiments had shown, however, that 
brass wire or sheet very often deteriorated with 
great rapidity when exposed to the atmosphere. 
The brass wire used for hanging pictures, for 
example, often failed after a few years, as the 
result of exposure to the atmosphere of an ordinary 
living room. On an underground railway in the 
United States, serious effects had resulted from 
the rapid deterioration of brass. This deterioration 
was connected with the old trouble of season- 
cracking. Brasses low in copper deteriorated very 
much more rapidly than might be surmised from the 
author’s results. Brass wire for pictures should 
have a higher copper contact than was usually the 
case. It should, at least, be in the 70: 30 class, 
and should preferably receive a certain amount of 
annealing before use. 





In his reply to the discussion, Dr. Hudson said 
that the idea of submitting all the wires tested to a 
preliminary low-temperature annealing, as suggested 
by Dr. Vernon, was undoubtedly a good one. The 


Tensile tests, however, showed a marked loss of | industries concerned, however, preferred that the 
strength at the joints during service; this had | wires should be exposed in the state in which they 


been attributed entirely to corrosion, and the 
trouble had been stopped by the use of a protective 
varnish. 

Among the interesting points brought out by the 
author, was the essentially metallurgical problem 
of the changes which took place in the unexposed 
wires. Possibly it might have been as well to 
submit all the wires to a preliminary low-tempera- 
ture annealing, particularly in view of the work of 
Zeerleder and Bourgeois* in their paper presented 
at the Diisseldorf meeting of the Institute, in 
September, 1929. According to these workers, 
conductor wires, under ordinary conditions of 
atmospheric exposure, reached temperatures suffi- 
cient to bring about the softening of hard-drawn 
copper wires. Further, Dr. Hudson had found that 
the rate of corrosion of thin wires was much greater 
than that of strips of the same material. It was 
of interest to note that this confirmed the recent 
work of Luce, who had shown that the curvature of 
a given solid had a very marked influence in 
accelerating electro-chemical action upon that 
solid. In Dr. Hudson’s work, this influence of 
curvature had led to some striking results. He had 
shown that it greatly accelerated the dezincification 
of brass, and that it nullified the protective influence 
of arsenic. With regard to the latter. Dr. Hudson 
mentioned that he had found a very marked 
protective effect in the case of flat specimens ; 
this effect was much greater in magnitude than 
that reported by Friend, but was not so marked 
as that observed by himself (Dr. Vernon). The 
apparent discrepancy among the three groups of 
results was, he believed, explained on the findings 
of the present paper. The material used by Dr. 
Friend, in his tests, was in the form of circular 
bars ; hence, the protective effect was partly nullified 
by the influence of curvature. On the other hand, 
both Dr. Hudson and himself had used flat plates. 
They had, therefore, observed a much greater 
protective effect. The fact that arsenical copper 
showed to greater advantage in his own tests, 
as compared with those of Dr. Hudson, was probably 
explained in two ways: First by the longer duration 
of the tests, which extended over four years in his 
own experiments, against one year in Dr. Hudson’s ; 
and, secondly, by the greater area of the test plates, 
which, in his own experiments, were double the 
size of those used by Dr. Hudson. 

Professor T, Turner considered that the procedure 
adopted of testing the material, which had been 
stored and not exposed, as well as that which had 
been exposed, was an admirable one. If this 
check test had not been carried out the results 
would have been less trustworthy. The general 
conclusion reached was that non-ferrous materials, 
as a class, were very resistant to corrosion, and 





* See ENGINEERING, vol. exxviii, page 446 (1929). 





were generally used, rather than after an annealing 
treatment. The whole point was that the effects of 
corrosion made themselves mainly felt at a sleeve 
or at points at which the wire passed over a support. 
He agreed that 70 : 30 brass was far more resistant 
to corrosion than the «$ 60:40 brasses. The 
difference in the corrosion of a 60:40 and of a 
70 : 30 brass was of therder of 10 times. It was 
obvious, therefore, that if a brass were to be used at 
all exposed to atmospheric corrosion, the correct 
material to employ was a 70: 30 brass. 


MINERALOGICAL RELATIONSHIPS OF COPPER 
CoRROSION PRODUCTS. 


The second paper taken on Thursday morning, 
September 11, was that by Dr. W. H. J. Vernon 
and Mr. L. Whitby, entitled, “The Open-Air 
Corrosion of Copper. Part I1.—The Mineralogical 
Relationships of Corrosion Products.” Dr. Vernon, 
who presented the paper to the meeting, stated that 
the composition of patina from copper structures of 
various ages, in representative localities, had been 
critically examined with a view to ascertaining 
whether definite formulz could be ascribed to the 
principal constituents. Complete agreement with 
the formula of the corresponding mineral had been 
realised on products after 70 years’ exposure and 


upwards. We intend to reproduce this contribution 
to the proceedings in a subsequent issue of 
ENGINEERING. 


Dr. H. Moore, who opened the discussion, thought 
that the suggestion of endeavouring to indentify the 
corrosion product with the naturally-occurring 
mineral was a new one but was well worthy of 
attention. The theory of co-ordination had been 
referred to somewhat airily in the paper, and he would 
like Dr. Vernon to tell the meeting what exactly 
was the theory of co-ordination. The authors had 
given the Institute an account of their observations, 
but they had not said why corrosion products should 
resemble minerals. Metals existed in nature in 
combination with oxygen and sulphur, and, by 
what might be termed ‘* violent” means, they were 
isolated and were, as the authors had said, in an 
unstable state. It was possible to distinguish 
between minerals when in their original condition, 
and when they had been exposed to oxidising 
influences. Mineralogists held that most of the 
copper ores were originally composed of cuprous 
sulphide. These appeared to have been segregated 
from an igneous magma, and brochantite, atacamite, 
and malachite had originally been cuprous com- 
pounds. They had subsequently been exposed to 
oxidation and it, therefore, did not seem surprising 
that corrosion products should have a similar 
composition. 

Dr. W. Rosenhain said that the identity of the 
copper corrosion products with certain minerals had 





apparently been based purely on chemical analysis. 
The various minerals mentioned in the paper had 
each a very definite crystallographic structure, and 
it would be interesting to ascertain whether the 
corrosion products possessed this same crystallo- 
graphic structure. The outcome of the paper was 
that the study of corrosion resolved itself into a 
study of the power of the metal to resist oxygen, 
rather than a study of the effect of oxygen upon 
the metals. Dr. Vernon had indicated that the 
chemical composition of the corrosion product 
tended to approximate to that of the mineral. 
He desired to know whether corrosion ceased when 
this stage reached its final stable conclusion. 

In the course of his reply, Dr. Vernon stated that 
the co-ordination theory was too involved to 
enable him to deal with it at all adequately in the 
time at his disposal. Dr. Moore had raised the 
question of the oxidation of the original mineral. 
It was a matter of observation that the product, in its 
early stages, was black, while, at a later stage, it 
took on the characteristic green colour of patina. 
The analysis of the corrosion products showed that, 
in the early stages, the cuprous compounds were 
obtained, whereas, in the later stages, only the 
cupric compound was present. The question of the 
crystallographic structure of the corrosion products, 
as put forward by Dr. Rosenhain, was extremely 
interesting. The constancy in the chemical compo- 
sition was striking, and it was strong evidence that 
the mineral was indeed formed as the result of open- 
air corrosion. Crystallographic determinations 
would no doubt confirm this. The question had 
been raised as to whether, when constancy of 
composition was reached, corrosion ceased. Con- 
stancy of composition was reached because the 
product was extremely insoluble, and if this factor 
did not stop corrosion altogether, at all events it 
appeared to reduce it to a minimum. 


ALLOYS OF COPPER WITH SILICON, MANGANESE 


AND ZINC. 


The next paper dealt with was by Dr. Voce, and 
was entitled ‘ Silicon-Copper Alloys and Silicon- 
Manganese-Copper Alloys.” It was presented by 
Dr. Voce, who stated that a survey had been made 
of the silicon-copper and of the silicon-copper 
manganese alloys, with a view to studying their 
mechanical and physical properties in the cast, 
drawn, and rolled conditions, the object being to 
develop and extend their uses. We intend to 
reproduce this paper in a forthcoming issue. 

A paper on a somewhat similar subject, namely, 
‘* A New Silicon-Zine-Copper Alloy,’”’ was considered 
along with Dr. Voce’s paper for the purpose of 
discussion. The author, Dr. E. Vaders, who 
presented his contribution in German, gave an 
account of the preparation, mechanical and physical 
properties, and uses of alloys containing from 71 to 
95 per cent. of copper, 2 to 6 per cent. of silicon, 
and 3-5 to 27 per cent. of zinc. Dr. Vaders stated 
that the results of the present work indicated that 
silicon-zinc-copper alloys possessed a homogeneous 
solid-solution structure up to a much higher silicon 
content, in the copper corner of the ternary thermal- 
equilibrium diagram, than had hitherto been 
assumed. For example, whereas 2 per cent. of 
silicon had been thought to be the maximum solid 
solubility in the 90 per cent. copper alloy, it was 
now shown that about 4 per cent. of silicon could 
be retained in solid solution. These alloys with a 
high silicon content, especially when it was all 
retained in solid solution, possessed valuable pro- 
perties. They could be worked hot as well as cold. 
Some of the alloys of this type had outstanding 
properties as bearing and bell metals. 

Whilst silicon-zinc-copper alloys decreased in 
strength and ductility with the addition of tin, 
owing to the separation of a new hard constituent, 
their value as bearing alloys was thereby increased. 
Preliminary tests of some of the silicon-zinc-copper 
alloys, containing a little tin, had shown that they 
would withstand a specifically higher load, as bearing 
metals, than could ordinary bronzes. Bells made 
of silicon-zinc-copper alloys, especially those con- 
taining 81-82 per cent. of copper, 4-5 per cent. of 
silicon, 14 per cent. of zinc, and about 0-5 per cent. 
of tin, had the same tone characteristics as bells of 
the same size made of tin-bronze. The bells, 








however, had a somewhat mellower tone than that 
of bronze bells. This was the more interesting 
as the specific gravity of the new alloys was about 
10 per cent. less than that of bell bronzes. 

The discussion was opened by Dr. H. W. Browns- 
don, who thought that the addition of silicon to 
various non-ferrous metals had become quite a 
fashionable practice during recent years. In 
commenting on Dr. Voce’s paper, he thought it was 
highly important to make sure of the purity of 
the materials used in a research of this kind, and 
some of his results might have been better if a 
purer silicon had been employed. Coming to the 
ternary alloys, with manganese. a review of the 
effect of manganese alone, in the absence of silicon, 
would have constituted a valuable intermediary 
stage before proceeding to the ternary alloys. Dr. 
Voce’s conclusion that there was no great difference 
between the properties of the straight silicon-copper 
alloys and those of the ternary silicon-copper- 
manganese alloys might be borne out by subsequent 
experience, but one could not help but think that 
the manganese had some influence. Work done 
by Corson on these alloys suggested that manganese 
silicide was formed, and it was not improbable 
that some of the properties of the author’s ternary 
alloys were due to the presence of manganese silicide. 

He would like to ask Dr. Voce if he had met with 
any trouble in the drawing of wire owing to scoring. 
Whilst the actua/ rate of oxidation might be lessened 
by the addition of silicon, the surface oxidation 
products contained silica which was insoluble in 
ordinary pickling reagents, and, in order to remove 
this silica, he had found that some type of mechanical 
cleaning was required, in addition to the usual pick- 
ling and washing. He noted that the silicon-copper 
sheets made were not all of good quality ; he under- 
stood thereby that they were sometimes badly 
“‘spilly.””. He had experienced similar trouble in 
the manufacture of sheet and tubes from alloys 
containing silicon, and it might be that some 
means of casting, so as to obviate turbulence, such 
as the Durville method, might be of advantage 
in obtaining clean ingots. The season-cracking 
tendencies of the silicon-copper alloys were very 
marked, and it would appear from Dr. Voce’s work 
that nothing short of complete annealing would 
remove them entirely. This provided a serious 
argument against the use of these alloys. 

With regard to Dr. Vaders’ paper, Dr. Brownsdon 
thought it was unfortunate that the author’s 
attention had evidently not been drawn to the work 
of Gould and Ray in the United States. These 
workers had investigated the properties of several 
silicon brasses, to which increasing quantities of 
silicon had been added. It was interesting to note 
that, in the 85:15 copper-zine alloy, an increase 
in elongation first took place with about 1-5 per 
cent. of silicon. A decrease then occurred to 
2-5 per cent. of silicon, after which the elongation 
remained constant to 4-5 per cent., the tensile 
strength gradually increasing. With further addi- 
tion of silicon there was a rapid falling off of both 
elongation and tensile strength. Up to about 2-5 
per cent. of silicon, there was only a homogeneous 
a-phase present, after which a 8-phase made its 
appearance, and, at 3-8 per cent. silicon, the 8 
phase was continuous. With further increase of 
silicon, the 8-phase augmented at the expense of the 
a-phase, and at about 6 per cent. of silicon the y-phase 
was present. The American workers had shown 
that these alloys became modified by heat treat- 
ment ; if quenched in water and reheated, a slight 
increase in hardness could be obtained, reaching 
a maximum at about 500 deg. C. The corrosion- 
resisting properties of these alloys was also referred 
to by Messrs. Gould and Ray, and it was shown 
that they possessed no advantages from the corro- 
sion-resisting point of view. The alloys, however, 
possessed some advantages ; it appeared that addi- 
tions of silicon reduced the viscosity of the molten 
brass, resulting in a good filling of the moulds. 
Furthermore, a fine dense structure was produced 
giving clean sound castings. From the point of 
view of season-cracking, additions of silicon seemed 
very definitely disadvantageous, although the 
silicon-hrasses appeared to lose very little of their 
tensile properties as the result of annealing 

Dr. Rosenhain desired to know if additions of 
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manganese to the silicon-copper alloys produced a 
marked effect on the crystal size. The easiest way 
of approach in the study of complex non-ferrous 
alloys of this kind was to base the investigation on 
the microstructures. If the limits of the 4, the 
a8, and the 8 phases were determined, it was 
possible to correlate the properties of the resulting 
alloys and to predict where the most promising 
alloys would be found. Dr. Voce had used the 
term ‘etchant,’ in his paper, instead of writing 
the words ‘‘ etched by,” and he would like to protest 
against the use of such an unpleasant word. 

Dr. F. Johnson stated that the purity of the 
metals used by the two authors had been com- 
mented upon. He was not sure that it was not 
better to employ commercial materials. In 1913, he 
had done work on similar alloys, using ordinary 
materials. His alloys had contained 0-08 per cent. 
of arsenic and 0-25 per cent. of iron, but these 
constituents did not interfere with their rolling 
properties, and this was a good point in favour of 
the silicon-brasses. Dr. Voce had not drawn atten- 
tion to the clean surface of the silicon-copper alloys 
as cast. Furthermore, these alloys piped very 
definitely. The next speaker, Professor T. Turner, 
stated that some remarks had been made regarding 
the purity of the silicon used. This was the purest 
silicon it had been possible to obtain at the time 
that the research was commenced, and, even this, 
had only been secured after a great deal of trouble. 

Dr. Voce, in his reply to the discussion, also 
referred to the question of the silicon utilised. He 
said that it was exceedingly difficult to obtain pure 
silicon, even at the present time, and it had been 
even more so when the research was begun. About 
half-way through the investigation, they had learned 
that Dr. Rosenhain had devised a method of 
purifying silicon.* This material had been used 
for the second part of the research, namely, that 
devoted to the copper-silicon-manganese alloys. 
He was in agreement with Dr. Johnson, however, 
and considered that he had been justified in using 
the silicon which was available, because he desired 
his results to be of use to the practical foundryman. 
He agreed that deposition of silica did occur on 
the surface of the metal, and this gave rise to diffi- 
culties in the pickling. He had not drawn wire 
from any alloy containing a silicon percentage in 
excess of 1 per cent., and he had not experienced 
any difficulties. Although his materials had res- 
ponded to the mercurous-nitrate test, they did not 
actually season-crack over a considerable period of 
time. Whether they would have done so, given 
sufficient time, it was difficult to say. Without 
unduly committing himself, he thought that the 
crystal size of the silicon-copper alloys was refined 
by addition of manganese. 

Dr. Vaders, having signified his intention of 
replying to the discussion on his paper in writing, 
the meeting passed on to the next paper on the 
agenda. 

PHOSPHORUS IN ADMIRALTY GUN-METAL. 


This contribution was entitled, ‘The Effect of 
Phosphorus on the Strength of Admiralty Gun- 
Metal,’ and it was read in abstract by the author, 
Mr. H. C. Dews. Heinformed the meeting that the 
effect of from 0-002 per cent. to 0-131 per cent. of 
phosphorus on the tensile strength, elongation, 
Brinell hardness, density and microstructure of 
sand-cast Admiralty gun-metal had been deter- 
mined. Little change had been found in the strength 
values with up to 0-04 per cent. of phosphorus. A 
sharp reduction took place, however, between 0-04 
and 0-07 percent. of phosphorus, but there was little 
further change with from 0-07 to 0-13 per cent. of 
phosphorus. There was a slight increase in Brinell 
hardness as the phosphorus content was increased 
to 0-04 per cent., and a reduction in Brinell hardness 
with further increase of phosphorus up to 0-13 
per cent. There was practically no change in the 


density with up to 0-06 per cent. of phosphorus, 


and a slight reduction as the phosphorus content was 
increased to 0-13 per cent. The appearance under 
the microscope of insoluble copper phosphide in 
sand-cast Admiralty gun-metal had been found to 
commence with about 0-05 per cent. of phosphorus 
content. 





* See LENGINFERING, vol cxxiii, page 652 (1927.) 
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Dr. O. F. Hudson, who opened the discussion, 
stated that Admiralty gun-metal was one of the 
most important of the non-ferrous metal alloys, 
and the author had done a good service in bringing 
forward information for regulating the amount of 
phosphorus which might be present in the metal. 

Mr. W. Lambert stated that so-called phosphorised 
gun-metal was now in more or less general use 
as a commercial foundry alloy. The author had 
remarked that the effect of phosphorus in gun- 
metal appeared to have received little attention. 
Admittedly, the subject appeared to have received 
little publicity, but the attention it had received 
from certain works metallurgists was not altogether 
inconsiderable. There were two points upon which 
he would like some enlightenment. In the first 
place, regarding the method of compounding the 
several alloys, the author had said that the copper 
had been first charged and melted, and then the 
zinc, phosphor-copper, lead and tin added. He 
would like to know why the copper and phosphor- 
copper had not been melted .together, or, alter- 
natively, why had not the phosphor-copper been 
added to the molten copper before the zinc. 
Secondly, he would like to know why such an 
unofficial form of test-bar, from the point of view 
of the British Engineering Standards Association 
specification, had been adopted for use in the 
investigation. 

He was in entire agreement with the author’s 
expressed opinion that a large proportion of the 
published data on bronze were of less value than 
they might be. This was more particularly true 
regarding published tensile-test results. Many of 
these were entirely misleading, owing to the investi- 
gator’s lack of the foundry technique required to 
cast a series of uniformly comparable test-bars 
even from the same pot of metal. This matter 
had been discussed on several occasions between the 
author and himself, and the author’s assurance that 
the observance of the best foundry technique had 
been followed, backed by the knowledge that he 
was an experienced metallurgist, gave one every 
confidence in accepting the test results, now 
published, without hesitation. He agreed that 
phosphorus in excess of 0-035 per cent., in Admiralty 
gun-metal, afforded no material improvement in the 
mechanical properties of that alloy, this being 
particularly the case in those alloys having a lead 
content of the order of 0-5 per cent. 

Mr. H. A. Greer asked the author if the phosphorus 
affected the soundness of Admiralty gun-metal, 
and if pitting and blowholes could be assigned to the 
presence of phosphorus. He would also like to 
know how it was possible to detect that a casting 
contained phosphorus. The author had given a series 
of mechanical test results of bars cast above and 
below what was expected to be the optimum casting 
temperature. No. 3 alloy, in that series, containing 
0-065 per cent. of phosphorus, was apparently the 
worst, the maximum stress results varying from 
12-0 tons per square inch in a bar cast at 1,250 deg. 
C., to 17-6 tons per square inch in another cast at 
1,120 deg. C. The bar giving 17-6 tons would pass 
the Admiralty test, but that giving 12 tons would 
not. Furthermore, the elongation values, on 2 in., 
ranged from 8 to 22 per cent. He could not help 
feeling that there was some other factor at work 
| besides the phosphorus; the casting temperature 
had some influence. 
| Mr. Walker agreed with Mr. Greer that differences 
in the casting temperature gave wide variations in 
the mechanical properties. The author had included 
in his paper a microphotograph of an alloy con- 
taining 0-131 per cent. of phosphorus, in which was 
depicted the presence of copper phosphide (Cu,P) 
in the § constituent. He himself had been unable 
to find free Cu,P in an alloy containing 0-15 per 
cent. of phosphorus. He felt that the only sure 
| method of etching the specimen was by some form of 
heat-tinting. . 

Mr. R. Genders said that the question of casting 
temperature had been dealt with at some length. 
The influence of the casting temperature ultimately 
produced some secondary effect in the casting. 
In the present case, the density results reported 
by the author did give a clue to this effect. 
Although the density of the castings rose as the 
casting temperature was progressively lowered, the 
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mechanical-test results did not rise along with the | and sold contained arsenic percentages similar to eventual application of the ball-hardness test in 


density. The results appeared to suggest that,|those of the material mentioned. He did not 
when a high casting temperature was employed, | agree with Mr. Genders that the lower results 
porosity was the cause of this feature, and when a | obtained with a low casting temperature were due 
low casting temperature was used, inclusions were | to non-metallic inclusions. He was of opinion 
the cause. Possibly, with other methods of casting, | that porosity was also present when using low 
better results would be obtained by making use casting temperatures. He wished to inform Mr. 
of the lowest possible melting point of the alloy. |; Hargreaves that he had indeed seen sound gun- 
His own work had shown that brass could be cast | metal ingots. These had been tested under high 
to give optimum properties at a casting temperature | steam or water pressures up to 2,000 lb. or even 
a very few degrees above the freezing point of the | 3,000 lb. per square inch. No leaks had occurred, 
alloy. | and this was a sufficient indication that the castings 

Mr. F. Hargreaves, who closed the discussion, | were sound. He would be very much surprised to 
asked Mr. Dews if he had ever seen a sound gun- find that inverse segregation took place; he had 
metal casting. By soundness, he meant micro- | never encountered it in gun-metal castings. 


scopical soundness. In his opinion, if it were | : 
possible to obtain a really sound gun-metal casting | Tae Capmium-Zrxc ALLoys. 
The next paper put before the meeting was 


it would yield highly satisfactory mechanical | 


properties. | ‘* A Note on the Constitution of the Cadmium-Zinc 

In his reply, Mr. Dews stated that there was no 
mistaking the Cu, P if the specimen were properly 
etched. The phosphide was dark blue, almost 
purple, while the 8 constituent was light blue. 


It was indeed possible to bring out the phosphide | 
by heat-tinting, but this was rather a delicate | 


operation. He himself had found that very dilute 
solutions of chromic acid in sulphuric acid, after 
the usual ferric chloride or ferric nitrate etching, 
brought out the copper phosphide very well indeed. 


| Alloys,” by Dr. D. Stockdale. The author, who 
read his contribution in abstract, stated that a 
| paper on the constitution of the alloys of cadmium 
‘and zinc had been read before the Institute of 
Metais in 1926, by Mr. C. H. M. Jenkins.* In that 
paper, attention had been drawn to the fact that 
investigators differed considerably in their estimate 
|of the mutual solubilities of zinc and cadmium. 
| In 1929, Messrs. Grube and Burkhardt had published 

a paper on these alloys, and had found that the 


Moreover, in photographing the specimen, a colour | mutual solubilities of the two metals were much 
screen should always be employed. It was neces- greater than those determined by Jenkins. Thus, 
sary to search the specimen carefully under the | the subject was once more confused. Grube and 
microscope, as some of the 8 areas contained the Burkhardt had found that, at 263 deg. C., zinc 
phosphide and others did not. Mr. Lambert | would dissolve about 3-7 per cent. of cadmium by 
had raised the question of the order of adding the weight; Jenkins had found a solubility of about 
constituent materials in the preparation of the 2°0 per cent. The most interesting point con- 
alloys. There was a good deal of dispute concerning cerning Jenkins’ work, however, was that it was 
this, and it was difficult to obtain agreement. So | shown that there was a reaction line at 353 deg. C., 
much so, that it made one wonder if the matter caused by the higher allotropic transformation in 
were really important. Starting with virgin | Zinc. 
materials, it was possible to have a predetermined | As a result of this reaction, certain of the zinc- 
order, but if scrap metals were used, there was no itich alloys, on cooling from the liquidus, be- 


choice, all the materials were present together in came uniform solid solutions. On further cooling, | 
He had added his phosphorus after his | they partially liquefied again, and below the tem-| 


the pot. 

zine a definite reason. The copper, on melting, | perature of the eutectic they consisted of two solid 
took up oxygen, and if the phosphorus were added | Phases. The results of the present investigation 
first, some of it would have been lost. If, on the | Were in very close agreement with those of Jenkins. 
other hand, the zinc were added first, some of | In the range of compositions tested, the agreement 


this was lost. 

He desired, for the purposes of the present 
research, to maintain his phosphorus in the melt ; 
consequently he had deoxidised his copper by 
adding the zinc first to the molten copper. In 
further answer to Mr. Lambert, he had used the 
form of test-bar mentioned because it was the one 
he was accustomed to work with, and, moreover, 
the particular B.E.S.A. specification referred to 
by Mr. Lambert had not been published at the 
time of the inception of the research. Mr. Lambert 
considered 0-035 per cent. to be the upper limit 
for phosphorous in gun-metal, and he was glad 


to note that this was not far removed from his | 


own figure, namely, 0-050 per cent. 

As the result of a good deal of experience it was 
possible to judge the presence of an excess of 
phosphorous in Admiralty gun-metal. The fracture 
of such an alloy was badly discoloured, and the 
discolouration was different from that due to 
porosity. The grain size was smaller, and the 
facets of the fracture were discoloured. It was 
not normal to find that blow-holes were due to the 
presence of phosphorous. 
as much as 30 per cent. or 40 per cent. of scrap 
was produced from gates and risers when making 
gun-metal castings. This metal had to be used, 
and he was of opinion that if sufficient precautions 
were taken to see that the analysis-of the materials 
entering the melt was correct, it did not matter 
whether new metal, scrap metal, or a mixture of 
new and scrap metals were employed. The large 
variations in the test results had been emphasised 
by Mr. Greer, who had suggested that this might 
be due to the casting temperature. These results 
showed how difficult it was to dissociate the effect 
of casting temperature from that of the impurities. 
The arsenic content of two of his alloys, namely 
9-053 per cent. and 0-048 per cent., was that nor- 
mally found in material made from B.S. copper ingots. 
The very large majority of gun-metal ingots made 


In his firm, sometimes | 


| was always closer than 0-2 per cent. Jenkins had 
| found the limit of solubility at the eutectic tempera- 


the transformation, 2-75 per cent. 
work indicated 2°15 per cent. and 2:6 per cent., 
| respectively. Thus, Jenkins’ discovery of partial 
| re-liquefaction was confirmed. The structures ob- 
|tained were similar to those shown by Jenkins 
in his paper. With regard to the cadmium-rich 
| alloys there was also some agreement between the 
| results of Jenkins and those of the present author, 
| while Grube and Burkhardt had found a much 
| greater solubility. 

The only speaker in the discussion, Mr. F. Har- 
greaves, stated that Dr. Stockdale had referred to 
allotropic changes which took place in zinc, and 
he would like to know if the author believed that 
zinc was allotropic. In reply, Dr. Stockdale said 
that there was no X-ray evidence that zinc was 
allotropic, but there was a good deal of other 
evidence in favour of the allotropy of zinc. 


— to be “about 2-0 per cent.,” and at that of | 
| 


| 


BAaLL-HARDNESS AND ALLOTROPY OF LEAD. 


The last paper considered at the Southampton 
meeting bore the title, ‘Heat Treatment, Ball- 
Hardness, and Allotropy of Lead,” and was by 
Mr. F. Hargreaves, who read it in abstract. The 
author stated that he had investigated the effect 
of quenching and ageing, on lead of a high degree 
of purity, by the ball-hardness test. The results 
suggested that lead was allotropic. By different 
heat-treatments, the Brinell hardness could be made 
to vary from 3-1 to 5-0, a difference of about 
60 per cent. The presence of 0-005 per cent. of 
tin inhibited these pronounced changes, whilst a 
similar total amount of cadmium and bismuth did 
not. Marked changes in hardness took place within 
an interval of a few minutes after quenching. The 
ball-hardness of lead increased rapidly with the 
addition of foreign metals, and this suggested the 








= See ENGINEERING, Vol. cxxii, page 614 (1926). 


technical practice. In all cases examined, quenching 
|resulted in increased ball-hardness, as compared 
| with that of the sample in equilibrium at air 
|temperature. The results obtained in the present 
| investigation had, in his opinion, demonstrated the 
j utility of the ball-hardness test as a precision 
|method applied to the examination of soft metals. 

Dr. Rosenhain, who opened the discussion, said 
that Mr. Hargreaves had emphasised the utility of 
the hardness test as a method of research. He had 
remarked that, when dealing with some methods of 
research in physical metallurgy, in a paper read 
recently before the Institute, he (Dr. Rosenhain) 
had not included the ball-hardness test. He did 
not think at that time, and he still did not think, 
that the hardness test was a good research method. 
Hardness was not a single or definite property of the 
material, but was dependent on the method of testing 
employed. No really satisfactory definition of hard- 
ness had yet been given, because the whole matter 
constituted a complex problem. For purposes of 
research, definite physical constants should be 
made use of ; for example, the thermal properties of 
the metal, the electrical conductivity, the thermal 
expansion of a single crystal, &c. The problem of 
the allotropy of lead was largely a question of 
what was meant by allotropy. The word allotropy 
had been used in connection with certain definite 
substances, such as oxygen and ozone, and red 
phosphorus and yellow phosphorus; in the sub- 
stances involved, the molecules of each allotrope 
contained a different number of atoms. The 
widening of the term allotropy to include various 
changes taking place in metals dated back to the 
time of Roberts-Austen. If allotropy were defined 
as a change taking place in the molecule, this could 
rightly be translated into a change which took place 
in the lattice of the material, and this definition was 
the one which should be adopted. When allotropy 
|was put forward in connection with a metal, it 
|should be decided whether the change in question 
were due to a change in the lattice or not. Conse- 
quently, he agreed with Mr. Hargreaves that X-ray 
evidence was called for in order to settle the matter 
finally, but he would be surprised to find that a 
change in the lattice did actually take place. Mr. 
Hargreaves had quenched his lead specimens in 
water from temperatures in the neighbourhood of 
300 deg. C. The cooling obtained was not rapid 
enough, and the term quenching, as applied to this 





The present | procedure, was not a good one. Cooling in water 


was, for instance, quite inefficient in suppressing the 
precipitation of tin from a supersaturated solution 
of the metal on lead. If the author intended to 
rely on rapid cooling he should have used more 
drastic quenching media than water. 

Mr. F. H. Edwards stated that he had been 
present in the United States when the National 
Lead Company had produced the very pure lead 
employed, which Mr. Hargreaves stated was 
considered to be of 99-999 per cent. purity. This 
had been made by deposition from a fluoborate 
solution, followed by redissolution and redeposition. 
The lead employed was that which had been obtained 
as the result of four such redepositions. About 
1,000 grams of the material was used up in the 
analysis, and these had been supplemented by 
spectrographic work. 

Dr. H. O’Neill, the only other speaker, said 
he thought that Mr. Hargreaves had definitely 
established that there was “something queer” 
about lead. Nevertheless, he agreed with Dr. 
Rosenhain that the hardness test was not the best 
research method to employ ; moreover, lead was a 
most difficult metal to deal with under the Brinell 
test. A research worker, named Cannegieter, 
however, had established by means of a thermal 
method, that there was a transition point in lead 
at 182 deg. C. 

In a brief reply, Mr. Hargreaves stated that when 
a material was subjected to various treatments, the 
ball-hardness altered to a far greater extent than 
the other properties, and it was for that reason that 
the Brinell test had been adopted in the present 
research. One of his objects had been to impress 
metallurgists with the care required when under- 
taking hardness tests, if the results obtained were to 
| be of any use. 
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PNEUMATIC COAL-CLEANING PLANT AT HORDEN. 


CONSTRUCTED BY MESSRS. THE BIRTLEY IRON COMPANY, LIMITED, ENGINEERS, BIRTLEY. 
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the oversize (2 in. to } in.) passes down a chute into 
a sized-coal hopper. This chute can be distinguished 
in Fig. 2 by its somewhat helical contour, and is also 
clearly shown in Fig. 3, in which the lower part of the 
screen can be made out. To the right of the chute in 
this figure are seen two further Hum-mer screens, of 
%-in. mesh, inclined towards one another, which take 
the undersize from the first pair. The oversize from 
the second Hum-mer on each side (j in. to } in.) is led 
down a chute to an appropriate hopper, the course of 
which is easily traced in Fig. 2. 

The undersize from the second Hum-mer falls on 
to a 36-in. belt which transfers it to a transverse 
scraper conveyor, the function of which is to distribute 
it over a double Hum-mer screen of ;-in. mesh. 
The casing containing this scraper conveyor is seen at 
the left of Fig. 3, on this page, while the position of the 
screen can be made out in Fig. 2. The oversize 
(} in. to ~ in.) falls into the hopper at the extreme 
end of the building for each section, while the under- 
size (; in. to 0) falls directly into the hopper imme- 
diately adjacent. It will thus be seen that there are 
four sized-coal hoppers in each section, i.e., eight in 
all. Each hopper has a capacity of approximately 
12 tons, and is situated immediately above a corre- 
sponding pneumatic separator situated on the floor 
below. A view of the separator floor at the shale- 
discharge end of the separators is given in Fig. 4, 
and one at the coal feed end of them in Fig. 5 on 
this page. The position of the separators relative 
to the hoppers is clearly shown in the cross section 
of the building, given in Fig. 1. The coal descends 
by gravity directly into the feed pan of each of the 
separators in the case of those dealing with sizes 
from 2 in. to + in., but in the case of those treating 
the smallest sizes (# in. to 0 in.) the coal, before 
reaching the feed pans, passes through cascade type 
aspirators, in which the major portion of the dust 
is removed before the coal is cleaned. These two 
separators are prominent in the foreground and back- 
ground, respectively, of Fig. 5, and between them the 
plain feed chutes of the four central separators are 
clearly visible. The two end separators do not show 
in this figure. The separators themselves are com- 
pletely enclosed in mild-steel hoods which, as will be 
clear from Fig. 4, are coupled to large air pipes. These 
pipes connect with the suction main leading to the 
dust extractor. The hoods are provided with inspec- 
tion doors, so that separation can be under continuous 
observation, permitting adjustments to be made to 
the cutting plates on each side of the machine. 

The separators are of the Birtley Iron Company’s 
standard “ Vee ” type, in which the table consists of an 
inclined deck, perforated with holes and provided with 
rifles. Diagrams showing the principle of construction 
are given in Figs. 6 and 7, on page 392. The table is 
given an oscillatory movement with a slight upward 
throw towards the end of the forward stroke by the 
eccentric and toggle seen in Fig. 6. The coal is 
delivered at the apex of the “ Vee” and, under the 
combined action of the jig motion and an air blast 
through the perforations, is stratified and delivered 
over the edge of the table in three streams, as shown 
in Fig. 7. That nearest the feed point consists of clean 
coal, then come middlings, a partially-cleaned product, 
and the extreme end of the table delivers the separated 
shale or stone. The three streams are divided by 
adjustable cutter plates, the object of taking out the 
middlings, which are re-treated, being to avoid too 
frequent adjustment of these plates, which would 
otherwise be necessary as the stone content varied. 
A reference to Fig. 1 will show that these three products 
are led by chutes to belt conveyors situated on the two 
lower floors of the building. The shale conveyor, 20 in. 
wide and 83 ft. long, is on the first floor. It has a 
capacity of 45 tons per hour, and delivers the refuse 
to a second belt of the same width, and 570 ft. long, 
which discharges it into a bunker where it is handled 
by a rope conveyor. Of the three conveyors on the 
second floor, that to the right of Fig. 1 is 24 in. wide 
by 90 ft. long, and normally discharges the middlings 
to another 24-in. belt, 83 ft. long, which returns them 
to the main raw-coal belt for retreatment. The 
middlings can be, alternatively, delivered into wagons 
by means of a cross-belt conveyor. The other two 
belts are each 48 in. wide by 83 ft. long, and each can 
handle the clean coal at the rate of 250 tons per hour. 
The chutes delivering on to these belts are so arranged 
that any separator can deliver to either conveyor, so 
that a sized or a mixed product can be obtained at 
will. Both conveyors deliver into 10-ton bunkers for 
loading into railway wagons or, if desired, on to a 
48-in. cross conveyor, 61 ft. long, which discharges into 
wagons on another set of lines. The cross conveyors 
and bunker are shown at the left hand of Fig. 2. All 
the conveyors in the plant are fitted with ball bearings, 
those of the head and tail shafts being self aligning. 

The fans which supply the separating air are situated 
on the first floor directly underneath the separators. 
There is one to each separator, i.e., eight in all, but 
they are driven in two groups of four by two 90-h.p. 
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required. The suction fans for dealing with the dust 
arising during separation are situated in a separate 
house. A view of this part of the plant is given in 
Fig. 10, page 398. The coarse dust from the aspirators of 
the two },;-in. to 0 in. separators is either delivered in 
wagons for use in the pulverised-fuel plant of the boilers, 
or is mixed back with the clean coal. The air-suspended 
dust from the aspirators, along with that from the 
separator hoods, is collected in the suction mains on 
the fourth floor of the separator house. The portion of 
these mains between that house and the suction plant 
proper is seen on the left of Fig. 10. They lead into the 
collectors embodying four Waring type filters, and visible 
above the roof of the fan house. Each filter consists 
of a cyclone with a bag filter mounted directly above 
it, the former separating the coarse dust and the latter 
intercepting the fine dust. The fans are situated on the 
suction side of the filters, so that clean air only is 
handled. Valves are fitted to the top of the collector 
casings in such a manner that they can be turned to 
“atmosphere ’’ from “suction’’ for the purpose of 
cleaning the filter bags. The dust is automatically 
discharged from the bottom of the cyclones, by means 
of balanced valves, into conical bunkers immediately 
below the collectors, from which bunkers it is elevated 
to the boiler house, seen in the background of Fig. 10, 
for use in the pulverised-fuel plant. 

The electrical equipment of the cleaning plant as a 
whole comprises 21 motors of the Metrovick high- 
torque squirrel-cage type, and ranging from 3 brake 
horse-power to 95 brake horse-power. The motors are 
controlled by a main contactor board and operated 
by push buttons from the separator floor, the con- 
tactors being so arranged that, on the operation of a 
single push button, the whole of the motors start up 
in correct sequence at intervals of three seconds. 
A single “ stop’ push button arrests the movement of 
the whole plant, and, in addition, a separate one is 
provided for each motor, the contactors being so 
interlocked that, in the event of a key motor being 
stopped, other motors in sequence with it will also stop, 
thus preventing congestion at any point in the system. 
The buildings, for which the Birtley Iron Company 
are responsible, as well as for the plant, consist of steel 
frameworks with brick panels and reinforced-concrete 
floors, and are provided with a special form of glazing 
in the roof and sides which is not subject to corrosion 
and is not affected by variations in temperature. 

The installation of the cleaning plant at the colliery 
has been coincident with the remodelling of the steam- 
raising plant, this part of the work being carried out 
by Messrs. Babcock and Wilcox, Limited. Farringdon- 
street, London, E.C.4. This plant formerly consisted 








motors. Clutches enable any fan to be cut out. as | of 12 Lancashire boilers, of which six have been now 
|removed and the remainder are disused, and will 


shortly be dismantled also. The total steam require- 
ment of the colliery, when at its maximum output, 
is about 170,000 lb. per hour, though at ' present 
something like 130,000 lb. is required. To meet the 
demands three Babcock and Wilcox standard land- 
type water-tube boilers are installed. Each boiler 
has a heating surface of 9,860 sq. ft., and is pro- 
vided with a superheater and economiser. Each unit 
is capable of evaporating 50,000 lb. of water per hour, 
when burning pulverised fuel of a calorific value of 
8,500 B.Th.U. per lb., from feed at 90 deg. F., but can 
also carry a continuous overload of 20 per cent., if 
required. The working pressure is 200 lb. per sq. in., 
and the superheat temperature 100 deg. F., 7.¢., a final 
temperature of 490 deg. F. The safety valve loading 
is 205 lb. per sq. in. The three boilers are indepen- 
dently set and each has its own chimney with an 
induced-draught fan, while there is also a separate 
pulverising unit to each boiler. 

A view inside the boiler house is given in Fig. 8, page 
398, from which it may be gathered that the pulverising 
equipment is situated in a basement below the main 
floor, and the burner platform consists of a narrow 
gallery. Each boiler has four longitudinal steam and 
water drums, 54 in. in diameter, so that ample steam 
reserve is available against sudden increases of load. 
The furnaces are provided with brick-faced tubular 
water walls, the upper and lower headers of which 
can be made out at the left of Fig. 8. The super- 
heaters are of the Babcock and Wilcox integral type, 
and the economisers, made by Messrs. E. Green and 
Son, Limited, Wakefield, are of the tri-tube type. 
Each of the latter has 300 pipes, and is fitted with 
circulators to ensure equalisation of temperature. 
The economisers can be by-passed when this is 
considered desirable. The chimneys, which are seen 
in Fig. 10, are of steel, 6 ft. in diameter by 70 ft. 
high. They are supported by gussetted brackets 
at the bottoms, above which is the discharge of the 
induced-draught fan. These fans are direct coupled 
to a 60-h.p. motor running at 580 r.p.m., and 
designed to operate with three-phase current at 2,800 
volts and 40 cycles. The exit temperatures of the gases 
from the fan varies between 230 deg. F. and 250 
deg. F. The boilers are fitted with Babcock calorised 
Diamond soot blowers, and run at a COQ, content of 
about 12 per cent., this being registered on an Electroflo 
recorder. The mountings include feed-water regulators 
of the thermo-feed type, and a steam flow meter. The 
whole plant is served by two Weir turbine-driven 
rotary feed pumps, each capable of delivering 20,000 
gallons of water per hour. 
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also includes a Kent water meter, a Boby water soften- 
ing plant, and a hot-well tank. The boilers are fitted 
with a continuous blow down. 

As has already been stated, the coal-dust separated 
during the coal-cleaning process is burned under the 
boilers, and consists of two distinct portions, viz., that 
abstracted from the feed to the fine coal separators 
by the aspirators, and that collected by the filters 
from the suction plant over the separating tables. 
The dust is stored in overhead coal bunkers, each 
having a capacity of 90 tons of fine coal. It is deposited 
into the bunkers by a dust-tight drag-link distributing 
conveyor. The dust from the aspirators is delivered 
to this conveyor by an inclined chain and bucket 
elevator, from the hopper below ground, into which it 
has been discharged from wagons, while that from the 
filters is taken from the hoppers above referred to 
and elevated to the belt. As the possibility of a 
shortage of dust must be provided against, arrange- 
ments for dealing with mixed lump coal have been 
made. For this purpose, a four-roll breaker is installed. 
which reduces the lump coal to 14 in. cube before it 
passes to the bucket elevator. The coal-handling plant 
is designed to’ deal with 30 tons of coal per hour. 
Each of the coal bunkers in the boiler-hcuse is provided 
with a dual outlet, one of which is arranged to feed 
direct to the pulverising mill concerned, and the other 
into a portable dust-tight weighing machine. This 
machine is mounted on rails, and can be fixed under 
any bunker, as desired, for the purpose of carrying out 
a test on any individual boiler. 

The pulverising plant consists of three mills with 
fans, &c., and each of a capacity of 5 tons of fuel per 
hour, made by Messrs. Clarke, Chapman and Company, 
Limited, Gateshead-on-Tyne. The burners, of which 
there are four to each boiler, were supplied by Messrs. 
Buell Combustion Company, Limited, Astor House, 
Aldwych, W.C.2. The two views of the boiler-house, 
given in Figs. 8 and 9, show the arrangement of the 
supply piping. The circular pipe along the front of 


| the boilers, with its descending branches to the burners, 





The feed water installation | 


conveys the air-borne stream of pulverised fuel. The 
square duct below it, with a pair of descending branches 
and a flexible pipe to each burner, carries the air 
supply. As is well known, the Buell burner introduces 
air at three points, namely, that carrying the fuel, 
a jet which may be called the primary supply, in the 
centre of the fuel stream, and the secondary air supply 
outside it. The flexible pipe supplies the former, and 
the square-section vertical ducts the Jatter. In addi- 
tion, a further supply of air from the fans is admitted 
at the bottom of the furnaces through two regulating 
doors just above the main platform. These are visible 
in Fig. 8, immediately to the right of the column in 
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the centre of the figure. In this figure, also, it will be 
seen that the platform is made of interlock flooring, 
which gives ample light and air to the basement below. 
The furnaces are provided with flat brickwork arches 
of the Liptak type, and are provided with adequate 
inspection doors. The ash and clinker are collected, 


at the bottom of the hopper-shaped lower part of the | 


furnace, by a water-immersed scraper conveyor which 
runs along all three boilers. This delivers to an inclined 
automatic skip hoist, which has a vertical lift of about 
60 ft., into the 30-ton ash-storage bunker shown on 
Fig. 11. From this bunker the ash is loaded into 
wagons, as required. 

The figure just referred to also shows the exterior 
of the new boiler-house. This is 122 ft. long, 68 ft. 
wide, and 35 ft. 6 in. high from the main platform 
to the eaves. The basement is 12 ft. 6 in. deep below 
the main platform, which is at ground level. Messrs. 
Babcock and Wilcox were responsible for the manu- 
facture and erection of the whole of the steelwork 
utilised in the boiler-house, and for the coal bunkers 
and coal and ash-handling plant, in addition to the 
boiler plant proper, including piping. In the com- 
plete cleaning and steam-raising installation Messrs. 
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Horden Collieries, Limited, may justly glaim to 
possess an excellent example of enterprising modern 
practice. 


THE BUILDING TRADES 
EXHIBITION. 
THE sixteenth biennial Building Trades Exhibition 
| was opened by Lord Burnham on Wednesday, Sep- 
|tember 17, and will remain open until October 1. 
Though the supply of houses, after many years of 
work, is now beginning to overtake the demand, there 
| is still room in the country for small dwellings that can 
| be let at low rentals, and for blocks of flats which 
| will take the place of the insanitary slums that still 
too often exist. To meet this demand it is obvious 
that local authorities, architects and builders must 
turn their attention to making the best use of the 
materials and methods available, and that steps must 
also be taken to find new materials and improved 
methods of construction and equipment, combined, 
if possible, with a higher estheticism than has hitherto 
been usual. In addition, the demolition of old build- 
ings and the erection of new and larger substitutes 





|in the centres of our great cities offers scope for the 
| utilisation of all that is most modern in a number of 
| allied industries. From these points of view the Build- 
| ing Exhibition provides a useful object lesson, both to 
the expert and the layman. 

As regards the structure proper, brick is obviously 
| by far the most favoured material for all but the 
largest buildings, and it is being produced in styles 
of great variety and beauty. One of the most attrac- 
tive exhibits is, however, that of a Kentish oast house, 
which is made of concrete blocks. There are also a 
number of specimens of the tiles which are now being 
increasingly used for decoration, and as a step towards 
labour saving, while progress in the latter direction 
will also be secured by employing one or other of the 
many domestic appliances, smokeless fuel boilers, gas 
stoves and electric heaters, to mention only a few 
of the accessories which are on view. We are also 
glad to see that the problem of reducing noise 
has not been neglected. In fact, one of the most 
popular exhibits this year is the “ silent house.” This 
has been designed by Mr. A. Trystan Edwards, and 
consists of a series of rooms in which sound-resisting 
materials manufactured by a number of British firms 
are displayed. On either side of each room is a small 
compartment in which sounds can be generated by 
bells, loud speakers and hammer taps, so that visitors 
can judge the sound-proof qualities of the brick-and- 
block, thatch board, fibre-board, millboard and ply- 
wood partitions shown. An interesting exhibit has 
been staged by the Department of Scientific and 
Industrial Research as examples of the work which is 
now being investigated at the Building Research 
Station at Garston. These include experiments on 
movements in concrete, on pozzuolanic activity and 
on heat transfer through glazed windows. Various 
educational bodies are also exhibiting examples of 
work done by their students, much of which is of a 
gratifyingly high character. 

On the other hand, from the purely engineering point 
of view, the exhibition is a little disappointing. Though 
there is a good display of woodworking machinery, 
this is obviously intended for use by firms who supply 
the builders rather than by the builders themselves, 
while the same applies to the brickmaking plant, of 
which several examples are displayed. As regards 
building operations, an otherwise uninformed visitor 
might gather that mechanisation was confined to that 
useful appliance, the concrete mixer, and, indeed, it 
seems @ little strange that developments in this direc- 
tion have not been more rapid. The electrical industry 
or perhaps the builder, seems to be particularly, 
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backward in this respect, much more might be done 
in using electricity for driving such machinery as is 
employed, especially in the construction of the larger 
buildings. On this occasion there are nearly 400 
exhibitors, and as it is obviously impossible for us to 
deal with more than a few of these, we shall confine 
ourselves to describing some of the novelties in wood- 
working machinery, and in plant of a direct engineering 
character that are being shown. 

"j Messrs. Thomas Robinson and Son, Limited, of Roch- 
dale, are exhibiting a new pattern of moulding machine, 
all the motions in which are driven by separate motors. 
In the case of the six-cutter machine, illustrated in Figs. 1 
and 2, on page 393, the motors for the horizontal heads 
have an output of 7} h.p., while that of those on the 
side heads is 5 h.p. A 5-h.p. motor also operates the 
feed. There is, therefore, a complete absence of belts, 
and the troubles connected with them. The open 
construction of the machine also ensures easy accessi- 
bility, and enables setting up and changing over to be 
rapidly effected. All the motors and cutter blocks 
are equipped with outer bearings, so that overhang is 
eliminated, and the cutter spindles themselves are 
mounted on heavy ball bearings, which are enclosed 
in dust-proof housings. The horizontal spindles run 
in three bearings. The cutter blocks are of the remov- 
able square-lipped type, and are slotted to receive 
§-in. tee-headed bolts, all the horizontal blocks being 
interchangeable, A clearance of 1} in. is allowed for 
the projection of the cutters above the normal cutting 
diameter in the case of the top and beading blocks, of 
1} in. in the case of the side bleck, and of 1 in. in the 
case of the bottom head. 

The feed gear consists of four rollers, which are 
driven by totally-enclosed spur gearing, the top rollers 
being easily removable, so that curved-end rollers 
can be employed for bevel work. Either four or six 
rates of feed are obtainable. In the first case, a two- 
speed motor and change pulleys are used, while in 
the latter case the pulleys are replaced by a three- 
speed gear-box. Alternatively, the firm’s vee-belt 
variable-speed gear can be used. The bottom cutter 
spindle is carried on a hopper frame, which is supported 
on a seating of unusual width. This seating can be 
raised or lowered by an eccentric, so that the height 
can be adjusted within narrow limits. The support- 
ing rails can also be adjusted for level, and the complete 
frame can be locked by a simple device. The gap 
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plates for the bottom cutter block are renewable, the 
opening being adjustable to suit the projections of the 
different cutters. The table in front of the cutter block 
can also be raised or lowered, so that the depth of 
the cutter itself can be varied, while the plate can be 
quickly removed for setting up purposes. A double 
roller pressure device, which is equipped with a weighted 
lever, is provided above the bottom cutter head. This 
can be easily turned over to provide access to the cutters. 
A similar device can also be used for carrying the wood 
pads, which are shaped to the work. 

The vertical side spindles, together with their bearings 
and motors, are carried on wide horizontal slides, so 
that rigidity and freedom from vibration are ensured. 
These slides can be adjusted vertically and held in any 
position by quick-locking devices. The left-hand side 
head operates first, thus allowing a rigid fence to be 
placed opposite each cutter block to support the tim- 
ber... A radial chip-breaker pressure device, which is 
fitted with an adjustable shoe and is equipped with 
wood pads, is provided for the left-hand side head. 
Both heads are fitted with detachable hoods for con- 
nection to an exhaust system. The pressure devices 
between the side heads are of the weighted-lever type, 
and can be fitted with either fingers or rollers. 

The top head is mounted on vertical slides, and is 
securely held in position by locking devices. Being 
of the open type it is very accessible. It can be raised 
or lowered as a whole by a crank handie at the front of 
the machine, the weight being taken by ball thrust 
bearings. A graduated head shows the actual setting. 
The front pressure device is of the chip-breaker type, 
and is fitted with an inclined wood shoe. The corre- 
sponding device at the rear is of the lever and pad 
type. Both are arranged to rise and fall with the cut- 
ter head. The machine can also be equipped with a 
beading head having a removable bearing and cutter 
block. This head can be adjusted vertically as a 
unit, while the table behind it, besides being inde- 
pendently adjustable in the same direction, can also be 
swung away, so that access to the cutters is obtained. 
The gap plates on this head have renewable steel plates, 
which can be adjusted to suit the projection of the 
cutters. 

The motors on the cutter heads are of the high-speed 
squirrel-cage type, and run at 4,800 r.p.m. when 
supplied at a frequency of about 80 cycles from a 
suitable frequency changer or alternator. The motor 
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operating the feed mechanism is of the standard type 
and frequency. All the motors are controlled by push 
buttons from the rear of the machine, “ start’? and 
“stop”? buttons being also placed at the in-feed end. 
In addition, a “stop” button for controlling the feed 
motor is fixed at the delivery end. The machine illus- 
trated will take timber up to 7 in. by 3 in., and measures 
17 ft. by 4 ft. overall. 

« Messrs. Thomas Robinson are also exhibiting a self- 
aligning double roller feed for vertical double-spindle 
moulders, which we illustrate in Fig.3, above. This is 
designed to provide a mechanical and continuous feed 
for all shapes which have hitherto been fed by hand 
and should be of special interest to motor-body 
builders and the furniture industry. The timber is fed 
diagonally between the two cutter heads, both sides 
being machined at the same time. When irregular 
shapes are being dealt with, patterns are fixed to the 
wood in the usual way, and different shapes can then 
be fed through successively, provided they are of 
about the same thickness. For work of which the 
curvature is regular, it is only necessary to use fences 
of appropriate shape. This naturally also applies to 
straight work. For shaping door pillars for saloon 
cars, the normal daily output of which is 1,200, 4-ft. 
lengths, patterns are fixed to the wood, which is 
then guided between the two spindles. The patterns 
are pressed against the ball-bearing collars, which are 
mounted above the cutter blocks, so that the latter 
cuts away all the overhanging timber. 

As will be seen from the illustration, the machine 
consists essentially of a pair of vertical cast-iron feed 
rollers, which may be fluted or covered with rubber, 
and are carried on two pivoted radial arms, which float 
freely in unison, so that they follow the curvature of the 
work. The arms themselves are mounted on a second 
bracket, which is supported on a pillar, the latter being 
attached to the table and carrying the driving gear. 
The bracket is adjusted, so that the position cf the 
rollers is that required by the dimensions or shape of 
the work. The outer ends of the radial arms which 
carry the feed rollers are connected by an adjusting 
screw, one end of which is fitted with a spring, so that 
variations in the width of the stock are compensated 
for. The rollers themselves are driven by chain gear- 
ing, which is normally enclosed in a sheet-steel cover, 
and feed the stock diagonally between the two vertical 
cutter heads. The latter are arranged. to carry 
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either 'plain or mould cutters. In the former case, 
they are usually of the circular type, and are equipped 
with three thin knives. The cutter spindles are also 
fitted with bearing collars, against which the jigs 
carrying the work are pressed by pressure rollers 
mounted in ball bearings. The ends of these jigs 
are shaped male and female, respectively, so that 
they register one with another and permit continuous 
feeding. 

In addition to a Super-Elliot woodworker, and a full 
range of saw benches and spindle moulders, Messrs. 
The Dominion Machinery Company, Limited, of Hip- 
perholme, Halifax, are exhibiting a new pattern of 
combined chain and hollow-chisel mortiser, which we 
illustrate in Fig. 4. This is designed for taking planks 
up to 11 in. by 7 in., and will cut a mortise 5} in. deep. 
The body of the machine, which is of the column type, 
is cast in two parts. The table is carried on compound 
slides, which are designed to ensure rigidity under 
all working conditions, and are provided with adjust- 
ments for taking up the wear. The horizontal traverse 
is effected by a machine-cut rack and pinion, and the 
cross traverse by a handwheel and screw. The 
timber is cramped by a quick lead screw worked from 
a handle. As will seen from the illustration, all 
the levers and handles are within easy reach of the 
operator. The head which carries the chain spindle 
is mounted on adjustable square slides in the standard. 
These slides are fitted right through the casting, so 
that the possibility of the slide being drawn out of 
truth is, it is claimed, completely eliminated. Nor- 
mally, the drive is effected by a direct-coupied motor, 
the two driving pulleys being fitted with clutches, 
while the idler is mounted over a spring, so that the 
belt tension is maintained constant. This arrange- 
ment also allows the belt to be pulled round the chain- 
grinder pulley for sharpening purposes. All the shafts are 
turned and ground to accurate sizes, and are mounted 
in ball bearings, while all the moving parts are care- 
fully balanced to reduce vibration. It is interesting to 
note that the chain or chisel is started and stopped 
automatically when entering and leaving the timber, 
so that the wear is reduced. Both the chain head and 
chisel head can be easily adjusted to enable the 
operator to work in, the correct position, irrespective 
of the depth of timber that is being worked. The 
hollow chisel will mortise from } in. to 1 in. square, 
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and a stop gauge is fitted to regulate the depth of the 
mortise, while splintering when the chain is in opera- 
tion is prevented by a splintering pad. A steel 
safety guard is fitted to the hood over the chain cutter. 
This is automatic in action, and always rests on the 
timber that is being worked. 

An interesting example of a chain-cutter mortiser is 
being shown by Messrs. J. Sagar and Company, Limited, 
of Halifax. Among the advantages claimed for it 
are that no preliminary boring is necessary, and that 
no driving or cleaning out of the cores are required. 
Moreover, it is pointed out, the complete mortise 
can be made at one stroke. In this machine, which 
we illustrate in Fig. 5, the table is mounted on a 
compound slide, which can be moved laterally by a 
handwheel and screw, and longitudinally by a rack 
and pinion. It can also be raised or lowered by a second 
handwheel and screw. The table itself is 2 ft. 8 in. 
long, and is equipped with a simple and quick screw 
cramp, which can be tightened on or loosened from the 
timber by less than half a turn of the handle. 

The chain cutter is operated through a sprocket 
wheel on the driving spindle, and is guided into the 
mortise by a steel bar. The lower extremity of this 
bar carries an anti-friction ring which revolves on a 
roller bearing. The length and width of this bar 
govern the size of the mortise, the possible range being 
from + in. wide by ? in. long, up to | in. wide by 
23 in. long, the maximum depth of the mortise being 
54 in. in each case. Longer mortises can, of course, 
be cut by making two or more strokes, and timber up 
to ll in. deep by 6 in. wide can be taken. The hollow- 
chisel attachment with which the machine is equipped 
allows mortises from } in. to } in. square to be cut. 
Inside this chisel is a boring bit which revolves at 
high speed, its cutting end being a little in advance 
of that of the chisel. The driving mechanism for this 
tool stops automatically at the top of its stroke. 

It may be noted that on this machine the chain 
cutter does not revolve when it is not in use, so that 
wear and tear are reduced. The cutter is started and 
stopped by a cone friction clutch in the base of the 
machine. Safety in operation is, it is claimed, ensured 
by the steel shield, which is fitted to the hood over 
the cutter. This rests on the wood, whatever the 
position of the cutter. The chain-cutter slide is 
counterbalanced by a weight inside the frame, while 
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a chip breaker is provided to prevent the tendency 
of the side of the chain leaving the mortise to break 
the top edge of the work. The chippings are with- 
drawn by an exhaust fan, which is belt driven from 
the sprocket spindle. It may be added that all the 
spindles are ground and run in dust-proof ball and 
roller bearings. 

The fast-and-loose pulleys are placed at the rear of the 
machine, and can be driven either by a separate motor 
or from the line shafting. In addition, the machine is 
well adapted for operation by a self-contained motor. 
Another feature worthy of note is the automatic setting 
attachment which facilitates the performance of repeti- 
tion work. When this is used, the thickness of the 
work cannot exceed 23 in. 

Among the other woodworking machines which are 
being exhibited, mention may be made of the over- 
head boring and recessing machine shown by Messrs. 
Wadkin and Company, of Leicester. This is illus- 
trated in Fig. 6. Its special feature is that the spindle 
bearing remains close up to the chuck at any position 
of the stroke, thus, it is claimed, ensuring better and 
more accurate work than when the usual long spindle 
sliding through a fixed bearing is employed. The 
main frame is of rigid construction, and is machined 
to receive the spindle sleeve and the circular slide which 
carries the work table. The table itself measures 
2 ft. 9 in. by 1 ft. 7 in., and is fitted with compound 
movements. The longitudinal traverse is 30 in., and 
is effected by a steel rack and pinion with machine-cut 
teeth. The height of the table can also be adjusted 
through a range of 9 in. by a handwheel conveniently 
placed at the side of the machine. This wheel operates 
a large circular ram with a ground surface, which fits 
into the main frame, through a self-locking worm-wheel 
motion. The whole of this gearing is totally enclosed. 
The surface of the table is provided with a number of 
tapped holes, to which the fences and clamps can be 
fixed. Both the longitudinal and transverse motions can 
be controlled by stops. For circular or radius work, an 
auxiliary table, 18 in. square, can be secured to the 
main table. This turns on a fixed centre pin, and is 
operated by a hand lever fitted with a plunger pin, 
which engages in holes suitably placed in the main 
table, thus enabling all the principal angles to be readily 
obtained. 

The spindle is carried on ball bearings, and is 
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mounted in a balanced sleeve, so that it is supported 
rigidly during the whole of the stroke. It has a 
vertical rising and falling motion of 12 in., which can 
be controlled either by a foot or hand lever, according 
to the class of work. This sleeve may be locked in 
any desired position. The two-speed pulley runs on 
ball bearings mounted on a fixed sleeve, so that the 
belt tension is taken up by the latter, and not by the 
spindle itself. Adjustable stops are provided for con- 
trolling the movement of the spindle. The main 
casting in which the spindle sleeve slides is so arranged 
that, after the bit or cutting tool has left the work, 

is drawn up into the head. 

The standard speeds of the boring spindle are 1,250 
and 1,850 r.p.m., but additional speeds of 2,500 and 
3,600 r.p.m. can be provided when the machine is 
required for both boring and recessing. In this case, 
the driving unit can be conveniently a 3-h.p. motor of 
the variable-speed reversible type, which is placed 
close up to the machine, in the position usually 
occupied by the fast-and-loose pulleys. Alternatively, 
the machine can be driven from line shafting. In the 
former case, control is effected by push buttons, which 
are placed conveniently to the operator’s hand. The 
machine will bore a 3-in. diameter hole to a depth of 
12 in. The maximum depth between the table and 
chuck is 25 in., while the distance from the centre of 
the cutter spindle to the inside of the body frame is 
20 in. The total height of the machine is 7 ft., and its 
gross weight is 1 ton. 

(To be continued.) 


THE LATE PROFESSOR H. B. DIXON. 
Lie the astronomer, Professor H. H. Turner, whose 
sudden death we had to announce a few weeks ago, Dr. 
H. B. Dixon, Professor of Chemistry at Victoria Uni- 
versity, Manchester, until 1922, and Honorary Professor 
since then, was suddenly taken ill while on a journey. 
This occurred at Lytham railway station, on Septem- 
ber 18, and Professor Dixon died on the same day. 

Harold Baily Dixon, son of the editor of the 
Atheneum, William Hepworth Dixon, was born on 
August 11, 1852, and was educated at Westminster 
School. At Christ Church, Oxford, he came under the 
tuition of the chemist, Professor Vernon Harcourt, 
whom he subsequently assisted in his gas researches and 
also in his photometric work. In this connection, he 
conducted photometric measurements at the South 
Foreland lighthouse in 1884-5 on behalf of Trinity 
House. Together with his father, he paid a visit to 
Canada and the United States, visiting the mines of 
Montana and Oregon in 1874. But he was little in touch 
with industrial chemistry, and his selection, in 1886, 
when he was a lecturer at Balliol College, Oxford, to 
succeed Sir Henry Roscoe as Professor of Chemistry at 
Owens College, Manchester, was received with some sur- 
prise, not only in Manchester. Roscoe’s colleague, the 
technical chemist, Professor Schorlemmer, co-author of 
Roscoe’s Lessons in Elementary Chemistry, in those 
days the popular text-book for chemical students, 
would probably have been more acceptable to the 
great chemical interests of the district. 

Dixon investigated the explosions of gases, and the 
effect of traces of water vapour in these reactions, 
a problem which was not finally settled in the half- 
century which he devoted to the investigation. One 
of his difficulties was to find suitable glass tubes 
for these experiments. When he succeeded in inter- 
esting a glassworks firm in their manufacture, he 
was asked to have his tubes fetched, the firm declin- 
ing the risk of transport. This gas-reaction investiga- 
tion also brought Dixon into contact with the inquiry 
into mine explosions and the work on coal-dust explo- 
sions of the Mining Association at Altofts, later con- 
tinued by the Government at Eskmeals and Buxton. 
Dixon was also a member of the Royal Commission on 
Coal Supplies, 1911-14, and his war work was likewise 
connected with explosives, as well as with the Alcohol 
Fuel Committee. Of a more general nature were his 
activities as chairman of the General Board of Studies 
at Manchester, and of the Royal Technical Institute 
at Salford. The Royal Society admitted him in 1886, 
and he delivered the Bakerian lecture on the rate of 
explosions in gases in 1893. He was President of the 
Chemical Society in 1911-13, and was made a C.B.E. 
in 1918. Balliol College elected him a Fellow in the 
same year that he proceeded to Manchester. 


Tue INstrtTUTE oF TRANSPORT.—-The following awards 
have been made by the Council of the Institute of 
Transport in connection with papers read before the 
Institute during the 1929-30 session:—The Railway 
(Operating) Gold Medal to Mr. Ashton Davies; the 
Railway (Engineering) Gold Medal to Sir Henry Fowler, 
K.B.E.; the Road Transport (General) Gold Medal to 
Professor R. G. H. Clements ; the Aerial Transport Gold 
Medals to Herr M. Wronsky and to Mr. F. Handley- 
Page, C.B.E.; the Water Transport Gold Medal to 
Mr. W. E. Tapper; the Institute Graduate Silver 


Medal to Mr. D, A. Lamb; and the Modern Transport 
Premium to Mr. F. L. Hick. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


22,000-volt Transformers.—The supply of single- and 
three-phase transformers and spares. The State Elec- 


tricity Commission of Victoria. September 29. (Ref. 
No. A.X. 10245.) 

Iron Safes.—The supply of 197 iron safes. The 
Egyptian Ministry of Finance. November 5. (Ref. No. 


A.X. 10232.) 


Scientific Instruments.—The supply of micrometer 
theodolites, levels, pantometers, plane-table outfits, 
drawing and measuring instruments and apparatus, wall 
clocks, tell-tale clocks, and stop-watches. The Physical 
Department of the Egyptian Ministry of Public Works. 
October 25. (Ref. No. B.X. 6787.) 


Hydro-Electric Plant.—The supply and delivery of plant 
for the Wana Power Station of the Military Engineer 
Services, India. Order No. N. 11526, Indian Stores 
Department, Simla. (Ref. No. A.X. 10262). 








BOOKS RECEIVED. 


A Second Year’s Course. By 


Engineering Science. 
Edward Arnold and Com- 


Witi1am Warp. London: 
pany. [Price 5s. net.] 
Aeronautical Research Committee. Reports and Memo- 
randa. No. 1311. Wind Tunnel Tests on Gloster and 
Supermarine Wing Radiators. By R. G. Harris, 
L. E. Cayritt and R. A. FarrtHorne. [Price 9d. net.] 
No. 1319. Moments and Forces on a Yawed Model 
Aeroplane. By W. G. A. PERRING and C. CALLEN. 
(Price 4d. net.] No. 1321. Maximum Lift Coefficient 
of R.A.F.30 All-Moving Rudder, By F. B. BrapFrEexp. 
[Price 4d. net.] No. 1327. Wind Tunnel Tests of Seven 
Struts. By A. 8S. HartsHorn. [Price 9d. net.] London: 

His Majesty’s Stationery Office. 

American Railway Signalling Principles and Practice. 
Chapter XII. Semaphore Signals. Chapter XIII. 
Light Signals. New York: American Railway Asso- 
ciation. [Price 35 cents each. } 

Barlow’s Tables of Squares, Cubes, Square Roots, Cube 
Roots, and Reciprocals of all Integer Numbers up to 
10,000. Edited by L. J. Comrie. Third edition. 
London: E. and F. N. Spon, Limited. [Price 7s. 6d. 
net. ] 

Department of Scientific and Industrial Research. Report 
of the Committee on Welded Containers. London: 
His Majesty’s Stationery Office. [Price ls. 3d. net.] 

Converting a Business into a Private Company. By 
Herbert W. Jorpan. Eighth edition. London: 
Jordan and Sons, Limited. [Price ls. 6d. net.] 

Die Berechnung auf vier Seiten gestiitzter rechteckiger 
Platten. By Dr. Taxasnt Inaba. Berlin: Julius 
Springer. [Price 2 marks. ] 

Unemployment. A Problem of Industry (1909 and 1930). 
By Str W. H. Bevertper. London: Longmans, 
Green and Company. [Price 21s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 17. The Significance of Spores in 
the Correlation of Coal Seams. Part I. The Parkgate 
Seam.—South Yorkshire Area. By L. Suater, M. M. 
Evans and G. E, Eppy. London: His Majesty’s 
Stationery Office. [Price ls. 3d. net.] 

Modern Sewage Disposal and Hygienics. By S. H. 
Apams. London: E. and F. N. Spon, Limited. 
[Price 25s. net. ] 

Kelly’s Directory of the Engineering, Hardware, Metal 
and Motor Trades, 1930. London: Kelly’s Directories, 
Limited. [Price 45s., post free. ] 

Commonwealth of Australia. Council for Scientific and 
Industrial Research. Bulletin No. 44. Investigations 
on ‘‘ Spotted Wilt’? of Tomatoes. By G. SamunEt, 
J. G. Batp, and H. A. Pirrman. Melbourne: Council 
for Scientific and Industrial Research, 

The Association of Engineering and Shipbuilding Draughts- 


men, Valve and Reversing Gears. By B. Hutcuison. 
London: The Draughtsman Publishing Company, 
Limited. [Price 2s. net.] 


The Principles of Structural Mechanics. Treated without 
the Use of Higher Mathematics. By Percy J. Wat- 
DRAM. Second edition, revised and enlarged. London: 
B. T. Batsford, Limited. [Price 12s. 6d. net.] 

A Practical Treatise on Single and Multi-Stage Centri- 
fugal Pumps. By RAyMonD DEFELD. Translated by 
C. W. O.tver. London: Chapman and Hall, 
Limited. [Price 2ls. net.] 


WeLpInG CoMPETITION., — Beginning in November, 
the proprietors of The Welder, a magazine issued by 
Messrs. Alloy Welding Processes, Limited, Ferry Lane 
Works, Forest-road, Walthamstow, London, E.17, will 
offer a monthly prize of five guineas for the best illustrated 
article describing interesting jobs undertaken by the 
electric arc welding process. The articles must not 
exceed 500 words in length, and must describe work 
carried out with material manufactured either by Messrs. 
Alloy Welding Processes, Limited, or the Premier Electric 
Welding Company, Limited, and must be accompanied 
by either photographs or drawings. All entries for the 
November competition should reach the editor of The 
Welder at the above address by October 1, and must be 
marked ‘‘ Competition.” The judges will be Mr. E. H. 
Jones and Dr, Paterson, 








ENGINEERING TRAINING AND 
EDUCATION. 


University College, London.—A pamphlet we have 
received from the Secretary, University College, 
London, gives particulars of the courses in engineering 
which are available at that Institution. This college 
is, of course, a school of the University, and the 
syllabus is mainly designed to lead up to the degree 
of Bachelor of Science (Engineering). Students are, 
however, also prepared for appointments in the Indian 
and Colonial Public Works Department, the Engineer- 
ing Department of the General Post Office, the Depart- 
ment of the Director of Engineering and Architectural 
Works in the Admiralty, and other Government depart- 
ments. The staff are in continual touch with engineer- 
ing firms, and every effort is made to introduce qualified 
students to them for the continuation of their training 
as engineers at the conclusion of their college career, 
or in the vacations. Numerous prizes and scholarships 
are open for competition. 


Courses in Mining.—Details of the courses available 
in mining engineering and allied subjects during the 
cor session are given in a pamphlet issued by the 
South Wales and Monmouthshire School of Mines, 
Treforest. These cover six years, a larger proportion 
than is usual of which is spent in a colliery, power 
station, drawing office or engineering shops. During 
the college course proper, moreover, visits are paid to 
collieries or works at frequent intervals, bothin this 
country and on the Continent, while geological or 
surveying camps are also arranged. The courses have 
been arranged so that the training is of an essentially 
practical nature. The College was inaugurated by the 
principal coalowners in South Wales and Monmouth- 
shire in 1913, but is now controlled by the Glamorgan- 
shire Education Authority. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLesBrovucH, Wednesday. 


The Cleveland Iron Trade,—Little new can be ascertained 
concerning the Cleveland pig-iron trade. Output is not 
excessive, and stocks are not large. Second hands have 
not much to offer, and their transactions are chiefly in 
small lots with customers abroad. Export demand is 
very light, and terms of contract with ironmasters pro- 
hibit extensive merchant business with home consumers. 
Most of the limited make is still absorbed by the require- 
ments of producers own works, and ironmasters are 
selling the greater part of the surplus direct to home 
users. Makers are determined to regulate output, as 
far as possible, so that production does not exceed 
needs, Fixed minimum market quotations are unaltered. 
No. 1 Cleveland is 66s.; No. 3, g.m.b., 63s. 6d. ; No. 4 
foundry, 62s. 6d.; and No. 4, forge, 62s. A little 
imported iron is still used by firms in this district. 


Hematite.—Sales of hematite pig are effected with less 
difficulty than are transactions in Cleveland qualities. 
Continued slow, but steady, home and export demand for 
hematite is reported, and a fair amount of business has 
been put through by both producers and merchants. 
The latter have still command of rather considerable 
quantities, but are no longer offering iron at rates much 
below the figures named by makers. Heavy stocks of 
the blast-furnaces are largely sold, and are being gradually 
reduced. Ordinary East Coast brands command 71ls., 
and No. 1 is 71s. 6s. 


Foreign Ore.—It is somewhat difficult definitely to 
fix prices for foreign ore. Sales are few and small, 
consumers being well placed as regards supplies, and are 
holding off the market. Nominally, best rubio is 19s., 
c.i.f. Tees, but less would be accepted. 


Blast-Furnace Coke.—Values of Durham blast-furnace 
coke are becoming firmer. Sellers now refuse to entertain 
offers at below 17s., for early delivery of good medium 
kinds to local users, and report forward business at 
17s. 6d. ; while for supply up till the end of the year 18s. 
is asked. 


Manufactured Iron and Steel.—Orders for the various 
descriptions of manufactured iron and steel are difficult 
to secure, but producers are not disposed to lower recog- 
nised market quotations, though much of the work in 
hand is being rapidly executed, and unless buyers come 
forward fairly freely in the near future more plant 
will have to be laid idle. Departments producing 
railway material and constructional steel are better 
employed than other branches, and sheet manufacturers 
have a fair amount of work on hand. Common iron 
bars are 10/. 15s.; best bars, 11/. 5s.; double best 
bars, lll. 15s.; treble best bars, 12/. 5s.; iron rivets, 
1ll. 10s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 67. 10s. ; steel billets (medium), 
7l. 12s. 6d.; steel billets (hard), 81. 2s. 6d.; steel rivets, 
111. 5s. ; steel ship plates, 8/. 15s. ; steel angles, 81. 7s. 6d. ; 
steel joists, 87. 10s. ; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9J. for smaller lots ; 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 
91. 12s. 6d.; and galvanised corrugated sheets (No. 24 
gauge), 111. 17s. 6d. 


Scrap.—Heavy steel scrap continues in steady demand 
at 47s. 6d., but other descriptions of scrap are slow of 
sale, and weak in price. Borings are 30s.; turnings, 
37s. 6d.; heavy cast-iron scrap, 54s.; and heavy 
machinery metal, 56s. 
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SHEFFIELD, Wednesday. 


Iron and Steel.—Manufacturers are still to be found 
who subscribe to the view that an early revival may be 
expected. This opinion finds support in the low state 
of iron and steel stocks, both of raw materials and semi- 
manufactures at all kinds of producing works. A 
forward buying movement is urgently needed if a 
further expansion in the basis of unemployment is to 
be avoided during the coming winter. Reports received 
from the majority of the larger works are far from 
cheerful. The intensity of competition, not only from 
foreign rivals, but from industrial centres in other 
parts of this country where the slump has resulted in 
severe price-cutting, tends to keep actual orders at a 
minimum, and to increase the difficulties of those who 
are striving their utmost to keep plant operating even at 
recent capacity. Such capacity is well below normal 
level, a considerable area of plant in both the heavy and 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—There is not the slightest sign 
of any improvement in the Scottish steel trade this 
week, and plant is running a long way under capacity. 
Specifications are very limited and the tonnage is seldom 
of much consequence, with the result that great difficulty 
is being experienced by the managements in keeping the 
works moving. Most establishments are alike, although 
one or two are slightly better placed at the moment. 
Home buyers have really not much business to place, 
while the overseas markets generally are so upset by 
local conditions that buying has been reduced to the 
absolute minimum. Inquiries do not point to any 
revival being near at hand, but occasionally the volume 
is rather better. In the black sheet trade the makers 
are no better off for work, despite the recent reduction in 
prices, and producers of the heavier gauges are very 
hard-up for orders. Business in the lighter gauges is 





light sections being either wholly idle or spasmodically | just steady, but order books represent quite a fair tonnage, 
engaged. Conditions in the market for raw and semi- Whereas the demand for galvanised sorts is far from 
finished materials reflect the prevailing uncertainty. satisfactory, as the foreign markets are very unsettled 
Though enquiries are more numerous, pig iron consumers | through internal troubles. The following are the current 
appear to be content to cover immediate requirements. | market quotations :—Boiler plates, 10/. 10s. per ton; 
A steady though restricted trade proceeds in special steel- | ship plates, 87. 15s. per ton ; sections, 8/. 7s. 6d. per ton ; 


making hematites. Scrap continues a depressed market, | black sheets, -in., 87. 15s. per ton ; and galvanised corru 
even at the current low rates. Depression still holds | gated sheets (No. 24 gauge), 11/. 17s. 6d. per ton, all 
fn the market in ferro-alloys. Current quotations are : | delivered Glasgow stations. 


Siemens acid steel billets, 91. 10s. ; hard basic-steel billets, 
91. 2s. 6d. to 91. 128. 6d. ; medium hard basic-steel billets, 
71. 12s. 6d. to 81. 2s. 6d. ; soft basic-steel billets, 62. 10s. ; 
Derbyshire foundry pig iron, 68s. 6d. ; Derbyshire forge 


iron, 64s, 6d.; crown iron bars, 10/. 5s.; iron hoops, | 


127. ; steel hoops, 97. 10s. to 101. ; basic-steel scrap, 50s. 
The position in the heavy trades has been slightly relieved 
by the further receipt of Government contracts for steel 
of various types, propeller shafting, and railway tyres. 
Good business on export account continues to be done in 
cast-iron pipes. South Africa appears to be buying 
more freely than for some time past. Wider outlets 


exist for special steels of high cutting efficiency, and for | 


those resistant to heat, acids, and rust, than at any pre- 
vious period. In high carbon steels competition is met 
with not only from France, Belgium, and Germany, but 
from several British centres which pre-war did not 
touch this line of manufacture. Tool trade conditions 
are decidedly mixed. The seasonal trade in farm and 


garden implements and machinery parts has been dis- | 


appointing. Makers of sheep shears report substantial 
purchases from South America and Canada; but 
Australia, which normally is the largest buyer, has 
ordered less freely than usual. Sheffield makers of 
plantation tools, in common with Continental rivals, are 
suffering from a universal diminution in the demand. 
Export trade in files, saws, and edge tools has shown a 
marked contraction during the last six months. There 
is still an active demand for special steels and fittings 
from the electrical, chemical, and automobile in- 
dustries. 


_ South Yorkshire Coal Trade——An early improvement 
in house-coal business is widely anticipated. Following 
the spurt that preceded the recent advance in price, 
demands have again been on a restricted scale, but 
enquiries are now growing more numerous, and the 
outlook is viewed with hope. Current business is mainly 
directed towards best quality fuel, secondary and 


Malleable-Iron Trade.—Conditions in the West 
of Scotland malleable-iron trade are no better, and plant 
can only be carried on intermittently. Orders are poor 
in volume and of the hand-to-mouth description. The 
depression has been of long duration and no bright spot 
is yet discernible. The re-rollers of steel bars are still 
very quiet, and the weakness of Continental markets 
influences the trade here. Prices are weak, and are 
as follows :—Crown bars, 10/. 5s. per ton for home 
delivery and 9/. 15s. per ton for export; re-rolled steel 
bars, 7/. 7s. 6d. per ton for home ailvecs and 7/. 5s. per 
ton for export. 





Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there is a decided lack of life, and the twelve furnaces 
| now in blast are more than equal to all demands. Local 
| consumers are not themselves in a position to place much 
| business, and the unrest abroad is responsible for the 
|miserable demand from the overseas buyers. Prices 
| are barely steady and are as follows :—Hematite, 78s. 
| per ton, delivered at the steel works ; foundry iron, No. 1, 
| 79s. per ton, and No. 3, 76s. 6d. per ton, both on trucks 
| at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 

ig-iron from Glasgow Harbour for the week ending 
ast Saturday, September 20, was again poor and only 
amounted to 207 tons. Of this total, 170 tons went 
overseas and 37 tons coastwise. During the corre- 
sponding week of last year the figures were 452 tons 
overseas and 26 tons coastwise, making a total shipment 
of 478 tons. The detail of last week’s shipments is as 
follows : Overseas—India, 80 tons; Antwerp, 40 tons ; 
Canada, 30 tons; New Zealand, 20 tons. Coastwise— 
Plymouth, 10 tons; Cardiff, 8 tons; Southampton, 8 
|tons; Waterford, 6 tons; and Londonderry, 5 tons. 











} 
| Instrrurion or ELECTRICAL ENGINEERS.—The follow- 
| ing Scholarships, &c., have been awarded by the Institu- 


inferior grades being in surplus supply. Moderate sales tion of Electrical Engineers: The Ferranti Scholarship, 
are reported in industrial fuel. The heavy trades are | of an annual value of 2501, and tenable for two years, 
taking rather better supplies on inland account, while @ | has been awarded to Mr. E. Wilkinson, of Liverpool 
somewhat better tonnage is going to the ports. Supplies | University. The Duddell Scholarship, of an annual 
of washed nuts and smalls are more than ample to meet | value of 150/. and tenable for three years, has been 
current needs. Business in blast furnace coke is sluggish. | awarded to Mr. T. R. Stretton from Cardiff Technical 
Gas coke is a moderate market, with prices mainly | College. The David Hughes and Salomons Scholarships, 








unchanged. Quotations are: Best branch hand-picked, 
248. to 25s. 6d.; Derbyshire best bright house, 19s. to 
21s.; best house coal, 18s. to 19s. 6d.; screened house coal, 
16s. to 17s.; screened house nuts, 14s. to 16s.; York- 
shire hards and Derbyshire hards, each 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls 3s. to 5s. 








PROGRESS IN THE SALE OF ExtEctRiIcITy.—The Elec- | 


trical Times of September 18 contains an article by 
Mr. H. M. Sayers, in which the progress made in the 
sale of electricity by the different undertakings in this 
country, during the period 1921-22 and 1928-29, is 
analysed. The equated annual percentage rate, which 
would have compounded in the seven years to the total 
increase, and the percentage increase during the same 
time are taken as bases. It appears that four under- 
takings—Egham and Staines, Peterborough, Preston, 
and Reading—show an equated annual increase of over 
40 per cent., four undertakings have an increase of 
between 30 and 40 per cent., 24 between 20 and 30 per 
cent., 44 between 15 and 20 per cent., 67 between 10 
and 15 per cent., 15 between 7} and 10 per cent., nine 
between 5 and 7} per cent., and three—Melton Mowbray, 
Weybridge, and Wigan—below 5 per cent. On an average 
the annual increase amounted to about 12 per cent., 
while during 1929 the consumption per residential con- 
sumer was some 450 kw.-hours. The power company’s 
results are not included as they do not return consump- 
tion statistics, and the interchange of bulk supplies 
and changes in the area served also slightly affect the 
accuracy of the figures. The consumption per head of 
private supply shows extraordinary differences in other- 
wise similar districts. For instance, at Coventry in 
1929 it was 466-3 kw.-hr., and only 33-1 kw.-hr. at 
Newcastle-under-Lyme in the same year. In Greater 
London it varied from 387-5 kw.-hr. at Erith to 48-5 
kw.-hr. at East Ham. Stretford reached 959-5 kw.-hr. 
and Caterham was as low as 23-6 kw.-hr. 


| each amounting to 100/. for one year, have been awarded, 
| respectively, to Mr. H. A. Wainwright, Sheffield Uni- 
| versity, and Mr. E. Bell, of Armstrong College, New- 
| eastle-on-Tyne. The Thorrowgood Scholarship, of a 
| value of 25/., tenable for two years, has been awarded 
|to Mr. J. F. H. Tyler, of the Southern Railway Com- 
|pany. Grants of 50. each, from the War Thanksgiving 
| Education and Research Fund, have been made to 
Mr. F. J. Clark, of the East London College, and to 
| Miss W. Hackett, of Birmingham University. 


Prersonat.—The International Electrolytic Plant 
Company, of City Electricity Works, New Crane Street, 
Chester, are to-morrow changing their works and offices 
to Sandycroft, Chester.—The Lea Recorder Company, 
Limited, have changed their address from 28, Deansgate, 
Manchester, to Recorder House, Cornbrook Park-road, 
| Manchester.—Messrs. Fredk. Pollard and Company 
(Bearings), Limited, have removed their London depot 
from 210, Cricklewood Broadway, N.W.2, to 19, Brook 
Green-road, Hammersmith, W.6.—Messrs. Black and 
Bigelow, Inc., 551, Fifth-avenue, New York, have 
appointed Mr. R. Stuart Murray as an associate on their 
staff, in connection with aeronautical projects in South 
America.—Mr. W. M. Winstanley has been appointed 
general manager of the British General Electric Company, 
Limited of South Africa, in succession to the late Mr. 
W. B. Phelp.—We are informed that Colonel J. B. Neil- 
son, C.M.G., D.S.O., has been appointed to a seat on the 
Board of Messrs. Vickers-Armstrongs, Limited, to fill 
the vacancy caused by the death of Mr. G. G. Sim.—Mr. 
W. Johnstone is retiring from the Fo of managing 
director of the Brush Electrical Engineering Company, 
Limited, Loughborough; Mr. A. T. Brotherton has been 
appointed to the Board with special duties as local 
director at Loughborough, and Mr. W. Pearson has been 
appointed general manager. Mr. W. Johnstone retains 
his seat on the Board and Mr. E. Garcke will act as 
chairman and managing director, 








NOTICES OF MEETINGS. 





BRITISH ASSOCIATION OF REFRIGERATION.—Thursday, 
October 2, 5.30 p.m., Institution of Mechanical Engi- 
|neers, Storey’s-gate, S.W.1. Presidential Address, by 
Sir B. W. Hardy. 

Junior INstriTUTION oF ENGINEERS.—Friday, October 
3, 7.30 p.m., 39, Victoria-street, S.W.1. “‘ The Develop- 
ment of the Bridge,”’ by Mr. 8. J. Crispin. 


Institute oF British FounpRYMEN.—Lancashire 
Branch: Saturday, October 4, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. Presidential 
Address by Mr. R. W. Stubbs. 


INsTITUTION OF MunIctIPpAL AND County ENGINEERS. 
—South-Eastern District : Saturday, October 4, 4.45 p.m., 
Beach House Park Pavilion, Worthing. ‘‘ Notes on 
Recent Works at Worthing,’ by Mr. P. E. Harvey. 
“The Storm-Water Problem at Worthing,” by Mr. 
B. V. Bradforth. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Except that the foreign cargo ship- 
ments of coal this week, at 442,490 tons, were 28,000 tons 
greater than in the previous week, the coal trade has 
shown no feature of encouragement. Contracts for the 
French railways for supplies over next year are under 
negotiation, but it is stated that the quantities under 
discussion are considerably below the quantities fixed 
up a year ago. The Egyptian State Railways intimate 
that they will require tenders by December 16, for the 
supply of 155,000 metric tons of large coal delivered at 
Alexandria. This business has come to South Wales 
regularly since the war, but has always been the subject 
of keen competition and, though on occasions the 
north-country and America have offered coals at lower 
prices than Welsh, the Egyptian authorities have paid 
the higher prices for Welsh coal, presumably on account 
of its superiority over other coals. The present contract 
for 250,000 tons was placed in April last with the Maris 
Export and Trading Company, Limited, at 26s. 54d. 
per ton, c.i.f. Alexandria, delivered over the last five 
months. 


Cardiff General Trade.—At a meeting of the Cardiff 
Chamber of Commerce yesterday, Mr. John Powell, the 
president, said that the Cardiff Corporation and the 
Chamber of Commerce Joint Committee had done excel- 
lent work in encouraging general trade. Their progress 
had been slow, but would undoubtedly be of very con- 
siderable help to the port. Cardiff, in the future, must not 
rely on coal exclusively. If the City was to regain the 
prosperity which was enjoyed for so many years, they 
would have to concentrate on general cargo, and would 
have to arrange to bring more industries to the vicinity. 
Dealing with national expenditure, the Chamber unani- 
mously adopted the following resolution.—“‘ That in 
view of the fact that it has long been recognised that 
the competitive power of this country is seriously cur- 
tailed, both in home and foreign markets, by the excessive 
burden of taxation which industry has to bear, and that, 
consequently, unemployment is needlessly prolonged and 
extended, this Chamber urges that drastic action should 
immediately be taken by the Government to reduce local 
and national expenditure.” 


Bar and Tinplate Trade.—The minimum price of tin- 
plates was yesterday reduced by ls. per box to 17s. 
per box, and of Welsh tinplate bars, from 6/. per ton 
to 51. 15s. per ton. Foreign bars are, however, still 
available at 4/. 10s. per ton. Exports of iron and steel 
goods last week totalled 11,891 tons, or 490 tons more 
than in the previous week. Shipments of tinplates and 
terneplates were reduced from 8,167 tons to 7,754 tons, 
of blackplates and sheets from 914 tons to 467 tons, and 
of galvanised sheets from 1,315 tons to 1,271 tons, but 
shipments of other iron and steel goods were increased, 
from 1,009 tons to 2,400 tons. 








Tue VickEeRS-BERTHIER MACHINE RIFLE: ERRATUM. 
—We regret that the title was incorrectly given of Fig. 7, 
| age 361, of our last issue in the article of the Vickers- 

Berthier machine rifle. This figure shows, as is clearly 

{stated in the text, the rifle mounted as an aircraft 
| observer's gun—that is, on the Vickers Scarff Ring of 
an aeroplane. 











Tue Sureprvc or BartisH Evectrican EqurrMEeNtT 
to Hotianp.—Last year Messrs. Parsons and 
Company, Limited, Heaton Works, Newcastle-upon- 
Tyne, secured an order for two turbo-alternators, com- 
plete with condensing plant, from the Provincial Elec- 
triciteitsbedry Van Noord, Holland. The total weight 
of the plant involved is approximately 1,000 tons, 
including various heavy individual pieces ranging from 
10 to 65 tons. It was originally intended to forward the 
machinery by rail to a wharf on the Tyne and to ship it 
thence to a wharf at Ymuiden, distant about 1 mile 
from the new power station. This involved the hiring 
of a floating crane, to be towed a distance of 14 miles 
from Amsterdam, and the use of railway wagons to 
transport the materials from the wharf to the power 
house. A wagon to carry 70 tons could not be found in 
Holland and it would have been necessary to hire one 
from Germany, or to send one over from pers with 
the first 65-ton load, either of which expedients was 
likely to prove costly. It was finally decided to send 
the equipment via the Harwich-Zeebrugge train ferry, 
jand ‘hens special trains will convey the os ” ean 
| the first of which left Newcastle on September 21. 





i 
f 
44 
é 
' 
iH 


nara at SKY Seale a onbiigpaniee s Neote ab sate adit SRE 








_ [SEPT. 26, 1930. 











398 oe. ENGINEERING. 


PULVERISED-COAL FIRED BOILER PLANT; HORDEN COLLIERY. 


CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 390.) 











Fic. 8. Interior oF Borer Hovse. 























Fie. 10. Coaxu-Dusr SEpaRaTING PLANT. Fie. 11. AsH-HANDLING PLANT. 


Sr o _ < = “ ° > . . . . . . . 7 i 
Dunve an SPROIFIC ATION FOR THE ATTACHMENT AND] drives from 10 in. to 60 in. in diameter and over, in| size of machine is also suggested. In preparing this 
= or CrrcutaR Meta Currine Saws.—A British| six ranges. The loose-flange method of attachment is | specification the dimensions of machines at present in use 
were carefully considered. Copies of this specification may 


i Specification No. 384, which has recently been | recommended, and, in addition to giving the standard 
se an ee pe ae to meet thé need for some standard | dimensions for fixing the saws, a method by which two | be obtained from the B.E.S.A. Publications Department, 
ethod of attaching circular saws, and covers saws or| ranges of saw diameters can be accommodated on one | 28, Victoria-street, London, S.W., price 2s. 2d., post free. 
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In testing some dished ends for boilers having 
hand or man-holes in them, they found, under a 
pressure equal to the intended working pressure, 
that round these holes there were limited areas 
in which the metal was strained beyond the elastic 


3 | limit, and they declared accordingly that the factor 


of safety was zero. This conclusion was a perfectly 


5 OE EEE NR eal Se ENTS 6 A : 
| Seeks Mopeivad EEE IPT AN INES E: 306 sound and logical deduction from the theory that 
| Engineering Training and Education .................... 396 | factors of safety should be based on the elastic 


| Notes from Cleveland and the Northern Counties 396 


limit, but the experience of the insuring and inspect- 


Notes from South Yorkshire ......0..........0.:ccceeenees 397 | ing companies shows that these dished ends never 
Notes from the North Svaksnaeasabednduoudunsadadedaeteeanenae ian 397 fail in the regions in question but at the shoulders, 
| Notices of Meetings ...... sssssssecenssnesenseensseseansasesecnenvatees 397 | where the fatigue is a maximum. 
| Notes from the South-West sina pisdaasces sd Selagh Go 397 Moreover, it is not only cold straightened material 
Ea nig = ak yo cm sseaiadiaataie edie sh = which is subject to heavy internal stresses. If, 
NOS cece" 46] | for instance, an I-beam be split along the centre 


| International Agricultural Tractor Trials (Jllus.).... 401 
The Centenary of the Liverpool and Manchester 
| Railway 
The Iron and Steel Institute ; Prague Meeting 
Letters to the Editor.—The Calculation of Convection 
Heat Transfer. Rubber Road-Surfacing for 
Highway Bridges. Rubber as an Engineering 
ROUEN 65.5500: 5a co oBescsceacns savas inet vobiuneot catamaran dean oe 
Gas Leak Detection by Means of Ethylmercaptan 405 


PAA RORRY IUREO 2a oo-y csacdesasesesesicece ene onenaee ene 406 
The British Association at Bristol ..................0000 407 
High-Frequency Steel Furnaces (Jllus.)  ................ 409 
We CN oo issn ba snisudu cccenctes Ne aici ate 411 
120-Ton Crocodile Wagon for the Great Western 
TUBMWSY (IMO  csceicentsnioncarsiounuatanneens 412 


The Development of Rigid Airship Construction 412 
Sleeve-Packed Superheater Cock (Illus.) .........0..... 414 
Catalogues * 
The World Power Conference, Berlin 
Two One-Page Plates and One Two-Page Plate-—THE 

OAKLAND-ALAMEDA ESTUARY TUBE, 

SAN FRANCISCO BAY, CALIFORNIA. 


ENGINEERING 


FRIDAY, SEPTEMBER 26, 1930. 








Vou. CXXX. No. 3376. 


THE PROPORTIONING OF 
BRIDGEWORK. 

In an instructive paper read at the recent meeting 
of the British Association, Mr. J. S. Wilson compared 
past and present specifications for bridge work. 
The fundamental difference between the two is that 
the older specifications, such as those of Sir Benjamin 
Baker, were based wholly on the results of experience 
and experiment, whilst their successors contain 


line of the web, the two halves are apt to develop 
very large curvatures, and it is probable that the 
same effect would be observed if a heavy angle were 
treated in the same way. 

In a discussion of the point in question some 40 
years ago, the basing of factors of safety on the elastic 


5 | limit was defended on the ground that though a bridge 


might hold together were this exceeded, the deflec- 
tion would suddenly increase twenty-fold. The 
bearing of this remark on the factor of safety is, 
however, far from obvious. Moreover, not even 
the most skilled of modern calculators pretends 
to rival the achievement of the Deacon who designed 
the famous ‘“‘ One-horse Shay,” This, it will be 
remembered, was so skilfully proportioned that no 
one part was weaker than the other, so that in its 
final collapse all failed together. 

** All at once and nothing first.” 

“ Just like bubbles when they burst.” 

It is quite impossible to construct a bridge with 
the parts so equally strained that on the elastic 
breakdown point being reached, the deflection would 
increase twenty-fold as asserted, and even if this feat 
were possible it would have no bearing on the factor 
of safety. As matters stand to-day the “ onlie be- 
getter ” of this theory is the well founded conviction 
of certain theorists, that unless it be true the real 
stresses on perfectly safe structures may differ very 
largely from the calculated values. They hold the 
theory as a creed not as a policy, wishing to believe 
it and ignoring every argument against its validity. 
Professor Batho had a good word to say for the 
statically indeterminate structure which is con- 
demned in many quarters. He asserted—and his 
claim is supported by practical experience the 
world over—that such a structure may give a more 
economical, more reasonable, and safer design than 
a statically determinate framework. The standard 
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practice of the Chicago and North Western Railroad 
was, and perhaps still is, to use double intersection 
trusses. This policy was adopted in consequence 
of an accident in which a derailed train knocked a 
web bar out of a truss. Any single-intersection 
statically determinate truss would have been 
wrecked, but owing to the double system of bracing, 
nothing serious happened. 

The time required for calculating the stresses is 
noted by Professor Batho as a common objection to 
such systems. So far as double-intersection trusses 
are concerned, however, we strongly suspect that 
Rankine’s simple method of treating each as an 
independent system gives results which are in 
practice as satisfactory as if the more elaborate 
methods of the theory of elasticity had been fol- 
lowed. It is quite true that the stresses calculated 
by the two methods may show considerable dis- 
crepancies, but that is another matter. 

It is also recognised by Professor Batho that 
secondary stresses are not necessarily important. If 
they were, the Saltash and Britannia bridges would 
have collapsed long years ago. It is, however, not long 
since that another English professor of engineering 
maintained that such stresses must be important 
since in certain trusses they amounted to some 40 per 
cent. of the primary. At the same time, he ignored 
the fact that the secondary stresses round a rivet 
hole might amount to double the primary, which 
makes it obvious that the intensity of a secondary 
stress is not an adequate criterion of its importance. 
During a search extending now over many years 
we have never come across a single case in which 
a bridge failure has been due to secondary stresses, 
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defining these as stresses which will be automatically 





material. 

It is true that certain bridges in India have been 
condemned because calculations indicated the 
existence of high secondary stresses, but no evidence 
has yet been published to show that these were 
leading to cracked plates or constant trouble from 
loose rivets. 

On the above definition of secondary stresses the 
failure of the first Quebec bridge was not due to 
secondary stresses. In this connection we think 
Professor Batho was in error in attributing impor- 
tance to the fact that no attempt was made to 
avoid open joints during erection, so that the 
members were loaded across the corners. This 
would, no doubt, involve eccentricity of loading, 
but only in the vertical plane, in which the strut 
in question was exceedingly stiff. The sole cause 
of the disaster was the inadequate bracing of the 
strut, due primarily to the inadequate provision 
made by Mr. Cooper and the chief draughtsman 
of the bridge works concerned. This was very 
definitely established in the evidence taken by the 
Royal Commission, in which it was shown that the 
shops had reported the latticing to be so light 
that the struts were difficult to machine. This 
was brought to the notice of the chief draughtsman, 
who, in his turn, brought the matter before Mr. 
Cooper, who said that he had carefully considered 
this question and that they “ had got it right.” It 
may further be recalled that when the curvature 
of the strut was first brought to Mr. Cooper’s 
attention he was very slow to be convinced of the 
inadequacy of the bracing and was disposed to 
attribute the observed lack of straightness to some 
accident in the handling of the strut. Calculations 
made after the accident showed very clearly that 
the bracing was much too light, a conclusion which 
was reached in this country on a mere inspection of 
the drawings, and before it was known that the 
collapse was due to the failure of a strut. It is 
quite true, as Mr. Wilson pointed out in the discus- 
sion at Bristol, that Mr. Cooper received an absurdly 
small fee for his work, but this does not dispose of 
the fact sworn to at the inquiry, that his attention 
had been specifically directed to the apparent 
inadequacy of the bracing of these struts. 

Mr. Wilson, in the course of his very interesting 
paper, suggested that it would be well if, when 
new bridge specifications were being prepared, the 
“why ” of each clause should be considered before 
its final adoption. So far as existing specifications 
vo, the answer in not a few instances would be 
found in the remark of Ortheris, one of Kipling’s 
three musketeers, viz., “Men are sheep—blooming 
sheep.” We feel that this must have been the 
main reason for the inclusion in the British Standard 
Specification of the provision that, in plate girders, 
the angles should constitute the largest possible 
fraction of the total flange area. There are condi- 
tions, as Mr. Wilson pointed out, in which such a 
system may be desirable, but this is not so in other 
cases. Experience, moreover, has shown that where 
these very heavy angles are used quite a number of 
rivets are often found to be loose after the completion 
of the riveting, and have to be replaced. 

An interesting point raised in Professor Batho’s 
paper is the strength of rivets in tension. He 
records the fact that German experiments have 
shown that the tensile strength of the rivets in a 
joint is fully that of the original bar. It has, 
nevertheless, been usual to avoid using rivets in 
tension, but Professor Batho notes that the Cana- 
dian specifications allow rivets to be loaded in 
tension to 10,000 lb. per square inch. Whether this 
is justifiable if the rivets have also to take a shearing 
stress is, perhaps, open to question. Considére held, 
and his view was endorsed by Sir Benjamin Baker, 
“that in all constructions in which riveted portions 
have not already commenced sliding the rivets 
hold solely by longitudinal tension, and the adher- 
ence which this tension gives rise to between plates 
constitutes the sole resistance.” 

To-day, of course, some of our bridge engineers 
appear to consider Sir Benjamin Baker out of 
date, thus following in the wake of the literary and 
artistic youths of ten or twelve years ago, who had 
nothing good to say of the achievements of the 
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circles, and even the youngest of our bridge special- 
ists may, therefore, in his turn, come to recognise the 
value of Baker’s work and Baker’s judgment. Baker 
was a firm believer in the importance of the range 
of stress and cited numerous instances of failures 
of bridge work from fatigue. The Bridge Stress 
Committee, on the other hand, declared that there 
appeared to be no experience of failures of steel or 
wrought iron bridges from fatigue. They were, 
therefore, either ignorant of Sir Benjamin Baker’s 
papers or discredited his ability. There does not 
seem any other alternative open. In his reply to 
the discussion, Mr. Conrad Gribble professed not to 
question “that anything Sir Benjamin Baker had 
said was not perfectly true,” but went on to say that 
the committee had not themselves heard of any 
reliable evidence that bridges had suffered from 
what was commonly known as fatigue. This 
observation is distinctly curious. In the first place 
it seems to imply that Baker’s evidence is unreliable, 
while in the second place there have undoubtedly 
been within recent years quite a number of fatigue 
fractures in railway bridges. 

An interesting case is that of an old arch bridge 
situated in a city in the North. This was erected 
originally in the ’sixties of last century, the 
material used being iron. The spandrel bracing 
consisted of a sort of open lattice-work, built up of 
Tees riveted together. Many of these fractured, 
and when about 1886 it became necessary to widen 
the bridge, it was decided to use steel for the new 
work, but to retain the same general. system of 
construction. One change, however, was made. 
The steel Tees were bent to sharper angles. The 
result was that they broke even more frequently 
than the iron had done. In all cases the fractures, 
both of iron and steel, were typical fatigue fractures, 
without a sign of ductility. 

To quote another modern instance. It was found 
necessary during the war to make extensive repairs 
to the floor of the Forth Bridge. There were many 
loose rivets in the troughing, accompanied in some 
cases by cracks. Now, good mild steel does not 
crack save by fatigue. A still more striking case 
was that of the failure of the Embabeh bridge in 
Egypt, which was cited by Mr. J. S. Wilson in his 
discussion of Mr. Gribble’s paper. 

Mr. Gribble, it is true, qualified his denial of 
fatigue fractures by stating that, if they did occur, 
they were very rare. So also, however, are failures 
of struts in bridges of modern design, but no 
engineer would claim that this constituted any 
valid reason for denying the importance of stiffness 
in compression members. 

We believe that here, again, the reluctance of 
many bridge engineers to admit the importance of 
fatigue is due to volition rather than evidence. 
If fatigue is important, then the range of stress is 
important, as also the number of its repetitions. The 
proportioning of bridge members thus becomes more 
complicated than if reliance is placed merely on a 
so-called impact formula, which has now been 
proved to have little to do with impact. 

If as the Bridge Stress Committee appeared to 
claim the maximum stress is the sole important 
factor and the frequency of its application is un- 
important, then the second Quebec bridge must 
have been ruined by the fall of the suspended span 
during erection. It would certainly not have with 
stood many repetitions of such an incident. More- 
over, not ajl engineers, even amongst those who 
were most appreciative of the real value of 
the committee’s work, are inclined to accept the 
view that fatigue can be ignored. Thus Dr. Lowe- 
Brown, in the discussion on Mr. Gribble’s paper, said 
he would hesitate to accept the view that if eight tons 
maximum stress were permissible in a large bridge 
in which the stress ranged from 4 tons to 8 tons, it 
would also be equally safe in a short bridge, in 
which the stress ranged from 1 ton to 8 tons. 

In this connection a very important point was 
raised by Mr. Fereday. As was first pointed out 
some 40 vears ago by M. Rabut, flange stresses are 
often relieved by the floor. This, necessarily 
implies a corresponding increase in the stress on the 
floor, and, according to the usual academic view, 
allowance should be made for this in proportioning 
the floor, or else, as certain American bridge engineers 


Victorians. There has since been a reaction in these | did a few years ago, the floor should be cut up in 
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such a way that no flange stress can be transferred to 
it. Ithas, however, to be noted that by the transfer 
in question the maximum stresses on the floor will 
not be greatly increased, since a large proportion 
of the total will be taken by the lightly loaded 
webs of the longitudinals. The importance of the 
floor as a reserve of strength was somewhat strikingly 
illustrated some time since in Canada. A tension 
member of a railway bridge was broken by collision 
with a ship, but the floor proved so efficient a sub- 
stitute that the track men allowed trains to pass 
over the damaged structure until the practice was 


stopped by headquarters. Gq Y a 
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MODERN METAL CUTTING TOOLS. 


NotwiTHSTANDING the high quality of cutting 
steels now available, the pursuit of improved metal- 
cutting materials still continues. 

Up till 1913, when about 12 per cent. of cobalt 
was introduced, the improvement in the quality 
of the high speed steel was principally due to the 
addition of 1 per cent. vanadium and increase of 
the tungsten contents to about 18 per cent. To-day 
the tungsten has been increased to about 22 per cent., 
with most excellent results. 

Metallurgists, feeling, perhaps, they have reached 
the limit of performance of cutting tools having iron 
for a base, have of recent years turned their 
attention to material having other base elements. 
Amongst the first of these, of outstanding promise, 
was Stellite, which has a cobalt base and is especially 
suitable for cutting hard cast-iron. This metal is 
cast in a chill, cannot be forged, and, because of its 
shortness, has to be well supported in a holder. 
The use of Stellite was extended to general heavy 
work by Mr. W. J. Paulin about 1921, who 
welded, by the oxy-acetylene method, a tip of this 
material to a steel shank of about 40 tons per square 
inch tensile strength. A further improvement has 
recently been effected by forming the end of the 
shank like a tool and melting a quantity of Stellite 
on the nose. The melting is done by oxy-acetylene 
flame. 

Another material Cooperite, having nickel for a 
base and aluminium for a hardening agent, was 
introduced about 1920. Like Stellite, this material 
is cast and brittle and cannot be forged. It gives 
excellent results, but not equal to those obtained 
with present-day high-speed steels. 

A few years ago the Osram Company, of Berlin, 
succeeded in adding cobalt to tungsten carbide, 
and the manufacture of this was taken over by 
Messrs. Krupp, who made it more homogeneous 
and tougher and placed it on the market as Widia 
about 1927. Widia, which contains about C 5-75 
per cent., W 88 per cent., and Co 5 per cent., cannot 
be cast, as the cobalt separates out, and it is made 
by carefully mixing the finely divided components 
and forming them to the desired shape under a 
high pressure. It is then sintered in an inert 
atmosphere at a high temperature, which action 
cements the components and results in an extremely 
hard material which cannot be forged. Widia 1s 
obtainable in sticks, and because of its brittleness 
and price (101. per pound), is used for tipping steel 
shanks. It is cut to length and shape by a suitable 
abrasive wheel (60 I Crystolen wheel), carefully 
bedded, and copper-brazed on a high-tensile steel 
shank. 

It has been found by S. L. Holt that tungsten- 
carbide tips which are rigidly welded to the shank 
are apt to come off on cooling or during operation. 
This is due to the stresses which are set up by change 
of temperature and differences in the coefficients of 
expansion of the carbide and steel. The thin layer 
of copper provides an elastic medium for accom- 
modating these stresses. The cutting performance 
of Widia on extremely fine cuts at high speeds 
far exceeds that of the best high-speed steels, but 
on heavy cuts at slow speeds it is too brittle to 
withstand the pounding action which occurs during 
the formation of the shaving. With a rigid machine 
it has been shown that when operating on steel 
at slow speeds the forces on the tool are not con- 
stant, but regularly increase and decrease as the 
cutting progresses. This variation is duejto the 
nature ofthe cutting action, and!.must not be 
confused with any change in the depth of cut or 
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traverse. These force waves decrease in amplitude 
and frequency as the depth of cut and traverse 
decreases, and for a given cut and traverse decrease 
as the speed of cutting increases. Thus, with a 
fine traverse, high cutting speed and rigid machine, 
the forces on the tool are practically constant, and 
the tendency to fracture the Widia tip is reduced. 

Nevertheless, Widia is used for cutting nickel 
steel wing valves and on other work where the cut 
is interrupted, and in Holland and Germany face 
milling cutters built with inserted tools tipped with 
Widia are not uncommon. 

Having regard to these facts and to the cost of 
fitting out a shop with tools of such expensive 
materials, it appears that further information is 
desirable before firms can be persuaded to use them 
more extensively. An investigation with cemented- 
tungsten-carbide lathe tool has been recently made 
by Mr. T. G. Diggles, the results of which were 
presented at the semi-annual meeting at Detroit 
of the American Society of Mechanical Engineers. 
In this enquiry, the tungsten carbide tip was copper- 
brazed on to a steelshank. The tool closely resembled 
a knife tool having a plan angle of 9C deg., front and 
side clearance of 6 deg., aside top slope of 14 deg., 
and a nose radius of 0:0625 in. The cutting edge from 
the nose radius was ground to a contour of 1-75 in. 
radius for 0-4375in. The tips used were made by the 
Carboloy Company, but the method of manufacture 
and chemical composition were very similar to Widia. 
The material operated upon was a 3-5 per cent. 
nickel steel having a tensile strength of 43 tons per 
square inch. The tests were continued until the 
cutting edge broke down. Failure was brought 
about by a groove being worn on the top face, this 
deepening and extending as the cutting progressed 
until it reached the extreme cutting edge and failure 
occurred. The nature of the failure was identical with 
that of a high-speed steel when operating on steel. 
The author’s first step was to determine the relation 
between the cutting speed and life of tool. This 
he found to agree with the expression :—VT? — 
constant, where V is the cutting speeds in feet per 
minute, 'T the duration or life of the tool in minutes, 
and the value of the constant depends upon the cut, 
traverse and material operated upon. In this 
series the cut selected was 0-1875 in. deep by 0-031 
in. traverse and the values of T ranged from 9 to 
156 minutes. The author seeks to explain why 
the index of T varies from that of other experimen- 
ters, but appears to overlook the fact that others 
sought to establish the index on a much shorter 
durability than 156 minutes, also that the index 
varies with the shape of the tool and nature of 
material cut. Having fixed this relation, he proceeds 
to determine the relation between the cutting speed 
and depth of cut and traverse for a constant life of 
90 minutes. ‘To aid in this a series of trials with a 
constant depth of cut of 0-1875 in. and traverses 
ranging from 0-031 to 0-096 in. per revolution, 
and also a series with a constant traverse of 0-031 in. 
per revolution and depth of cuts varying from }¢ in. 
to ~ in. deep, were selected. The results of these 
trials, with the speeds modified where necessary 
by the law VT! = constant, conformed to the 
expression :— 
=n = 12 - 
~ F0-58 0-2" 

Whilst not accepting these laws as conclusive 
because of the range of the tests and procedure 
adopted, they tend to show that a degree of con- 
sistency can be obtained and that the subject is 
worthy of further investigation, firstly as to the 
field of economic use and life, and secondly, the 
appropriate speed for different cuts and traverses 
on various metals. In the past, two of our leading 
engineering institutions have done much valuable 
work in this field, but in view of modern develop- 
ments a return to this subject would, we think, 
extend their prestige, and might prove of inestimable 
advantage to engineers who have not facilities for 
carrying out such tests for themselves. 
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GoLp PRopucTIon In OnrarRiIo.—According to a 
bulletin issued by the Ontario Department of Mines, 
324,993 tons of ore were milled in the Province during 
July, with a total crude bullion recovery valued at 
2,888,302 dols., as compared with 347,114 tons milled 
= . we recovery valued at 2,717,626 dols, in 
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NOTES. 
WorLD PowER CONFERENCE PROCEDURE. 

Ir has frequently been suggested that a defect 
of the recent Second World Power Conference in 
Berlin lay in the number of papers presented, 
which was so great that anyone attending found 
it impossible to give them proper attention. This 
is hardly a valid criticism. The proceedings were 
divided into sections, and it was in no way neces- 
sary to attempt to attend all. Similarly, the 
bound proceedings, which are shortly to be pub- 
lished, are divided into sections, and in general 
it will be found that a few sections cover the special 
interests of any individual worker. The actual 
disabilities of a Congress at which nearly four 
hundred papers are presented affect the organisers 
rather than those attending. The collection of 
the manuscripts and the printing of advance copies 
of such an enormous number of papers is a very 
onerous task, throwing a heavy burden on the 
country and the organisation which has to under- 
take it, and in view of the experience gained in 
Berlin, it is probable that some different procedure 
will be adopted at future World Power Conferences. 
This matter was referred to at the Meeting of the 
Association of Special Libraries and Information 
Bureaux, which was held at Oxford from September 
19 to 22. In the discussion following an address 
on “The World Power Conference” by Mr. D. A. 
Bremner, Dr. G. Freitag, of the German Association 
of Engineering and Scientific Societies, said that 
discussion was taking place on the possibility of 
publishing beforehand in the Technical Press the 
various papers presented for future World Power 
Conferences. We understand that other sugges- 
tions are also under discussion, including the issue 
of a special publication on the lines of the Bulletin 
of the International Railway Congress Association. 
Presumably, as now, the actual meetings would be 
concerned with general reports prepared for each 
section rather than with the individual papers. 
Apart from greatly facilitating the organisation 
of a Congress, any such arrangement would have 
important advantages.- Under present procedure, 
discussion at the meeting is concerned with the 
general reports, and the individual papers in effect 
escape criticism. Thisis undesirable. The volumes 
covering the Berlin Conference will form an import- 


ant contribution to technical literature ; they should 


also form an authoritative one. In the main no 


doubt they will, but none the less they will con- | 


tain a large number of papers which have been 
subjected to no critical process by the profession 
generally, the duty of the general reporters being 
to summarise rather than criticise. The papers 
certainly carry the imprimatur of the appropriate 
National Committee, but the technical status of 
every National Committee is, unfortunately, not 
the same. Any method which will afford adequate 
time for general consideration and, if necessary, 
criticsm of individual papers is to be welcomed. 


Tur Britisn ASSOCIATION CENTENARY FUND. 


Founded in 1831 and incorporated by Royal 
Charter in 1928, the British Association for the 
Advancement of Science has striven, with a notable 
measure of success, to extend general interest in 
science and its applications, to promote intercourse 
between those engaged in scientific. work in all its 
branches, and to initiate and encourage scientific 
research. These objects have been achieved by 
holding annual meetings in the principal cities of the 
United Kingdom and the Dominions, by appointing 
committees to carry out or supervise research, 
by publishing addresses and reports, and by addres- 
sing resolutions and recommendations to Govern- 
ment Departments, &c., with the object of encour- 
aging scientific development. Next year the 
Association will celebrate, in London from Sep- 
tember 23 to 30, the centenary of its foundation, 
with the approval of H.M. the King, who is patron 
of the Association, and under the Presidency of 
General Smuts. It is now desirous of raising a sum 
of 40,000/., not only to cover the expenses in connec- 
tion with the Centenary Meeting, but also to form 
an adequate basis for the development of its various 
approved activities. It is the object of the Council 
of the Association to make the Centenary. Meeting 





an occasion for the gathering of the largest possible 
| representative body of scientific workers from the 
Dominions, and thus to repay some part of the debt 
which the Association owes to those Dominions which 
have extended hospitality to its members. The 
expenditure appropriate to the celebration of the 
centenary would, therefore, be a first charge upon 
the fund or the income from it. In addition, 
however, it is desired to maintain and extend the 
Association’s annual financial support of scientific 
research, to discharge in a fitting manner the 
trusteeship of Darwin’s house at Downe. and to 
assure the means of carrying out its Imperial 
responsibilities. In a letter we have received from 
the President, the Hon. General Treasurer, the Hon. 
General Secretaries and the Secretary, it is pointed 
out that the Association’s contributions to research 
necessarily fluctuate with its net balance of receipts 
over expenditure, so that it is often a matter of 
chance whether it is able to support any particular 
research in accordance with the intrinsic importance 
of that research. Moreover, the Association has to 
count the cost, with too much apparent parsimony, 
before accepting an invitation to a particular place, 
having regard to the prospects of local support 
or to the distance and expense involved for members 
attending. In this connection, the Council feels 
that the Association should be able to go where it 
is summoned to carry on its public mission without 
question or limitation on financial grounds. Finally, 
it is pointed out that those who serve the Association 
by contributing to its programme, carrying out its 
researches, and organising its reception at the 
successive meeting places, do so voluntarily, so 
that the whole Association may be said to form a 
great memorial of voluntary service in the interests 
of science. In conclusion, we may remark, that 
if all those who have benefited, either directly or 
indirectly, from the work of the Association make 
even a small contribution to the Centenary Fund, 
the success of the latter will be easily assured. 
Contributions should be forwarded to the General 
Treasurer, British Association, Burlington House, 
London, W.1, and, if desired, they may be hypothe- 
cated for research in any particular department of 
science, or for any of the objects referred to above. 











INTERNATIONAL AGRICULTURAL- 
TRACTOR TRIALS. 


(Continued from page 370.) 


BEFORE continuing our description of the machines 
entered for the trials, it may be pointed out that 
the latter were confined to tractors designed for 
direct coupling to the implement, and that, in 
| addition, no machines were entered designed to 
| operate on producer gas. We are not aware whether 
|tractors of the latter type, or cable-operated 

machines, were precluded by the conditions of entry, 

but their absence was probably an advantage, as 
| ample scope for a single series of trials was afforded 
by tests on direct-coupled machines driven, respec- 
| tively, by petrol, paraffin, and heavy-oil engines. 
| It should not be assumed, however, that the absence 
| of cable-operated implements, in particular, indicates 
that there is no market for this type of machine. 
Where deep ploughing has to be undertaken on a 
large scale, such as in sugar and cotton cultivation, 
cable-operation possesses very marked advantages 
over all other systems, and is used on a large 
scale in countries where such crops are grown. 
The position with regard to gas-producers was fully 
dealt with in ENGINEERING, vol. cxxvii, page 49 
(1929), and no material alteration has taken place 
in the application of such appliances since the date 
of that article. 

In our last issue, we described the Aveling and 
Porter heavy-oil tractor, entered by Messrs. Agri- 
cultural and General Engineers, Limited, of Aldwych, 
London, W.C.2. The same firm entered another 
tractor of the same type, manufactured by Messrs. 
Blackstone and Company, Limited, Stamford. 
This tractor is shown in Fig. 5, on page 402. The 
leading particulars of the engine were given in 
Table I, page 368 ante, but a few further particulars 
may be of interest. The fuel is injected on the 
maker’s well-known spring-injection system. The 





cylinders form a monobloc casting, with detachable 
heads, and replaceable liners are fitted. The injectors 
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are at the top of the cylinders, and the fuel is 
fed to them by means of passages in the heads, thus 
eliminating all outside pipes and connections. It 
should be remembered that, in the system of injection 
employed, the full injection pressure is not applied 
until the charge of fuel is imprisoned in the injector 
block. Any injector can be removed for inspection 
by undoing two nuts, no joints or pipe connections 
having to be broken and re-made. A Simms centri- 
fugal air cleaner is fitted. The lubricating oil is 
carried in the sump, and, after passing through a 
strainer, is circulated by a gear pump. It is fed 
through passages in the casing to troughs under 
each big-end, and the connecting-rod bearings, 
cylinder walls, and camshaft are all splash lubricated. 
Cooling is by thermo-syphon and fan, the capacity 
of the water system being 16 gallons. The belt 
pulley is on the off-side of the tractor, and is 16} in. 
in diameter by 9 in. wide. It runs at a speed of 
595 r.p.m., giving a belt speed of 2,600 ft. per minute. 
The chassis is carried on four wheels, the drive 
being to the two rear wheels, which are 50 in. in 
diameter by 12 in. wide. They are fitted with 
spade lugs, which can be covered by road rims, as 
shown in the figure. The transmission is by a 
multiple dry clutch to a three-speed gearbox, the 
road speeds being given in Table I, page 368, ante. 
There is a hand brake on the countershaft. The 
drawbar can be adjusted vertically between the 
heights of 12 in. and 18 in., and has also a lateral 
adjustment of 16 in. 

The majority of the American tractors entered 
have been on the market for some years, and repre- 
sent a relatively high degree of standardisation. 
They were all designed to operate on either petrol 
or paraffin, a fact that is, at first sight, somewhat 
surprising in view of the success of the Cummins 
and other American high-speed heavy-oil engines. 
It should be remembered, however, that light fuels 
are exceedingly cheap in the American home market, 
which, as in the case of touring cars, is sufficiently 
extensive to ensure a large and regular output of 
standardised units. 

The International ‘ 10/20”’ tractor, entered by 
Messrs. International Harvester Company of Great 
Britain, Limited, 259, City-road, London, E.C.1, 
may be regarded as typical of American practice. 
This machine, which is illustrated in Fig. 6, on this 
page, is fitted with a four-cylinder engine, of which 
the leading particulars have already been given in 
Table I. Although entered as paraffin tractors, 
both the 10/20 h.p. and the 15/30 h.p. machines 
are readily convertible to operation on petrol, the 
change over being effected by merely turning a 
baffle in the combination manifold and adjusting 
a valve which controls the supply of exhaust gas 
utilised for vaporising the paraffin. The cylinder 
block is fitted with renewable liners and a detachable 
head, and the valve gear is of the overhead type, 
operated by push rods from a camshaft in the 
crank case. The crankshaft is carried on two heavy- 
duty ball bearings, and the big-end bearings are 
exceptionally long. The magneto is fitted with an 
impulse starter, and the air is drawn into the car- 
burettor through a Pomona Vortex cleaner fitted 
with an oil spray. The lubricating oil is circulated 
by a gear pump, and is passed through an oil filter 
mounted on the side of the engine. The clutch is 
of the dry single-plate type, and can be removed 
as one unit without disturbing the engine or trans- 
mission. The main frame is in one piece, extending 
from the front to the rear axle. It is in the form of 
an oil-tight housing, which constitutes the founda- 
tion for the engine and gear box and also serves as 
the casing for the final transmission. Three forward 
speeds are provided, with the usual reverse, the 
travelling speeds being giver in Table I. From 
the output shaft in the gear box, the drive is 
taken through bevel gearing to a first-motion 
shaft in the final transmission, and thence to the 
differential casing through spur gearing. The 
pulley for the auxiliary belt drive is mounted on 
the off-side of the tractor, and is driven from the 
gear box through a dog clutch and bevel gearing. 
The pulley is 15} in. in diameter by 7 in. wide, and 
runs at 645 r.p.m., giving a belt speed of 2,575 ft. 
per minute. The tractor driving wheels are 42 in. 
in diameter by 12 in. wide, and are fitted with spade 
lugs and one-piece road rims. The brake is hand 
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Fic. 5. 26-H.P. BLackstonre DigseL Tractor; Mrssrs. AGRICULTURAL AND GENERAL 
ENGINEERS, LIMITED. 
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operated, and engages with a drum on the counter- 
shaft. The drawbar has a vertical adjustment from 
11 in. to 18 in., and a lateral adjustment of 14 in. 
As already mentioned, two of the tractors which 
were entered, the Latil and Citroén-Kégresse, were 
designed for regular road work in addition to field 


operations. The Latil tractor was described in 
ENGINEERING, vol. cxxvi, page 71 (1928). The 
Citroén-Kégresse, entered by Messrs. Citroén 


Kégresse, Limited, Brook Green, Hammersmith 
London, W.6, is illustrated in Fig. 7, on the opposite 
page. As will be clear from the illustration, the tractor 
is of the roadless type, the tracks being on the well- 
known Kégresse system. The engine is a standard 
four-cylinder Citroén model, with a cylinder bore of 
2-83 in., and a piston stroke of 3-93 in. It runs at 
2,500 r.p.m., and has a belt rating of 13-5 h.p. A 
somewhat unusual feature for a tractor engine is 
that coil ignition is employed, a Delco-Remy unit, 
with automatic advance and retard, being fitted. 
The carburettoris a Solex model, the air being passed 
through a Tecalemit cleaner. The engine is lubri- 
cated on the foree-feed system, and the cooling 
water is pump circulated. The water system has a 
capacity of three gallons. The belt pulley is 














10-20-H.P. Pararrin Tractor; Messrs. INTERNATIONAL HARVESTER COMPANY 
oF GREAT Britarn, LIMITED. 


mounted at the rear, and is arranged for a transverse 
drive. Itis 84in.in diameter by 6 in. wide, and runs 
at 950 r.p.m., giving a belt speed of 2,110 ft. per 
minute. The Kégresse-Hinstin track system is too 
well known to require description, but it may be 
mentioned that the tracks are 8-85 in. wide, and 
give a ground contact 42 in. in length, with an area 
of 378 sq. in. Six forward speeds are provided, as 
shown in Table I, so that it is possible to obtain the 
relatively high speeds required for road work, with 
suitable ratios for field work. The six speeds are 
obtained by employing a standard Citroén gear box 
in conjunction with a two-speed epicyclic gear 
in the Kégresse driving pulleys, and two reverse 
speeds are therefore available. The use of the 
tractor on the road involves more efficient braking 
than is customary for ordinary agricultural trac- 
tors, and the machine is accordingly provided with 
a vacuum-servo system for the front wheels, in 
conjunction with a hand brake on the track 
sprockets. The drawbar has a vertical adjustment 
of 16 in. to 19 in., and a lateral adjustment of 28 in. 

Apart from the usual form of tractor designed for 
drawing ploughs and other implements, one of 
the well-known Simar roto-tillers and two small 
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13°5-H.P. Track-Layina Tractor; Messrs. CrrrokN-KEGRESSE, LIMITED. 











Fie. 8. Duotrac Motor Cuttrvator; Mrssrs. Geo. Munro, Limirep. 


self-contained cultivators were entered for the trials 
by Messrs. Geo. Munro, Limited, Hertford-road, 
Waltham Cross. One of the latter implements, 
known as the Duotrac motor cultivator, is illus- 
trated in Fig. 8, above. The engine is a single- 
cylinder two-stroke model, with a cylinder bore of 
2-87 in. and a piston stroke of 2-76 in. The com- 
pression ratio is 3 to 1, and the belt rating is 2? h.p. 
at a crankshaft speed of 1,500 r.p.m. The crank- 
shaft is carried in bronze bearings, and the big-end 
bearings are of the roller type. Petroil lubrication 
isemployed. Ignition is by a B.T.H. magneto, and 
a Villiers carburettor is fitted, controlled by Bowden 
wire from the steering handles. The air cleaner is of 
a type in which the air first passes through canvas 
and then through oiled wood shavings. The engine 
is air-cooled, the cooling blast being directed past 
the ribs on the cylinder by a cowling system from a 
fan incorporated in the flywheel. The power is 
transmitted from the engine to the driving wheels 
through a multiplate clutch and worm gearing. The 
whole of the transmission is totally enclosed, and is 
exceptionally efficient, owing to the absence of step- 
down spur gearing. The driving wheels are 24 in. 
in diameter, and are fitted with V-shaped lugs, 
which are claimed to be self-cleaning. The speed 
of the machine can be varied between 1 and 3 miles 
per hour. A pulley from which a belt drive can be 
taken is fitted on the forward end of the crankshaft. 
The pulley is 33 in. in diameter by 2 in. wide, and 
gives a belt speed of 1,500 ft. per minute at the rated 
engine speed. The weight of the machine is 220 lb., 





complete with the cultivating tools. The cultivator 
will till up to a depth of 6 in. in suitable soil, and 
can be used to straddle crops planted in narrow rows, 
or to work between those planted wider apart, the 
wheels being adjustable to suit the width of the rows. 


(To be continued.) 








THE CENTENARY OF THE LIVER- 
POOL AND MANCHESTER RAILWAY. 
(Concluded from page 367.) 


TuouGu the centenary celebrations at Liverpool 
were of such a nature as to make a popular appeal, 
the Exhibition in St. George’s Hall was of both 
technical and historic interest. A very considerable 
amount of material had been gathered together, 
of value to both the specialist and the ordinary 
visitor, and the Exhibition continued to attract 
large numbers of persons throughout the whole 
week. Generally speaking, the exhibits were 
divided into four main groups. In cases in the 
centre of the hall were models, drawings, prints, 
portraits, books, &c., illustrating the work of the 
pioneers of the locomotive; in cases at the sides 
there were similar collections relating to the Liver- 
pool and Manchester Railway; on stands were 
shown many models of both old and modern loco- 
motives, while there were a number of miscellaneous 
and special exhibits. At the south end of the hall 
was a large reproduction of the “‘ Moorish arch,” 
which was one of the few architectural features 


of the Liverpool and Manchester line. The original 
arch stood in the Edge Hill cutting, and it served 
to connect two stationary engines, one on either side 
of the arch, which worked the cables hauling the 
trains through the Wapping and Crown Street 
tunnels. Among the models illustrating the work 
of the pioneers was that of Cugnot’s tractor (1770) 
lent by the Royal Automobile Club; the original 
model locomotive made by Murdock at Redruth 
about 1785, lent by Sir Lincoln Tangye ; an original 
model of the cog-wheel locomotive and rack rail, 
made by Murray for Blenkinsop; a large model 
of Hedley’s ‘‘ Wylam Willy,” the original of whieh 
is in the Royal Scottish Museum; and a model 
of the engine “ Locomotion,” built by George 
Stephenson for the Stockton and Darlington line. 
Much of the material relating to the Liverpool 
and Manchester Railway came from the Liverpool 
Public Library Collection of correspondence, views, 
plans, and other papers. In an estimate of the 
cost of building the Liverpool and Manchester 
Railway, signed by George Stephenson, occur these 
items, referring to the permanent way, &c., ‘“‘ Stone 
blocks at ls. 4d. each; chairs or pedestals, 10 Ib. 
each, at 15l. per ton; rails, 4 lines of 35 lb. per 
yard, at 16/. 10s. per ton; laying rails and forming 
road for 34 miles, at 5s. per yard, 14,9601.; gates, 
400 at 1/. 10s. each; locomotive engines, 20 at 
6001. each.” Naturally, many exhibits recalled 
the famous Rainhill Trials of October, 1829, between 
the Rocket, Sans Pareil, Novelty and Perseverence, 
and included in the exhibition was one cylinder of 
the Novelty, the engine built by Braithwaite and 
Ericsson. This engine was used for a long time 
at a works at Rainhill. About 30 years ago one 
of the cylinders and its attached parts was pro- 
cured for the Science Museum, but the second 
continued to drive a winch. This second cylinder 
has now been secured by the railway company, 
and we are informed that after the exhibition it 
will be placed in the waiting room at Rainhill 
Station. Though after the lapse of 101 years 
it was not to be expected that all the original 
parts would be available, it would have been well 
if it had been kept in its original state as far as 
possible. In the process of reconditioning, however, 
new parts have been added, and with its bright nuts 
and fresh lacquer the cylinder is as smart as the 
Novelty was in 1829, when Dixon said it looked 
“like a new tea urn” with “a parlour-like appear- 
ance.’ One interesting outcome of the exhibition 
has been the discovery of a letter from Robert 
Daglish to Mr. Jones, plasterer, &c., 34, Mount 
Pleasant, Liverpool, referring to early locomotives 
made in Lancashire. The letter apparently was 
written in request for information, and is accom- 
panied by a certificate which runs as follows :— 
Orrell Cottage, 
near Wigan, 
Lancashire. 
April 1, 1856, 

To all whom it may concern. 

This is to certify that I made the first locomotive 
engine in Lancashire in the year of 1812, and put it into 
action the beginning of 1813 on an extensive colliery 
in my direction belonging to the late John Clarke, Esq., 
in the township of Orrell, near Wigan, for the conveyance 
of coal, &c., by trains of wagons, from his colliery near 
Orrell Mount to the Leeds and Liverpool Canal, which 
was upwards of sixteen years before any locomotive 
engines were put fairly into action on the Liverpool and 
Manchester Railway. RosBert DactisH. 

The letter also refers to two other engines built 
before the end of 1816. Hitherto nothing has been 
definitely known of these engines, and further 
enquiries are being made regarding the Orrell 
Railway. 

The Exhibition was arranged by a committee, 
under the chairmanship of Mr. Robert Gladstone, 
and to his knowledge and energy its success is 
largely due. A catalogue was available, but it is 
understood that a revised edition of this is to be 
published. The Liverpool Libraries, Museum and 
Arts Committee also published a ‘“ List of Printed 
and Illustrated Material on the Liverpool and 
Manchester Railway,” in the Reference Library. 
Both should be of permanent value. Two other 
books published in connection with the Centenary 
were “One Hundred Years of Railways,” by C. F. 
Dendy Marshall, published by the London Midland 
and Scottish Railway (price 1s.), and ‘‘ The Struggle 
for the Liverpool and Manchester Railway,” by 
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Professor} G. 8. Veitch, published by the Daily 
Post Printers, Liverpool (price 1s.). Professor Veitch, 
who occupies the Chair of Modern History in the 
University of Liverpool, has already written a 
volume on Huskisson and Liverpool, and the present 
book is an outcome of some public lectures given 
in the University last January. It contains chapters 
on “The Origin of Railways,” ‘“‘ Liverpool and the 
Railway,” “ The Fight for the Railroad Bills,” ‘‘ The 
Line and the Locomotive,” and “The Opening of 
the Railway.” Among its illustrations are portraits 
of Henry Booth and Huskisson and photographs 
of the statue of Huskisson in Pimlico Gardens, 
London, and of that over his grave in St. James’s 
Cemetery, Liverpool. With Mr. Dendy Marshall’s 
fine “‘Centenary History of the Liverpool and 
Manchester Railway,” reviewed in ENGINEERING, 
vol. cxxix, January 31, last, many of our readers are 
no doubt acquainted. The small volume he has now 
written carries the story down to the present time, 
and gives a clear account of the various amalgama- 
tions which have led to the growth of the London 
Midland and Scottish Railway. When the cen- 
tenary of the Stockton and Darlington Railway 
was celebrated in 1925, it was stated that the 
London and North Eastern Railway, in which 
the Stockton line is now incorporated, had a route 
mileage of over 7,000, possessed 7,500 locomotives 
and 21,000 passenger coaches, and employed 223,000 
persons. Mr. Marshall gives the corresponding 
figures for the London Midland and Scottish Rail- 
way, and has many interesting things to say of the 
Midland Railway, the London and North-Western 
Railway and other lines which form the great 
concern over which Sir Josiah Stamp presides. 

During the course of the week, the proceedings 
each day were opened by some well-known public 
man, while public lectures had been arranged by 
the Liverpool Corporation. These were given by 
Mr. C. J. Allen, Mr. Dendy Marshall, and Eng.- 
Capt. E. C. Smith. Though it is probable the 
Liverpool celebrations, as far as engineering is 
concerned, have not been of so valuable « character 
as those held at Darlington and Baltimore, they 
have been very well attended, and have undoubtedly 
assisted in bringing home to the public the immense 
importance of Great Britain’s contribution to the 
improvement of transport and of the work of 
Stephenson, whose dream that the time would 
come when it would be cheaper for the working 
man to go by train than to walk, has long ago come 
true. 





THE IRON AND STEEL INSTITUTE ; 
PRAGUE MEETING. 
(Continued from page 372.) 


CoNTINUING our report of the recent meeting 
of the Iron and Steel Institute, held in Prague, 
Czeckoslovakia, on September 15 and 16, we have 
now to deal with the proceedings which followed 
the reading and discussion of the first and second 
papers on Monday, September 15. 


PERMANENCE UNDER STRESS AT ELEVATED 
TEMPERATURES. 


The third and last paper considered by the 
meeting on Monday morning was a contribution 
by Dr. W. H. Hatfield on ‘‘ Permanence of 
Dimensions Under Stress at Elevated Tempera- 
tures.” Dr. Hatfield, in presenting his paper, said 
that when considering the behaviour of steels 
at elevated temperatures, in the present case 
temperatures up to 600 deg. C., creep came into 
play, i.e., the influence of t'me became of great 
consequence, particularly at temperatures in excess 
of 300 deg. C. Four to five months were required 
to obtain a satisfactory value of limiting creep 
stress at one temperature. The method employed 
in the present investigation consisted in discovering, 
by static loading, the stress within which, at the 
given temperature, stability of dimensions was 
attained within a period of 24 hours; for a further 
period of 48 hours, with an extension not exceeding 
the elastic deformation of 0-5 per cent. on the 
gauge length, and with limitation as regards 
measurement for permanence of dimensions, of 
the order of one-millionth of an inch per inch 
per hour. This value he had named the “ time- 


yield.” A single test for a given temperature 
could be obtained in three days and the time-yield 
values for carbon, ordinary alloy steels, rust- 
resisting and heat-resisting steels, die- and high- 
speed steels, at 400 deg., 500 deg., 550 deg., 
600 deg. and in a few cases at 700 deg. C., had 
been determined. We hope to reproduce this con- 
tribution in a future issue of ENGINEERING. 

Mr. F. W. Harbord thought that under the 
conditions formulated in the paper, the limit of 
safety shown by Dr. Hatfield in his Fig. 1 was 
at the least a commencement towards the solution 
of a difficult and involved problem. He hoped 
| that something more definite would be arrived at 
|in the course of a few years’ time. The only other 
|speaker, Dr. A. McCance, was of the opinion that 
‘there was in the paper some tendency towards 
‘confusion. Insufficient differentiation had been 
|made between total deformation and rate of 
|deformation. Dr. Hatfield had stated at the 
| commencement of his paper that what was required 





| was a steel which would not deform under stress. 


What he was measuring, however, was the rate 
of deformation and not the actual deformation. 
The question of establishing a quick-time test was 
of great importance because limiting creep stress 
tests took a great deal of time. Furthermore, all 
work done with a great refinement of accuracy 
showed that a still greater accuracy was required. 
Bailey, for instance, had recently stated that 
determinations at the rate of one-thousand-millionth 
of an inch per inch per hour were necessary. This 
removed the possibility of using such methods 
in ordinary laboratories and, therefore, Dr. Hat- 
field’s method would appeal to a wide circle of 
metallurgists and engineers. The behaviour of 
some of the steels tested was extraordinary. One 
of these, for instance, had a time-yield of 20 tons 
per square inch at 500 deg. C.; this was reduced 
to 13 tons at 550 deg. C., and to only 1 ton at 
600 deg. C. These experiments would eliminate 
many steels which had been proposed for high- 
temperature work. With the development of this 
and similar quick-time tests the number of alloys 
for high-temperature work would be very much 
reduced. 

Dr. Hatfield, in his reply, agreed that the safe- 
stress curve in Fig. 1 had been put forward in 
a tentative manner. Engineers, however, required 
information without delay. They could not wait 
until the final refinement in methods of measure- 
ment had been reached. He himself had carried 
out experiments with an accuracy of one three- 
thousand-millionths of an inch per inch per hour, 
but the results had taken a year to complete. 
The chromium and the chromium-nickel steels 
of the stainless type were not very strong at 
elevated temperatures. If, however, tungsten were 
added to the nickel-chromium steels a ‘material 
possessing strength at high temperatures was 
obtained. As a matter of fact the chromium- 





nickel-tungsten heat-resisting steels tested had 
|come out very well indeed in the present research. 
| Part of the afternoon was spent in visiting places 
|of interest in Prague, and an At Home was held 
at the British Legation from 4.30 p.m. to 7 p.m., 
by H.E. Joseph Addison, C.M.G., the British 
Minister in Prague. In the evening a banquet 
was held in the handsome Spanish Hall at the 
Castle by invitation of H.E. Dr. J. Matousek, 
Minister of Commerce, Industry and Trade. 
On the morning of Tuesday, September 16, the 
members reassembled in the hall of the House 
of the Society of Czechoslovakian Engineers, and 
the chair was taken by Professor Louis. The 
President stated that Colonel Sir W. Charles 
Wright had been nominated for election as 
President of the Institute at the annual election 
in the following May. The Secretary then read 
out the list of Vice-Presidents and of members of 
Council who were due to retire at the annual 
meeting in May, 1931. The Vice-Presidents 
mentioned were Messrs. A. Hutchinson, J. Craig, 
and W. R. Lysaght and the members of Council, 
Messrs. E. J. George, J. S. Hollings, C. E. Lloyd, 
F. Clements, and H. C. Bond. At the request 
of the President the Secretary read out a proposed 
new by-law. This was to the effect that the 





income and property of the Institute should be 


applied solely to the promotion of the objects 
of the Institute, and that no bonus or pecuniary 
profit should be paid to any member of the 
Institute. The payment in good faith of remunera- 
tion to officers and servants of the Institute was, 
however, not affected by the new by-law, which 
was agreed to by the meeting. Professor Louis 
added that this by-law embodied in words what 
had been the practice of the Institute since the 
commencement. The authorities, however, had 
requested that this should be put down in writing. 
After the reading of a telegram of greetings and 
good wishes to Professor T. G. Masaryk, President 
of the Czechoslovakian Republic, the business 
portion of the session was begun. 


ANALYsIS OF Basic Saas. 


The first paper considered by the meeting on 
Tuesday morning was that by Professor Otakar 
Quadrat, entitled, ‘‘ A Contribution to the Problem 
of the Analysis of Basic Slags and the Representa- 
tion of their Composition in a Triangular Diagram.” 
The contribution was read in abstract by Professor 
J. Heyrovsky. Professor Quadrat stated that, in 
the literature on the composition of open-hearth 
basic slags, either no attention was paid to the 
presence of ferric oxide and all the iron present 
was wrongly expressed as ferrous oxide, or its 
amount, though stated separately, was given as 
less than that really present, while, for the ferrous 
oxide, a higher figure was obtained. This was 
due to the fact that, in analysing the slags, no 
attention was paid to the error caused by the 
action of sulphide sulphur when the slag was 
decomposed by acid. Sulphur was chiefly present 
in slag as sulphide, and when the slag was dissolved 
it formed sulphuretted hydrogen, which reduced 
the trivalent iron, present in the solution, to the 
bivalent form. This resulted in a higher figure for 
the bivalent iron and a lower figure for the 
trivalent iron. Furthermore, if sulphuretted 
hydrogen, resulting from the decomposition of 
the slag by acid, were used for the idiometric 
determination of the sulphur, the results obtained 
would be too low. A procedure for the accurate 
determination of sulphide sulphur and trivalent 
iron had been worked out by him. 

First of all, the total amount of sulphur was 
determined gravimetrically. During this process 
the sulphide sulphur was converted into sulphate 
and estimated together with the small proportion 
of sulphate originally present. The amount of 
sulphate sulphur was then determined gravi- 
metrically in a separate sample. The difference 
between these two figures indicated the content 
of sulphide sulphur a. The sulphide sulphur 6} 
was then determined, by the cadmium acetate 
and iodine method, in another sample of slag, and 
the bivalent iron, contained in the solution of 
decomposed slag, also determined. The difference 
a-b, indicated the amount of sulphide sulphur c, 
which was lost in the idiometric titration. This 
amount c was equivalent to that of the trivalent 
iron which was reduced when the slag was decom- 
posed. By subtracting this figure from that for 
the bivalent iron, as already determined, the 
accurate figure for the bivalent iron was obtained. 
The results of the complete analysis of 25 slags 
had been plotted on a triangular diagram in which 
the components considered were bases, oxides, and 
acids. Ferric oxide was considered to be present 
in basic slags in the form of calcium ferrite. The 
confirmatory evidence for that assumption was 
supplied by the existence of a ferric-oxide metallic- 
sulphides labile system. Calcium ferrite probably 
possessed a lower oxidising power than that which 
would be exhibited by ferric oxide acting as a base, 
so that the co-existence of ferric oxide and sulphide 
sulphur in slags was possible. 

A communication from Dr. J. Sarek was read by 
the Secretary. Dr. Sarek stated that Professor 
Quadrat had given a triangular representation of 
open-hearth slags similar to that plotted by Bou- 
douard and Mathesius for blast-furnace slags. The 
gypsum model of Mathesius, however, had found 
but little application, as it did not characterise great 
changes of properties, especially in regard to the 
fusibility, brought about by relatively small changes 





in composition. For example, a slag containing 
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2°5 per cent. of sulphur was normally liquid, on 
the other hand, a slag containing from 3 to 3-5 per 
cent. of sulphur practically did not flow, although 
sufficiently hot and acidic. Moreover, the content 
of barium sulphide influenced, to a considerable 
degree, the fluidity of blast-furnace slags. Such 
great changes in fluidity could not be represented by 
the Mathesius diagram. as now known. He would 
like to know if open-hearth furnace slags exhibited 
similar peculiarities as regards exterior appearance, 
fusibility, &c., brought about by slight variations 
in composition. 

Professor R. Vondracek stated that the procedure 
for the accurate determination of ferric oxide, 
indicated in the paper, was of particular value, as 
it would henceforth make it possible to arrive at 
more reliable conclusions on the function of the 
ferric oxide in open-hearth slags. As to the proposal 
to plot the composition of the slags in a triangular 
diagram similar to that of Mathesius for blast- 
furnace slags, the idea was certainly attractive 
but the realisalion of it was somewhat difficult. 
In the first place, the function of the oxidising open- 
hearth slag differed substantially from that of the 
blast-furnace slag. The oxidising properties of 
open-hearth slags were quite as important as their 
fusibility. 

There were several known facts that supported 
Professor Quadrat’s views that ferric oxide acted 
in basic slags as an acid. For instance, T. P. 
Colclough, in a paper read before the Faraday 
Society, had called attention to the fact that ferric 
oxide was capable of forming a stable compound 
with lime. It might be worth while to attempt 
other methods of representing basic slags diagram- 
matically, but it was doubtful whether both the 
oxidising and the melting properties could be ex- 
pressed in one diagram. 

Professor A. Mitinsky thought that it did not seem 
possible that any triangular diagram could furnish 
data applicable to slags of different furnaces. Much 
depended upon the mode of formation of a basic slag, 
as the velocity of chemical reactions and the chemical 
affinities varied with the temperature. A slag 
being a system of many components—chemical 
combinations and solid solutions—small differences 
in chemical composition might cause the formation 
of new phases which very much influenced the pro- 
perties of the slag. If the new phase produced were 
in the nature of solid particles, the former trans- 
parency and fluidity of the slag might be completely 
changed. 

The difficulty of applying a triangular diagram 
to a slag comprising much more than three 
components was evident. The study of the systems 
present in open-hearth finishing slags, however, 
was only just beginning. Moreover, in practice, 
all open-hearth plants employed finishing slags 
of different composition. 

Mr. T. P. Colclough stated that the effect of the 
sulphur present in the slag in giving a false deter- 
mination of the iron had given trouble for a consi- 
derable number of years, and the author was to be 
congratulated on the trouble he had taken to eluci- 

‘date the problem. He agreed that the representa- 
tion of the composition of a basic slag in the form 
of a triangular diagram was, to say the least, 
controversial. 

In an open-hearth furnace slag equilibrium 
conditions were not sought. As a matter of fact, 
it was usual to have a superabundance of one 
constituent, FeO, for example, this being necessary 
for the operation of the process. He was pleased 
to find that the author agreed with Janitzky and 
with the views put forward by himself in 1922, 
n connection with the fact that ferric oxide formed 
a definite compound with lime. The last speaker, 
Professor H. Louis, said that the combination of 
oxide of iron with lime had been spoken of as some- 
thing new. His old teacher, Dr. Percy, had melted 
together, ferric oxide and lime and had obtained a 
deep-red crystalline compound which had been 
exhibited at the Geological Museum in Jermyn 
Street upwards of 55 years previously. In England, 
we were apt to “‘ bury ” original work, and the facts 
were sometimes subsequently rediscovered abroad 
and put forward as new data. 


(To be continued.) 
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LETTERS TO THE EDITOR. 


THE CALCULATION OF CONVECTION 
HEAT TRANSFER. 


To THE Eprror or ENGINEERING. 
Str,—We are obliged to your correspondent, Mr. 
W. S. Douglas, for his remarks on our paper in your 
issue of August 29, and for pointing out that, on page 


- Hd H 
193, column 3, line 13, —- should read eo" 


The curves in Figs. 2 and 4 refer to an air tempera- 
ture of 65 deg. F. and a surface temperature of 
165 deg. F., and therefore a temperature difference of 
100 deg. For a difference of 1,000 deg., the heat 
transfer per- degree temperature excess, according to 
the curves in Figs. 1 and 3, is slightly higher. In the 


case of Fig. 6, however, the 4 power coefficient, at any 


rate within this range, appears to be practically inde- 
pendent of the temperature excess. 
Yours faithfully, 
MARGARET FISHENDEN, 
O. A. SAUNDERS. 
Department of Scientific and Industrial Research, 
16, Old Queen-street, Westminster, S.W.1. 
September 11, 1930. 








RUBBER ROAD-SURFACING FOR 
HIGHWAY BRIDGES. 


To THE Epiror oF ENGINEERING. 

Sir,—May I suggest a use to which low-priced rubber 
could be put, viz., the provision of roadway surfaces 
for highway bridges. 

Its chief merit is that, if suitably constructed in the 
form of blocks consisting of a cap of about 1}-in. 
thickness, of semi-hard rubber vulcanised to a tread 
of rubber compound, l-in. thick, and attached by 
means of steel lugs with extensions embedded in the 
tread to a concrete block cast around them, and laid 
down to form the surface of the roadway, the rubber, 
due to its elastic properties, would considerably 
reduce the dynamic load effect caused by heavy high- 
speed motor vehicles, and other types of road units, 
which set up considerable disturbing oscillations in a 
bridge. 

The use of rubber in this connection would probably 
make it possible to dispense with impact allowances 
in bridges altogether, especially in the flooring system. 

There is considerable justification for the use of 
rubber in bridges within limits of cost. This is probably 
reached with rubber at a maximum cost of 7d. per Ib. 

Its use would enable many bridges, which are at 
present classified as weak, to carry increased loads, 
and remove restrictions of speed; it would in many 
cases, avoid, as an alternative, the strengthening or 
renewal of bridges at a heavy cost. 

Yours faithfully, 
L. T. EVERALL. 

Hampstead, N.W.3, September 23, 1930. 








RUBBER AS AN ENGINEERING 
MATERIAL. 


To the Eprror oF ENGINEERING. 

Srr,—I have read with much interest, in your issue 
of September 5, the article on ‘‘ Rubber as an Engineer- 
ing Material.” I noticed, however, that you did not 
mention one very important use to which rubber is 
put nowadays, namely, as a bearing material in centri- 
fugal pumps and water turbines which have to deal 
with gritty water. 

The rubber used for these bearings is of about the 
same resilience as the tread of a motor-car tyre, and 
varies in thickness from about } in. to $ in., according 
to the shaft diameter and the working conditions. 
The bearings themselves are usually made in the plain 
cylindrical form, and are vulcanised into a brass shell. 
Along the bearing surface there is turned a helical 
groove which serves two purposes : firstly for lubrica- 
tion, and secondly as a channel in which any grit 
entering the bearing may be washed away. 

The rubber bearing is particularly suitable for bore- 
hole centrifugal pumps, in which type the pump is 
suspended by its own pipework at the bottom of the 
borehole, and is driven by an electric motor at the 
surface. The power is transmitted through a shaft 
which runs down the centre of the rising main, and is 
supported by a bearing at each joint of it. As the 
only lubrication which these bearings can receive is 
water, it has been the practice to line them with 
lignum vite, a wood of a greasy nature, but in cases 
where the water is gritty, excessive wear takes place, 
with the result that the bearings soon have to be 
renewed. 

This trouble has, however, been overcome with the 





rubber bearing, which owes its success largely to the 


| fact that rubber, when wet, has a very low coefficient 
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of friction. Also, particles of grit entering the bearing, 
instead of being ground between two hard faces, are 
squeezed against the soft surface of the rubber until 
the motion of the shaft carries them to the helical 

ve, through which they are washed clear of the 


In addition to’ borehole pumps, rubber is also used 
in place of bronze or babbitt metal for internal bearings 
and sealing sleeves in horizontal centrifugal pumps 
and in water turbines. . 

It is important to note carefully two points in 
connection with these bearings: firstly, they must 
have a plentiful supply of water, and secondly, they 
must not come into contact with any grease, as grease 
attacks rubber and causes it to perish. 

Yours faithfully, 
F. Rogers. 

84, Mellish-road, Walsall, September 12. 








GAS-LEAK DETECTION BY MEANS 
OF ETHYLMERCAPTAN. 


Tue timely discovery of the leakage of ordinary gas 
is a matter of considerable importance in the interests 
both of safety and economy. The same remark 
applies to natural gas, for instance, in the United 
States, owing to its high proportion of methane. 
Natural gas is odourless, and various volatile sub- 
stances have therefore been added to the gas in the 
mains to give warning of gas escapes. One of these 
chemicals recently tried by the United States Bureau 
of Mines and the American Gas Association is ethyl- 
mercaptan, or as it is commonly called mercaptan 
simply. This substance has an unpleasant smell, remind- 
ing one of garlic and hydrogen sulphide, easily detect- 
able even when one part of the mercaptan is diluted 
with a thousand million parts of air. Ethylmercaptan 
has the formula C2H;.S H, and may be regarded as 
alcohol, the oxygen of which is replaced by sulphur ; 
it is also called thioalcohol. It is a colourless liquid 
freezing at — 121 deg. C. and boiling at 34-7 deg. C., 
and has a density 0-840. Its vapour density is 2-15. 
The rather high density of the vapour is, of course, 
due to the sulphur, which makes up 51-6 per cent. of 
the weight of the compound. This might be detri- 
mental to its addition to gas, if one part of mercaptan 
in 15 million parts of air or gas were not sufficient to 
give warning. Organic sulphur compounds are objec- 
tionable in many respects, and the sulphur becomes 
oxidised into sulphur dioxide in burning. On this 
point the investigations referred to have proved 
reassuring. It would also appear that the smell dis- 
appears quickly ; if it persisted, the warning would be 
ineffective in the course of time. Mercaptan is hardly 
soluble in water, but is soluble in alcohol and in 
many hydrocarbons, and it forms compounds with 
metals ; it might be found, therefore, to coat the iron 
pipes, in time, with sulphide. The high dilution seems 
to meet any objection raised on this ground and with 
respect to the risk of poisoning, and the chief question 
is whether people would tolerate the smell for the 
sake of safety. 

The experiments carried out were made at Franklin 
and at Middletown, in Ohio. In Franklin, no warning 
was given to the consumers that experiments were 
to be carried out. A start was made with a very highly 
diluted mixture. Inspectors were sent round to examine 
houses, kerb boxes, sewer manholes and the ground, and 
to make repairs, and only on the eleventh day were 
customers asked to report on smells, the proportion of 
mercaptan having meanwhile been increased. Then 
complaints were numerous and sometimes strong ; 
women in particular complained about the terrible 
smell which male experts had hardly noticed. In 
some cases the smell had been talked about, but 
had been ascribed to putrid food, bad sewers and 
other causes. The i detected some leakage 





tors ¢ 
at places which, on a quite recent survey of their own, 
had been found to be entirely free from escapes. At 
Middletown, notice of the contamination was given to 
customers after three days, and that appeared to be 
the better policy. The conclusion drawn is that the 
addition of mercaptan is an efficient method of bring- 
ing gas leakage to notice, and much cheaper than the 
usual means of inspection. For the indication of house 
leaks, concentrations of 7-7 to 9-3 lb. of mercaptan per 
million cub. ft. of gas were found amply sufficient ; hele 
concentrations of 31 lb. to 46 lb. were needed to indicate 
underground leaks from defective mains and service 
lines. In the absence of leaks, customers did not 
complain, but when they occurred the demands for 
repairs were very urgent. Mercaptan, we may say, is 
technically used as a raw material for the preparation 
of sulphonal, trional, and similar drugs. 








AGRICULTURAL MACHINERY IN BuLGaRiIA.—A confi- 
dential report on the market for agricultural machinery 
in Bulgaria is available to firms on the special register of 
the Department of Overseas Trade. Application should 
be made to the Department, 35, Old Queen-street, S.W.1, 
quoting Ref. No. A.X. 10231. 





406 


ENGINEERING. 





[SEPT. 26, 1930. 








LABOUR NOTES. 

No fewer than 45 resolutions, and an almost equal 
number of amendments, dealing with the question of 
unemployment, are in the programme of the Labour 
Party’s annual conference which opens at Llandudno 
on Monday. Discussion is expected to centre on a 
resolution of the National Union of General and Munici- 
pal Workers, to which the Independent Labour Party 
has attached a long amendment setting forth twelve 
measures, It includes a living wage, children’s allow- 
ances, reduction of working hours to 40 per week, the 
establishment of import boards, and the rest of the 
L.L.P. programme, upon which the Government is 
urged to concentrate. The resolution of the General 
Workers’ Union, while declaring that ‘* the complete 
solution of the unemployment problem cannot be 
accomplished under capitalism,”’ enjoins the Govern- 
ment to do everything possible by way of ‘ organised 
schemes of relief work financed fully out of the National 
Exchequer.” The attention of the Government is 
directed to the effects of rationalised industry upon 
the lives of the workpeople, and the conference is 
invited to declare that Government assistance towards 
the rationalisation of industry should be ‘* conditional 


upon a re-valuation of capital assets, which would cut | 


out the dead-wood of obsolete plant and inflated 
capital values, upon which the workers to-day are 
expected to produce a profit.” 





A resolution of the National Union of Clerks calls 


motor and other vehicle manufacture, shipbuilding, 
most of the metal trades, the textile industries with 
the exception of jute manufacture, the clothing trades 
(except boot and shoe manufacture), building and public 
works contracting, and dock, harbour, river and canal 
service. On the other hand, there was a substantial 
improvement in jute manufacture, and some improve- 
ment in cocoa, chocolate and sugar confectionery. 
In the coalmining industry an increase in the numbers 
wholly unemployed was more than counterbalanced 
by a great reduction in the numbers temporarily 


stopped. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages, reported to have come into operation 
during August, resulted in a net increase of 2,2501. 
in the weekly full-time wages of 48,000 workpeople, 
and in a net decrease of 3,4501. in those of 35,000 
workpeople. The principal bodies of workpeople whose 
wages were increased were tinplate makers in South 
Wales and Monmouthshire, and brush and broom 
makers, the latter of whom were affected by increases 
in the minimum rates fixed under the Trade Boards 
| Acts. Among those whose wages were reduced 
were paper makers in various districts, most classes of 
| silk workers at Leek, and iron miners and blastfurnace 
workers in North Lincolnshire. 











| During the eight completed months of 1930, the 


| changes reported to the Department, in the industries 


for legislation safeguarding, by means of adequate | for which statistics have been compiled, have resulted 
compensation, the position of employees displaced by |in net increases of 57,3001. in the weekly full-time 
rationalisation. A series of resolutions on the subject | wages of 756,000 workpeople, and in net decreases of 
of disarmament includes one from the Portsmouth | 111,4001. in those of 1,031,000 workpeople. In the 
Labour Party, asking the conference to instruct the ; corresponding period of 1929, there were net increases 
National Executive “to prepare a scheme for the | of 7,000/. in the weekly wages of 94,000 workpeople, 
compensation of workpeople’’ who lose employment ; and net decreases of 36,4501. in those of 491,000 work- 


as a result of a policy of disarmament being carried out. | people. 


The Transport and General Workers’ Union put 
forward a resolution urging the Government ‘in view 
of the pledges given to the Trade Union Movement 
during, and subsequent to, the passing of the Trade 
Disputes and Trade Unions Act, 1927,’’ to introduce 
legislation at an early date “ which will revoke those 
sections of the 1927 Act which are so objectionable 
to Trade Unionists and inimicable to the free exercise 
of the legitimate purposes of Trade Unionism.’”’ Seven 
other resolutions are on the agenda dealing with the 
same subject. 


The Ministry of Labour Gazette states that employ- 
ment continued to decline in August. Among work- 
people insured against unemployment in Great Britain 
and Northern Jreland, the percentage unemployed in 
all industries taken together was 17-5 at August 25, 
1930, as compared with 17-1 at July 21, 1930, and 
9-9 at August 26, 1929. For males alone the per- 
centage at August 25, 1930, was 17-7, and for females 
17:2. At July 21, 1930, the corresponding per- 
centages were 17-4 and 16-5. 








The number of trade disputes, involving stoppages 
of work, reported to the Department as beginning in 
August, was 35. In addition, 10 disputes which began 
before August were still in progress at the beginning 
of the month. The number of workpeople involved in 
all disputes in August (including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 8,200, and the aggregate duration of all 
disputes during August was about 49,000 working 


days. 


Speaking on the subject of rationalisation at the 
annual congress in London last week of the Interna- 
tional Federation of Professional Workers, Mr. G. W. 
Thomson, General Secretary of the Association of 
Engineering and Shipbuilding Draughtsmen, said that 
cartels and amalgamations did not always achieve 
the efficiency claimed for them. Rationalisation did 
not always mean the improvement of plant and tech- 








nique. There was certainly less close personal super- 
| vision and control in the larger establishments, and 


ae | possibly a great deal less initiative was exercised 
At August 25, 1930, there were 1,333,850 persons | among the managerial and administrative staffs. The 
on the Registers of Employment Exchanges in Great | closing of factories under schemes of rationalisation 
Britain, who were out of a situation. This was 107,446 | which involved the purchase of a number of less 
more than a month before, and 533,314 more than a | efficient plants, naturally resulted in a large increase of 
year before. The total on August 25, 1930, included | unemployment. In Great Britain they were now 
961,962 men, 47,990 boys, 282,713 women, and 41,185 | keeping men in idleness at a huge expense to the State 
girls. It was made up approximately of 875,700 | and the trade unions, while the men were losing their 
insured persons who had paid at least 30 contributions | skill and craftsmanship. , 
during the preceding two years, and therefore satisfied | 
the full contributions condition for the receipt of | 





unemployment benefit ; 367,100 insured persons who 
had paid less than 30 contributions during the pre- 
ceding two years; and 91,050 uninsured persons. 
The claimants for benefit, numbering 1,197,813, in- 
cluded 216,596 men, 5,365 boys, 45,131 women, and 
2,433 girls who had been on the Register for less than 
one month. 





At August 25, 1930, there were registered as unem- 
ployed in Great Britain, 381,650 men, 11,992 boys, 
203,092 women, and 12,575 yirls who were on short 
time or were otherwise suspended from work, on the 
definite understanding that they were shortly to return 
to their former employment. 
was 43,142 less than a month before, but 329,607 
more than a year before. At August 25, 1930, there 
were on the Registers in Great Britain 93,794 men, 
221 boys, 2,506 women, and 22 girls who normally 
seek a livelihood by means of jobs of short duration. 
These are mainly employed in dock, harbour, river 
and canal service. The total of 96,543 was 2,668 
more than a month before, and 20,978 more than a 
year before. 


There was & further increase in the numbers unem- 
ployed in iron and steel manufacture, engineering, 


The total of 609,309 | 


A resolution moved by Mr. G. W. Smith, general 
secretary of the British Federation, proposed that the 
| congress should record its approval of the five-day 

week as a desirable development of industrial and pro- 

| fessional employment, and urge affiliated bodies to 
| work for its adoption. He said that, with few excep- 
| tions, support for the five-day week at present came 
| from individual firms rather than from groups or whole 
industries, and those employers were usually among 
the enlightened and progressive industrialists. The 
question was now a practical one, so far as non-manual 
| workers were concerned. The congress agreed to the 
‘resolution, with the proviso that a five-day week did 
| not entail a longer working day or a lower wage. 








In the course of his presidential address to the 
congress of the International Transport Workers’ 
Federation, which opened in London on Monday, 
Mr. C. T. Cramp, of the National Union of Railway- 
men, said that it was the duty of the transport workers, 
acting in common with other organisations, to do 
what they could to remove the great industrial 
depression which hung over the world. “Tf,” he 


proceeded, “‘we can increase the spending power 
and raise the standard of living among the many 
millions throughout the world who to-day have not 
the power to purchase and utilise the goods which 








are produced, we shall have done something towards 
the solution of this great problem. Methods of 
production are changing; new sources of power 
have been discovered; there is a redistribution of 
industrialism throughout the world. The task of 
the working class is not merely to change the system 
of society. That is not enough. Even under Socialism 
or Communism many economic problems will still 
exist. Hard thinking and planning will still be required 
in this world of varying climates, conditions, and 
unequal distribution of population before we attain 
a state of society worth living in.” 





The Bulletin of the Industrial Commissioner for 
New York State reports that, in July, reductions of 
employment were general in the metal industries, 
except in the case of structural and architectural 
iron, where there was some upward tendency. Auto- 
mobile and steel plants reported several big cuts in 
employment. Factories were closed for prolonged 
vacations, blast furnaces were blown out and forces 
generally reduced. Manufacturers of instruments and 
appliances, firearms, tools and cutlery and heating 
apparatus all reported less activity than in June. 
The number of employees was reduced, several plants 
were closed down for inventory or vacations, and 
part-time schedules prevailed. Practically all machinery 
and electrical apparatus firms and brass, copper and 
aluminium firms laid off workers. Railway equipment 
and repair shops reported general reductions in 
employment. The downward tendency was somewhat 
less marked in the manufacture of silverware and 
jewellery, and of sheet metal and hardware, although 
vacations in some of the jewellery concerns caused a 
fairly large decrease in employment for that industry. 
The decline in boat and ship building was a little 
greater in New York City than on the Great Lakes, 
but none of the builders was busy. 





The weekly official organ of the International 
Labour Office states that in pursuance of a resolution 
recently introduced in the Riksdag, the Swedish 
Government has been requested to order a new 
investigation into the need for, and possibility of, 
fixing a manning scale for Swedish merchant vessels, 
and to submit to the Riksdag the results of the 
investigation before issuing any regulation concerning 
such ascale. In the course of the debate, Mr. Nordborg, 
Director of the Swedish Shipowners’ Association, 
maintained that no such investigation could be started 
before the Government had decided on the attitude 
it intended to adopt towards the decisions to be taken 
on the question of seamen’s hours of work by the next 
Maritime Session of the International Labour Con- 
ference. It was clear, he said, that these decisions 
would not result in lengthening hours of work. If 
hours were reduced, the consequence would be to 
enlarge crews, and no manning scale would be needed. 
Other Conservative speakers pointed out that the 
introduction of a manning scale in Sweden, in the 
absence of an international agreement, would weaken 
the position of the country in the competition for 
world trade. 





A programme of demands, adopted by the North 
Midland District Council of the Associated Society of 
Locomotive Engineers and Firemen, at a conference 
in Derby on Saturday last, included pay of 20s. per 
day for drivers, 15s. per day for firemen, and 10s. 
per day for cleaners, a standard week of 36 hours, 
double rates for overtime and night and Sunday duty 
(110 miles to constitute a day’s work), 12 days’ holiday 
a year with pay, and a contributory pension scheme. 
In an official statement issued by the Council, it was 
claimed that amazing economies had resulted from 
railway grouping and reduction in staff; that these 
economies more than counterbalanced any loss in 
revenue ; and that the companies were likely to be in 
a flourishing condition in a very short period. The 
council were not, it was stated, opposed to rationalisa- 
tion, so long as it was not used as a lever to depress 
the general standard of conditions of railwaymen. 





At September 15, the numbers of persons on the 
registers of Employment exchanges in Great Britain 
were 1,386,241 wholly unemployed, 618,511 temporarily 
stopped, and 98,661 normally in casual employment 
making a total of 2,103,413. This was 36,158 fewer 
than a week before, but 955,894 more than a year 
before. The total on September 15 comprised 
1,485,019 men, 60,489 boys, 502,961 women, and 
54,944 girls. 

132-xv. Execrricrry Suppty 1N EneLanp,—The 
132-kv. ‘‘ grid.’ line between Bedford and Little Barford 
was energised on September 10, and is now being used 
to give a supply to the Cambridge and Huntingdon 
districts from the first-named town. This is the first 
time this pressure has been employed commercially in 
England. j 
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THE EconomicaL PrRopuctTion oF PowER. 


Tue first item on the programme for the meeting | technique of these steels was difficult, so that it was | 
/not easy to manufacture superheater elements | 


of Tuesday, September 8, which was devoted to the 
subject of the economical production of power, 
was a paper by Mr. G. A. Orrok, entitled “ The 
Use of High Steam Pressures and Temperatures in | 
the Generation of Power,” which was reprinted on | 
page 339 ante. The chairman, Sir Ernest Moir, 
announced that, in the absence of the author, a 
résumé of the paper would be given by Mr. W. M. 
Selvey. At the conclusion of Mr. Selvey’s remarks, 
the Chairman pointed out that we had overcome 
the financial difficulties following the Napoleonic 
wars by the increased use of coal, and at the present | 
time it was necessary to produce electrical energy | 
from coal at a reasonable rate. He also mentioned 
a ship, the Propontis, fitted with a water-tube 








If then, by accidental circumstances, local heating 
to temperatures above the normal occurred, there 
was a danger of blisters forming and tubes failing. 
Mild steel was safe at about 800 deg. F., but it 


/was important to ensure that no local heating | 


occurred. The troubles might be overcome by 
the use of some of the new alloy steels, but the 


from them. There were always difficulties in the 
use of new materials which were, however, overcome 
as the technique developed. 

Dr. John Morrow, the only other speaker on Mr. 
Orrok’s paper, said the trend of the discussion 
tended to favour the increase of pressure rather 


than of temperature from the point of view of the | 


materials. From the thermodynamic standpoint, 


however, the increase of pressure was more advan- | 


tageous, though its influence was a little obscure 
in the paper. In practice, a cycle equal in efficiency 
to the Carnot cycle could be used, but it was better 
to use saturated steam than superheated. To 
estimate efficiency by the Carnot cycle, however, 


motive work, and thought the Diesel-electric system 
would lead to great economies. 

The next paper taken was that by Messrs. A. 
Lennox Stanton and Theodore Stevens, entitled 
‘““Obscured Fundamentals in the Development of 
| Integrated Electricity Supply.” The paper was 
; read by Mr. Stanton. Its object was to present the 
case for an integrated electricity supply which was 
| defined as “an inclusion of everything that serves 
|to make an electrical utility complete throughout 
‘all the links which Jie between its primary source 
and any point of applied function, no matter where 
located, how served, or how utilised.” The paper 
pointed out that, at present, such an integrated 
electricity supply did not exist. It included 
numerous charts and supplementary data showing 
‘the trend and scope presented by the changing con- 
ditions of electricity supply in Great Britain. The 
authors also drew attention to limitations under which 
every phase of the industry laboured, and, in conclu- 
sion, put forward the development of an integrated 
electricity supply as an avenue leading to the 
soiution of many industrial and social problems. 


boiler in 1864 and operated at a working pressure | was not fair, since all the heat was not supplied | They also touched upon the proposals to use the 
of 150 lb. per square inch. The boiler, he said,| at the same temperature. Dr. Morrow illustrated | tidal energy of the Bristol Channel for the generation 
was somewhat similar to those used at the present | this point by means of the 6% diagram, pointing Of electricity, drawing attention to the need for a 


time, but considerable trouble was experienced | 
from tube failures, and, in 1876, the water-tube | 
boilers were abandoned and the pressure reduced | 


out that most of the heat was supplied at the 
temperature of evaporation, so that the temperature 
of the superheated steam should not be taken as the 


searching examination to be made into all its 
| financial and contractual liabilities. 
In inviting discussion on the paper, the Chairman 


to 90 lb. per square inch. Messrs. Yarrow, he | upper limit of temperature determining the efficiency | said it contained much interesting data, but was 
He 


said, were now supplying a boiler for Japan to work | 
at 1,000 lb. per square inch, with a steam tempera- | 
ture of 800 deg. F. The pressure in the new Cun-| 
arders, however, would not be more than 400 Ib. | 
per square inch. 

Dr. Gerald Stoney, F.R.S., invited by the Chair- | 
man to open the discussion, said the paper showed 
very well the advantages of high pressures as com- 
pared with high temperatures, which could easily be 
seen from the 6 diagram. From the notes at the 
end of the paper, it would be seen that an increase 
in pressure of 15 per cent. effected a saving of 200 
B.Th.U. per kilowatt-hour, and that an increase 
in temperature of 100 deg. F. resulted in the same 
saving. As the 15 per cent. in pressure was from 
500 Ib. to 575 lb. per square inch, or from 650 to 
750 lb. per square inch, it was easy to see which was 
preferable. No difficulties arose from increase 
in pressure, which gave rise to mechanical stresses 
only, but with high temperatures, troubles occurred 
from corrosion, creep, expansion and consequent 
distortions. Extra clearances were thus necessary 


on the Carnot cycle. 

In the course of his reply, which was then made, 
Mr. Selvey said the author had confined himself to 
what was actually in existence. Mr. Orrok had 


‘shown in his diagrams what might be and what 


had been done. Scientists had made the first 
mental picture, and its working out in practice, as 
shown by the second diagram, had been of real 
benefit to the community. It was no criticism to 


difficult to discuss without careful study. 
thought the criticism of the Severn scheme was 
| quite justified, and described the scheme as a 
|farcical proposition. With regard to the grid 
| system, he said he understood that any tapping 
|of the system involved a relatively large use of 
| power. It would not pay to tap the 132,000-volt 
| system for small power users, owing to the heavy 
| cost of the transformers required. 


Professor E. Marchant, who was invited by the 


point out, as the Chairman had done, that in making | 
an experiment on the scale of the new Cunarders| Chairman to open the discussion, said he was a 
we were confining ourselves to a pressure of 400 Ib. | little puzzled to know what the “ obscured funda- 
per square inch. The Hamburg-Amerika line, mentals” were. The grid system, he said, was 
however, had decided on a new ship and were | largely a political matter, and from the point of 





for safety, and these reduced the gain due to the 
increased temperature. Most troubles were thus due 


to temperature; the much higher pressures used | 
If| for ten years or so, and it was also known when 


the temperature were reduced, the increased wetness | tubes failed, and how they failed. New materials | 


in hydraulic work gave rise to no difficulties. 


of the exhaust might lead to erosion of the low- 
pressure blading, but this could be dealt with by 


going up to the limit of pressure, which served to 
show the different characteristics of British and 
German practice. He thanked Dr. Stoney for his 
contribution to the discussion, and with regard 
to the remarks of Professor Lea and Dr. Morrow, 
said he thought the engineer’s point of view was 
somewhat different from that which they had in 
mind. He did not think the engineer cared so 
much about pressure and temperature per se; he 
wished to make progress and to know what prevented 
this. The limits of ordinary steel had been known 


were needed and many had been tried out. One of 
the difficulties encountered with these materials had 


draining and by using suitable material for the last| been that very long tubes, longer than could be 


rows of the blading. In marine work, in conjunc- 
tion with gearing, the blade speed could be kept 
below the limit at which erosion occurred ; there 
was little erosion at 800 ft. per second, but a con- 
siderable amount at 1,000 ft. per second. On 
land, however, we were tied to speeds of 1,500 or 
3,000 r.p.m., but erosion troubles, as already 
mentioned, could be overcome by draining and 
by using suitable material for the low-pressure 
blading. 

Professor F. C. Lea, the next speaker, remarked 
on the extraordinary effect of the load factor, as 
illustrated in Fig. 2 in the paper, and also mentioned 
that he would have expected the curves of Fig. 1, 


drawn, were needed, so that joints had to be made, 
and the materials had proved impossible to weld 


| View of reducing the cost of producing electrical 
energy in the larger cities, would be of no use at all. 
| Country districts would, however, be able to obtain 
'a supply at rates which would not otherwise be 
possible. The cost of tapping the 132,000-volt 
‘lines would be large, but it was necessary to tap 
'the high-tension lines for supplying a district. 
More, he thought, was to be gained by suitable 
tariffs for developing domestic supplies, and the 
}question of the maintenance of apparatus was 
important. A maintenance staff for domestic appli- 
ances was needed. 

Professor F. C. Lea also referred to the question of 
|the maintenance of domestic electrical apparatus, 
'and Professor F. G. Baily endorsed the authors’ 
criticism of the Severn scheme. Mr. J. S. Wilson 
referred to the Chester hydro-electric power plant, 
|mentioning that the head, which was variable, 





and difficult to draw. These difficulties, however, | had a maximum value of about 12 ft. The plant, 
| were now being overcome and tubes could be welded | he added, only developed 500 h.p. to 600 h.p. 
| satisfactorily. Erosion problems, he concluded, | and had to be shut down frequently, but it had 
were solving themselves owing to increases in size. | proved a marked success, especially during the war 
The effect of erosion on small blades was serious, | period. 
but on blades 2 ft. or 3 ft. in length, surface erosion} The Chairman, in closing the discussion, referred, 
was much less in proportion. On the whole, in a_ jn connection with small supply systems, to a 600-h.p. 
large turbine, erosion, though annoying, was not! plant in Ireland operated on producer gas from 
la serious obstacle. |anthracite and producing energy at a cost of ld. 
The next paper was one by Sir Henry Fowler, | per unit. Transmission costs, he added, were high, 
| K.B.E., entitled “ The Question of Fuel Consump- | but would be much lower if no objection were made 
which was reprinted | to the necessary poles. The authors not wishing to 
reply, the meeting was adjourned. 





” 


tion in Locomotive Practice, 





showing the effect of temperature on efficiency, |in last weeks’ issue of ENGINEERING, on page 380, 
to have been steeper. With regard to the question | ante. In the absence of the author, it was read by 
of temperature, as distinct from pressure, Dr.| Dr. S. J. Davies, and was not generally discussed. 
Stoney had referred to the danger of increasing | Referring to the paper, the Chairman remarked that 
temperature too rapidly. In considering the | he was glad to hear that something was being done 


strength of materials at high temperatures it was | 
important to take the time factor into account, 
and although the Carnot cycle showed that high 
temperatures were desirable, it was important to 
recognise that, beyond 400 deg. C., the rate of change 
of the limiting creep stress was very rapid. From 
the steam tables it could be seen that, if the pressure 


in the use of water-tube boilers in locomotives, and 
that the Diesel-electric system was being employed. 
It was notorious that the coal consumption in 
locomotives was high. There were restrictions due 
to the gauge and to the fact that the engines ran 
at a low load factor. He thought the Diesel-electric 
or turbine systems would enable the load factor to 





were increased, the temperature only increased very | be adjusted and thus make for economy. He had 
slowly, but by superheating the region in which | previously suggested that steam turbines driving 
the limiting creep stress was small was soon reached. | electric generators would have advantages in loco- 


Tue DesiGN or STEEL STRUCTURES. 

At the final meeting of the session, held on 
Wednesday, September 10, the subject for discussion 
was the design of steel structures, and a paper on 
this subject, entitled ‘“‘ Structural Steel Design and 
Regulations,” was read by Mr. J.S. Wilson. Recorder 
of the Section. Mr. Wilson’s paper, which we hope 
to reprint later, pointed out that regulations relating 
to the design of structures had developed partly 
from simple rules and guiding proportions which 
had been adopted with the object of simplifying the 
processes of design and to render the details of design 





more consistent ; and partly to make it possible to 
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produce designs which might be strictly compar- 
able as to strength, workmanship and durability. 
Rules and regulations, used or proposed, were 
intended to facilitate design; to keep the details 
consistent and eliminate the personal eccentricity of 
the designer ; to simplify manufacture and facilitate 
production ; to enhance durability by increasing 
the stiffness, thickness, or riveting of parts or 
members above that required by considerations of 
strength only ; to codify methods of calculation of 
loads and stresses so that engineers working in- 
dependently might arrive at strictly comparable 


results ; and to give structures a strength capable of | 
withstanding a standardised system of loading while | 
the stresses in the members did not exceed specified | 
Examples of each type) 


maximum intensities. 
of rule were given and discussed in the paper, but 
the author deprecated the idea that a multiplicity 
of rules and regulations could take the place of 


experience or prevent bad or weak design on the | 


part of inexperienced persons. In relation to 


loads and the corresponding limiting stresses, | 


the author continued, designing specifications were 
of two fundamentally different types. In one, 
the maximum intensity of stress allowed in a 
member was adjusted to suit the position of the 
member and the severity of the loading conditions 
in that member ; while in the other the stress was 
limited to a nominal maximum for all members, 
but the loads carried by different members were 
adjusted according to an empirical formula. which 
increased the loading where the conditions were 
more severe. Regulations relating to stresses 
bad an important influence on weights and costs 
of structures, and for structural work sent abroad, 
the country adopting conservative practice and 


low limiting stresses, though producing compara- | 


tively robust and durable structures, might be 
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competition, the firms were anxious to see if any- | problems involved, firstly, the consideration of the 
thing could be done to secure the highest degree of | structure as an elastic framework, and, secondly, 
economy, and the Department had therefore agreed | the study of the distribution of stresses and deforma- 
to set up the Committee and share the cost of the | tions in the members and of the manner in which the 
work with the industry itself. The Committee was | connections transmitted the forces and affected the 
formed from the Institution of Civil Engineers, the | strength and stability of the structure. Statically- 
Institution of Structural Engineers, the industries | indeterminate structures were often necessary or 
concerned, and the Research Department, the idea | desirable. The difficulty of calculation of redundant 
being, he thought, that the great progress made in | structures was often exaggerated, owing to neglect of 
the theory of structures in connection with aircraft | the systematic treatment, by means of deformation 
had led to the use of more accurate methods of | diagrams and influence lines, developed mainly in 
design, which might be applied to other branches of |Germany. The calculation of frameworks without 
structural work. The question of regulations for | diagonals, such as building frames, was possible by 
structural design was a very different matter. At | various methods, but often very lengthy. Recent 
present the Committee was dealing with building | investigations indicated, however, that reliable 
work, and it was intended to cover bridge work | approximate methods were possible; Begg’s experi- 
later. One section was now attempting to bring | mental method was of value in these investigations. 
| out a scheme of building regulations. | Problems in the second group were largely experi- 
Mr. H. H. Burness said he thought the author mental, and included laboratory exploration of the 





had not fully realised the difference between condi- 
| tions in this country and in America. The essential 
condition in Canadian and American practice was 
cheap construction and short life, whereas in this 
country, greater durability was required. Mr. 
Wilson had referred to the American regulation to 
| the effect that flange angles must form as large a 
proportion as possible of the flange area of a girder, 
;and he thought this was a reasonable regulation. 
There was a tendency to use wide plates and small 
angles in the flanges, so that a considerable part of 
the plates extended beyond the angles, and it was 
difficult to ensure a proper distribution of the 
stress from the angles to the plates, unless the 
angles formed a reasonable proportion. He had 
been interested in a remark by the author to the 
effect that we were bound to use American text- 
books in teaching structural design. There was 
certainly a deficiency of books in this country on 


seriously handicapped in international competition. | recent methods of stress analysis for structural 
At the conclusion of Mr. Wilson’s paper, the | work. He did not know of one on the method of 
Chairman, Sir Ernest Moir, mentioned the fact | least work, or on statically-indeterminate structures, 
that difficulty had been obtained in getting plates | and we were consequently compelled to use American 
rolled sufficiently thin, so that web-plates were | books. English books dealt either with the theory 
sometimes used thicker than was necessary. He of structures, or with practical work, whereas many 
also referred to the work of Mr. C. E. Stromeyer in| American books combined both aspects of the 
measuring the stresses in structures while in| work, which was an advantage in teaching. 
service, mentioning that the method had been used) Myr, Wilson, who then replied to the discussion, 
for determining the stresses in the hull of a ship | first referred to a point mentioned by Mr. Burness, 
during the launching operation, as well as in a | stating that no girder in this country had ever 
seaway. Sir Ernest also gave some interesting | given trouble from the fact that small flange angles 
information with regard to the Blackwells Island | were employed. Mr. Burness here remarked that, 
Bridge. In the course of the work, he said, it was|as higher stresses were now employed, trouble 
found that extra car tracks, &c., were needed. | might arise from this cause, but Mr. Wilson stated 
These were added and the steel in the structure | that the stresses now used were not higher. Stresses 
increased to support the additional load. As a | as high as 10 tons per square inch had been employed 
result of the failure of the first Quebec Bridge, | with wrought iron without trouble. If a bridge 
however, the strength of the Blackwells Island| was built to carry a certain load, and it carried 
Bridge was investigated and found to be inadequate; | that load safely for 60 years, there was nothing 
so that the concrete roads had to be removed and | wrong with it, whether it complied with regulations 
replaced by flat plates with wood-block flooring | or not. A point he wished to stress was the effect 


in order to reduce the load. The added steelwork | of specifications on the competition between this 
had been not only useless but actually detrimental. country and others. In the South American 


Weight for weight, Sir Ernest continued, the States, particularly, American specifications were | 


Forth Bridge was the best design produced so far,| broadcast, translated into different languages, 
and the whole of the computations, he added, had | whereas our specifications were unknown. American 
been made on a 10 in. slide rule. Finally, he | specifications, he added, were made to suit American 
called attention to the fact that, when the plates of | steel, which was softer than ours, so that if bridges 


structural members were placed close together, | were designed in this country to American specifica- | 


rust sometimes formed between them, so that they | tions, a great deal of unnecessary material was 
bulged out, instancing in this connection some of | employed. If, however, we could increase the 
the ties of Charing Cross Bridge. stress to suit our harder steel we could beat the 
At this point, Sir Ernest had to leave the meet- | Americans with regard to the weight of a structure 
ing to keep an appointment, and Professor W. | for a given strength. 
Cramp then took the chair. Before leaving. Sir! Another paper, by Mr. J. Stuart Lewis, on the 
Ernest thanked the Recorder and other officers of | 
the Section for their services, and Mr. Wilson, 
in acknowledging this, took she opportunity of 
thanking Sir Ernest for the manner in which he 
had presided over the meetings. Professor Cramp 
then invited discussion on Mr. Wilson’s paper, 
and the first speaker, Dr. R. E. Stradling, said he 
wished to draw attention to the Committee set 
up by the Department of Scientific and Industrial 
Research, to consider the question of structural 
design. The work of the Committee was to take 
the form of a discussion between officials of the 
Department and firms engaged in the industry 
from the point of view of efficiency and economy 
in structural design. Owing to the present keen 


| work,” which formed the next item on the pro- 
| gramme, was not available, and the Chairman, at 


the Report of the Committee on Electrical Terms 
and Definitions. We refer to this report below. 
The last paper taken was by Professor C. Batho, 
entitled ‘‘ Theory and Experiment in Structural 
| Design.” We shall reprint this paper in a subse- 


quent issue, but may here briefly indicate its nature. 
It stated that the development of exact methods for 
the calculation of the stresses and deformations in a 
structure and the determination of the conditions 
which govern its breakdown under excessive loading, 
were of importance to the structural engineer. 





The 


“Standardisation of Design for Structural Steel- , 


this point, invited Professor F. G. Baily to present | 


‘strains and deformations in structural elements, 
‘connections and built-up members; laboratory 
| tests to destruction; and experiments on actual 
structures. It appeared to be desirable to investigate 
| the simpler elements of construction before attempt- 
‘ing to analyse the results of tests on complete 
structures. Tests to destruction should be directed 
towards the observation of the conditions of initial 
| breakdown and experiments on the conditions of 
elastic breakdown of materials under non-uniformly 
distributed loads were desirable. Investigations such 
as those outlined had led, and should still lead, to 
increased economy, by making possible more rational 
| methods in design. 

Professor Cramp, in calling on Mr. Wilson to open 
the discussion, pointed out that the time available 
was short. Mr. Wilson first asked if, in producing 

|elaborate specifications, we were not largely elimi- 
nating the function of the engineer. With regard 
|to the Williot-Mohr deformation diagram, referred 
|to by Professor Batho, he asked what was the 
relative date of this and Allan Stewart’s paper before 
the Institution of Civil Engineers. It was true, as 
Sir Ernest Moir had stated, that the calculations 
for the Forth Bridge had been checked by a 10-in. 
| slide rule, but the man behind the design was Allan 
Stewart, who had written a paper* describing his 
system of getting deflections and deformations. If 
Stewart were prior to Williot and Mohr, the former’s 
name should be applied to the method. Experi- 
mental tests to destruction, Mr. Wilson thought, 
were said to convey more information than they 
‘really did. Tests to destruction of riveted joints 
certainly did not carry much weight. Professor 
Batho’s work showing that the last rivet of a group 
carried such a large share of the load was, however, 
most important ; a group, he added, should never 
finish up with a single rivet. With regard to the 
failure of the first Quebec Bridge, Mr. Wilson said 
he wished to clear up a misconception with regard 
|to the position of Mr. Theodore Cooper. The pre- 
liminary designs were made and the weights got 
out, but a final estimation of the weights was not 
made, as there was no staff to check the calculations. 
| Cooper, at one time, was on the point of resigning 
for want of assistants, but was persuaded to retain 
‘his position. The failure, however, was entirely 
due to the fact that the additional weight was 
never properly provided for. With regard to 
| statically-indeterminate structures, Mr. Wilson 
continued, our confidence depended entirely upon 
experience. Our predecessors did not mind putting 
up cast-iron arches with fixed ends, and there was 
not much need to worry about indeterminate 
stresses. In many cases, a brick or masonry arch, 
or a steel arch, would be stronger than a girder. 

Dr. C. H. Lobban mentioned that he was investi- 
gating the case of a six-storey building, designed by 
ordinary methods, in which no account had been 
taken of the rigidity of the joints, the connections 
between the beams and stanchions being regarded 
as flexible. He was using a purely theoretical method 
of analysis, and hoped later to compare the theore- 
tical results with those obtained by the Beggs’ 
method. With a welded structure, the results 

‘should be more or less correct, but with a riveted 
|structure the rigidity of the joints was indeter- 
'minate. He was, however, endeavouring to allow 
for this, but it would be many months before the 


* Proc. Inst. C.E., vol. cix, page 269 (1892). 
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work was completed. The present troubles were 
partly due to the fact that constructional engineer- 
ing students obtained only a smattering of struc- 
tures, and the cure for this would be a special course 
in structures alone. 

Dr. R. E. Stradling said he had spent the previous 
week at the Liége congress on reinforced concrete, 
and had been struck with the large amount of 
mathematical work on this subject carried out on 
the Continent. One thing brought out by Mr. Wilson 
and Professor Batho was that the higher mathe- 
matical work had its origin in this country, but it 
did not seem possible to get it applied in practice 
as easily here as on the Continent. 

Mr. H. H. Burness, referring to the calculations 
for statically-indeterminate structures, said that 
much depended upon the assumptions made at the 
beginning. If the principle were applied to a rein- 
forced-concrete bridge, difficulties arose because of 
the conditions applying during the construction of 
the bridge. While, on the Continent, the construc- 
tion of large arch bridges had been carried out on 
the determinate condition, with hinges at the 
springings and crown, in this country we employed 
rigid arches. We were now, however, returning to 
the determinate structure, as far as the dead loads 
were concerned, using hinges at the abutments and 
centre, which were, however, filled in once the bridge 
had settled down, thus rendering the structure 
statically indeterminate. Professor Batho, he con- 
tinued, had referred to the whip which occurred on 
the structure of the second Quebec Bridge, when 
the suspended span fell. To illustrate the effect, he 
mentioned the case of a colliery guide rope which 
had to be cut through near the bottom. When this 
was done, the upper part sprang up, broke the 
shackle at the top and fell, killing two men. 

At this point, the Chairman had to bring the dis- 
cussion to an end as the time available was practically 
exhausted. In replying, Professor Batho said that 
to cover all the points raised would require another 
paper, but he would endeavour to deal with some 
of them. With regard to the stiffening up of 
specifications, there was, of course, a limit. They 
must not be so tight that all work was standardised, 
but there was a long way to go before that condi- 
tion was reached, especially with regard to build- 
ings. He did not think this would destroy the 
prestige of the engineer. Many of the points not 
dealt with in specifications should be embodied in 
text-books. With regard to riveted joints, it should 
not be taken that the realisation that the joints 
behaved differently from what we supposed 
meant that the joints were not safe. The point to 
be remembered was that considerable economy 
might be achieved, and that if more rivets were put 
in than were required they might actually weaken 
the joint. With reference to the failure of the 
first Quebec Bridge, he thought Cooper’s mistake 
was the adoption of light latticing for members 
which were under eccentric loading during erection, 
and that the mistake in connection with the dead- 
weight was due to the neglect of the enormous weight 
of details. The investigation referred to by 
Dr. Lobban, which was being made at the Building 
Research Station, should give valuable information. 
In a paper by Williot and Mohr an attempt had 
been made to calculate a structure with semi-rigid 
joints, but the work had little bearing on what 
actually happened in practice. The course in struc- 
tures at the Birmingham University, he said, occupied 
four years, and statically-indeterminate structures 
formed part of the fourth-year course work. The 
assumptions in the calculations for statically-indeter- 
minate structures, he agreed, were very important. 
In answer to Mr. Wilson’s remarks to the effect that 
structures built in the early days remained standing, 
he said the question of economy also came in; it 
was important that all the material should be used 
to the best advantage. 


REPORTS OF COMMITTEES. 


As above mentioned, the Report of the Committee 
on Electrical Terms and Definitions was presented 
by Professor Baily, who said that great difficulties 
had been experienced in securing agreement upon 
some of the definitions and units used in elec- 
trical engineering, and the Committee had traced 
the difficulties to the lack of definiteness in the 


definitions of the three fundamental quantities in 
electrical science, viz., electrostatic quantity, 
magnetic pole, and electric current. An Inter- 
national Commission had been dealing with the 
definitions of the practical units in electrotechnics, 
and this body had experienced the same difficulties 
as had been met with by the British Association 
Committee. At least one of the members of the 
latter was also a member of the International 
Commission, and the Committee had taken the 
opportunity of discussing the situation with Pro- 
fessor Kennelly during his visit to Bristol. Professor 
Kennelly had also been co-opted as a member of the 
Committee. The recommendation was, therefore, 
that the Committee should be re-appointed as a 
link of communication with other bodies dealing 
with the difficulties, but it was also proposed to 
submit a technical report suggesting a revision of 
the fundamental definitions of electrical science. 
This would involve international co-operation be- 
tween physicists and engineers, and the centenary 
meeting, next year, might afford a suitable oppor- 
tunity for the discussion of the subject. Professor 
Baily proposed the adoption of the report and this 
was agreed to. 

After the discussion on Professor Batho’s paper, 
Professor Cramp read the fifth interim report of the 
Committee on Earth Pressures, and an interim 
report of the Committee on Stresses in Overstrained 
Materials, In the former, it was stated that the 
Committee had met once since its previous report, 
at the Building Research Station, to see the work 
being carried out there by Professor C. F. Jenkin. 
In a report attached to the Committee’s report, 
Professor Jenkin stated that he had recently 
visited the research laboratory in Berlin, known as 
the Versuchsanstalt fiir Wasser und Schiffsbau, 
where regular tests of soils encountered in connection 
with the new dock works at Bremerhaven were 
being carried out. The tests made included the 
determination of the moisture content, the grain 
size, the specific gravity, the proportion of carbonate 
of lime, the nature of the grains, the acidity, and 
the shearing strength. The latter was determined 
in a machine designed by Professor Terzaghi, the 
soil being diluted with an excess of water, and then 
put in a thin layer between sand-filtering discs 
under a known load. The water was thus squeezed 
out until a stable condition was reached, which 
took about a fortnight. It was considered that the 
clay then contained the maximum amount of water 
possible under that particular load. The load usually 
selected was that to which the clay would be sub- 
jected in situ, but it was sometimes tested after 
having been subjected to other selected loads. It 
was important to note that the shearing strength 
obtained represented the result of combined 





depth. Measuring apparatus had been put in hand 
on these lines, and was now nearly completed. 
The apparatus was designed to measure the force on a 
wall, vertical or battered, and to give the horizontal 
and vertical components and the point of applica- 
tion ; 7.e., to give the resultant force in magnitude, 
position and direction. 

The interim report of the Committee on Stresses 
in Overstrained Materials stated that the pro- 
gramme of work set out in the report for 1929 had 
been commenced. An investigation of the stress- 
strain relation up to and beyond the yield point was 
being carried out in the engineering laboratory of 
the Royal Naval College, Greenwich, by Mr. J. G. 
Docherty and Mr. F. W. Thorne, but the tests were 
not yet complete. Prof. G. Cook was investigating, 
in the engineering department, King’s College, 
London, the effect of non-uniform stress produced 
by torsion, flexure and internal pressure on the 
initial yield point in mild steel, and the stress 
distribution in the initial stages of plastic strain 
for these cases. It was hoped that the results 
of these experiments would be published in the 
autumn, and that a full report of the experiments, 
together with the other papers proposed in the 
1929 report, would be presented with the report 
for 1931. 

Mr. Wilson moved the adoption of the two reports 
and this was duly carried, Professor Batho 
expressing the hope that Professor Cook would 
investigate the problem referred to at the end of his, 
Professor Batho’s, paper, not only in connection 
with thick cylinders, but with the variable stresses 
in buildings and bridges. This completed the pro- 
gramme of the Section, and the meeting terminated. 


(Zo be continued.) 











HIGH-FREQUENCY STEEL 
FURNACES.* 
By D. F. Campsett, M.A., A.R.S.M. 


THE melting of steel in an ironless induction furnace 
has been generally recognised as an efficient and econo- 
mical method of making tool steel under conditions 
similar to those of the crucible process, but there is 
no justification for supposing that the induction furnace 
is limited to the simple metallurgical operation of 
melting small quantities of high-class raw materials 
to produce tool steel. A survey of the present status 
of the ironless induction furnace will show that its 
field of utility is much wider than is generally supposed. 
As is usually the case with new developments, it is 
supplementing certain processes, replacing various 
types of furnace in part, and though its limitations of 
size will prevent its application to certain operations 
requiring large ingots or castings, the rapidity of 
operation will have an important bearing on steelworks 
practice outside the melting shop. 

Ironless induction furnaces of the Ajax-Northrup 





cohesion and friction. type, of an hourly output of 20 cwt. to 25 ewt., as shown 

While his new laboratory was being built, | in Fig. 1, page 410, have been operated since July, 
Professor Jenkin had concentrated on the solution | 1929, and smaller units of 5 cwt. capacity have been 
of problems presented by a very simple model producing steel regularly since October, 1927, when 
of sand. He believed that sand pressures were | the first tool steel from the ironless induction furnace 


essentially connected with the packing of the 
grains, and it appeared to be worth while to 
investigate the pressure of ideal sand made up 
of uniform spheres. Rough experiments with 
Hoffmann steel balls showed that they behaved 
very like sand. The mathematical solution of the 
equilibrium of steel balls in three dimensions 
appeared to be very difficult, so the two-dimen- 
sional problems were attacked. The spheres, in 
two dimensions, could be replaced by cylinders, 
and a model was made with about 100 discs, 1 in. in 
diameter by }-in. thick. These could be piled on 
edge and their motion examined as they slipped. 
This model would reproduce all the phenomena 
of “arching,” which Professor Jenkin regarded 
as the most fundamental property of sand. The 
| model showed that there were limits which could 
| not be passed by arching; thus no arching could 
| occur over a hole in the bottom of the box unless 
| the depth of sand were greater than a certain pro- 
portion of the diameter of the hole. The same 
reasoning showed that sideways arching could not 
occur in sand if the depth of sand was small com- 
pared with the width. This showed how accurate 
measurements could be made on sand pressures 
by keeping the width of the wall, on which the 
pressure was measured, large compared with its 





was produced on a commercial scale in a Sheffield steel- 

| works. At present the largest units are furnaces of 
| 20 ewt. to 25 ewt. capacity per heat, giving an output 
| of 20 tons per day, but the design of furnaces of 3 tons 
|to 5 tons presents no technical difficulties, as many 
| details of construction are easier in furnaces of large 
| dimensions, while large motor-generator sets can be 
| built to operate at lower speeds, and their design is 
well within established practice. There appears to be 
|no technical reason to prevent the construction of 
|units of any size that is commercially practicable, 
| though economic considerations indicate the pro- 
| bability that units of less than 15 tons to 25 tons will be 
| adopted, as in the case of steel-making by the Bessemer 
' or Thomas processes. 

At present, the steel-making operations to which these 
| furnaces have been applied are (a) the melting of high- 
class tool steels in acid-lined furnaces to replace the 
crucible process; (6) the melting of low-carbon steel 
and alloys; (c) the melting in an acid lining of rolling 
mill scrap produced from steel made in basic-lined 
arc-furnaces; (d) the melting of heat-resisting steel 
and refractory chromium alloys; (e) the melting of 
nickel-chromium alloys; (f) the remelting of man- 
ganese scrap; (g) the melting of hard materials such 
as tungsten carbide. 

By the melting of high-class tool steels in acid-lined 





* Paper read before the Iron and Steel Institute, 
at Prague, Czechoslovakia, on Tuesday, September 16, 
1930. Abridged. 
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furnaces, to replace the crucible process, a marked | manufacture of alloy steels for automobiles and similar 


reduction in cost and a definite improvement in quality 
of many steels, especially those containing complex 
alloys, have been established. For making tool steel, 
5-cwt. furnaces melting one charge per hour are com- 
monly used. These are considerably cheaper to 
operate than gas- or coal-fired crucible furnaces, and 
the labour is less costly and less difficult to obtain. 
In addition, certain qualities of steel containing com- 
plex mixtures of alloys can be made of a homogeneity 
unobtainable with the ordinary crucible furnace. 
A 5-cwt. furnace equipped with a high-frequency 


generator of 150 kw., operating day and night six | 


days a week, has averaged 108 tons of ingots per month 
during a period of six months, at a consumption of just 
over 700 kw.-hours per ton, measured on the incoming 
cable of the motor driving the generator. 

Official reception tests on ten consecutive heats, 
five of high-speed steel and five of stainless steel, 





Fie. 1. 
20 Tons PER Day 


gave the following power consumption in 5-cwt. and 
10-cwt. furnaces respectively : 


KXw.-hours per 1,000 kg. (2,216 Ib.). 





150-kw., 300-kw., 
Heat. 5-ewt. Furnace. 10-cwt. Furnace. 
1 660 640 
2 770 650 
3 100 640 
4 680 700 
5 657 
6 710 
7 641 
8 610 
9 625 
10 612 
Average ... 666-5 628-5 


The above figures refer to melting in siliceous linings 
without refining. Many manufacturers of tool steel 
have found it convenient to have small furnace bodies 
of 1 cwt. to 2 cwt. capacity operated from the same 
electrical equipment, as their larger units of 5 ewt. or 
10 ewt. Such furnaces melt very rapidly, and are 
convenient for making small castings, experimental 
heats, or small quantities of special alloys for customers 
requiring quantities smaller than the capacity of the 
larger units. The most convenient time for making 
a heat of high-class steel is one hour for 5-cwt. furnaces, 
and about one and a-quarter hours to one and a-half 
hours in the case of 20-cwt. to 25-cwt. units. It does 
not seem to be advisable to work more quickly than 
this, owing to the time required to prepare moulds and 
cast ingots carefully. Faster melting is possible, but 
it is essential to allow a certain margin of time in 
high-class steel-making operations, a condition which 
does not apply so strictly in the case of mild steel 
for castings. 

The electric furnace is used for melting steel and 
alloys requiring lower percentages of carbon than those 
obtainable by the crucible or arc-furnace processes ; 
for example, magnetic alloys and extra-low carbon 
stainless iron. In the manufacture of magnetic alloys, 
a carbon content of less than 0-04 per cent. is necessary, 
and this composition is readily obtained by melting 
the highest grade of Swedish wrought iron with the 
necessary nickel and other alloys in high-frequency 
furnaces. : 
of the chromium and chromium-nickel series without 
any pick-up of carbon is a valuable use of the high- 
frequency furnace. 

The melting in an acid lining of rolling-mill scrap 
produced from steel made in basic-lined are furnaces, 
yields a steel with all the qualities of acid steel which 
are so valuable for gun and aeroplane and other steels 
requiring good transverse tests. 
works has recently been designed exclusively for the 


20-Cwr. To 25-Cwr. HigH-FREQUENCY FURNACE, PRODUCING 


The remelting of low-carbon stainless alloys ' 


An important steel- | 


| purposes. The equipment incorporates large Héroult 

furnaces for the refining of basic steel, and the rolling- 
| mill scrap of known composition will be remelted in 
| high-frequency furnaces without substantial alteration 
| of composition, and will have all the advantages of a 


| pure steel finished in an acid lining, the importance of | 


| which is a fruitful subject for discussion. 

| Heat-resisting steel, die steel, and other complex 
|and refractory chromium alloys can be melted in 
|acid or basic linings without substantial alteration 
| of composition. The melting of nickel-chromium alloys 
| for resistance wires, etc., in furnaces with basic linings 
| permits the use of lime-fluorspar slags. 

| basic linings, made by the Rohn process, in the furnace 
|is proving very satisfactory when melting high-nickel 
| alloys which should be covered with a lime-fluorspar 
slag. Manganese scrap, especially for small castings, 


| 
| 
} 
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with magnesia or alumina lin- 
ings. In small furnaces of extra 
| high frequency (about 20,000 
| cycles), the melting of hard 
| materials of the tungsten-chro- 
mium - cobalt - carbide group, 
which are being cast in form 
moulds, at a temperature of 
| 2,000 deg. C. to 2,300 deg. C., 
|can be carried out. These 
| materials, which are finding an 
increased application for dies 
and other uses, may be cast 
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into moulds of the form re- 
quired. 
In addition to the above 


established industriat uses, rapid progress is being 
made in determining the commercial value of the 
following metallurgical operations. The refining of 
isteel is performed in basic-lined furnaces by slag 
reactions similar to those used in arc-furnaces. The 


refining operation is extremely rapid, owing to the | 
forces. | 


circulation of the metal due to electrical 
Furthermore, this movement constantly brings hot 
metal in contact with the underside of the slag layer, 
thus keeping it hot and maintaining ideal refining 
conditions at the slag-metal contact surface. 
and 5, on page 411, show the extraordinary rapidity 
with which carbon and phosphorus are removed under 
oxidising conditions. These may be obtained either 
by the use of iron oxide in the form or ore or mill-scale, 
or, alternatively, by an air blast. Sulphur may also 


be removed more slowly, and the usual slag reactions | 


may be worked with great rapidity, owing to the 
speed with which fresh metal is constantly brought into 
contact with the refining slag. 

Duplex processes, either with the open-hearth 
or with electric arc-furnaces in countries in which the 
latter is the cheaper melting unit, where steel must be 
finished in an acid lining and only basic steel is avail- 
able, show considerable promise. For example, in 
certain Swedish works the following problem presents 
itself: It is proposed that a 1l-ton high-frequency fur- 


nace should be installed. This furnace would be capable | 


of making ingots large enough for 90 per cent. of the 
requirements of the shop. Occasionally, however, 


these would be of a specification requiring acid steel. 
It is accordingly suggested that a 1,000-kw. high- 


frequency equipment should be installed which would | 


supply alternatively a 1l-ton or a 10-ton furnace. 
| The l-ton furnace would be used for melting, and the 


10-ton furnace for finishing steel previously melted | 


in a basic open-hearth or basic electric arc-furnace. 
The conversion of molten pig iron into steel with the 





The use of | 


can be remelted without substantial loss of manganese, 





Figs. 4 | 


ingots up to 10 tons in weight would be wanted, and | 


elimination of carbon, silicon, manganese, phosphorus, | 


and sulphur, is carried out in basic-lined furnaces. 
The possibilities of converting liquid pig iron into steel 
are extremely interesting on account of the great 
rapidity with which the reactions occur owing to the 
intense circulation. The excessive over-oxidation of 
the basic Bessemer (Thomas) process is avoided, and, 
by control of the circulation, the conditions may be 
| varied from those of a violently oxidising furnace to the 
comparative tranquility of an open-hearth or crucible 
furnace, which is desirable for finishing processes. 

If a comparison be made between a steelworks 
| equipped with six 75-ton open-hearth furnaces pro- 
| ducing 6,000 tons a week, and ten 6-ton high-frequency 
| units giving the same output and casting direct into 
|ingot moulds, it will be found that the capital cost 
| of the latter equipment will be considerably less, and 
| the operating advantages would be numerous. Instead 
of 100-ton cranes and buildings of corresponding 
strength, the maximum lift in the melting shop would 
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| he limited to 10 tons, while a regular supply of ingots 
would be available at regular intervals, which would 
avoid the necessity of large and expensive soaking 
pits and ladles. The fact that steel may be charged 
within a few minutes of starting work on Monday 
morning, and the possibility of completely shutting 
down furnaces during week-ends, are important 
features which are also attractive in the case of the 
Bessemer process. The space occupied by six 75-ton 
open-hearth furnaces, and ten 6-ton high-frequency 
furnaces, with two metal mixers in each case, would 
be about 70,000 sq. ft. and 32,000 sq. ft. respectively. 
The present state of development justifies the state- 
ment that such refining furnaces can now be made. 
Details of metallurgical practice doubtless require 
|further experience, and the difficulty of sample- 
passing requires consideration, but the accuracy of 
heat control in electric furnaces and the absence of 
combustion gases should give such uniformity of 
product as to reduce the necessity for sample-passing. 
The possibility of such a steel-making plant producing 
a large output without the excessive capital expendi- 
ture which has characterised recent works, is certainly 
worth profound consideration. 
The general principles of ironless induction heating 
have been described in a previous paper, but important 
improvements in equipment and process work have 
been accomplished in the last two years. The improve- 
ment in the efficiency of motor-generator sets is remark- 
able. For 150-kw. generator sets, efficiencies of 
73 per cent. to 75 per cent. were acceptable two years 
ago, but now 83 per cent. to 85 per cent. is obtainable 
for this size of machine. This improvement represents 


about 70 kw.-hours per ton in normal practice, or 
about 200/. per annum when using electricity at 


0-6d. per kilowatt-hour and melting 100 tons per 
month. British motor-generator sets of 400 kw. output 
are now giving 84 per cent. to 85 per cent. efficiency, 
and 650-kw. sets an overall efficiency of 88 per cent. 
to 89 per cent., thus reducing the conversion losses 
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to comparatively low figures. It is true that in the 
are-furnace the transformation losses are less, as 
static transformers are used, but the arc-furnace 
efficiency is very low as compared with that of the 
induction furnace. The efficiency of motor-generator 
sets is of the utmost importance, as units lost in trans- 
formation are wasted and cause objectionable heat. 
Improvements in condensers have been rapid, 
aluminium sheet having generally replaced tin-foil, 
while water-cooling by internal coils or by external 
cooling tanks has been generally adopted. The con- 
struction of the furnace bodies, which must be either 
of non-magnetic materials or protected by magnetic 
shields, has undergone considerable modification. The 
smaller furnaces are built of asbestos cement boards, 
with a non-magnetic metal skeleton, and the larger 
may be built either in the same way, or of steel 
plate with a suitable magnetic shield, as in Fig. 1. If 












Fig4. REMOVAL OF CARBON, SULPHUR, 
AND PHOSPHORUS IN THE HIGH- 
FREQUENCY FURNACE. 
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any magnetic structure is near the inductor coil, it 
will heat and absorb energy unless a shield is provided 
between the inductor coil and the steel casing. This 
consists of a number of silicon-steel laminated “ legs,” 
similar to those used in the construction of a trans- 
former, so disposed as to make an easy path for the 
magnetic flux and shield the outer steel plate from 
the lines of force which produce eddy currents. This 
method of building furnaces with a magnetic shield is 
expensive, but permits of the construction of a simple 





and robust furnace such as is required in a steelworks, 








Heat | ss Time. | Kw.-hours 
No. | Type of Steel. Minutes. per Ton. 
4 | 18 per cent. tungsten ry 63 640 
5 re bo a 65 650 
6 Carbon ‘ 64 640 
c | o +“ ee 66 | 700 
8 | 20 per cent. tungsten 54 576 
9 | . pa S 54 588 
10 | 7 53 | 553 
11 | Carbon 62 | 652 
12 ne 66 658 
a ois ae a 60 635 
14 18 per cent. tungsten 59 610 
15 | 20 per cent. tungsten 65 600 
16 99 7 <<) 60 634 
17 | Stainless — 69 686 





TasLe Il,—Result of Melting Hiyh-Grade Alloy Steels in 


a 20-25-cwt. Ajax-Northrup Furnace. (Five Con- 
secutive Heats.) 
ee Time. | Weight of Charge. Kw.-hours 
Type of Steel. Meirnitan, Kg. per Ton. 
2 per cent. nickel. . 82 1,250 670 
Carbon-chromium | 87 | 1,050 710* 
Manganese 75 | 1,050 590 
ale tt 65 1,050 590 
Nickel-chromium. . 87 | 1,250 525 


* First heat of day; cold furnace. 


and of an improvement in the power factor. The 
alternative method of building with larger air spaces 
round the inductor coil, on a frame of non-magnetic 
metal with asbestos cement composition boards, gives 
a furnace that is quite serviceable and less costly. 

_ The method of operating these furnaces is extremely 
simple. The method of charging involves the minimum 
of labour, and repairs to refractories are a small item, 
owing to the small quantity used. The charging door 





TABLE I.—10-Cwr. HicgH-FREQUENCY FURN 


Heat . | Time. Kw.-hours 
No. Type of Steel. | Minutes. per Ton. 
| 7 | 6 — 
18 18 per cent. tungsten Pr 57 608 
19 18 per cent. Cr, 8 per cent. Ni | 59 626 
20 20 per cent. tungsten F 85 670 
21 *” ” 54 572 
22 aa * 61 590 
23 re 57 582 
24 53 578 
25 50 556 
26 54 572 
27 55 556 
28 : 54 548 
29 55 554 
30 53 579 
31 56 579 


Average per charge: 60 minutes; 605 kw.-hours per ton. 


consists of a hole in the working platform, and a 1-ton 
furnace can be charged in 1 minute to 2 minutes, if a 
reasonable quality of scrap is available. Two pans, 
each containing 10 cwt., may be conveniently prepared 
and laid on the platform by the crane. These are tipped 
up by the crane and shot into the furnace, or raked 
down out of the sloping box by the furnace man. One 
man is sufficient to charge and cast one ton of metal 
every 60 minutes to 75 minutes, provided the raw 
material is delivered on to the platform and the ingot 
moulds are prepared and stripped by pit men. 

There are no electrodes, a constant cause of expense 
and worry for the furnace man, and the repairs to 
refractories between heats are almost negligible. It 
it customary to break off any accretions in the slag 
line, and sand the bottom if there is any excessive 
wear. Induction furnaces do not wear excessively at 
the slag line or bottom, but fairly evenly. The follow- 

Fig.5. STEEL-REFINING IN THE 
HIGH-FREQUENCY FURNACE. 
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ing figures indicate the relative weights of the refrac- 
tories in furnaces of the same daily output :— 
Output: 20 tons per day. 

(1) High-frequency, 20-ewt. : 4 ewt. of refractory. 

(2) Are-furnace, 4-ton : 260 

(3) Open-hearth, 8-ton : 2,000 

The above figures indicate the great advantage of 
high-frequency furnaces for intermittent work, as the 
heating of refractories is a useless and expensive 
operation. The small weight of brickwork to be heated 
as compared with other furnaces, results in low power 


” ” 


” ” 


ACE: CONSECUTIVE Heats, OcroBER, 1929. 








consumption for intermittent work, and the possibility 
of pouring a heat of steel within 80 minutes of starting 
with a cold furnace. The figures given in Tables I 
and II show results obtained when melting alloy steels 
of the composition indicated in 10-cwt. and 20-cwt. to 
25-ewt. furnaces, respectively. The former furnace is 
illustrated in Fig. 3. 

The higher power consumption of the larger furnaces 
is not always due to a difference of efficiency in the 
melting equipment, as steel-making practice varies 
very much in different works. There is a great variety 
of opinion about the importance of this time factor in 
steel-making. 

With the 20-cwt. to 25-cwt. furnace, 30 consecutive 
heats produced 34,300 kg. of ingots for a power con- 
sumption of 690 kw.-hr. per 1,000 kg., including all 
delays, stoppages, and time occupied in casting. The 
high-frequency furnace is well established for making 
all grades of high and medium-quality steel, provided 





extra large castings are not required. This restriction 
is of minor importance, as probably more than 95 per | 
cent. of the steel made can be conveniently cast in | 
ingots of less than 10 tons capacity. This method of | 


steel making is full of promise of further development, 
as it is cheaper to operate than the arc-furnace, and 
involves less capital expenditure than . open-hearth 
furnaces of the same daily output. 








HOT CEMENT. 


Ir does not often happen that a scientific investigation 
is made into a matter of technical practice, with the 
result of giving an unreservedly positive and affirmative 
answer to the questions on which light was required. 
This has been the satisfactory experience of the 
Building Research Station of the Department of 
Scientific and Industrial Research in an investigation 
on hot cement made recently by Mr. N. Davey.* 

The heat in question is that generated in the cement 
in the process of grinding, particularly when it is fine 
ground. In recent years the large demand for Portland 
cement has often made it necessary for manufacturers 
to deliver consignments direct from the mills on to the 
job, and the question has arisen among users as to 
whether the cement which arrived on the site appre- 
ciably hot to the touch retained its full physical pro- 
perties in that condition. 

Separate tests were carried out in the laboratory 
and also under traffic on aroad. By arrangement with 
one of the Portland cement manufacturers, samples of 
cement were collected straight from the grinding mills, 
its temperature on the conveyor belt which carried it 
to the storage silos being 140 deg. C. When it was 
half an hour old, by which time its temperature had 
fallen to 122 deg. C., tests were made for setting time, 
and sand-mortar briquettes were prepared in the testing 
laboratory at the works. Further quantities, stored in 
vacuum flasks, were taken to the Building Research 
Laboratory, and there mixed with water to form a 
paste of a definite consistency (penetration of 5 mm. 
by the Vicat plunger and spread of 5 in. on the flow 
table). This was done at the end of eighteen hours 
and again after three, eight and twenty days’ storage 
in the flask, while another sample was aerated for 
fourteen days in 3-in. layers before the pats were 
made. The temperatures of these samples were 65, 
25, 16, 15 and 14 deg. C. respectively. It was 
found that the initial setting time in the sample 
straight from the mill was only half as long (1 hour) as 
that of the twenty-day sample, while the final setting 
time (2 hours 25 minutes) increased only by half an 
hour. In the fourteen-day aerated sample, on the other 
hand, the initial setting time increased by a further 
55 minutes, and the final setting time by an hour and 
20 minutes. As between the final setting time of the 
unaerated cement which was at 122 deg. C. at the 
time of mixing, and that which was at 15 deg. C., there 
was only half an hour’s difference, and the excess 
of water taken up by the hot cement to produce the 
standard consistency was only about 6 per cent. more 
than was required by the cooled cement. Strength 
tests showed a maximum of about 10 per cent. decrease 
with a cement mortar, but an increase witha 1:2: 4 
concrete, and no significant differences were observed 
in strength between specimens mixed at later dates 
after grinding. 

As a practical test a layer, 24 in. thick, composed of 
Portland cement, crushed shingle (half-inch), and gravel, 
in the proportions by volume of 1: 1:1}, was made 
into a mix with water, and a layer, 24 in. thick, was laid 
over a slab 5 in. thick, made of 14: 24: 2 cubic ft. of 
cement, gravel and brick rubble respectively. The 
temperature of the cement was 115 deg. C. when 
emptied on to the banker board, and mixing brought 
it down to 32 deg. C. Traffic was allowed on the 
slab after two days, the concrete being kept moist 
in the meantime. After 11 weeks of heavy duty there 
were no cracks visible and no signs of disintegration. 
The report, therefore, concludes that the effects of 
using hot cement, under conditions likely to be found 
on the job, are unimportant. 








Evectriciry SuppLy IN BrrMIncHAM.—The area 
served by the City of Birmingham Electric Supply 
Department comprises, in addition to Birmingham 
itself, several neighbouring parishes, including Castle 
Bromwich, Coleshill, Dorridge, Oltan, and Water Orton, 
and such outlying areas as the rural districts of Solihull 
and Meridan. The estimated population served totals 
nearly 1,000,000. The statement of accounts of the 
undertaking, for the year ending March 31 last, shows 
that the units sold during the twelve months under 
review reached nearly 358,000,000, as compared with 
314,000,000 during the previous year, and 63,000,000 
in 1913. The average price per unit has been falling 
since 1927, and is now at the moderate figure of 1-242d. 
The gross revenue during the year under consideration 
totalled 1,852,580/., and the gross profit 840,514/. 
After paying substantial sums into the reserve, renewals 
and other funds, a sum of 31,0007. was contributed to 
the relief of the rates. 





* Building Research: Bulletin No. 7. H.M. Stationery 
Office. 4d. net. 
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strong. The Duralumin sheet would mean an extra 
weight of 10 tons on R101. The extra strength might 
permit some of the cover support members to be omitted, 
but these are required for stabilisation as well as to 
reduce the tensions. 

Equally, if not more, important is the question of 
tearing strength, i.e., the rate at which a small wound 
will spread under low load. This is not serious in 
thick metal sheets, but with any thickness which is 
economically in sight, this aspect is vital. A woven 
material has always the advantage in this respect, 


from which it may be inferred that a metal gauze may | 


prove an intermediate step, if not the final solution 





TaBLe II. 
| Breaking Specific 
Weight Strength. | Strength. 
Material. | (Ib. per (lb. per | (Breaking 
sq. yard). inch | Length 
width). | in yards). 
| | 
Plain cotton fabric .. |; 0-221 67 | 10,900 
Doped cotton fabric -.| 0-369 8 | 8 
Duralumin sheet (0-0095 in.) 1-20 | 620 18,600 
thick) | 
Stainless-steel sheet (0-0085- | 2-95 1,560 19,000 
in. thick) | | 
Phosphor-bronze gauze 0-46 | 32 2,500 





of the metal cover problem. So far, the only gauze 
which can be obtained of weight comparable with 
existing fabrics, is phosphor bronze, and this has a 
disappointingly low tensile and tearing strength. On 
the other hand, certain classes of stainless steel, owing 
to their extreme toughness and ductility, show quite 
fair tearing strength in sheet form, though not so good 
as that of textiles. 

There is yet the very awkward question of the 
stabilisation of the cover surface to be considered. 
No thickness of metal sheet economically in sight will 
have sufficient inherent stiffness. The sizes of panels 
are too great for the mere corrugation of this very 
thin material to be effective. For the same reason, 
supporting ribs would be much too heavy. The 
methods at present adopted for textile covers would, 
therefore, have to be resorted to. 

When metal sheet is employed in the place of textile, 
certain difficulties arise owing to the high coefficient 
of elasticity of the former. For a small increase in 
strain, the increase in stress is high, from which it 
transpires that, working to a given final tension, the 
initial tension possible with metal sheet cannot be as 
high as that possible with the equivalent textile, and, 
therefore, the cover would be less stable at low speeds. 
It has deen suggested that, in a large ship, the metal 
cover might be used to contribute to the main strength 
of the ship, and thus its extra weight would be permis- 
sible. In aship of the rigid type, the weight permissible 
for covering would only allow of an extremely thin sheet 
of metal which, even at the best, could only assist the 
shear wires. As the total weight of these wires in 
R 101 is less than 2 tons, the saving due to any assist- 
ance from the cover would only be a small fraction of the 
10 tons required to be saved to make the Duralumin 
covering compare favourably with fabric covering. 
It has also been suggested that the correct manner 
in which to employ a metal covering is as the envelope 
of a non-rigid airship, rather than the outer cover 
of a rigid airship. 

The difficulties in the way of constructing a non- 
rigid airship of more than about half a million cubic 
teet capacity are too well-known to be discussed here, 
and these difficulties equally apply whether the cover 
be of metal or textile. Even in the small metal-clad 
airship constructed in America, it was found necessary 
to insert stiff transverse rings in order to prevent 
undue distortion of the cross section of the envelope 
under various conditions of loading. 

If it be supposed that, in the case of R 101, the whole 
of the weight of the longitudinal system of the hull 
framework, the weight of the supporting nets for the 
gasbags, and the weight of the outer cover and its 
supporting girders be allotted to a Duralumin sheath, 
this could not be more than one two-hundredth of an 
inch thick. A considerable difference of pressure would 
be required to keep such a ship in shape, and the power 
required to maintain this pressure with variation of 
altitude would be very large. 

Finally, it must be realised that the advantage, if 
iny, of a metal cover over a fabric one must lie in the 
permanence of its physical and chemical characteristics. 
in this respect, the corrosion of thin metal sheeting may 
well prove as serious as, if not more than, the defects 
which occur with the weathering and ageing of doped 
textiles. The difficulties of repair and maintenance 
are also likely to prove considerable. 

7. Passenger Accommodation.—By no means one of 
the least of the designer’s problems in a large com- 
mercial airship is the provision of the necessary pas- 
Senger accommodation. Although, from the point of 
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| to find what extravagant demands are sometimes 


| made regarding the scale of luxury which should be 
| provided in the passenger quarters. Merely because 
| this mode of travel is new, some seem to think that it 
|should have all the amenities of a first-class hotel 
| with roof garden, forgetting that all well-established 
| forms of transport have their particular limitations in 
| this respect. What it is reasonable to expect should 
be considered in relation to the time of the contemplated 
non-stop runs, i.e., 24 to 3 days. 
There are two general alternative ways in which the 
| accommodation can be arranged. The earlier method 
| consists in carrying the passengers in a car slung below 
| the ship outside the envelope. The floor space in such 
|an arrangement must be somewhat limited or the car 
| becomes impossibly long and narrow, and the resistance 
|added to the ship is considerable. The rooms are 
| necessarily narrow, somewhat like a train, thus giving a 
| cramped feeling. Such a car has the advantage, how- 
ever, of providing generous daylight and outlook for 
the passengers. The windows can be practically 
vertical, so that passengers can get quite close to them, 
or even put their heads out if the windows are made 
to open. For a limited distance from the side of the 
car, the draught of air is by no means unpleasant, even 
at high ship’s speed. It seems to be the general con- 
sensus of opinion that there is more satisfaction to be 
derived from standing close to a vertical window than 
from looking down at an angle of about 45 degs. 
through a sloping window, such as is adopted in R 101, 
the passenger quarters of which are planned on the 
second alternative, namely, entirely within the hull. 
Such an arrangement allows of rooms of squarer and 
more ample proportions. In R 101, the accommodation 
is located on two decks spread across two bays of the 
ship. The area of the top deck is 5,500 sq. ft., and that 
of the lower deck is 1,750 sq. ft. There is a principal 
saloon or lounge, 60 ft. by 32 ft., flanked on either side 
by promenades 7 ft. 6 in. wide, a dining room, 32 ft. by 
20 ft., a smoking room, 16 ft. by 12 ft. 9 in., sleeping 
cabins, 6 ft. 6 in. by 5 ft. 3 in., galley, toilet rooms, 
crew’s living and sleeping quarters, control room, 
wireless cabin, &c. Only the lounge and the dining 
room have a supply of daylight. It has been suggested 
by some who have flown in the ship that the large 
saloon might with advantage be divided into 2 or 3 
smaller ones. It is a point for future physiologists to 
decide whether those who abhor the degree of crowding 
which is inevitable in liners are going too far in this 
respect, and whether the 100 or so passengers travelling 
in an airship will not be drawn together in an intimacy 
which is altogether pleasant rather than otherwise. 
From the experience gained to date, it appears that 
the ultimate development in passenger accommodation 
will be a combination of the two schemes described 
above; that is to say, it will be partly within the hull 
and partly without in cars or bulges fixed on the under- 
side of the hull, with a supply of daylight to all living 
and sleeping rooms. The whole of the accommoda- 
tion can be amply ventilated and warmed at no undue 
cost in weight, especially when, as in R 101, steam 
from the main or auxiliary engines is used for the latter 
purpose. The roasting, frying and boiling of food is 
carried out by means of electricity. 
A weight account per passenger is given below, in- 
cluding the structure for 3 or 4 living saloons. Such 
a weight is well within the compass of airships now in 
sight, carrying 50 to 100 passengers on non-stop 
journeys of 3,500 miles at an air speed of 75 m.p.h. 
The items included allow of the airship being made 
the most comfortable mode of transport yet devised. 





Ib. 
Weight of passenger (average) 160 
Baggage... ee ai 100 
Furniture and bedding 60 
Crockery and linen oan waa 10 
Water and beverages (for three days) ... 82 
Food Sas aad Ba por : 20 

432 
Proportion of stewards 16 
Proportion of structure 540 

988 


8. Handling and Mooring.—A very important and 
interesting change in rigid airship development since 
the war has been the progress towards the mechanisa- 
tion of handling and mooring. This has, of course, 
given rise to special problems in connection with the 
design of the ship itself. During the war, the German 
military rigid airships were only flown under selected 
weather conditions, and mainly from selected bases which 
enjoy more favourable climate than is experienced in 
England. More particularly does this apply to Fried- 
richshafen, the headquarters of the Zeppelin Company. 
Many epoch-making flights have been begun from 
there, and without in any way wishing to detract from 
the merits of these, those who have had the privilege 











view of speed, absence of motion, noise, dirt and smell, 
the airship bids fair to become the most comfortable 
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| form of transport yet devised, it is really remarkable 
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the whole of the year round. For commercial operation 
over long routes with most varied climatic conditions, 
it is not to be expected that such conditions can be 
found at every port of call, though, of course, every 
possible care is exercised in the selection of the necessary 
aerodrome sites. 

During the war, rigid airships were much smaller 
than those existing or contemplated to-day, and man- 
power to handle them was more easily available than 
it would be now for purely commercial operations. 
Even with as big a party as 500 men, it is not possible 
to handle the present British airships in or out of their 
sheds in anything more than a wind of 9 or 10 miles an 
hour blowing dead in line with the shed. A landing to 
the ground would be equally difficult, and has, in fact, 
so far never been attempted with R100 or R101. 
Yet many departures and landings have been made 
with these ships, and on no occasion have more t'an 
14 men been employed for the purpose. 

The development of ground equipment has lagged 
behind the development of the ships themselves, and 
for this reason the airship has come to be regarded 
by some as a fair weather craft. That this is not 
true of the airship in flight will surely be clear to all 
who have studied (if nothing else) the world and Pan- 
American flights of the Graf Zeppelin—flights which 
have not received the attention they deserve, and 
which were made under far from fair weather condi- 
tions. Seeing the comparatively early stage of the 
development of the commercial airship and the almost 
negligible ground equipment, these flights have clearly 
demonstrated the immense potentialities of this class of 
vehicle. Incidentally, it may be surprising to some 
to know that, up till the end of last year, this airship 
had made 50 flights averaging 1,462 miles each, and 
totalling 73,000 miles; 1,574 passengers were carried, 
820,000 pieces of mail, 35,000 Ib. of food, and 36,250 Ib. 
of beverages. The flying carried out in the current 
year has been at least up to the above average. 
Excepting possibly petrol vehicles, the handling and 
terminal equipment of any form of transport represents 
an immense capital sum. For this and other reasons, 
it has taken a considerable time to build up, and has 
therefore been one of the chief factors in the rate of 
progress. From the purely technical point of view, 
however, progress has not been slow ; neither do the 
remaining problems appear by any means insuperable. 
Within the scope of this paper it is only possible to 
touch on them very lightly, more particularly with 
reference to their influence on the design of the ship 
rather than the equipment. 

Quite apart from the difficulties of handling a large 
airship in and out of a shed, it is not feasible to provide 
a large number of these huge structures, on the grounds 
of finance alone—at any rate, in the early stages of 
development. A method of mooring out the airship 
in its natural element is the obvious solution, both 
for the operational and financial difficulties. Several 
schemes have: been proposed, but, so far, the only one 
which has received extensive trial has been the high 
tower developed in this country, and copied in America. 
Although the number is all too few, it is interesting to 
note that a total of 11 of these structures have been 
erected in different parts of the world since 1920. A 
full description of the working of these towers has 
already been published.* From the point of view of 
the airship, the problem is to hold it on the tower with 
the necessary freedom in pitch, yaw and roll, and to 
maintain it on a reasonably even keel under varying 
meteorological conditions. The best position to select 
for holding the airship, both from the point of view of 
stability and structural design, is the extreme nose. 
Contrary to popular opinion, the worst strain does not 
come from the mere force of the wind tending to blow 
the airship off the mast. It would require a steady 
wind of over 200 m.p.h. to break our existing airships 
in such a manner. The worst strain is caused by the 
side force which arises from winds shifting their direc- 
tion more quickly than the airship can closely follow. 
In R 101, this side force is the governing factor in the 
design of the longitudinal members for practically the 
forward third of its length. It is thus easy to see why, 
in the early experiments with airships which had been 
designed before this requirement was visualised, the 
mere fitting of a strengthened nose-piece was not 
sufficient to prevent a break-away from the mooring 
tower. In one case in America, a break-away was 
attributed to the jamming of the nose spindle to 
which the mooring cone is attached. The mounting of 
this spindle to resist these heavy side forces and yet to 
provide ample freedom in roll presents no mean 
problem.+ For operational reasons, it is necessary for 
the captain of the airship to know the vertical force 
on the bow, and several ingenious mechanical and 
electrical devices have been produced for this purpose. 
In recent years, these have been elaborated to show the 
side force also, by readings taken at the bow or in the 





* Vide The Engineer, March 11 and 18, 1927. 
+ Vide Richmond, Journal Royal Aero. Society, August, 





of staying there will agree that the meteorological con- 
ditions are truly ideal for airship operation practically 


1929. 
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control car. The operation of these instruments is 
based on the bending of the spindle. In the case of 
R101, the deflection is only 0-012 in. per ton of side 
load. 

Quite early in its trials, R 101 received a serious test 
of strength at the mooring tower. The wind all day 
gusted consistently over 60 m.p.h., and one gust rose 
as high as 83 m.p.h. The wind was accompanied by 
torrents of rain. Finally, at night, a line squall passed 
over, in which an average wind of 35 m.p.h. changed 
direction through 120 deg. in less than a minute. During 
part of the swing, the tail of this huge vessel was moving 
over the ground at the rate of nearly 40 m.p.h. Stand- 
ing on the head of the tower, one could not help 
wondering how a sea-going vessel of the same size 
would have fared if moored in the open sea under the 
same conditions. The ship suffered no damage what- 
soever. Inside, all was comparatively peaceful, and 
the bow indicator showed that the side force never 
approached dangerously near the failing strength. 


The development of the mooring tower may fairly be | even this is unnecessarily high. 
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dealt with. From an economic point of view, however, 
it may be that increase in speed of travel will necessitate 
increase in frequency of service to be fully beneficial, 
and a large number of relatively small ships may 
be favoured as distinct from a small number of larger 
ones. 

On the question of speed, it would certainly be 
more rash to prophesy. In any case, with the present 
speeds of 70 m.p.h. to 80 m.p.h. and with the very 
few halts which are necessary on journeys of many 
thousands of miles, the saving in time (and incidentally 
the increase in comfort) constitutes a great advantage 
over other forms of transport. The Graf Zeppelin 
flew round the world in twenty-two days with only 
three halts on the journey. The factors which dictate 
the maximum speed required may well turn out to be 
meteorological ones. Further operational experience 
on this point over different routes is required, but 
it is hardly likely that more than 90 m.p.h. will be 
demanded, and studies made to date go to show that 
With its luxurious 


said to have made the departure and landing of airships, | accommodation, engine rooms, &c., spread along the 


even in heavy weather, a feasible operation with a 
small ground crew, and therefore commercially prac- 
tical. Landings are now accomplished in 30 minutes, 
and, with improvements in the gear, even this time will 
be reduced. The experience described above goes to 
prove that the ships themselves can be made strong 
enough to ride out heavy gales. The cost in weight 
of the long mooring ropes and the winches for their 
stowage, the mooring cone and spindle, and the addi- | 
tional structure weight, only amounts to 2 per cent. of | 
the gross lift of the vessel—a small price to pay for | 
the advantage gained. | 

Although, once an airship is in service, the shed may 
be regarded as the ‘dry dock,” and quite extensive 
repairs can be carried out at the mooring tower, it is 
certain (at any rate, for some years to come) that the 
airship will want to go into its shed more frequently 
than a steamer goes into dry dock. The mechanisation 
of the operation of transferring the ship from tower 
to the shed, and vice versa, is the next problem to be 
solved. This is being vigorously tackled both in this 
country and in America. The method, which has been 
tried with considerable success in a preliminary form 
in America, and which we hope to have in operation 
in this country in about a year’s time, is to tow the ship 
across the aerodrome by means of a transporter tower 
with a wide triangular base provided with caterpillar 
tracks at the corners and towed by a tractor. At the 
mouth of the shed, the ship is hauled out of the wind 
and parallel to the axis of the shed by means of guys 
attached to bogies running on side rails. The tractor 
finally tows the tower with ship and bogies attached, 
into the shed. The problem, from the ship point of 
view, is to provide the necessary strong side guy points 
at the aft end, and to take the downward component 
of these guys on some point, such as the after-engine 
.car, which must, be mounted on a trolley. For weather 
conditions such as may be found with a wait of not 
more than 48 hours at practically any time of the 
year in England, these requirements can be reasonably 
dealt with. It will be appreciated, however, that, 
with big angles of yaw, the lateral force may grow to 
unmanageable dimensions for wind speeds of 30 m.p.h. 





and over. Thus, for R 101 at 90 deg. yaw, the lateral] 
force is 81 tons for a wind speed of 35 m.p.h. 

9. Conclusion.—With the case of Dr. Lardner, and 
the steamship brought to mind in the British Asso- | 
ciation’s preliminary booklet this year, it is perhaps 
dangerous to prophesy on the present occasion, either 
on the side of pessimism or optimism. Yet the same 
thought gives courage in the reflection that, if one | 
deemed worthy to address the Association on that 
occasion could be so genuinely wrong, perhaps the 
present-day prophets of no future for the airship 
(not all quite so genuine, it is feared) may be equally 
wrong. The steamships are only a part of the vast 
benefits which engineering science has conferred on 
mankind in the teeth of scepticism and often blind 
opposition, and the occasions on which it has been 
forced to turn away technically baffled with a problem 
only half solved are few. It may be twenty years, 
it may be forty, before the British Association delegates 





will arrive at Bristol from ail parts of the world by 
airship, and contemplate the present-day efforts with 
a certain amount of humorous tolerance, but if it be 
forty years hence rather than twenty, the blame for | 
the delay will not lie on the shoulders of the engineers. 

Some idea of what those future airships may look | 
like may be gained from the trend of development | 
which has been described. An increase to twice the | 
capacity of the existing vessels, and even considerably | 
more, in the lifetime of the present generation can | 
easily be foreseen without insuperable engineering | 
difficulty. Such ships, 1,000 ft. long and of 200 ft. | 
girth, will constitute the largest moving structures | 
in the world. The limit in size may possibly come 
from considerations of handling, but with the mechani- 
cal means described, and from present experience, there 
is no reason to think that the above size could not be 


bottom of the inside of the hull, and with its buoyancy 
above, this vessel of the future may be likened to an 
inversion of the modern sea-going liner, except that its 
motion will be considerably smoother. Last, but not 
least, filled with helium, driven by engines burning 
heavy-oil fuel, and sheathed in metal,there is no reason 
why the airship should not become the safest form of 
transport yet devised. 








SLEEVE-PACKED SUPERHEATER 
COCK. 


PRESENT-DAY high pressures plus high temperatures 
have produced a crop of minor troubles for the 
operating engineer, one of which has been leakage 
from superheater drain cocks, the ordinary asbestos- 




















packed or ground-in cocks often proving unsatisfactory 
for this duty. We illustrate in the accompanying 
Figs. 1 and 2 a new type of superheater drain cock, 
the plug of which is seated on an interchangeable 
packing sleeve. This cock, examples of which are 
stated to have withstood successful tests of over two 
years under a pressure of 375 lb. per square inch 
and a temperature of 750 deg. F. is sold only by 
Messrs. Richard Klinger, Limited, 120, Southwark- 
street, London, S.E.1, for whom it is manufactured 
for Great Britain and the Dominions by Messrs. 
S. Smith and Sons, Nottingham. A reference to the 
Fig. 2 will show that the plug is not in contact with 
the body at any part, but is carried upon a sleeve 
of non-metallic material. This is formed of rings 


|of a special variety of the well-known “ Klingerit ” 


jointing. The rings are superimposed one upon the 
other and compressed until the whole sleeve forms 
a compact mass. They are stamped out of the sheet 
material without a joint, and have a small projection 
on one side which fits into a groove in the body. 
This prevents the shell rotating when the plug is 
turned, and also ensures correspondence of the ports 
with the branches when inserting the sleeve. The 
edges of the ports in the sleeve are protected against 
erosion by a gun-metal ring. 

The body is of forged steel, and the plug of stainless 
steel. A stop collar is attached to the latter to prevent 
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it being rotated through more than 90 deg., and 
the shoulder on it bears upon a gun-metal ring the 
edge of which forms a seating for the upper end of 
the packing sleeve. This is kept tight against the 
plug and body by the compressive action of a 
gun-metal tightening nut screwed into the body. 
The resultant pressure is evenly distributed by the 
resilient material, and a close contact is obtained 
between the several surfaces without making the 
plug difficult to turn. The straight-through type of 
cock illustrated is particularly suitable for a super- 
heater drain cock, as scale or other obstructive material 
can be readily dislodged by means of a rod. The 
principle embodied in the new design has been 
previously embodied in smaller patterns, i.e., water- 
gauge cocks and so forth, in which situations steam 
at 800 lb. per square inch pressure and at 900 deg. F. 
superheat temperature has been used. In chemical 
plant they have successfully stood pressures of 
4,000 lb. to 6,000 lb. per square inch, with combined 
gases and liquids. 








CATALOGUES. 


Motor  Starters.—Messrs. _Brookhirst Switchgear, 
Limited, Chester, have issued a _ specification and 
description of their starting panels for synchronous 
induction motors which they supply in all sizes. 

Marine Oil Engines.—Messrs. Atlas Diesel Company, 
Limited, New Oxford House, Hart-street, London, 
W.C.1, have issued a pamphlet describing their marine 
auxiliary engines for driving electric generators. 

Paint.—Messrs. J. H. Sankey and Sons, Limited, 
Essex Wharf, Canning Town, London, E.16, have 
issued a small pamphlet giving particulars of their 
paint for inside walls and the methods of preparing and 
applying it. 

Mechanical Shovels.—We have received a pamphlet 
giving ground-pressure data with directions for caleu- 
lating the pressures of shovels, cranes, &c., on the 
ground from Messrs. Northwest Engineering Company, 
Chicago, U.S.A. 

Lifting Blocks.—A catalogue of small electric lifting 
blocks of 2$-cwt. and 5-ewt. capacity, made by Messrs. 
Demag Company, is to hand from their agents, Messrs. 
Aabacas Engineering Company, Limited, 10, Canning- 
place, Liverpool. 

Bucket Elevators.—Messrs. Edgar Allen and Company, 
Limited, Sheffield, have sent us a new catalogue of 
bucket elevators which they manufacture in special 
steels and in types and sizes for all usual purposes. 
The catalogue is fully descriptive and well illustrated. 

Concrete.—Messrs. The Cement Marketing Company, 
Limited, Portland House, Tothill-street, London, S.W.1, 
have sent us a catalogue showing a considerable number 
of new structures, including a factory chimney 150 ft. 
high recently built of their Ferrocrete and Snowcrete 
cements. 

Lathes.—Messrs. The Monarch Machine Tool Company, 
Sidney, Ohio, U.S.A., have sent us particulars of a lathe 
spindle which they have adopted as standard as regards 
the nose end. The screwed nose is superseded by a 
flange forged integral with the spindle and finished to 
special standard gauge sizes. 

Coupling for Road Vehicles—A coupler for attach- 
ment to a motor vehicle to engage a trailer wagon 
and a device for operating the brakes on the trailer 
wagon, are illustrated in a circular received from the 
makers, Messrs. R. A. Dyson and Company, Limited, 
80, Grafton-street, Liverpool. 

Electric Motors.—We have received a list of Century 
electric motors, with full technical particulars and 
prices from the British agents, Messrs. Asea Electric, 
Limited, 5, Chancery-lane, London, W.C.2. The list 
shows a considerable range of small power motors for 
alternating and direct current down to } h.p. 

?ope Drives.—Priced lists of vee section endless 
driving ropes, and of driving pulleys to suit are to 
hand from Messrs. Smith and Grace, Limited, Thrapston, 
Northants. The pulleys range from 4 in. to 125 in. in 
diameter, and have from 1 to 14 grooves. They are 
suitable for very short drives within stated limits. 

Metal Working Machines.—Messrs. Brookes (Oldbury), 
Limited, Oldbury, near Birmingham, have sent us two 
circulars illustrating and giving brief particulars of a 
large range of machines for hammering, pressing, drop 
forging, shearing, bending, punching, straightening, 
drawing, &c., as well as of machines for nail making. 

Pumps.—We have received four monthly bulletins 
from Messrs. The Rateau Company, 28, Russell-square, 
London, W.C.1, containing illustrations and descriptions 
of pumping, air compressing, condensing and similar 
plant produced by the firm. These bulletins are in 
French with an inset giving a summary in English. 

Photo-Electric Cell—We have received from Messrs. 
The British Thomson-Houston Company, Limited, 
Rugby, a circular. explaining their photo-electric cell 
by means of which light is caused to produce electric 
current variations sufficient to actuate electrical instru- 
ments or relays for operating controls from a distance. 

Electrical Mining Machinery.—Messrs. British Jeffrey- 
Diamond, Limited, Wakefield, have issued three cata- 
logues of machines specially designed for coal mine con- 
ditions underground, viz., a totally enclosed electric 
driving gear for jigging conveyors, the Blackett coal 
conveyors with electric drive, and a 100-ampere flame- 
proof airbreak circuit breaker. 
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THE WORLD POWER CONFERENCE, 
BERLIN. 


(Continued from page 347.) 


SELECTED papers are abstracted below relating to 
Sections XXX and XXXI of the World Power Con- 
ference held in Berlin. These sections were respec- 
tively devoted to automobile and aircraft engines, 
and to power transmission, in factories, on machines 
and vehicles.—The abstracts of papers in the former 
section are mainly devoted to engine conditions. 


Motor TRANSPORT. 


In Section XXX, a valuable contribution hardly to 
be regarded as a paper was made by the British review, 
in this case presented by Messrs. H. S. Rowell and C. G. 
Williams, of ‘‘ The Position of Research on the Light 
Petrol Engine.” This was confined mainly to recent 
important publications, and showed clearly how many- 
sided is the almost imperceptible but steady advance in 
our understanding of this engine and the consequent 
improvement in its performance. 

On behalf of the German Benzol Union, Dr. Enoch 
read a ‘‘ Beitrag zur Frage der Ausnutzungsméglich- 
keiten klopffester Kraftstoffe im praktischen Kraft- 
fahrzeugbetrieb,” and regretted the slow spread of these 
non-detonating home-produced fuels, which might help 
to break down the unhealthy oil monopolies. Some 
blame attached to the motor manufacturers, who had 
been very unwilling to experiment widely with them, 
although it was evident that it was not to their interest 
to take steps which might cause their expensive equip- 
ment to become obsolete. The Union had, therefore, 
carried out exhaustive tests on 45 lorries and 40 cars, 
altering the compression ratios (in one case from 4-2 
to 11-2) and the results were submitted in the present 
paper. The average compression ratio of petrol engines 
had become, almost all over the world, standardised 
at about 5-2; but the benzol type of fuel would 
permit safe working at 6-5, while the thermal effici- 


ency might be expressed as (i— ao} where 


e is the compression ratio, and » the polytropic 
expansion index; hence, since compression increase 
also caused an increase in frictional work, there would 
be an optimum value for e well below auto-ignition 
ratio. Analysis of the effect of increased compression, 
(assuming the ideal cycle) showed the increase in 
effective pressure and the decrease in mean temperature 
to be the most important, and to be the factors to 
be borne in mind when attempting to modify an 
existing engine. A four-cylinder B.M.W. engine 
whose compression ratio was raised from 4 to 11 in 
order to run on benzol, showed a power increase of 
43 per cent., or a fuel decrease of 34 per cent., while 
a Ford model T, with compression raised from 3-9 to 
4-5 decreased its fuel consumption by 33 per cent. 

Some of the vehicles mentioned had run over 
60,000 miles without any indication that the increase 
of compression had had any ill-effects upon either 
mechanical or heat stresses, although in isolated 
cases it was found that parts of existing heads, pistons 
or plugs showed a tendency to incandescence and 
therefore had to be modified. Parallel attempts to use 
lighter petrols in the altered engines by throttling 
proved failures, while it was found necessary to 
retard the spark from 7 deg. to 15 deg. of crank- 
angle, for each unit rise in compression ratio, to avoid 
knock. 

Much work had also been done to _ establish 
a scale of “knock” values that should be logical 
and also practical, and the method adopted as standard 
was a modification of Ricardo’s, in which the com- 
pression was altered until knocking occurred, with 
the fuel under test; thus the test results couid be 
plotted with compression-ratios as ordinates on a base 
of percentage constitution of the benzol mixture. 
Exhibited results of tests on three very different 
engine types showed practically complete substantiation 
of Ricardo’s rule of mixtures— 

= 

i+ a” 
where a, 6 and y are the “knock values” of the 
components A and B and of the mixture Y, while 
« is the percentage present of the component B; a 
little practice enabled the commencement of knock- 
ing to be detected with a considerable degree of 
accuracy. 

Mr. F. Schultz, in “Die Wirtschaftlickkeit 
schnellaufender Dieselmotoren in Verkehrsfahrzeu- 
gen,” pointed out that a fair comparison between 
motive powers for land, sea, or air vehicles could only 
be made if all important factors, which, of course, were 
not the same for every case, were considered. Thus, 
data must be examined regarding fuel economy, ease 
of starting, noise and smell, weight and cubic capacity, 
paying load and radius of action, fire risks, flexibility, 
reliability and first cost. All these were tabulated 





to the fact that, if the nozzle bore were small enough 
to build up the desirable atomising pressure of about 
10 atmospheres when starting, t.e., at about 110 
r.p.m., the pressure would rise automatically to 1,000 
atmospheres at the running speed of about 1,100 r.p.m. 
The closed-nozzle system avoided this trouble, but 
introduced complicated pump controls, while the 
usual auxiliary-chamber engine demanded a separate 
heater to enable it to start. The author’s design of 
engine, the Ganz-Jendrassik, was devised to obviate 
these troubles. This employed a large bore open nozzle, 
which injected the fuel, through the auxiliary chamber, 
and out on to a splash-boss on the piston, whence it 
spread in a plane outwards into the surrounding 
combustion space. Since the chamber was a cylinder, 
the air velocity inside was only about 100 m. persecond, 
as compared with the usual 350 m. or thereabouts, and 
the injection pressure could be much lower than usual, 
and still ensure satisfactory atomisation. The pump 
was spring-operated, independent of engine speed, and 
thus could not be overstressed, while the uniformity of 
distribution was shown by a diagram of the consump- 
tion of a 24-h.p. engine, in which the extreme range 
was from 200 grammes to 220 grammes per horse-power 
hour, at constant torque, with a speed variation from 
600 r.p.m. to 1,100 r.p.m., and the same engine would 
run steadily at speeds as low as 300 r.p.m. The tem- 
perature rise of a gas stream into an evacuated vessel 
was employed for starting by an adjustment of the 
cam for the air inlet, which held the valve shut until 
| near the end of the suction stroke, and then opened it 
wide. This enabled the engine to start from cold by 
running the starter for 14 minutes. The compression 
ratio was low for this type of engine, being only 12-4, 
and a size which had been made in large numbers for 
railway work developed 110 h.p. at 1,000 r.p.m., and 
weighed 13-5 kg. per horse-power. The cost was stated 
to be slightly greater than that of a petrol engine of 
|the same power, but the running costs to be far 
lower. 

The early attempts to devise gas producers for 
automobile work, using coke or anthracite, were not 
at all successful, stated Professor H. Kyrklund, in his 
paper “ Erfahrungen mit Kraftgas aus Holz fiir Automo- 


for typical cases of petrol and Diesel engines in com- 
mercial vehicles, boats, tractors, aircraft, &c. So far 
as overall running costs were concerned, the light Diesel 
appeared to be overwhelmingly superior, its costs seldom 
exceeding 80 per cent. of those of the petrol vehicle, 
even at the present prices of the two engines. The 
author endeavoured to establish a criterion for 
‘high speed,” and used the quantity C = Nn? where 
N = maximum horse-power of the engine, and 7 is 
the r.p.m. at which this is developed. The values of 
C at which the classification changed from “‘ slow-speed ”’ 
to “‘ medium,” “‘ high” and “very high-speed ’’ were 
then chosen as 18 x 10%, 50 x 10° and 160 x 10°. 
The engines considered ranged from 35 h.p. for bus and 
such work, to a 700-h.p. six-cylinder Junkers aero- 
Diesel. 

The author continued that for reliability and 
ease of control they were in no way behind the best 
petrol-engine practice, while they: were very much 
superior in that their torque at low speeds was high, 
so much so that it was found impossible to stall the 
engine on a climbing test on a 3}-ton lorry. The almost 
complete absence ot CO from the exhaust was not, how- 
ever, enough to compensate the user, in general, for 
the smell and occasional smoke, when overloaded ; 
hence this was one of the directions in which experiment 
was proceeding. Higher speeds and pressures were also 
in sight and it was believed that these would not incur 
any vibration troubles, but would certainly make the 
Diesel the aircraft-engine of the future, because of the 
absence of fire-risks and the increased radius of action, 
while it was confidently anticipated that it would 
soon be taken up for private cars also. 

‘* Kraftwagenmorten und Brennstoff und ihre Weiter- 
entwicklung,” by Dr. A. A. Herzfeld, pointed out the 
necessity for higher engine-speeds and compressions 
if progress was to be maintained. Racing engines had 
shown an output of 50 h.p. per litre capacity at 7,000 
I.p.m. aS against the usual 20 h.p. at 3,000 r.p.m., 
but at the very high speeds a practical trouble arose 
from noise, and especially cam design, while a research | 
difficulty was that indicator diagrams became but little | 
help. Calculated increase in efficiency due to higher | 
scuaunene — —— ~ of — nie ae a bile.” The use of wood fuel, however, owing to its 
remanent burnt products and diminution of flame | : : — , -isiph geal ; 
travel ; hence hie a given instance showed atheoretical | ae heat conductivity — - ago reaction 
efficiency increase of 7 per cent., tests showed an increase | — at nse ato — oral ad panera 
of 35 ps —_ Fg very high ip —_— was usually | hake ene om toe “ roberts jueariae The 
very * dead”’ and was susceptible to slight increases in | ; es 
i poe anon Senin some of the | 2Uthor described some producers which he had tested 
troubles experienced had been due to misunderstanding | out over the bad, hilly roads of Finland, and showed 
of the cause and effect of “turbulence.” In many that the high moisture content of the wood available 
engines the increase of speed had caused considerable | (up to 30 per cent.) put several out of action that were 
ei in flame propagation, leading to knocking and | pg cc ge cat “i ee 
allure. | j $ \ 7 

The author’s L-shaped cylinder head, however, had | pera calorific ang a cal. a ong oe 
enabled him to run an engine, otherwise unsuccessful, | ¥? moisture content 19-2 per cent., the falling-o 
with « compression raised from 4-8 to 9-1, and spark power being about 40 por cent. with the unaltered 
advanced an additiona: eg., giving a quiet engine | ©” : ae : 2 
with a 10 per cent. increase in pA Bat the pao | this was increased (without developing trouble from 
promising line of progress was now the use of anti-knock | knocking) to 6-1. 
tuels, and the author’s remarks hereon were in agree- ao a — a> ae ae Sesayting ee 
ae a eee ah, some | cost ith therefore 80 1 r cent. to 90 per cent., a oie 
above, —_s rey ong en ieee | the | which must be offset the loss of 10 rhc to 15 per 

roperties of such fuels, objecting stron o the use : ; — 
, fogper — he salineun and | cent. of carrying capacity, and a largely increased, but 
always harmful to the engine. He would not suggest uncertain depreciation, repair and insurance charge. 
a scale of values tor standardising such fuels, but urged pan nt in ee ee ong ape se mg on 
international co-operation on this work, since with | °° en ee ene 
the best present effort at such standardisation, Ricardo’s | thick — — a bend, which on 0-78 
“ Toluol value,” comparison was far from complete. ee an Pete ut ee se etc ie 
ey ene — — — pau me gre lag,” which sional cofanee were pee peat va 
or aromatics in some fuels was a measure of their ? , : ver 
“atknoek” valu, but unforeanatly the opsmum | wes fm the data a to starting times, ound to 

roportions were not constant, a ese vers - : ae oe es . 
Sictaate: webe-tbe: Guin: wale ae faulty air-intake nar yee Seto ay ee ee 
adjustment, led to soot and smoky exhaust, while 4 ' , és 
several of the more hygroscopic alcohols led to internal = i ones pag see _— ‘ meet 
Esc wis ‘ell ale recommended the adoption of the producer for all 

Again, the engine itself, as ee fuel, might purposes in Finland, with the suggestion that existing 
be said to have a “ knock value,” which must sooner or | ¢v 46. might be improved with regard to reliability b 
later be thoroughly investigated internationally, since ie Pg Weems linn 8 silted 
development was now so much bound up with national The ent tn of > ie ond. techatesh:. duachen, 
methods of taxation that finality of design appeared to | ents were discussed in Mr. H. Dauvergene’s “ Men 
be receding, and a sound conclusion as to the effect | sur influence, sur la construction francaise du moteur 
of alteration in design was becoming more instead of d’automobile, des taxes percues sur les véhicules 
less difficult to reach. In spite of this trend towards | automobiles.” The earliest rating formula for taxation, 
pessimism, Dr. Herzfeld’s contribution to the section | p _ 1 D?-7, involving only cylinder bore, popularised 
was of considerable value. ; the long stroke, high-speed engine, a move which the 

Decentralisation of power generation, stated Mr. G. | authorities countered by a new formula, P = k ND*Lw, 
Jendrassik, in “ Eine neuere Bauart des rasch laufenden | involving, in addition, number of cylinders, length of 
Dieselmotors, insbesondere auch fiir Fahrzeugzwecke,”’ | stroke, and revolutions. This was difficult to apply, 
was essential in agrarian countries ; hence these offered | and it was later simplified by making w, the speed, a 
a favourable field for the internal-combustion engined | constant, the values chosen being 1,800 for passenger 
vehicle while, at the same time, making special demands | vehicles and 1,200 for lorries, &c., but it left one loop- 
for reliability and economy. This latter demand had | hole for the designer, who was therefore compelled to 
stimulated the development of the small Diesel engine. | concentrate on high speeds, and 5,000 r.p.m. became a 
This was usually of the solid-injection type, but was not | usual figure. In spite of detail improvements in design 
yet entirely satisfactory, as with the open-nozzle fuel | and materials, such engines remained rather noisy and 
feed, simplicity was offset by the starting troubles due | costly in repairs. For this reason the slow speed 
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American engine captured a large French market, and 
appeared to be inducing a change of type among the 
home-produced engines. 


TRANSMISSION GEAR. 

In Section XX XI, Professor Kammerer stated in his 
paper, “ Wirtschaftliche Grenzen der Wellenstrainge,” 
that the highest efficiency obtainable with the earlier 
belt transmissions, was from 75 per cent. to 82 per cent., 
but with modern bearings, and accurate alignment, 
tests had shown 93 per cent. at one-third load and 
974 per cent. at full load, figures which electric motors 
could not beat. Two installations were considered in 
detail, a weaving shed of 480 machines, each using 
a motor of 0-3 kw., and a workshop with 144 machine 
tools absorbing a total of 100 kw. The latter shop 
was to be driven either by a single motor through 
six lineshafts, or by a motor to each shaft, or 
by a motor for each machine, in which case 3 kw. 
was to be allowed for each motor to cover overload 
and starting cuts, and the comparisons were made 
on bases of first cost, running cost, load factor, 
lighting and output. The speed fluctuations at the 
machines, at the first, second, third, fourth, &c., 
transmissions, were shown by test diagrams, and it 
was pointed out that for the textile plant the small 
fluctuation due to individual motor drive meant an 
increase of 10 per cent. in output, while the better 
lighting due to absence of belts allowed a further 
2 per cent. increase. For the machine shop, how- 
ever, the lineshaft drive (one motor each) appeared 
superior, and, since belts were nearly always too 
highly stressed, too broad, and run at too low speeds, 
there was room for further improvements which, the 
author suggested, should take the form of tubular 
steel shafting running at at least 500 r.p.m., while, 
where ball or roller bearings were not used, bearing 
lengths should always be less than two diameters. 
This type of transmission would hold its own until 
motors could be sold at far lower prices than at present. 

Similar matters were discussed by Professor G. 
Schlesinger in ‘“ Energieleitung im Fabrikbetriebe,” 
who first considered a factory with an existing steam 
plant, a water turbine plant and a reserve Diesel 
plant. Here, although the overall transmission 
efficiency was only 70 per cent., from the fact that con- 
siderable heat was used in the various processes, the 
retention of the power plant was justified. Another 
factory was re-equipped so far as its rope-transmission 
was concerned, and the loss of 12 per cent. was less 
than that which would have resulted from a generator 
and electric transmission. Belt losses due to bending 
and hysteresis were found to be of the order of 0-2 per 
cent., and therefore negligible, so that nearly all must 
be attributed to slip, and diagrams from the most 
recent tests were exhibited. A classification of 
types of drives according to the number of belts inter- 
posed between motor and tool, with the factors, based 
on these tests, to be used to obtain tool speed, was 
employed to extend the D.I.N. standard list of recom- 
mended speed changes, a geometrical series, of steps 


of */10 = 1-12. Useful nomograms were given for 
the friction of journals (stated to be practically 
independent of load) of ball and roller bearings, and 
of gear teeth, which over the normal range varied 
from 2 per cent. to 6 per cent. loss of the power trans- 
mitted. Very detailed consideration was given to the 
case of a radial drill, the number of belts being reduced, 
one at a time, until the stage was reached where the 
motor was mounted on the spindle head, when the 
possible arrangements of change-speed gear were 
analysed and compared with electrical control. Finally, 
@ comparison was made between mechanical and 
hydraulic transmission on a large lathe, the 36 per 
cent. loss with the hydrauic gear, although greater 
than the mechanical 21 per cent., nevertheless having 
the advantage in so far as it enabled minute speed 
changes to be made exactly in accordance with the 
feed and speed demands; the paper concluded with 
the statement that ‘‘ generalisation is impossible.”’ 
Professors F. Meineke and G. Lomonossoff submitted 
sections of a paper entitled ‘‘ Mechanische Energielei- 
tung bei Schienenfahrzeugen,” and the former remarked 
that the transmission efficiency of the Stephenson type 
of locomotive with its frame, boiler and engine forming 
a rigid unit, was about 96 per cent. For this reason 
it was only when other types of engine were employed 
that other transmissions need be considered. The 
mechanical completeness of the enclosed jack-shaft drive 
made it preferable for steam units, but when the Diesel 
engine was used the further possibilities of changing 
speed either in the transmission only, in the engine 
only, or in both, must be carefully considered. Of the 
first type, hydraulic and pneumatic gears had not 
been satisfactory, while Emre transmission had 


proved expensive, but the developments in toothed 
gearing had opened the way to efficient transmission 
of high powers. 

The very heavy flywheel required was a disadvantage, 
and the author discussed the theory of synchronising 
clutch-slipping, gear-changing, and regulation of fuel 
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and supercharge in determining the most suitable fly- 
wheel weight, and to ensure that there shall be no 
breakage of couplings due to jerk when gear-changing. 
The driving of single axles by separate engines was not 
sound practice, in spite of its apparent efficiency, since 
it encouraged wheel slip and jerky running. Professor 
Lomonosoff’s section confined itself to the Diesel 
locomotive, and covered the developments in theory 
and performance from the earliest examples. At 
present the thermal efficiencies of locomotive types 
averaged 7 per cent. for the normal engine, 12} per 
cent. for the electric, 15 per cent. for the super-pressure 
turbine engine, and up to 30 per cent. for the Diesel. 
This figure alone was not decisive, since, although 
American engines were less efficient than the European, 
their costs per: ton-mile were lower. Hence, a fair 
comparison must be made only between engines of equal 
drawbar pull at equal speeds, which would only be pos- 
sible when a Diesel engine of 2,400 h.p. could be produced 
for a weight, exclusive of transmission, wheels, &c., of 
38 tons. The cost of a Diesel locomotive was from two 
to three times that of a normal type, but the saving on 


fuel and auxiliary works soon wiped that out, provided | 


the necessary flexibility could be attained. A careful 
and extensive analysis showed that this was not yet 
available, but every development showed that it was | 
possible. Even the early abandoned designs for direct | 
transmission by side rods without change-speed gears | 
were now, owing to better combustion control in the | 
cylinders and better materials, offering promise of | 
success, and the multitude of proposed combinations of 

mechanical and electrical transmission—two-stroke and 

four-stroke, single-acting and double-acting, Diesel- 

plus-steam—most of which were analysed in the paper, | 
were all of great promise. The author appealed, there- | 
fore, for some sort of international comparison, even 

if it took the form only of standardisation of capacity ; 

but better than that would be an International Bureau 

of Diesel Locomotives, a prize for a Diesel engine of 

the power and weight mentioned above, and the testing | 
of three equal engines—one with direct transmission, 

one with a single reduction, and one with two couplings 

and an electric motor. The probable and necessary 

reduction in the world’s coal consumption alone would | 
justify this co-operation. 

Mr. A. E. L. Chorlton’s ‘ Notes on Some Power- 
Transmission Gears for Locomotives’ recalled the 
fierce battles of the early days between the Diesel- | 
engine enthusiasts, who ignored the questions of low 
first cost, flexibility, and light weight, simply concen- 
trating on thermal efficiency, and the railway engineers, 
who asked why they should abandon a reliable engine, | 
purchasable for 7/. per horse-power, for an experimental 
machine of admitted complication and costing 201. 
per horse-power. 

Engine speeds were then about 350 r.p.m., which 
ruled out electrical transmission. This, however, came 
into practical politics with the author’s improved engine 
(designed for submarines) at 550 r.p.m., and later 
again as the result of the author’s aircraft engine at 
1,000 r.p.m., establishing itself so firmly as to overcome 
the railway engineers’ strong preference for an all- 
mechanical drive. Dealing with hydraulic gears, 
details and applications of the Williams-Janney, Lenz, 
and Huwiler gears were described, and it was noted 
that no real success was attained even in the smaller 
powers, while they were definitely ruled out for any- 
thing in excess of 500 h.p., and even when such gears 
were applied for starting only, being mechanically 
locked when the train reached 4 m.p.h. or 5 m.p.h., | 
the cost was prohibitive. Epicyclic gears with 
hydraulic plate clutches and overload release had 
behaved better, and the Krupp gear was reported to 
have given satisfaction. The development of the 
high-speed engine weighing only 15 lb. per horse-power 
made possible the building of the oil-electric Beard- 
more locomotive, of 2,660 h.p., in two units, each | 
weighing 145 tons complete, which has already been 
described in these columns. Performance curves were 





nical transmission. These vehicles were of light con- 
struction, all steel, with four wheels, and seated 50 
passengers, hauling up to three trailers, so that concen- 
trated masses were not permissible. The engines were 
either benzol, developing 90 h.p. at 1,100 r.p.m., or 
Diesel, developing 110 h.p. at 1,000 r.p.m., the latter 
being of the solid-injection type. In each case a 
four-speed gear-box was fitted, the wheels permanently 
in gear, while air-operated plate clutches engaged the 
desired pair, the same air supply also being used for 
the brakes. The whole unit was mounted beneath the 
seats, wasting no space, and in two years’ running, as 
shown by the data exhibited, no trouble of any kind 
had been experienced by transmission gears. Con- 
sidering a paying load of 100 passengers, the costs in 
hellers per kilometre were shown to be 18 for light 
steam trains or for the benzol-motors, and 8-6 for the 
Diesel motors, for fuel alone, while a single experi- 
mental Diesel-electric vehicle showed a 15 per cent. 
| increase in running cost as compared with the mecha- 

|nical transmission. The author considered this too 
| high a price to pay for the alleged advantages of the 

| “infinitely variable” gear change of the electric 

|transmission. These vehicles were being built in quite 

| large numbers and had been standardised, motor and 

trailer being identical to allow of mass-production of a 

vehicle so light that extensions of the system could take 

the form of “‘ light railways ’’ even if of standard gauge. 

The principal contention of Mr. H. F. L. Orcutt’s 
paper on “ Progress in Spur Gear Transmission; The 
Ground Gear” was that such gearing was practically 
a new and peculiar form of transmission, almost ignored 
by the general engineer. In the present state of know- 
ledge it was not possible to define what constituted a 
good gear, still less to specify conditions and dimen- 
sions which would ensure satisfaction, particularly so 
far as noise was concerned. British motor car manu- 
facturers were almost unanimous in their favour, and 
others were following their lead. Internal gears could 
now be ground, and current work on external gears 
ranged from 1} in. diameter 20 D.P. up to 3 ft. dia- 
meter 2 D.P., with 8 in. face width. Theerrors were of 
the order of ,535,-in., which ensured practically con- 
tinuous contact, as indicated by the 99-6 per cent. 
efficiency shown by N.P.L. tests. Working speeds up 
to 9,000 ft. per minute, and loads up to 6,000 lb. per in. 
of face were quite common, with the transmission of 
600 h.p. on a pair of gears of very small weight, due to 
the fact that materials could be employed which would 
not permit of the manufacture of helical or herring-bone 
teeth. Gears with a long arc of contact, taking the load 
on several teeth simultaneously could now actually be 
produced, since the great accuracy of grinding enabled 
the designer to feel confidence in the agreement between 
his specified dimensions and the product. The 
methods of mounting must naturally be very carefully 
considered if the accuracy of the wheels was to be of 
any advantage. The paper concluded with a useful 
list of questions that must be put when a possible 
cut or ground-gear alternative was to be investigated. 

‘* Power Transmission for Motor Vehicles ”’ was fully 
reviewed by Major E. G. E. Beaumont. The torque of 
a normal car engine, of 1,200 in.-lb. might rise to over 
4,000 in.-lb. in the gear-box and 20,000 at the tyres, 
so that to keep weights and efficiencies at reasonable 
figures, only the very best in materials and workmanship 
could survive. Clutches appeared to have become stan- 
dardised, of the single dry plate type; the oil-immersed 
multi-plate was, like the cone, too susceptible to tem- 
perature-change, and had too high an inertia. Gate- 
change sliding gears were now most usual, and were 
fitted even by those makers whose epicyclic gears of 
earlier models were well known for efficient, noiseless 
running, a fact not entirely explained by questions of 
cost. The pre-selective method of gear changing, first 
used some twenty years ago, was finding new favour, 
| although in a more refined form, but the other proposed 
| aids to gear-changing such as pilot clutches appeared 
|to have been abandoned. For the lightest vehicles, 





shown, and it was stated that the effective running of | friction gears were infrequently used, while for slightly 


such engines, which were adapted also to the propulsion | 
of trains with motor-driven axles not forming part of 
the locomotive, depended very largely on the provision | 
of efficient overload safeguards. Rail-horse-power and | 
speed curves for this locomotive, with curves of the 
estimated performance of the same Diesel engine with 
a three-speed mechanical transmission plotted on 


them, showed conclusively that, owing to drop in| 


tractive effort during declutching, the higher running 
efficiency of the mechanical gear could not be fully 
utilised except in flat country. The author considered 
that the oil-electric locomotive, whose first cost was 
only 50 per cent. greater than that of a steam loco- 
motive, would be extensively adopted, and to attain 
the higher engine speeds much lower weights would 
have to be employed. 

Mr. J. H. Schlesinger, however, in “‘ Die Entwicklung 
des Oeltriebwagens in Ungarn,”’ was quite convinced 
that for the type of rail-motor which the sparsity of rural 
population had compelled the Hungarian State Railways 
to introduce, the advantage lay entirely with mecha- 


heavier ones free wheel devices had proved fairly 
| successful as to wear, and had shown fuel saving up- 
to 10 per cent. in mixed country. For heavy vehicles 
it was not yet possible to construct a robust free wheel, 
but the Spontan gear seemed to be a step in the right 
| direction, and like the Constantinesco and the de Lavaud 
| gears was fully described. Hydraulic transmission, 
| with its 50 per cent. or lower efficiency in addition 
to its drawback of heavy weight, the author considered 
definitely out of the question. Electric transmission 
added an average of, say, 500 Ib. to the weight of a 
nger vehicle, but its efficiency was reasonably 

igh, while other advantages, such as its simplicity 
of control and high starting torque had made it 
popular for "busses in city traffic. For what may be 
termed the standard vehicle, and it was clear that 
makes now differed really only in quite small degree, 
the overall mechanical efficiency of the direct-drive was 
about 88 to 90 per cent., falling to about 84 per cent. in 
low gear, some 4 per cent. of the loss being due to tyres. 

(To be continued.) 
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THE IRON AND STEEL INSTITUTE; 
PRAGUE MEETING. 
(Concluded from page 405.) 
OpEN-HEARTH FURNACE STEELWORKS. 


THE second paper taken on Tuesday, Septem- 
ber 16, was entitled, ‘‘ Open-Hearth Furnace Steel- 
works ; a Comparison of British and Continental 
Installations and Practice,” and was by Mr. H. C. 
Wood. Mr. Wood stated that, after 20 years’ obser- 
vation, he had been led to examine the develop- 
ment and the present-day position in this country 
in comparison with the leading steel-producing coun- 
tries of the Continent. We reproduced part of this 
paper in our issue of September 19, and conclude it 
on page 447 of this issue. 

Dr. D. Adamson, who opened the discussion, 
stated that, in making a comparison between 
British and Continental open-hearth steelworks, 
it should not be forgotten that the latter, on account 
of their preference for the Bessemer process, had 
been able to begin building open-hearth plants 
after we, in this country, had developed their pos- 
sibilities. Consequently, Continental steelworks 
were laid out with the idea of having blast furnaces, 
coke ovens and steel plants in proximity. Not- 
withstanding this handicap, many progressive 
steelworks in Great Britain were increasing their 
output by boosting the air supply to the furnace. 
The resulting higher velocity of the stream of 
gaseous fuel improved the combustion, and the 
rate of heat transmission to the bath. While this 
resulted in improved economy of fuel per ton of 
steel, it increased the amount of waste heat leaving 
the furnace and, accordingly, increased the need 
for some form of heat trap. At present the waste- 
heat boiler was the only satisfactory solution. 


in reconstruction were anxious to find out which 
was the best type of furnace to instal. . The 
author had not mentioned the Venturi furnace 
with the sloping back wall. He had come to the 
conclusion that the advantage at the present time 
lay with the tilting furnace, and this type of furnace 
had been much developed in Germany. It had the 
enormous advantage that the port end could be 
changed in two hours, and, with the present wage 
conditions, this was a very appreciable advantage. 

Professor Bradley Stoughton stated that what 
aroused the admiration of United States metallur- 
gists was the great speed with which heats were 
brought out in Europe; their own heats took 
longer. The tilting furnace was not much employed 
in the United States. The sloping back wall was 
very popular across the Atlantic because it enabled 
repairs to the slag line to be easily and quickly 
carried out. The repair gun was used for this 
purpose ; it was either operated by means of motors 
or, less frequently, by compressed air. The use 
of the gun enabled the time interval between the 
heats to be cut down. Great attention was paid 
in the United States to the proper adjustment of 
air and fuel, whether this be oil, tar, or gas. The 
| recovery of waste heat was universal. Heat insula- 
| tion was also greatly developed. The sloping back 
wall decreased the radiation of heat from the 
hearth. Many refractories had been tried for the 
roofs of furnaces, but silica bricks were still con- 
sidered the best. No one in the United States 
used dolomite for the hearth, but magnesite was 
employed in spite of its high cost. Whereas in 
the United States more cooling water was used on 
the doors of furnaces than elsewhere, European steel 
| works used water-cooling for parts to a greater 
| extent than was the case across the Atlantic. 


| Mr. D. Sillars thought that the controversy 





Waste-heat boilers with mechanically induced between advocates of tilting and of fixed furnaces 
draught enabled the larger volume of gases to be ‘had cooled somewhat. Each type of furnace had, 
evacuated from the furnace. The author only as it were, settled down to its work. Up to a size of 
referred to waste heat boilers as installed at two | 100 tons the fixed furnace had come into its own ; 
of the plants mentioned, namely, Appleby and | for very large tonnages, on the other hand, the 
Witkowitz, and the figure he quoted would seem | tilting furnaces presented advantages. In general, 
to indicate that the best results were not being | the consumption of lining materials was markedly 
obtained at either installation. At Appleby the | jower in tilting furnaces than in fixed furnaces. 

evaporation worked out at from 1} lb. to 13 lb. of| Mr. T. P. Colclough said that the striking figure 
steam per Ib. of fuel, when at least 2} lb. might be|in the author’s table of representative furnace 
expected. Again, at Witkowitz, the figures given | outputs was the rate of production per hour. The 





indicated a saving of fuel of about 224 per cent., 
instead of about 33 per cent., as he would expect. 
Perhaps, on account of pernicious air leakage into 
the flues, the waste gases did not reach the boilers 
at as high a temperature as they might, or the 
type of boiler was not a satisfactory one. The 
author rightly pointed out the advantages of larger 
units, but this was poor comfort to the managers 
of existing plants, and, for them, the obvious 
solution was to do, as some were doing already, 
namely to increase the flame velocity and improve 
the port ends, as indicated by the author. 

Mr. J. Henderson said that, at Frodingham, 
they had started with a 100-ton tilting furnace, 


essential for rapid production was a hot flame, 
and one method of accomplishing this was to have 
better fuel. There had recently been a change of 
opinion on the Continent, and now both in Germany 
and in the United States coke-oven gas, mixed 
with blast-furnace gas in the proportion of 2:1, 
was employed. Turning to the fuel consumption 
per ton of steel made, the author had given, in 
| his Table III, 16-5 per cent. for the Hoentrop works 
| at Bochum and from 19-5 per cent. to 21-6 per cent. 
for the Witkowitz works. With regard to the 
|latter, there was apparently an arithmetical error, 
| because his own calculations gave from 18 per cent. 
'to19-8 percent. He regretted to hear Dr. Adamson 





and they were now operating a 300-ton unit. They | urging open-hearth managers to go out for a high 
had a large plate plant which was only working at yield of waste-heat steam. The place to use the 
50 per cent. of full capacity, and many of their) coal was in the furnace itself. No less than 
difficulties were due to circumstances such as these. | 10,000,000 tons of steel were made annually in 
With large furnaces the labour costs were definitely | Venturi sloping lock-wall furnaces in the United 


lower and outputs were increased. By increasing | States. 
the size of furnaces it was therefore feasible to 
approach the cost of Continental material, made 
in smaller units. The Hoentrop works, at Bochum, 
mentioned by the author, had been laid out in a 
thoroughly scientific manner. The fuel consumption 
at Appleby, per ton of steel made, was not quite as 
low as they would like it to be. The figure given 
by the author, namely, 17-5 per cent., however, 
did not take into account the credit for the recovery 
of the waste heat. Dr. Adamson had raised the 
question of the efficiency of the waste-heat boilers 
at Appleby. He had to admit that these had 
been put in some years previously and were not of 
the type that would be installed at the present time. 
The author had mentioned a yield of 105 per cent. 
for tilting furnaces. This was a fine figure, and he 
would like to know if it was all rollable material. 
Mr. W. Simons stated that a great deal of re- 
construction had been carried out, but a great deal 
remained to be done. Those who were interested 


The fuel consumption worked out at 
| 422 Ib. per ton of ingot made. 

In a brief reply Mr. Wood stated that he had 
| had no experience with Venturi furnaces. The 
_representatives of two large United States steel 
concerns, however, were now interested in the 
Terni furnace, and this seemed to show that they 
| were not satisfied with the Venturi furnace. He 
agreed with the view expressed that when making 
'special steels a small furnace was advantageous. 
| When, however, commercial quality steel only was 
being made, the tilting furnace of any size was at 
least as good as the fixed furnace. 





HicH-FREQUENCY FURNACES. 


The third and last paper considered by the meeting 
on Tuesday morning, September 16, bore the title 
“‘ High-Frequency Steel Furnaces,” and was by 
Mr. D. F. Campbell, who presented it to the meeting. 








furnaces, and was reproduced in our last issue 
(page 409, ante). 

Dr. B. Matuschka stated that, if the cost of power 
was not too high, the economical superiority of the 
high frequency furnace, as compared with the 
crucible furnace, was so great that its installation 
possessed decided advantages. In steel works 
which no longer produced crucible steel, but only 
electric steel (as was the case at the Schoeller- 
Bleckmann Stahlwerke, of which he was a member) 
the conditions were somewhat different. The 
melting costs of a 5 to 6-ton high frequency furnace 
were about the same as those of a 4-ton arc furnace. 
Comparing furnaces of the same daily output, for 
example, a 4-ton arc furnace and a 1l-ton high- 
frequency furnace, it would be found that the 
latter was cheaper to operate. The latest experience 
showed that the working of larger types of high- 
frequency furnaces was not more, but less difficult. 
Special small scrap was no longer necessary and 
ordinary mill scrap could be used. It was, therefore, 
interesting to hear Mr. Campbell say that the design 
of 3 to 5-ton furnaces no longer presented difficulties. 
It would be desirable, however, that units of from 
10 to 15 tons should be constructed. This larger 
capacity would alone show fully certain advantages 
of the system, i.e., the great speed at which 
melting and refining proceeded. 

Dr. Hatfield considered that the furnace should be 
looked upon essentially as a furnace for the pro- 
duction of special steels rather than for heavy 
production. By special steels he meant steels of 
high quality, as well as special alloy steels. He 
would like to know how it was proposed to control 
casting temperatures when using the furnace. 
Moreover, it would be interesting to have records of 
a sequence of heats, not merely of one day but 
extending over a large number of days. The 
next speaker, Mr. J. Henderson, thought that Mr. 
Campbell had given the steelmaker food for thought 
when he had stated that a high-frequency furnace of 
a few tons capacity could have a weekly output 
equivalent to that of a large open hearth furnace. 
The most serious criticism against the furnace was 
that, according to Mr. Campbell, the power con- 
sumption for 30 consecutive heats of a 20-25-cewt. 
Ajax-Northrup furnace worked out at 690 kw.-hour. 
per 1,000 kg. Putting the cost of current as low as 
4d. a unit, the cost of.current per ton was no less 
This was a high figure when compared 
with the open-hearth practice of to-day. Another 
difficulty was in reference to bath samples; he 
desired to know how these would be taken. Dr. 
A. McCance, who spoke next, paid a tribute to the 
efficiency of the furnace and added that the methods 
of control were very satisfactory. The furnace was 
particularly useful for producing such alloys as the 
low-carbon stainless steels. The next speaker, 
Professor Bradley Stoughton, stated that, in his 
experience, the temperature could be controlled 
quite easily by passing a silica tube through the 
slag and determining the temperature by ordinary 
methods. 

Mr. F. W. Harbord said that the high-frequency 
furnace had all the advantages of the crucible 
process, without the danger of contamination by 
fuel gases. Experience had, in his opinion, shown 
that for high-quality steels the furnace possessed 
great advantages over the are furnace and had some 
advantages over the crucible process. Mr. Campbell 
was optimistic over the future of the process, but, 
on the other hand he remembered that the first 
basic open-earth furnace he had had to deal with 
had a capacity of 5 tons, and now furnaces of 
300 tons capacity, and more, were quite common. 
Mr. Campbell had, therefore, reason to be optimistic. 
While 15s. a ton for current was a high price, it was 
not out of the way if it were borne in mind that the 
heavy cranes now required in an open-hearth shop 
and the large buildings to carry them would be 
done away with. Moreover, the furnace itself 
was used as the ladle, the steel being poured direct 
into the moulds. 

In the course of a reply to some of the points raised 
in the discussion, Mr. Campbell said that extra care 
was needed when making plain carbon steels in the 
furnace. They had been successful in making all 


than 15s. 


The paper contained an account of the construction | grades of carbon steel, with the exception of one, 
and performance of modern high-frequency steel — was still made better in the crucible. This 
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steel, which was low in manganese and silicon, | thanks to the Society of Czechoslovakia Engineers 
presented difficulties, but the matter was under for the accommodation they had kindly afforded 
investigation and, no doubt, before long, they would for the meeting, to all those who had helped to 
be able to make even this steel. The control of | make the meeting a success, and to the President, 
the casting temperature presented no particular diffi- | terminated the proceedings. The afternoon was 
culties; ordinary melting shop methods could be | spent in visits to places of interest in the City. 
used. Another method was to have the kilowatt | Wednesday, September 17, Thursday, September 18, 
meter on the furnace platform and to watch the | and Friday, September 19, were devoted to a tour of 
number of units put into the furnace. The temp- | Czechoslovakian steelworks, including the Skoda 
erature could thus be measured with great | Works at Pilsen, the works of the Czechoslovakian 
accuracy ; it was, of course, necessary to know the | Mining and Ironworks Company at Trinec and the 
constant of the individual furnace. Mr. Henderson | Witkowitz Ironworks. The party returned to 
had raised what was a real difficulty, namely, the | Prague on Saturday, September 20, and, in the 
method of inspecting the steel and of taking bath | evening a banquet was held at the Palace of the 
samples. This was a real problem, but, on the | Textile Industry, Prague, by invitation of Mr. 
other hand, he felt convinced that control would | Eugene Schneider. 
become so good that soon no bath samples would | 
be necessary. The high power consumption figure | 
mentioned by Mr. ~ a a was that ak ine! THE BAUER-WACH MACHINERY OF 
melting. For refining, the consumption would be | THE S.S. “ST. CLAIR.”’ 
much less. The object in view was to give the} THr Bauer-Wach system of coupling up to the 
industry crucible-quality steel for a much wider|same shaft a steam turbine and a reciprocating 
range of purposes than had been possible in the past. | engine was introduced originally with the object of 
The President thanked the authors of all the improving the performance of existing marine 
papers for their contribution, and intimated that the engines, so as to enable vessels thus equipped 
business meetings were then ended. Votes of|to compete effectively with rivals fitted with 











machinery of a more modern and economical type. 
The success attained in thus rejuvenating old 
steamers was such as to lead to the adoption of 
the same system for new tonnage, and on Plate 
XXVII, and on this and the following pages, we 
illustrate an installation of this type supplied to the 
S.8. St. Clair, a ship built at the Southwick Yard 
and engined at the Neptune Works of Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Walker-on-Tyne, and intended for service in the 
Mediterranean. 

The machinery, shown in Fig. 1 above, consists of 
essentially a standard triple-expansion marine engine 
having cylinders 22 in., 37 in. and 60 in. in diameter 
by 42 in. stroke, designed to operate with superheated 
steam, and capable of developing 1,425 i.h.p. when 
running at 71 r.p.m.. and supplied with steam 
at an initial pressure of 180 lb. per square inch 
(gauge), the designed superheat being 150 deg. F. 
This engine is supplemented by an exhaust steam 
turbine which, taking steam as delivered from the 
low pressure cylinder at an absolute pressure of 6 lb. 
to 7 Ib. per square inch, develops the equivalent of an 
additional 725 i.h.p., before it passes on the steam 
to the condenser. The designed vacuum is 28 in. 
of mercury with the barometer at 30 in. 
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The general layout of the machinery is clearly | desired, either directly into the condenser, | or 
indicated in the sketch diagrams, Figs. 2, 3 and 4,| alternatively through the steam strainer D into 
above, in which the turbine is represented at A.| the turbine. vile 
The steam discharged from the low pressure cylinder! The normal running speed of this turbine is 
passes in the first instance through an oil separator B, | 4,000 r.p.m., and it drives the propeller shaft through 
and by the two-way valve C, can be delivered as! double-reduction gearing. A Féttinger hydraulic 





coupling is interpolated between the main wheel 
of the first reduction gear, and the pinion shaft 
of the second reduction gear. The Féttinger 
transmitter, it will be remembered, was originally 
devised as a reduction gear for turbine-driven 
steamers, but as thus applied, its utility was 
restricted by the fact that the maximum speed 
ratio, between driver and follower, commercially 
practicable, hardly exceeded three. As applied on 
the Bauer-Wach system the device is used merely 
as a coupling which effectively eliminates the trans- 
mission to the turbine of any shocks arising from 
the ever-varying torque of the reciprocating engine. 
It may be added that the contrivance in ques- 
tion is not only of extraordinary simplicity, 
but has the added advantage that by draining 
the coupling the turbine is cut completely out of 
action, and the reciprocating engine can then be 
manceuvred as freely as if it alone constituted 
the whole of the propelling machinery. In fact, 
provision is made for the turbine to be automatically 
disconnected, in the way described, whenever the 
main engine has to be reversed, the control 
valves being operated by interlocked servo-motors 
actuated by oil under pressure, as will be described 
in detail later on. 

Drawings showing sections through the turbine, 
the hydraulic coupling and the gear-box are repro- 
duced in Figs. 6to 11, Plate XXVII. As is perhaps 
best seen in Fig. 8, the axis of the turbine lies in 
the same vertical plane as that of the intermediate 
pinion shaft. A sectional drawing of the turbine to 
a larger scale is reproduced in Fig. 5, annexed. The 
steam enters at L, and, as will be seen, the exhaust 
branch M is on the upper half of the turbine casing, 
since the condenser is situated somewhat above the 
turbine level. Provision has been made accordingly 
for draining the turbine by a special pump which 
is coupled up to the branch shown at the lower 
left hand corner of the figure. A small hole com- 
municating with this branch prevents water collect- 
ing in the steam belt of the turbine. The turbine 
is of the ordinary reaction type with seven rows 
of moving blades ranging in height from 1{ in., 
at the first row up to 6} in. at the exhaust end. The 
material used is 5 per cent. nickel steel. The rotor is 
bored axially from end to end in order to facilitate 
the detection of unsoundness in the forging. It is 
supported on two bearings, and the shaft glands are of 
the ordinary labyrinth type, steam sealed. The drive 
is transmitted to the first pinion. through a short 
length of intermediate shafting, best seen perhaps, 
in Fig, 10, Plate XXVII. To eliminate a possible 
danger to the engine room staff, this shaft is fitted with 
a protective sleeve, since its high speed makes it 
difficult to see whether it is in motion or not. The 
pinion, which is rigidly supported on two bearings, 
is 6 inches in diameter, and has an effective length 
of 94 in. It is of the single helical type, and the 
axial component of the pressure on the teeth serves 
to balance in part, any residual thrust on the turbine 
rotor, though the main part is taken by the Michell 
thrust block H, Fig. 10, beyond which is located, as 
shown, an emergency governor of the unbalanced 
bolt type. 

The first reduction pinion gears with teeth cut 
on the periphery of one component of the Féttinger 
coupling. A section through this coupling is 
shown in Fig. 9, Plate X XVII, in which the two com- 
ponents, driver and follower, are represented respec- 
tively by E and F. The essential characteristics 
of the coupling are, however, perhaps even more 
clearly shown in the photograph reproduced in Fig. 
15, page 420, which represents on the left one com- 
ponent of the coupling viz. that lettered F, in Fig. 
9, and on the right the cover which, when bolted 
to the second component E, as indicated in Fig. 9, 
forms a box which is almost completely filled with 
oil when the coupling isin action. A section through 
the buckets is reproduced to a larger scale in Fig. 12, 
page 420. When the coupling is charged, the oil circu- 
lates as indicated by the arrows in Fig. 12. Entering 
the component E at a, it is flung up by the centri- 
fugal force to b, having its tangential speed corres- 
pondingly increased in the transit. The follower F 
rotates slightly more slowly, its lag in normal running 
being about 5 per cent. Hence the oil pressure 


in it is correspondingly lower than in the driving 





component, and the oil, therefore, passes from E into 
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F at c, carrying with it a certain tangential momen- 
tum. In passing into F the oil necessarily has to 
take up the speed of this component, a certain 
proportion of its angular momentum being thereby 
destroyed, and a corresponding torque transmitted 
to F. The oil leaves F again at d and is again 
speeded up on its passage through E. In normal 
running, as already mentioned, the speed of F is 
only some 5 per cent. less than that of E. 

As will be noted from Fig. 15, the main com- 
ponents of the coupling are simple castings, yet, 
nevertheless, an efficiency of about 95 per cent. is 
claimed for the device. In view of the small speed 
difference between the components there is little 
friction between the back of the follower F and the 
cover of the coupling. In order to prevent over- 
heating of the oi}, provision is made for asmall but 
steady leak off, the necessary make-up being 
obtained from the general oil pressure mains. 

As shown in Fig. 9, Plate XX VII, the driven com- 
ponent of the coupling is mounted on a hollow sleeve 
through which passes the shaft on which the driving 








element is mounted. The teeth of the second | 
reduction gear pinion are cut on the sleeve and | 
engage with those of the main wheel as shown. | 

This main wheel is also mounted on asleeve which 
is coupled up to the propeller-shaft at the after | 
end only. A certain small degree of elasticity is | 
thus secured, which safeguards the gear against | 
strains arising from the wear of the main engine | 
brasses. Should an accident happen to the turbine | 
or gears, these can be entirely disconnected by re- 
moving the coupling bolts at J (Fig. 9, Plate XX VII). 
The sleeve and main wheel can then be shifted a 
little axially to the right by means of set bolts pro- 
vided to this end. 

(To be continued.) 
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Surpwreck Staristics.—Returns issued recently by 
Lloyd’s Register of Shipping show that during the 
quarter ended March 31, 1930, 73 vessels, aggregating 
some 103,079 gross tons, were totally lost or condemned, 
in consequence of casualty or stress of weather. Of these, 
60 ships, accounting for 95,453 tons, were steamers or 
motorships and 12, aggregating 8,488 tons, were British 
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owned. No British sailing ships were lost. Vessels 
otherwise condemned or broken up totalled 59, making 
together 141,961 tons, of which 53, totalling 129,427 tons, 
were either steamers or motorships. Of these, 20 were 
British steamers. The gross reduction in the mercantile 
marine of the world from all causes during the quarter 
was, therefore, 245,040 tons. 
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Water Supply Engineering. By Harotp E, Bassitt 
and James J. Doranp. London: McGraw-Hill 
Publishing Company, Limited. [Price 30s. net.] 

Tue authors claim that this work is a textbook 

covering the various branches of engineering 

knowledge employed in the construction and 
maintenance of works for the supply of potable 
water. But, having divided the book into thirty 
sections each dealing with a different subject, 
they admit that an exhaustive treatment of any one 
of these subjects would require a volume as large 
as, or larger than, their entire book of 775 pages, 
and they go on to explain that the work is not 
intended as a comprehensive treatise on water. 
works, or as a handbook. Any attempt, however, 
to achieve the impossible usually results in the 
production of something of value, and this work is 
no exception to that rule. It is, in fact, a com- 
prehensive summary or handbook of knowledge of 
the many branches of science employed in water- 

works engineering practice, and will be found a 

most valuable book-of reference to engineers and 

others interested. in water supplies. 

In the chapter dealing with the Financing of 
Waterworks Systems, it is pointed out that the 
private control of water supplies is gradually pas- 
sing, and particulars are given of the respective 
methods adopted in America in financing privately- 
owned waterworks systems and those under 
municipal ownership. It may be inferred from this 
chapter that municipalities are required to pay 
interest on capital and working expenses from the 
net revenues of the plant, and that, in case of default, 
a receiver is appointed. The simple method of 
raising the water rate to cover bad finance does not, 
apparently, find favour in America. 

The forty-six pages dealing with earth and 
masonry dams are well illustrated with 28 figures 
and theoretical diagrams. This part of the work 
deals entirely with American practice, and is fol- 
lowed by a chapter on intakes and aqueducts with 
much valuable information. Steam power and 
electricity, and the various forms of pumps em- 
ployed in potable-water supplies are described 
in seven chapters of 113 pages, but the most 
ancient form of pump, the Archimedian screw pump, 
and the most modern, the internal-combustion 
pump, are only slightly referred to. The former 
is still largely employed for irrigation, and the 
latter will no doubt be further developed. The 
section of the book devoted to materials, pipes 
and fittings, is interesting, chiefly as affording a 
means of comparison of British and American 
standards, as most of the fittings described are 
now standardised in both countries. American 
foundry practice in the manufacture of standard 
cast-iron pipes is explained, and also the more 
modern system of spun or centrifugally-cast iron 
pipe. 

One-quarter of the whole book deals with the 
quality of natural waters and methods of purifica- 
tion. The authors do not favour the use of rapid 
sand filters of the pressure type, and state that the 
use of such filters for public water supply is unusual 
on account of cost, the inefficiency of their operation, 
and the relatively poor quality of the results ob- 
tained. As between rapid sand filters of the 
gravity type, mechanically operated, and slow sand 
filters of the open type, there appears to be little 
to choose, so far as the results of purification are 
concerned, although it would appear that the rapid 
filter is more widely used in America than the slow- 
sand filter. An attempt is made to compare the 
cost of construction and working of the two systems, 
but the figures given, which are arranged in tabular 
form, are by no means convincing, and in these, 
as in many other tables in the book, the unfortunate 
difference between the United States gallon and 
the Imperial gallon causes confusion. From the 
figures given it would appear that, for a given out- 
put, the cost of construction of sand filters is about 
double that of mechanical filters, while in the case of 
the cost of operation the figures are reversed, being 
largely in favour of the slow sand filter. This, and 
other questions relating to cost of construction and 
operation of water-supply systems, will never be 
settled by comparing figures, owing to the many 





factors which affect the calculations. Some waters 
simply require treatment for the removal of colour, 
and a rapid filter with the use of suitable chemicals 
will effect all that is required. 

In other cases, the only available source of supply 
may be a turbid and polluted river, and sedimenta- 
tion and a more elaborate and costly method of 
filtration may be necessary. Also, in regard to 
distribution, in many cases this may be effected 
by gravitation, while in others an elaborate system 
of pumping is necessary, and the cost of this will 
depend on whether electric power is available or 
whether steam must be employed, the cost of this 
again depending on the availability and cost of 
fuel. 

In the design of any system of public water sup- 
ply, the first consideration must always be the 
source from which a sufficient supply for all pur- 
poses may be continuously obtained. The next 
consideration must be the quality of the water, 
and the means to be adopted to render it suitable 


| for every purpose for which it may have to be used, 


more particularly for human consumption. The 
third consideration is the method of distribution 
from the source of supply to the consumer. It is 
evident that the capital and working costs to be 
calculated under either of these three essential 
headings will vary enormously in various localities, 
and comparative tables are of little value. 

But the authors have shown that a knowledge of 
at least thirty branches of engineering science 
capable of specialisation may be brought to bear 
on the subject of water supply, and their work is 
a carefully-compiled book of reference to the princi- 
pal divisions of each branch. The book is well 
illustrated, by 333 figures and diagrams in the text, 
and there are 126 tables. The bibliographical refer- 
ences are, however, confined almost entirely to 
American technical literature. 





Commercial A.C. Measurements. By G. W. StusBiNes, 
B.Se., F.Inst.P., A.M.I.E.E. London: Chapman and 
Hall, Limited. [Price 15s. net.] 

Tue study of alternating-current measurements can 
only be properly approached through the medium 
of a sound and wide knowledge of the theory of 
alternating-current circuits. A synopsis of the 
essential elementary properties of such circuits 
forms the introductory chapter in this book, and 
should be used as an index of those items which 
must be studied in greater detail by reference to 
other sources. Readers who find methods of avoiding 
the simple notation of the calculus for arriving at the 
mean and R.M.S. values of alternating-current quan- 
tities superfluous or tedious, may pass on at once to 
the second chapter dealing with three-phase working. 
A good account will be found of the current and 
voltage relations in unbalanced circuits. In addition 
to the measurement of power by the ordinary 
two-wattmeter method, an estimate of the probable 
error is given when one wattmeter reading only is 
used. 

The instruments for measuring current and voltage 
comprise thermal, moving-iron, dynamometer, in- 
duction and rectifier types, and the electrostatic 
voltmeter. Of thermal types, the ordinary hot-wire 
instrument may be considered as practically obsolete 
for measurements at ordinary circuit frequencies, 
while the low-reading class employing a thermo- 
couple is being superseded by the rectifier type. 
The relative importance of the other classes has also 
undergone a change in recent years, owing to the 
marked improvement that has taken place in the 
moving-iron ammeter and voltmeter. This improve- 
ment has been accomplished by a better under- 
standing of the theory of the instrument as regards 
its inherent errors, by the introduction of more 
suitable materials, such as Stalloy and the new 
nickel-iron alloy known as Mumetal, for the moving 
parts, and by spring controls. Moving-iron instru- 
ments are now obtainable in the portable form with 
sub-standard accuracy. A brief account is included 
of the working principles of alternating-current 
potentiometers of the polar and co-ordinate patterns. 

Wattmeters are the most important indicating 
instruments, and they may well be the most accurate 
instruments in the test room. They are unlikely to 
find a serious competitor in the alternating-current 





potentiometer for power measurement, for the latter 





method involves three separate observations of vol- 
tage, current and phase angle on a device which 
is inherently less accurate than the corresponding 
direct-current equipment. The usual classification 
of wattmeters as dynamometer, induction, electro- 
static and thermal types will be found in Chapter 
IV. Descriptions of their working principles, con- 
structional features, and the means taken to minimise 
errors, follow familiar lines. The relative advan- 
tages of the several types are plainly stated, and 
an account will be found of the principles of the 
summation wattmeter (also applicable to watt- 
hour meters), and of aggregate power measurement 
in two or more main circuits. 

Current and potential transformers are the 
subjects of one of the best chapters in this book. 
The treatment is fairly complete, including as it 
does the theory, connections and methods of testing 
transformer ratio and phase angle. As in other 
sections, the information given here is up to date, 
and references are made freely to the appropriate 
specifications of the British Engineering Standards 
Association. 

Coming to the measurement of energy, we find 
that the induction-type of watt-hour meter is 
supreme over other types. This is a remarkable 
result, because in its rudimentary form it is liable 
to error from every possible source. Fortunately, it 
has been found that compensation for these errors 
can be provided in easy and convenient forms. 
Much practical information will be found here 
bearing on meter errors and their compensation, 
testing and installation. Meter engineers, in par- 
ticular, will welcome the carefully compiled notes 
on the commissioning of both energy and reactive 
power meters on three-phase circuits, where the 
greatest care must always be exercised in checking 
the connections to the external circuit, particularly 
when such instruments are used with transformers 
and the reactive meters are provided with external 
compensation. 

Special metering devices are often required in 
installations where tariffs involving volt-ampere 
demand are adopted. The determination of the 
volt-amperes is usually required as an average 
figure over a standard period, say, of a quarter of 
an hour, so that most commercial kv.-a meters are 
of the integrating type. An interesting account 
of this recent development in metering practice is 
given. The work concludes with useful suggestions 
for the arrangement and equipment of a test room 
for alternating-current measurements. 

This work is not intended to be a complete guide to 
the theory and practice of alternating-current de- 
terminations, but it is an eminently sound and prac- 
tical guide to the commercial aspects of this branch 
of electrica] engineering. Theline diagrams are clear, 
except that part of Fig. 45 appears to be upside down. 
The value of the work is not diminished by the 
avoidance of photographic reproductions. 





Arcs et Portiques en Béton Armé, Solution Graphique. By 
R. E. Stetvspere. Paris et Liége: Librairie Poly- 
technique Ch. Béranger. [Price 70 francs net. ] 

Tue monolithic character of reinforced-conerete 

construction compels attention, in many cases, to 

a more precise determination of elastic deforma- 

tions than is essential in some other methods of 

construction, which, by the peculiarities of design 
or properties of the materials involved, may render 
less rigorous methods permissible. The trouble- 
some work necessary in the computation of stresses 
in the more difficult cases renders any simplification 
of such calculations worthy of attention. The 
book under consideration, in furnishing such a 
method, will appeal to those interested in this 
particular study, either as of academic interest or 
for useful application in design. The author, in 
introducing his proposals, discusses with candour 
the merits or demerits of other methods, leading 
up to a reasonable claim on behalf of his own 
procedure, which is chiefly its relative simplicity 
and adaptability, by the analyses of vector quan- 
tities allied to graphic construction. The method 
is used to solve problems arising in the design of 
hyperstatic systems, such as arches and portal 
openings, with sufficient precision. The notation 
adopted by the author is, though somewhat compli- 
cated, definitely stated, a matter of some importance. 
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Beginning with a simple explanatory case, he 
proceeds to deal with arches and portals, with or 
without articulations, continuous beams, the effects 
of temperature changes, shrinkage of concrete, 
movement of supports and the resistance of hinged 
joints. 

The practical application of the authors’ method 
in the process of design is amplified in a concluding 
chapter dealing with the convenient plotting of 
results and choice of scales in the diagrammatic 
work. The methods advanced as a means of 
dealing with problems of difficulty, while appeal- 
ing to some, will be not without obscurity to 
others. The diagrams, though clearly drawn, are 
occasionally complex, the somewhat troublesome 
notation adding to the difficulty of interpreting 
them. This book will be of much interest to those 
already more or less familiar with the subject, 
and to those willing to extend their knowledge of 
new methods of treatment. Dealing only with a 
particular process in design for the information of 
those already conversant with reinforced concrete, 
the author limits himself in some hundred and fifty 
pages to expounding his procedure with respect to 
treating the special difficulties indicated. The 
strictly practical side of construction, not being 
involved, is quite reasonably avoided. 





Modern School Buildings, Elementary and Secondary. 
By Sm Fetrx Cray, Bart., B.A., F.R.I.B.A. Third 
Edition, entirely re-written. London: B. T. Batsford, 
Limited. [Price 25s. net.] 

THE enormous increase in the cost of education 
in this country since pre-war days is mainly to be 
explained by the improved standard of payment 
made to teachers, the reduction in the size of 
classes, extension of the curriculum, and the 
growth of administrative expenses. Some part of the 
increase, however, must be attributed to the grow- 
ing attention being paid to the material well-being 
of the pupils, which has resulted in a great increase 
in the cost of school buildings. Sir Felix Clay, 
in this third edition of his important work, gives 
the cost of a school building of the ordinary elemen- 
tary type at 5/. to 61. per place at the passing of the 
Education Act in 1870. By the beginning of the 
war this cost had risen to about 14/.; at the present 
time it varies from 251. to 40/., depending on local 
conditions and the type of accommodation provided. 
This very considerable rise is naturally partly 
attributable to the increased cost of any kind of 
building, but it is also largely influenced by the 
improved type of accommodation which it is now 
considered desirable to provide. While, in view of 
the present level of public expenditure, there is 
no excuse for extravagance in the provision of 
school buildings, the growing realisation of the 
importance of sunlight and adequate ventilation 
necessarily leads to the demand for a more elaborate, 
and essentially more expensive, type of building 
than was considered necessary in the past. 

The second edition of Sir Felix Clay’s book 
appeared in 1906, and he points out that, between 
that date and the outbreak of the war, a complete 
change took place in the aim and object of school 
design. The layout of the older types of buildings 
was determined by questions of compactness and 
ease of supervision. At the present time, these 
considerations have had to give place to others 
demanding the maximum amount of sunlight and 
fresh air in the class rooms. The extreme type of 
the older form of buildings consisted of a central 
hall from which the class-rooms opened; this 
eliminated all corridors and facilitated supervision 
from a single centre. Tke arrangement has given 
place to its opposite; the class rooms are spread 
out and approached by corridors or open verandahs, 
the hall being isolated from the class-rooms and 
frequently completely detached. The departure 
from the old type of school has probably been mainly 
due to hygienic considerations, but it may be hoped 
that it also reflects a better conception of the real 
basis of education, and an appreciation of the value 
of more personal freedom for the individual teacher. 
The central hall with radiating class-rooms, fre- 
quently with glass doors, facilitating constant 
supervision by the head, must clearly have led to 
a feeling of constraint by the teachers not likely 
to lead to the best type of work. The arrangement 
had the incidental disadvantage that the central 
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hall was of little use during school hours, since it 
served as the sole means of access to the class rooms, 
and was subject to frequent disturbance. 

The old type of school building was practically 
standardised, but the more modern form lends 
itself to almost endless variation in arrangement, and 
anyone concerned in any way with the layout of 
school buildings is likely to receive very material 
assistance from a study of the text and illustrations 
of Sir Felix’s book. For anyone not already closely 
familiar with the subject, but whose duties require 
him to deal with it, the work may indeed be 
looked upon as indispensable. A consideration of 
the various schools illustrated shows that planning 
for sunlight and ventilation has, in very many cases, 
led to the employment of single-storey construc- 
tions. So-called open-air schools, in which one or 
more sides of the class-rooms are provided with large 
folding doors or panels, are almost always of 
this type. This form of building necessarily 
demands more ground area than the older form 
of compact building, and it may not always be 
possible to find a site suitable for a building of 
the kind, but a study of the illustrations in the 
book shows that, in very many cases, such buildings 
have been found possible. A farsighted education 
committee should usually be able to secure a 
suitable site in a developing district, and it is in 
such districts that the majority of new schools 
are built. 

The matter of this scholarly work is by no 
means restricted to questions of layout, and much 
information is given on such subjects as con- 
structional methods, heating, ventilation and 
lighting. These parts of the book are perhaps 
more germane to engineering interests than its 
more purely architectural sections. The treatment 
of questions of ventilation is very informative, 
and Sir Leonard Hill’s well-known investigations 
into the effect of the supposed diminution of 
oxygen and excess of carbonic acid in closed rooms 
is dealt with in some detail. We have called these 
investigations ‘ well-known,” and to physiologists 
and those with a scientific knowledge of ventilation, 
they certainly are. It may be doubted, however, 
if the majority of practising architects know much 
about the matter, and the clear presentation of 
the subject in this volume is much to be com- 
mended. 

Dealing with natural lighting, Sir Felix gives 
some information about the effect on the health 
of school children of substituting Vita glass for 
ordinary window glass. This information is less 
extensive than we could have desired, but probably 
the supply of data on this particular subject is 
somewhat meagre. He gives the average trans- 
mission of ultra-violet rays of a wavelength of 
3,020 Angstrom units as 92 per cent. for fused 
quartz, 4-7 mm. thick; 44 per cent. for Vita 
glass, 2-5 mm. thick; and zero for common 
window glass, 3-3 mm. thick. On the important 
question of the deterioration of Vita glass in strong 
sunlight, he quotes the case of a sample of Vita 
glass which had formed part of a hospital window 
in Rhode Island for a year. The glass was 2-3 mm. 
thick, and was found to have a transmission of 
25 per cent. at 3,020 Angstrom units. A sample 
tested at Washington, having a thickness of 2:35 mm. 
was exposed directly to the sun for 123 hours 
(between 9 a.m. and 3 p.m. during June, July 
and August). Its transmission was found to have 
decreased from 47 per cent. to 35 per cent. These 
American figures may be compared with some 
which have been obtained at the National Physical 
Laboratory subsequent to the writing of this book. 
The Vita glass was manufactured by Messrs. 
Pilkington Brothers, of St. Helens, and 12 samples 
of 18-21-oz. glass were taken at random from the 
maker’s stock. (The thickness of 21-0z. glass is 
about 2-54 mm.) The percentage transmission, 
at a wavelength of 3,000 Angstrom units, was 58 
for the best sample, and 53 for the average. Twelve 
similar specimens were exposed on an upper deck 
of the motor vessel Alcantara during a six-weeks 
voyage to South America and back. After this 
treatment, the best sample had a transmission 
of 46 per cent. and the average of 40 per cent. 
These results appear materially better than the 
American examples quoted by Sir Felix. 





Protection of Workers Operating Metal-Working Presses, 
—* P. 8. King and Son, Limited. [Price 5s, 
net. 

TuHE present monograph is the third of the series 

of studies that the Safety Sub-Committee of the 

Correspondence Committee on Industrial Hygiene 

attached to the International Labour Office (League 

of Nations), has decided to publish on accident- 
prevention problems. The first was the article 
by the Director of the Belgian Employers’ Associa- 
tion for the Prevention of Accidents, Mr. Deladriere, 
entitled ‘‘ Safety in the Use of Chains.” It appeared 
in the Industrial Safety Survey, and was issued later 
as a reprint. It was followed, in the series of 

Studies and Reports published by the International 

Labour Office, by Hydro-Extractors, a monograph 

based on a report drawn up by Mr. Massarelli, 

Director-General of the Italian National Associa- 

tion for Accident Prevention. 

The draft of the present monograph on The 
Protection of Workers Operating Metal-Working 
Presses was prepared by Mr. Marcel Frois, Divi- 
sional Labour Inspector, Paris. The subject, as 
was apparent when the report was being compiled, 
as well as during the subsequent discussion, is a 
particularly difficult one. The paramount task of 
the monograph on safety in the use of chains was 
to describe the requirements with which the material 
employed should comply and the methods of 
carrying out periodical inspections of chains actually 
in use. With hydro-extractors, safety precautions, 
apart from the explosion-proof construction of the 
machines, are confined to the cover, which must be 
affixed before the machine begins to run, and 
must not be removed before it stops. With presses, 
however, it is the protection of the tool during the 
working process that is of decisive importance. 
Thus, in studying safety precautions in this case, 
regard must be paid not only to the machine, but 
also to the operator who uses it for all manner of 
purposes and in all manner of ways. This circum- 
stance led one of the members of the Sub-Committee 
to urge that the problem of safety devices should 
not be investigated until the best methods of working 
in each particular case had been ascertained. The 
different practices obtaining in different countries 
made this particularly difficult. Nevertheless, a 
very good attempt is made to show the best and 
safest method of operating such a machine. 

The present monograph gives an objective account 
of the various points of view, and thus of the various 
safety devices, even at the risk of seeing this or 
that expert find fault with one or other of the 
devices described. It excludes everything that has 
not been tested in practice in at least one country 
and, with due regard to the circumstances in which 
it was used, found satisfactory. Having regard 
to the increase in the use of presses for various 
engineering processes, this book should be of 
valuable assistance to those responsible for the safety 
of the operator and production. 








THE REFINERY OF THE MOND 
NICKEL COMPANY, LIMITED, AT 
CLYDACH, SOUTH WALES. 
(Continued from page 351.) 

Primary Copper Extraction.—After calcination the 
matte consists mainly of mixed oxides of copper and 
nickel, and the next process is to. extract the greater 
part of the copper. For this purpose the calcined 
material is carried by elevators and conveyors 
to the top of the copper-extraction shed, a high 
building, down which it travels by gravitation 
during the process of extraction. In the first 
instance it passes through further ball mills, and is 
ground in them to pass through a 40-mesh sieve, 
so as to reduce any lumps that may have been 
formed in calcining. It is then treated with 12 per 
cent. sulphuric acid in pairs of extractors, shown in 
Figs. 9 to 11, made of cast iron lined with hard lead, 
holding about 450 gallons. The first of each pair each 
is fed continuously with 12 per cent. acid and with 
liquor from previous extractions, the mixture flowing 
into the second vessel. The flow is continuous, and 
the contents of the extractors are agitated and kept 
at a temperature of from 70 deg. to 80 deg. C. 
by means of exhaust steam. Under this treat- 
ment about 75 per cent. of the copper is dissolved, 
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forming an impure copper-sulphate solution, from 
which copper-sulphate crystals and “‘ meal ” (powder) 
are obtained in another part of the process. The 
copper-extracted matte which is left undissolved, 
consists as to 55 to 57 per cent. of nickel, with 13 
to 14 per cent. of copper, and 1 per cent. of iron. 
After 30 minutes’ treatment, this passes to hard 
lead rotary vacuum filters, in which the filtration is 
effected by means of a camel-hair filter-cloth cover- 
ing the surface of a perforated drum. 

The matte thus separated from the solution is 
scraped off the filter and carried by an open spiral 
conveyor to a second filter of the same type, in 
which it is washed with water, and is then delivered 
by a cast-iron worm conveyor into the top of the 
dryer shown in Figs. 7 and 8. The drying surfaces 
consist of annular platforms, carried and protected 
by a casing arranged round the central shaft of the 
dryer. The shaft and platforms are rotated by gear- 
ing. Bronze worms, driven by bevel off the shaft feed 
the matte across the platforms alternately towards 
the centre and towards the edge, so that it falls 





from one to the other, and is ultimately discharged 
through an opening at the base. The purpose of 
using worms instead of rabbles is to give an increased 
wearing surface against abrasion. The platforms 
are heated by burners beneath them, supplied with 
producer gas. A pair of extractors will treat 
45 short tons of calcined matte a day, with about 
21,000 gallons of mother liquor and the equivalent 
of 2,000 to 2,200 gallons of 75 per cent. sulphuric 
acid, yielding about 30 short tons of copper-extracted 
matte, which is also about the daily capacity of a 
dryer. Each vacuum filter deals with about 3-3 
short tons of copper-extracted matte and 2,700 
gallons of liquor per day. The liquor from the 
filter is sucked into vacuum pans of a capacity of 
about 700 gallons, and from them is blown into 
coolers of the type shown in Figs. 12 and 13. These 
are of hard lead, with a capacity of about 350 gallons, 
and will cool about 2,700 gallons of liquor per day 
from 72 deg. C. to 33 deg. C. The fine crystals of 
copper sulphate which separate out are filtered on 
vacuum rotary filters, and passed to the copper- 
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sulphate plant to which reference is made below, 
the liquor being returned for treating further quan- 
tities of calcined matte. Rotary filters of the same 
type are used for separating the matte from the 
crystals, which are fed on to it continuously 
through pipes, and scraped off by hand on to 
atray. These works were the first to introduce 
this type of filter, which may also be arranged for 
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the removal of the crystals automatically instead 
of by hand. 

Reducers, Volatilisers and Decomposers.—The 
dried copper-extracted matte is next conveyed to 
one or other of the nickel-extracting plants. As 
already indicated, the process of extraction consists 
in reducing the nickel oxide in the matte, volatilising 
the nickel so formed by converting it into nickel 
carbonyl, and decomposing the carbonyl so as to 
deposit the nickel. The first two of these processes 
have to be repeated a number of times, before the 
reduction of the extractable nickel has been carried 
as far as is possible in a single passage through the 
plant. One side of the plant is occupied by a number 


of reducers and volatilisers, through which the 
matte passes in a definite order, while on the other 
side are the decomposers in which the nickel is 
deposited. Before tracing the course of the process 
it may be convenient to indicate the construction 


Main Conveyor 


Conveyor 
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of the several units of the plant. Figs. 14 and 15, 
above, illustrate the reducers, which are vertical 
gas-tight cast-iron towers, 6 ft. in diameter, built up 
of 21 sections. A shaft rotates through the centre 
of the cylinder, and carries with it a series of rabble 
arms, by which the matte, let in at the top, is 
distributed alternately outwards and inwards over 
shelves in each section, from which it drops succes- 
sively on to the next lower shelf or the bottom of the 
section, until at the bottom of the cylinder it is 
carried away to the volatilisers by a screw conveyor. 
The shelves and bottom of the section are arranged 
to stop short of the shaft and the circumference 
of the cylinder respectively, so that the material 
under treatment is fed alternately to and from the 
centre, and so drops from level to level. A vertical 
chamber, heated by producer gas, is provided at 
the side of the cylinder, from which hot gases are 
made to circulate throughout a cylindrical heating- 
















This producer-gas heat- 


box within each section. 
ing system maintains a temperature of 330 deg. to 
350 deg. C., within the reducer, and the matte is 
reduced at this temperature through the action of a 
supply of water-gas passing through the tower 


from top to bottom. The volatilisers, shown in 
Figs. 16 and 17, on page 425, are similar in con- 
struction to the reducers, but as the reaction which 
goes on in them is exothermic, no heating arrange- 
ments are necessary. The matte is delivered into 
the volatiliser at the top, and travels down it 
through an upward stream of the reacting gas. The 
nickel carbonyl! is blown by a fan into the decom- 
posers, after having been passed through filters to 
eliminate any particles of matte, and the gases, freed 
from nickel, are returned to the volatilisers through 
a collecting pipe. 

The construction of the decomposer is shown 
in Figs. 18 and 19. It consists of a cylindrical 
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cast-iron base, supporting, one above the other, a 
series of six tapering cast-iron boxes, each 2 ft. 7 in. 
high, the bottom box terminating in a cone piece, im- 


mediately above a rotating drum, fitted with a parrot | 
Each of these boxes is heated by producer- | 


wheel. 
gas through an external gas ring, with 24 burners. 


The boxes are lagged with kieselguhr, and the whole | 


apparatus is filled with nickel pellets, maintained 
closely at a temperature of about 180 deg. C. 
These pellets are kept in motion, escaping past the 
rotating drum at the bottom of the cylinder, and 
being lifted continuously by a bucket-elevator, which 
delivers them again into the top cylinder to circulate 
downwards. The gas to be decomposed is supplied 
through a central vertical tube to the middle of 
each of the boxes, from which it emerges under hoods 
which keep the pellets from entering the gas tube, and 
circulates between the pellets. In this part of the 
process the gas deposits its nickel on them, and then 
leaves the box through a water-cooled outlet ring 
placed between each pair of boxes, passing into a 
common vertical main, from which it is recirculated 
through the volatilisers. The purpose of keeping 
the pellets in motion is to prevent them from being 


cemented together by the freshly-deposited nickel. | 


As they grow in size through this deposit, the 


NICKEL 


pellets escape through a conduit at the top of the’ 
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decomposers, and overflow from it into a box at 
the base, the overflow representing the “ make ” of 
the decomposer. 
(T'o be continued.) 








Lrrerary Institutes oF Lonpon.—A pamphlet 
dealing with the purpose, development, and organisation 
of the literary institutes of London has just been issued 
by the London County Council Education Officer, The 
County Hall, Westminster-bridge, London, 8.E.1. There 
are fourteen institutes of this character in London, and 
the curriculum includes literature, the arts, modern 
languages, architecture, and such subjects as geology, 
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biology, astronomy, photography, history of science and 
invention, and philosophy. The courses are particularly 
well arranged, and the fees are low. Copies of the 
pamphlet, and further information, can be obtained on 
application to the Education Officer, at the address 
mentioned above. 





THE REPAIR OF THE BELLS OF SOUTHFLEET CHURCH.— 
The bells of Southfleet Church, three of which are dated 
1610, 1705, 1736, have been in disuse for over a hundred 
years, owing to cracks, but have recently been success- 
fully repaired by Messrs. Barimar, Limited, 14-18, Lamb’s 
Conduit-street, W.C.1. In the process the iron clapper 
staples, which are believed to have given rise to the 
cracks, have been removed. 
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EXHIBITS 


AT THE BUILDING 


EXHIBITION. 








Fia. 7. 





Fia. 8. 


THE BUILDING TRADES 
EXHIBITION. 


(Concluded from page 396.) 


Amone the engineering exhibits, other than wood- 
working machine tools, which were to be found at the 
recent Building Trades Exhibition at Olympia, 
mention may be made of the sand and gravel washer, 
which was being shown by Messrs. Frederick Parker, 
Limited, Catherine-street, Leicester. A general view 
of this equipment is given in Fig. 7. The feed chute 





53-Cus. Fr. Concretr Mixer; Messrs. AVELING 
AND Porter, LIMITED. 





is built up of steel plate, the various sections being 
welded together electrically, and an easily renewable | 
liner plate is bolted to the bottom. The washing | 
cylinder itself is constructed of heavy boiler plates | 
and is also built up by elestric welding; the lifters, | 
with which the barrel is equipped, are of steel. The 











Sanp AND GRAVEL WasHING PLANT; Messrs. FREDERICK PARKER, LIMITED. 











charged, the advantage 
of this arrangement 
being, of course, that 
the cleanest water and 
material are in contact 
and that the more con- 
taminated material is 
washed by dirty water. 
The washing cylinder 
is divided into two 
compartments by the 
centre baffle ring, one 
compartment containing clean and other -the dirty 
water. After the material has passed through the 
first of these it is discharged into the second, the 
baffles maintaining a good depth of water, and thus, 
it is claimed, ensuring both efficiency and economy. 
The lifters and conveying blades referred to are 





cylinder is divided into two compartments by a cen-| placed throughout the length of the cylinder for 
trally-arranged baffle. The conveying blades are of | agitating the material and preventing balling. The 
tough steel and are arranged along the whole length | material from the cylinder is ejected on to the screens 
of the cylinder, short worm conveying blades being | on to which water is sprayed to ensure a final cleaning. 
fitted at the feed end to prevent the material back- | The washercan be completed by a de-watering machine 
ing out. The steel underframe is built up of channels | for separating the dirty water and sand. This consists 
and angles, which are stayed and gusseted, where | of a steel cone rotating upon a horizontal shaft and 
necessary. The screens are arranged concentrically, | carrying a number of steel blades. These form a series 
the size of the perforations decreasing from the inner- | of pockets, which are so arranged that at a certain 
most one outwards. They are of conical section, | angle the water flows out of them, the sand being 
idler rollers run against the outside screen to keep | carried round to the other side before it is discharged. 
the holes clear. The washer is made in a number of sizes, the cylinder 

As regards operation a flow of water against the run of | dimensions of the largest model being 10 ft. long by 
the material is obtained by the use of baffles. Thus the|6ft.in diameter. This has an output of approximately 
water enters at the end at which the material is dis- ' 350 tons per day. 








Fie. 9. 5-Cus. Fr. Concrete Mixer; Messrs. Mittar’s MACHINERY 


Company, LIMITED. 


Messrs. Aveling and Porter, Limited, of Rochester, 
exhibited the tilting drum concrete mixer without 
power loading hopper, which we illustrate in Fig. 8. 
An ordinary barrow can be pushed well under the drum 
and the loading, mixing and discharging operations 
can take place on either side. The model illustrated 
is designed for operation by a 1} h.p. oil engine, which 
is enclosed in a steel lock-up housing, so that it is 
protected from damage and dust. This housing is 
provided with three large doors, so that easy access 
to both the engine and the chain drive is obtainable 
from each side. The mixer is made in two sizes, the 
unmixed capacities being 5} and 7 cub. ft. and the 
mixed capacities 34 and 5 cub. ft., respectively. In 
the smaller type the depth of the drum is 29 in., the 
diameter 31 in. and the opening 19 in. The corre- 
sponding dimensions for the larger type are 33 in., 
31 in. and 19 in., respectively. It will thus be seen 
that the drum is unusually large for the working 
capacity. The speed is 19 r.p.m. and 20 r.p.m. for 
the two sizes, and the mixing position is almost 
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horizontal. The blades are long, so that as they rotate 
they lift the material right from the back and bottom 
to the front of the drum, and pour it over the centre 
column bearing housing so that as it descends the 
stream is well broken up, anda homogeneous mix of 
the aggregates is ensured. 

The frame, in which the mixer is carried, is built up 
of steel channels and angles, and is strongly constructed 
so that there is a marked absence of vibration. The 
height is such that at loading it is 46 in. and 48 in., 
and on discharging 27 in. and 26 in. in the case of the 
two sizes. The frame is carried on pressed steel 
wheels, the overall length being 6 ft. 2 in. by 3 ft. 2 in. 
wide and 5 ft. high. 

Among other concrete mixers which were shown 
mention may be made of the compact unit illustrated 
in Fig. 9. This was exhibited by Messrs. Millar’s 
Machinery Company, Limited, Pinner’s Hall, Great 
Winchester-street, London, E.C.2, and had a capacity 
of 5 cub. ft. and 4 cub. ft. of unmixed and mixed 
material, respectively. The drum is 33 in. in diameter 
and 28 in. deep, with a 19-in. opening. It is carried 
on a ground steel shaft, which is fitted with ball bear- 
ings, these bearings being supported on a cast-iron 
yoke, and the whole is effectively balanced. The drum 
has Millar-Jaeger flats on the base, and is equipped 
with well-guarded bevel gear. The loader bucket is 
constructed of steel plate, which is reinforced at 
both the feeding edge and bottom with steel strip, 
and is mounted on a cradle with double-pivoted hinge, 
so as to give an exceptionally steep angle of discharge. 
The chute is fitted with a hood of steel plate, so that 
the cement is prevented from blowing out, or the 
aggregate from spilling when the drum is being 
charged. The drive is effected through a Ferrodo-lined 
cone clutch, and a high-tensile steel winding shaft. 
This clutch is controlled by a lever, which also operates 
the brake, the former being locked in both the out and 
in positions by a toggle. Should the control lever 
be accidentally released while the bucket is being 
lowered, the brake comes into action automatically, 
so that damage is prevented. Directly the bucket 
has been raised to its highest position a shaking device 
comes into operation so that a rapid discharge is 
ensured even when the aggregate is wet. The shaker 
gear is made of drop forgings and steel castings 
bushed with gun-metal. The mixer can be equipped 
with a 5-gallon water tank of the self-measuring 
type, so that only a pre-determined quantity of water 
will be delivered. 

As will be seen, the mixer is of the portable type, 
and is mounted on an all-steel three-point suspension 
frame, which in turn is carried on mild-steel axles. 
The road wheels are 24 in. in diameter and 4 in. wide, 
with steel treads. One pair of wheels is arranged to 
swivel, and is provided with draw gear. The operating 
unit is a 2-h.p. vertical petrol engine, which drives 
through chain gearing. The main drive is entirely 
enclosed in the engine compartment, while the secon- 
dary drive is protected by guards. The engine com- 
partment is mounted on the frame and is provided 
with removable doors on each side and at one end. 
Hand holes give access to the water hopper and fuel 
tank. 
~ Mention may also be made of a lift and force pump, 
which was being shown by Messrs. Winget, Limited, 
of Warwick. This is mounted on a two-wheel frame 
which, when set down, is sufficiently stable for it to be 
run without being scotched. The pump itself is fitted 
with a reinforced rubber diaphragm, beneath which 
are leather inlet and discharge-valves. No water, 
therefore, comes in contact with any rubbing metal 
faces. The diaphragm is operated by a rocker lever 
and pitman from a gear-driven countershaft, the latter 
being connected to a petrol engine through a roller 
chain. The pump is made in two sizes with outputs 
of 4,000 and 5,000 gallons per hour, respectively, when 
working on a 5-ft. lift. Both will draw from a 
depth of 25 ft. and raise the water to a height of 
60 ft. The output of the engine is 2 h.p. and 3 h.p., 
respectively. 

Among the exhibits shown by Messrs. Marshall, Sons 
and Company, Limited, Britannia Iron Works, Gains- 
borough, mention may be made of a tipping cart, 
which should find a wide application in building 
operations. This is specially designed for handling 
concrete and is constructed of }-in. mild steel plates, 
those forming the sides being pressed to shape and 
flanged to give well-rounded corners. The wrapper 
plate is riveted direct to the side plates, while angle 
stiffeners are bolted to the sides and are extended 
beyond the body, their ends being joined by a length of 
tube to form the handle. The general dimensions of 
the cart are 3 ft. lin. by 1 ft. 10 in. at the top, tapering 
to 1 ft. 74 in. at the bottom. It is 1 ft. 74 in. deep, 
the height to the top of the body being 2 ft. 23 in. 
It is carried on two 3-ft. pressed steel wheels, the cast 
iron hubs of which are bored to fit the trunnion axles. 
The trunnion brackets are of semi-steel, and mild steel 
axles, machined to fit the wheel hubs, are cast in them. 
The cart will carry 7 cub. ft. of material. 





INTERNATIONAL MARINE-MOTOR 
TRIALS. 


THE heavy-oil engine has been" largely adopted for 
fishing boats in Belgium, as it has been found that 
the time saved in getting to the fishing grounds, in 
trawling, and in returning to port, enables the cost of 
installing the engines to be recouped in a compara- 
tively short time. In order to enable boat owners 
to judge the merits of the various types of engine 
available, a competitive trial of such engines was 
arranged under the auspices of the Ostend Chamber of 
Commerce in the early part of this year. A committee 
of six well-known engineers was appointed to super- 
vise the tests, which embraced determinations of brake 
horse-power and fuel consumption on the bench, while 
marks were given for such points as ease of overhaul, 
ease of starting, and other features. The bench tests 
were carried out between May 18 and June 1, and were 
followed by sea trials at a later date. 


TABLE J.—Leapine CHARACTERISTICS 





voirs as required with weighed quantities of fuel- 
The quantity of cooling water and its temperature, 
together with the temperature and colour of the 
exhaust gas, were also noted. Indicator diagrams 
and explosion records were taken in cases where the 
engines were provided with suitable connections. On 
completion of the tests, the engines were dismantled 
for the inspection of such details as jackets, atomisers 
and fuel pumps, in order to ascertain their condition 
after actual service. 

The classification by the committee of the motors 
in order of merit is given in Table II on this page. It 
is stated in the interim report that 100 marks were 
awarded on the results of the tests for starting and 
flexibility, 50 marks on the results of the brake tests, 
and 50 marks for special characteristics, such as the 
reliability of the lubricating system, the safety arrange- 
ments provided in the case of obstruction of the fuel 
injector, and the cooling arrangements. The number 
of marks earned by each engine for any particular 
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Number uiva- 
Cycle of of Cylinder} Piston Rated Rated ent Startt 
Name. Maker. Type. Opera- _ | Bore | Stroke. Speed. 5 ng 
tlen. o- (m.m.). | (mm.). | ™P | p.m.) aoe System, 
| | 
Deutz es 4 rine 4-stroke 4 115 170 40 | 1,000 73 Electric 
utz, Cologne njection 
Deutz a +6 ~ 4-stroke 3 300 450 | 180 300 80 — 
utz, Cologne | prei ’ 
Benz Motoren Werke Benz 4-stroke 3 250 400 | 120 320 85 3 
M.W.M., Mannheim 
Benz Motoren Werke Bens : .| 4-stroke 2 200 300 | 60 500 83 Hand 
M.W.M., Mannheim { | 
Deutz ee cae --| ne 2-stroke 2 200 300 | 70 |} 480 56 he 
utz, Cologne | pressed air. 
Hille = — i - ae a He | 2-stroke 1 240 330 | 50 875 57°5 * 
resden 
Bones | Machinenfabrik =... . | 2stroke| 2 200 300 | 50 400 | 43-5 ‘ 
nes, Rotterdam | 
Climax = a és me = | 2-stroke 2 270 330 | 90 360 43 a 
otterdam } 
Fair- ey — Diesel En- | © | 2.stroke 5 222 267 125 | 400 40 is 
banks ne Co., cago | 
An ~ — Company, | Hot-bulb | 2-stroke 1 260 300 25 380 26-6 | ‘a 
elge en ' 
— — ee Company, 2-stroke 2 360 | 420 | 120 275 33 | _ 
e en! 
Laval” ae be ro a 9 | 2-stroke 2 220 250 50 500 35 a 
ockholm } | or hand. 
Bolinder | Bolinders Mekaniska Verk- | | 2-stroke 2 380 410 | 150 300 , Com- 
stad A.B., Stockholm | | | | pressed air. 
TABLE II.—-Test Resutts. ENnoGinges ARRANGED IN ORDER OF MERIT. 
| | | | 
| - Consnption of Gas on . 
. per brake horse-power-hour.) | 
Make Rated | bse: Percentage | Normal |Slow Speed’ 
7 ? H.P. Overload. Speed. of Normal. 
| Full Load. | Half Load.' Overload. | | | 
| | 
Four-Cycle Marine Engines. 
Deutz as Re re .-| 180 | 0-359 0-442 0-442 20 800 18 1 
Benz davem ure we toa <i eee | 0-460 0-455 10 320 38 | 2 
Benz .. 60 | 0-482 0-543 0-473 11 500 20 3 
Four-Cycle Engine for Yachts and Lorries. 
Deutz fe 2% ae a] 40 | 0-500 | 0-543 | 0-517 | 10 1,000 | 39 | Bae } 
Two-Cycle Cold-Starting Engines. 
Deutz 70 0-451 0-501 0-484 | 7 | 480 29 1 
Climax H 90 0-440 0-495 0-448 | 10 360 40 2 
Hille 50 0-445 0-453 0-460 } 4 375 33 3 
Bolnes | 50 0-433 0-540 0-480 30 400 33 4 
Fairbanks | 125 0-470 0-582 0-515 20 400 — 5 
Two-Cycle Hot-Bulb Engines. 

- ts os vf 226 0-475 0-627 0-466 | 25 275 43 1 
prone ws ~ ie “a 50 0-535 0-666 0-550 | 10 | 600 28 | 2 
Anglo-Belge ee ae 25 0-565 0-770 _ _— 380 34 8 
Bolinder ‘ 150 0-527 _ 0-517 16 | 300 82 _ 











An interim report covering the bench tests, and the 
general suitability of the engines for fishing boats, 
has now been published. The leading characteristics 
of the 13 engines entered are given in Table I, above, 
and it will be seen that four of them operated on the 
four-stroke cycle, the remainder operating on the two- 
stroke cycle. Of the latter, five were of the cold- 
starting type, and four of the hot-bulb type. 

The committee supervising the tests was under the 
presidency of M. Mathot. Mr. W. A. Tookey was vice- 
president, and was responsible for the bench tests on 
the engines. Each engine was with gas oil of 
the same grade and quality, but, if so desired by a com- 
petitor, additional trials under similar conditions were 
made with an alternative fuel. The bench trials con- 
sisted of a full-load test for three hours after steady con- 
ditions had been established, followed by a half-load 
test for 30 minutes, a no-load test for 10 minutes at 
slow speed, and an overload test for 20 minutes. In 
addition, the engines were tested on reverse, either by 
direct-operation or on gears, according to the type of 
engine, and for hand starting. The power was absorbed 
by a water dynamometer in every case, and the fuel 





consumption was determined by filling up the reser- 


feature is not stated, but possibly this information 
will be given in the final report. The price of the 
engines is also not stated, and it would be useful if 
this could be given in future trials to enable a possible 
purchaser to make some estimate of the price-per- 
formance factor, which is often a deciding issue. We 
understand that the Ostend Chamber of Commerce 
have been asked to repeat the competition in 1931, 
and it may be hoped that, on that occasion, Great 
Britain will be represented, as a number of highly 
successful engines of the required types are manufac- 
tured in this country. 








THE GENERATION OF ELEcTRICITY.—The official 
returns rendered to the Electrivity Commissioners show 
that 721,000,000 kw.-hours were generated by authorised 
undertakers in Great Britain during the month of August, 
1930, as compared with 706,000,000 kw.-hours in the 
corresponding month of 1929, or an increase of 2-1 per 
cent. During the eight months of 1930 up to the end 
of August, the total amount of electricity generated by 
authorised undertakers was 6,888,00U,0U0 kw.-hours, as 
compared with 6,536,000,000 kw.-hours for the corre- 
sponding period of 1929, representing an increase of 
5-4 per cent. 
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2-6-2-TYPE TANK 

ON THE LONDON AND 

EASTERN RAILWAY. 

A new class of 2-6-2-type tank engines is being 
introduced by Mr. H. N. Gresley, C.B.E., Chief Mech- 
anical Engineer, on the London and North Eastern 
Railway, being built at the company’s Doncaster 


works. The first, No. 2900, has just gone into traffic 
on the Southern Scottish Area. The class is known as 
the V.1 type. 


These engines are illustrated by Figs. 1 to 3, here- 
with. They have three cylinders, 16 in. in diameter 
by 26 in. stroke, and piston valves. The cylinders and 
valve chests are all embodied in a single casting, the 
outside pair and all three steam chests having an 
inclination of 1 in 30, while the inside one is on a slope 
of lin 8. All, as shown, drive on to the middle coupled 
axle. Steam distribution for the outside cylinders is 
effected by Walschaert gear, the inside being operated 
by Gresley gear, employing rockers worked by exten- 
sions of the outside valve spindles. The maximum 
valve travel is 64, in., and c.t-off in full gear 68 per 
cent. The big ends of the outside connecting rods are 
solid, and fitted with floating bushes. The inside 
rod big end is of the marine type. The eccentric rods 
are fitted with spherical ball bearings on the return 
cranks. 

The leading wheels are 3 ft. 2 in. in diameter, the 
coupled 5 ft. 8 in., and the trailing 3 ft. 8 in. in diameter. 
The journals of the coupled wheels are 8} in. in 
diameter by 9 in. long. The leading truck is of the 
double-swing link type, allowing for side movement 
of 44 in. on either side. The trailing truck is of the 
spring-controlled radial type, allowing for side play of 
243 on each side. 

he boiler, of which the working pressure is 180 lb. 
per sq. in., is 60 in. in diameter, and the length of 


9 





barrel between tube plates is 12 ft. 2 in. The firebox 


shell is of the round-top type. The firebox is of copper. 
The boiler front slopes forward. The grate is sloping, 
and has a length of 6 ft. 7 in. and area of 22 sq. ft. 
Steel tubes are used. The boiler is fitted with a 22- 
element superheater with a cast-iron header of the 
Robinson pattern. A separate steam pipe is led to 
each of the three steam chests. The front end of the 
barrel and the smokebox are carried on a cast-steel 
saddle, mounted over the cylinder casting. 

Care has been taken to secure an unusually good 
look-out in both directions. The general particulars of 
the engines are as follows :— 


Cylinders (three), diameter 16 in. 
¥ stroke nae 26 in. 
Valves, piston, diamete 8 in. 
» travel, maximum 6 yy in. 
Wheels, leading, diameter 3 ft. 2 in. 
» coupled, diameter 5 ft. 8 in. 
» trailing, diameter 3 ft. 8 in. 
Wheelbase, coupled 16 ft. 3 in. 
Re total 32 ft. 3 in. 
Boiler tubes, 1} in. 149 
a »  5}in. ‘ ae 22 
Heating surface 1}-in. tubes... 830 sq. ft. 
” » 5}-in. ,, 368 Cy, 
» firebox 7 a 
* total ... | aa 
Superheater, number of ele- 
ments ... oes v0 co “ae 
Superheater elements, internal 
diameter oes vee wo. 2am. 
Superheater elements, heating 
surface a ae 284 sq. ft. 
Grate area 22-08 sq. ft. 


Working pressure ove 180 Ib. per sq. in. 


Tractive effort at 85 per cent. 


working pressure 22,464 Ib, 
Coai-bunker capacity ... 4 tons. 
Tank capacity ... ie 2,000 gallons. 
Weight in working order ... 84 tons. 
» available for adhesion... 57 ,, 
Factor of adhesion «. 5-68, 





HIGH-PRESSURE BOILERS FOR 
THE S.S. ‘*KING GEORGE V.”’ 


Ir is not often that large-scale experiments in marine 
steam-raising plant can be made in a practical form 
over long periods, so that it is interesting to record an 
instance of the kind. This lies in a change in the type 
of boiler fitted to the Clyde passenger turbine steamer, 
King George V. It will be recalled that this steamer, 
which has the highest working boiler pressure of any 
vessel afloat, was built not only to demonstrate the 
higher efficiencies resulting from the employment of 
higher pressures than have hitherto been customary 
at sea, but, to use Sir Charles Parson’s own words,* 
‘to explore the application of high temperatures and 
water-tube boilers to marine work, and also to ascertain 
what practical difficulties, if any, had to be overcome 
in this connection.” This exploration is now carried 
into another stage by the installation of Babcock and 
Wilcox water-tube boilers in place of those originally 
fitted, an amicable agreement having been arrived at 
between the two boiler-making firms concerned and 
the managing company of the steamer, these firms 
being Messrs. Babcock and Wilcox, Limited, Farring- 
don-street, London, E.C.4, Messrs. Yarrow and Com- 
pany (1922), Limited, Scotstoun, Glasgow, and Messrs. 
John Williamson and Company, 308, Clyde-street, 
Glasgow, C.1, respectively. 

The first boiler installation, which consisted of two 
five-drum express-type boilers, was fully described 
and illustrated in our account of the steamer when 
first put into service, i.e., in ENGINEERING, vol. cxxii, 
page 321 (1926), and we now give in Figs. 1 to 3, 
on the opposite page, some corresponding views of 
the new arrangement. It will be seen from Fig. 1, 
that, as before, the boilers are facing one another, 





* See ENGINEERING, vol. cxxiii, page 87 (1929). 
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545-LB. PRESSURE BOILERS FOR THE S58. 


CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, 
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and the two funnels are retained. The coal bunkers 
have not been touched, the width of the stokehold 
being the same as before, but the casing underneath 
the funnels has been somewhat raised, and there are 
some changes in the draught arrangements. To ensure 
that the results should not be affected by any abnor- 
mality of design, the boilers have been made of the usual 
Babcock and Wilcox construction with transverse 
drums, as is customary with marine practice. Each 
boiler is 18 sections wide, each section comprising a single 
bottom tube, 4 in. in external diameter and 24 tubes, 
arranged in pairs horizontally, above it. These tubes 
are 14% in. in external diameter, and all the tubes are 
9 ft. 3 in. long overall. The return tubes, two per 
section, are 4 in. in external diameter. The steam drum 
is 3 ft. in internal diameter by 14 ft. long overall, and 
access is gained to it by a 15-in. by 11-in. manhole at 
each end. It is made of seamless forged steel, of 
adequate thickness to give the necessary factor of 
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safety in the shell, but with thicker areas in way of the 
mountings, return tubes and downtake nipples. These 
areas represent the original thickness, the shell having 
been reduced by machining in order to keep down the 
weight. 

The tube nest is divided into three vertical passes 
by means of two vertical plate baffles and one of 
refractory material lying on the top of the two bottom 
rows of small tubes. The superheater is of the U-tube 
type, and lies horizontally in a pocket above the return 
tubes of the boiler. It has circular headers of the shape 
indicated in Fig. 1. An air heater, consisting of a 
nest of straight tubes, is situated above the super- 
heater. It is supported independently of the boiler, 
while the weight of that portion of the uptake above 
it, and of the funnel, is also taken independently. The 
heated air passes down a tapering trunk to the back of 
the boiler, over which it is led, in the ge visible in 


Fig. 1, to the underside of the firebars. The grate 
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is 6 ft. 10} in. long and extends the full width of the 
boiler, being fired through three doors hinged at the 
top, opening inwards and operated by levers. The 
ashpits are closed with butterfly doors. The boilers 
are operated on the plenum system, that is, the stoke- 
hold is closed, and a low air pressure is maintained in 
it by fans so as to ensure a proper flow of secondary 
air through the fire doors. This involves entering the 
stokehold through air locks, but, as the pressure is only 
about } in. of water, there is no real inconvenience. It 
is claimed, with reason, that an economy is probably 
effected, inasmuch as the radiated heat is largely 
carried back into the furnaces in the primary air enter- 
ing the heaters and passing under the firebars. The 
heater air supply is regulated by the hinged dampers 
seen in front of them. In addition, as the air pressure - 
is external to the boilers, no leakage through the casings 
can enter the stokehold. The air supply to the fans 
is taken through a coaming covered with a grid and 
situated on the main deck against the boiler casing in 
the starboard alleyway, t.e., immediately over the fan 
room, shown in Fig. 3. 

The tube heating surface of each boiler is 2,280 sq. ft., 
of each superheater 780 sq. ft., and of each air heater 
800 sq. ft. The grate area of each boiler is 75-5 sq. ft. 
The corresponding figures for the express type boilers 
were 2,550 sq. ft., 870 sq. ft., 2,200 sq. ft. and 66 sq. ft., 
respectively. The Babcock and Wilcox boilers are 
constructed for a safety-valve load of 560 lb. per 
square inch, and to supply steam at a pressure of 545 Ib. 
per sq. in. and a temperature of 700 deg. F. at the 
superheater outlet. The hydraulic test pressure was 
875 lb. per square inch. The safety valves, in the 
express type boilers, were set to blow off at 575 Ib. 
per square inch, and the boilers were tested hydrauli- 
cally to 913 lb. per square inch. With regard to 

‘ormance, a 7-hour trial of the Babcock and Wilcox 
i carried out under ordinary running conditions 
of the steamer, on May 8, 1930, gives the following 
figures :— 

Boiler pressure ... or ia 

Superheater outlet temperature 

Stokehold air pressure ose 

Air temperature before air heater 

Air temperature after air heater 

Temperature of gases leaving 

boiler ... ove ese aaa 

Temperature of gases at base of 

funnel $00 ewe ace 

Temperature of discharge from 

low-pressure feed heater... 196 ,, 

Total water evaporated per hour 33,620 lb. 

Coal used per hour _.... ... 98,578 Ib. 

Calorific value of coal (“ Pol- 

ws nes see 18,990 B.Th.U. per 


532 lb. per sq. in. 
678 deg. F. , 
0-85 in. of water. 
131 deg. F. 

219 ~,, 


655, 
524-5,, 


maise *’) 


Thermal efficiency of boiler 79°6 per cent. 
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It would serve no useful purpose to quote the corre- 
sponding figures for the express type boilers, but it is 
interesting to note that the efficiency above recorded 
is just slightly better than that given for the first 
installation for practically the same rate of evapora- 
tion. This latter figure will be found in Sir Charles 
Parson’s paper on “ Progress in Economy of Turbine 
Machinery on Land and Sea,” reproduced in ENGINEER- 
ING, vol. exxiii, puge 87 (1927). It might also be noted 
that the area of the air heater in the Babcock and 
Wilcox installation is considerably less than that of 
the express type boilers. 

The boilers now described have been working for 
two summer seasons on the Clyde tourist and passenger 
traffic, and examination made at the end of the 1929 
season showed that they had stood up to the trying 
conditions of the service, which involve frequent rapid 
starting and stopping, in a very satisfactory manner, 
the only deterioration visible being some wear and slight 
distortion on some of the baffles, tube supports, and 
casing plates. During the time the vessel was laid up 
for the winter, some changes were made in these parts 
to secure greater durability, and one or two other 
alterations were made. These comprised the fitting 
of an additional gauge glass on the centre of the steam 
drums, to facilitate correct reading of the water level 
should the vessel have a list, an improvement in the 
air supply at the back part of the furnace, and the 
simplificaton of the means of controlling the saturated- 
steam supply from the de-superheater. Periodical 
internal and external examinations carried out during 
1930 have shown the condition of the boiler to be 
thoroughly satisfactory. 

The working of the boilers was demonstrated on 
Thursday, September 25, to a large number of marine 
superintendents, consulting engineers and others in- 
terested, on a special trip to Loch Fyne. The con- 
ditions in the stokehold, in spite of the high superheat 
temperature, were excellent, all working s s being 
agreeably cool and free from the down draughts which 
often obtain when ventilators are used. The operation 
of firing, due to the draught system used, was not at 
all trying, though hot fires were maintained. These 
conditions were reflected in those on the main and 
promenade decks. In steamers of this type, where 
most of the passengers’ time is spent on deck, there 
are often complaints of inconvenience, and sometimes 
of damage, from hot boiler-room casings, but we 
found no reason to apprehend anything of the kind 
in this case. The engine room also was not unduly 
hot, an improvement having been effected, we under- 
stand, by a change in the gland seals of the high- 
pressure turbine. 

In the course of a speech delivered at the luncheon 
on board on the occasion of the demonstration trip, 
Sir Charles A. Parsons, in stating that the results 
had justitied the experiments, said it would appear 
that engineers were beginning to think that the 
Scotch boiler would eventually be superseded by the 
water-tube boiler. This vessel must be considered 
as a stepping stone to the use of higher pressures in 
larger suips, and, if a pressure of 1,000 lb. per square 
inch was indicated as practicable, then the efficiency 
of steam-driven machinery would be equal to that of 
the Diesel engine and the drain of capital to pay for 
oil could be sto with great benetit to the native 
product, coal. e hoped that, in a few years, all large 
ships would be driven by steam at a pressure of 1,000 Ib. 
per square inch. 

Vice-Admiral Sir Robert Dixon, speaking of the 
work of Messrs. Babcock and Wilcox in the matter 
of high pressures and temperatures, referred to the 
experimental boiler for a working pressure of 1,400 Ib. 
per square inch and a temperature of between 800 and 
900 deg. F., which the party had inspected at Renfrew 
earlier in the day, and stated that it would be possible 
even now to adopt a pressure of 700 lb. per square 
inch and a temperature of 750 deg. F. in the Babcock 
and Wilcox boiler for marine work. 








Tractors iv Cusa.—A report on the market for 
tractors is available to firms on the special register of the 
Department of Overseas Trade. pplications should 
quote Ref. No. A.X.10264. 





Diese Encore Bouitpinc mm AvstTRALIA.—We 
understand that the firm of Messrs. Walker's, Limited, 
Maryborough, N.S.W., have made arrangements with 
Messrs. Mirrlees, Bickerton and Day, under which they 
will build in Australia Diesel engines of the Mirrlees 
type. 


THe LiverRPooL AND MANCHESTER Rattway CEN- 
TENARY.—In our issue of last week, page 403 ante, 
we referred to certain publications issued in connection 
with the Liverpool and Manchester Railway Centenary 
Celebrations. e understand that the Liverpool 
Organisation, Royal Liver Building, Live I, has a 
number of copies of the Pageant Book and me, 





now available at 3d. each (post free 6d.). The book 
contains much matter of historic interest, in addition 
to sectioas devoted to the pageant and exhibition of 
rolling stock. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, iculars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Crude-Oil Engine.—The supply of a crude-oil engine 
of 250 b.h.p. The South African Railways and Harbour 
Board, Jo esburg. (Tender No. 1767.) November 
10. (Ref. No. A.X.10279.) 


Water Meters.—The supply of water meters for Singa- 
pore, for the period February 14, 1931, to December 31, 
1933. The Municipality of Singapore. November 25. 
Tenders to be lodged either in Singapore or London. 
(Ref. No. A.X.10274.) 


Electricity Meters.—The supply of A.C. and D.C. house- 
service electricity meters. The Indian Stores Depart- 
ment, New Delhi. October 27. (Ref. No. A.X.11741.) 

Radio Equipment.—The supply of radio terminal 
telephone equipment. The osts and Telegraphs 
Department, Melbourne, Victoria. October 28. (Ref. 
No. A.X. 10288.) 

Air Compressors.—The supply of air compressors. 
November 17. The South African Railways and 
Harbour Board, Johannesburg. (Ref. No. A.X. 10297.) 








BOOKS RECEIVED. 


Applied Mathematics for Engineers. Vol. I. Graphical 
Statics. Vol. If. Dynamics, with an Introduction to 
the Differential and Integral Calculus. By T. Hopcson. 
London: Chapman and Hall, Limited. ([Price: 
Vol. I, 98. 6d. net ; Vol. II, 13s. 6d. net.] 

The Theory and Design of Illuminating Engineering 
Equipment. By L. B. W. JottEy, J. M. Watpram 
and G. H. Witson. London: Chapman and Hall, 
Limited. [Price 45s. net.] 

Department of Scientific and Industrial Research. Building 
Research. Bulletin No. 8. Ultra-Violet Window- 
Glazing. By H. E. Beckett. [Price 4d. net.] No. 9. 
Bonding New Concrete to Old. By NoBmMan Davey. 
[Price 3d. net.] London: His Majesty’s Stationery 
Office. 

Les Carburants Appropriés aux Moteurs @ Explosion 
Modernes. By A. GREBEL. Paris: Chimie et 
Industrie. 

La Politique Frangaise du Petrole. By A. GREBEL. 
Paris: Le Genie Civil. 

A Catalogue of British Scientific and Technical Books. 
Compiled by D. SHaw. London: British Science 
Guild, and A. and F. Denny, Limited. [Price 20s. 


net. ] 

Jahrbuch 1930. Der Deutsch Versuch fiir 
Luftfahrt, E.V., Berlin-Adlershof. Edited by Dr.-Ing. 
Witz. Horr. Munich and Berlin: R. Oldenbourg. 
[Price 58 marks. ] 

Business Charts. By T. G. Rose. London: Sir Isaac 
Pitman and Sons, Limited. [Price 10s. 6d. net.] 

The Fund tals of Mechanical Drawing. By RicHARD 
SHetton Krrsy. Third edition. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 10s. net.] 
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Contracts.—The British Thomson-Houston Company, 
Limited, has secured a twelve months contract from the 
General Post Office for Mazda vacuum and gas-filled 
lamps.—Messrs. Sir W. G. Armstrong, Whitworth and 
Company (Engineers), Limited, have received an order 
from the Buenos Ayres Great Southern Railway Company 
for three Diesel-electric mobile power plants, each of 
1,700 h.p. capacity, and one main-line Diesel-electric 
locomotive of the same power. Each of these units 
will be equipped with two 850 h.p. Sulzer locomotive 
type oil engines, direct-coupled to generators. 


H.M.SS. ‘‘ Boapicea” and ‘“ BuanouEe.”—On Sep- 
tember 23, Messrs. R. and W. Hawthorn, Leslie and 
pore wee Limited, launched from their Hebburn 
Shipbuilding Yard H.M. torpedo boat destroyer 
Boadicea, being constructed to the order of the British 
Admiralty. The Boadicea has an overall length of 
about 323 ft. and a displacement of 1,330 tons. The 
armament includes 4:7-in. and smaller . The 
twin-screw single-reduction geared turbines will develop 
together 34,000 h.p. Three water-tube boilers are being 
fitted for a working pressure of 300 lb. per sq. in. and 
superheat of 200 ~ F. The Blanche, a sister vessel to 
the Boadicea, was launched last May from the same 
yard. The main sets of machinery for both these de- 
stroyers are being built at Portsmouth Dockyard. 


PersonaL.—We are informed that Mr. P. W. Gray, 
late special director of Messrs. Vickers-Armstrongs, 
Limited, has been appointed managing director of 
Messrs. The agg J ypeenee Company, Limited, 
15, Victoria-street, London, S.W.1.—Mr. ro M. M > 
A.M. Inst.C.E., has been appointed Assistant and Deputy 
Engineer by the Weaver Navigation Trustees.—Mr. 
A. W. T. Boyd, B.Sc., has been appointed demonstrator 
in the Department of Electrical Engineering, University 
College, Gower-street, W.C.1.—Messrs. Greenwood and 
Batley, Limited, Albion Works, Leeds, who manufacture 
the well-known Hele-Shaw-Beacham pump, have now 
made arrangements to make this pump for use in con- 
nection with ship steering gears.—Messrs. Metropolitan- 
Vickers Electrical Company, Limited, inform us that the 
address of their Bristol office will, in future, be 22, 
Victoria-street, Bristol. 








ENGINEERING TRAINING AND 
EDUCATION. 

University of London, University College.—The new 
session of the Faculty of Engineering at University 
College commences on October 6. Students will be 
received on October 6 and 7, from 10 a.m. till 1 p.m. 








NOTES FROM THE SOUTH-WEST. 
Caroirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh coal trade 
continue unsatisfactory. The demand remains quiet, 
with supplies plentiful, Oonsequently, buyers are able 
to obtain their limited requirements on the basis of the 
minimum schedule, based on 20s. per ton., f.o.b., for 
best Admiralty large, and 13s. 6d. for best bunker 
smalls. The only — in prices is that the pit-mouth 
price of best house coal has been raised by Is. 6d. per ton 
to 26s. 6d. per ton, making the retail price 42s. 6d., 
delivered at customers’ houses in the Cardiff district. 
This increase is seasonal, and restores the summer 
reduction made at the beginning of May. Though 
inland deliveries have been stimulated by the seasonal 
stocking of supplies, export inquiries remain as quiet 
as ever, and collieries are forced to effect temporary 
stoppages because of the lack of empty trucks, due to 
so many wagons being held up under load. With 
regard to the Egyptian State Railway inquiry for 
155,000 metric tons of large coal, it has now transpired 
that deliveries are to be made at Alexandria over the 
first four months of next year. The import duty of 
3s. 5d. a ton on coal imported into Syria has been with- 
drawn from December 2, and should benefit South 
Wales to some extent, as the whole of the British coal 
taken by Syria for some years has been drawn from 
South Wales. In 1927, the imports amounted to 
33,000 tons, but this year, to date, totalled about 15,000 
tons. The effect of the decision is to put Welsh coal 
on level terms with the Turkish commodity, which, 
since 1926, has enjoyed the preference of being allowed 
into Syria duty free. Welsh patent-fuel makers have 
made representations that the present duty on patent 
fuel should also be removed. 


Colliery Wages.—A real start was made, yesterday, 
towards arranging a new coalfield agreement for South 
Wales, to take the place of the present agreement which 
terminates at the end of the year. The Conciliation 
Joint Board for South Wales met and, after an inter- 
change of views, agreed to the appointment of a small 
Joint Committee to consider the present position and 
the future possibilities in relation to the wages and 
conditions of employment. 


East Dock Tips.—The Great Western Railway Com- 
pany has put another coal tip into operation at the 
Cardiff East Dock, making four in all, as a result of 
representations to the general manager by the Cardiff 
Chamber of Commerce and the Cardiff Corporation 
Parliamentary Committee. As a result of the closing 
down of six coaling appliances, the Cardiff tippers have 
passed a resolution to give a week’s notice to revert to 
two continuous day shifts, instead of the present day 
and night shifts, which, they suggest, will solve the 
difficulty of the railway company by saving them the 
extra 16 per cent. paid for coal shipped on the night 
shift. The traders and the company are, however, not 
likely to agree to the men’s suggestion, as they are 
strenuously opposed to a reversion to continuous day- 
shift working. 

Iron and Steel.—Exports of iron and steel, of 11,196 
tons, showed a reduction of 600 tons in the past week. 
Shipments of tinplates and terneplates were reduced 
from 7,751 tons to 5,757 tons, of black plates and sheets 
from 467 tons to 154 tons, and of other iron and steel 
goods from 2,400 tons to 1,610 tons, but of galvanised 
sheets were raised from 1,271 tons to 3,675 tons. 








University oF Lonpon, UNIVERSITY COLLEGE.— 
A list of public and special lectures to be given in the 
next three months at University College, Gower-street, 
has been published, and may be obtained from the Secre- 
tary of the College. 

REFRIGERATING PLANT IN Mataya.—The Department 
of Overseas Trade has received a report on the market 
in British Malaya for small automatic electric refrigerat- 
ing plant. The report is available to firms on the special 
register on application, quoting Ref. No. A.X.10238. 


Tue DisPposaL oF OBSOLETE Surps.—Last week the 
President of the Board of Trade appointed a committee 
to consider the economic factors involved in the disposal 
of old ships and their replacement by new. Mr. G. A. 
Mitchell was appointed chairman, and Mr. R. M. Nowell 
will act as secretary, with offices at the Board of Trade, 
New Public Offices, Great George-street, S.W.1. 





THE Junior INSTITUTION OF ENGINEERS.—The Council 
of the Junior Institution of Engineers have made the 
following awards in connection with the last session :—- 
The Institution Gold Medal to Mr. H. Southern, and 
Silver Medal to Mr. R. H. Allen. The Vickers Gold 
Medal and Prize has been awarded to Mr. J. N. Riddle, 
and the Dunn Medal to Mr. J. G. Hopcraft. The 
Tookey Award has been made to Mr. C. J. Hill. Silver 
Medals, in connection with Local Sections, have been 
awarded to Mr. G. L. Wollaston, Mr. W. R. Gutteridge 
and Mr. T. W. Stewart, while two Durham Bursary 
awards, of 251. each, have been made, respectively, to 
Messrs. T. H. Martin and J. E. Gray. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—While revival in the steel and engi- 
neering trades is slow in maturing, there is good ground 
for believing that a better buying movement is in the 
offing. The signs are only small, yet it is felt that rock- 
bottom has been reached, and that a movement ina more 
favourable direction will soon be recorded. The number 
of orders in circulation does not afford much encourage- 
ment, but a steady increase in inquiries is reported. 
Competition from the Continent, however, militates 
against the position strongly, owing to the inability of 
local manufacturers to offer such attractive quotations 
as their overseas rivals. Little improvement is visible 
in the raw and semi-finished steel trades, though a 
more hopeful tone is prevalent. A large amount of 
plant continues to be idle, and more operatives have been 
thrown on the “dole.” While a better state of affairs 
exists in the heavy engineering trades, operations are 
of an irregular character. Depression prevailing at 
shipyards is reflected in the lean time experienced by 
local makers of ship steel and forgings and castings. 
Railway rolling-stock departments are no better em- 
ployed. The shortage of overseas business, coupled with 
a diminution in the requirements of British railways, 
has weakened the market for such products considerably. 
Electrical engineering, however, is a progressive line. 
The increased use of electricity both for power and 
lighting purposes in this country and abroad has resulted 
in a steadily widening demand for a variety of products, 
including transformers, generators, switch-gear, cables, 
and for steel framework for power and distributing 
stations. The seasonal slump in agricultural equipment 
has set in, and only a moderate amount of business is 
being transacted. Makers of automobile steel and 
fittings are actively engaged. The tool trades do not 
appear to make much progress. Export requirements 
generally have declined, while buying on home account 
has been somewhat restricted. Among the disappoint- 
ing lines are engineering tools, garden and farm imple- 
ments, files, and plantation and mining requisites. 
Twist drills are not much in demand, but hack-saws 
and blades maintain recent progress. 


South Yorkshire Coal Trade.—While there is room for 
improvement, the market generally presents a satis- 
factory appearance. Export requirements are on the 
increase, but home consumption is variable. The 
demand for industrial fuel is on a low level. Only a 
revival in the iron and steel trades will bring about 
increased buying. Extended business is being done in 
all grades of housecoal. Winter stocking requirements, 
coupled with the advent of colder weather, are respon- 
sible for this brighter tone. Foundry and furnace 
coke at 17s. to 18s. 6d. are only moderate, while gas 
coke is firm, realising from 21s. to 25s. f.o.b. at Humber 
Quotations are: Best branch hand-picked, 24s. 
to 25s. 6d.; Derbyshire best brights, 19s. to 21s. ; 
Derbyshire best house, 18s. to 19s. 6d. ; screened house 
coal, 16s. to 17s.; screened house nuts, 14s. to 16s. ; 
Yorkshire hards, 14s. to 15s. 6d.; Derbyshire hards, 
14s. to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty 
slacks, 7s. to 8s.; smalls, 3s. to 5s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig iron is little altered. A rather substantial 
contract has been arranged with local consumers, and 
moderate direct business by ironmasters with home users 
in other areas is reported, but export demand continues 
very light. Quantities stored at the blastfurnaces are 
not large, and are not increasing. The limited make is 
absorbed chiefly by the needs of ironmasters own con- 
suming works, and the surplus output is no more than 
is necessary for current moderate market requirements. 
Producers are determined to regulate supply to demand. 
Second hands have little iron to offer, and makers hold 
firmly to their fixed minimum figures which stand: 
No. 1 grade of pig, 66s.; No. 3 g.m.b., 688. 6d.; No. 4 
foundry, 628. 6d. ; and No. 4 forge, 62s. 

Hematite-—Output of East Coast hematite is much 
below what could be wished, and is insufficient to cover 
current needs. Stocks are heavy but are largely sold, 
and are now being steadily drawn upon to satisfy the 
moderate demand. Second hands still hold substantial 
quantities, but are no longer underselling makers to 
any extent. The latter are taking a firm stand. Both 
producers and merchants are doing steady home trade, 
and are selling a little iron to customers abroad, not- 
withstanding the comparative cheapness of Continental 
iron. Market values are based on ordinary East Coast 
qualities at quite 71s. 

Foreign Ore.—There is virtually no sale for imported 
ore. Consumers are very well placed as regards supplies, 
and are holding off the market. Nominally best rubio 
is 198. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
very ample supply, and slow of sale. Manufacturers are 
not, however, at all disposed to make price concessions. 
For early delivery of good average qualities to local users 
they name 17s, ; and for supply over periods up to the 
end of the year they ask 17s. 6d. to 18s. 

Manufactured Iron and Steel.—New business in the 
various branches of manufactured iron and steel develops 
very slowly and, as present tonnage output cannot long 
be maintained unless buying expands, much uneasiness is 
felt as regards the near future. Producers of railway 
material and of constructional steel have a fair amount 
of work to execute, but in other departments orders are 
urgently needed. Sheets have been reduced by 5s. per ton, 





but quotations for other descriptions are upheld. Common 
iron bars are 10/1. 15s.; best bars, 11. 5s.; double best 
bars, 11l. 15s.; treble best bars, 12/. 5s.; iron rivets, 
11/. 10s. ; packing (parallel), 87. ; packing (tapered), LOU. ; 
steel billets (soft), 62. 10s.; steel billets (medium), 
7l. 128. 6d. ; steel billets (hard), 8/. 2s. 6d.; steel rivets, 
111. 5s. ; steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; 
steel joists, 8/7. 10s. ; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s. ; black sheets (No. 24 gauge), 9/. 5s. ; 
and galvanised corrugated sheets (No. 34 gauge), 
111. 128, 6d. 

Scrap.—Most kinds of scrap are slow of sale and weak 
in price, but heavy steel is in fairly good request at 
about 47s, 6d, Borings are 30s.; turnings, 37s. 6d. ; 
ordinary cast iron scrap, 54s.; and machinery metal, 
56s. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The position of things in the 
Scottish steel trade is still far from satisfactory, and a 
few days ahead is about all the distance that producers 
cansee. Home consumers are not placing much business, 
for the — reason that they are extremely quiet them- 
selves, while from overseas the volume coming along is 
very small, but the inquiry is slightly better. The demand 
from the local shipbuilders has fallen off considerably, 
and there seems little prospect of any revival in buying 
from that source in the near future. Black sheet makers 
report an easier state lately and orders are coming to 
hand more slowly. The heavier gauges are still in poor 
request, and galvanised sheets have not benefitted much, 
if anything, since makers eased their quotations. The 
following are the current market prices :—Boiler plates, 
107, 10s. per ton; ship plates, 8/. 15s. per ton; sections, 
81. 7s. 6d. per ton; black sheets, }-in., 8J. 15s. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 111. 
17s. 6d. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade the position fails to show any 
improvement, and business is at a very low ebb. Buyers 
are not placing orders for more than their actual require- 
ments at the time and, consequently, plant cannot be 
kept going with any regularity. The demand for re- 
rolled steel bars continues poor. Prices are barely 
steady and are named as follows:—Crown bars, 
101. 5s. per ton for home delivery and 91. 15s. per ton 
for export; and re-rolled steel bars, 7/. 7s. 6d. per ton 
for home delivery and 7l. 5s. per ton for export. 

Scottish Pig-Iron Trade.—There has been no change in 
the state of the Scottish pig-iron trade since the last report 
and the demand is no better. The trade has certainly 
fallen away in no unmistakeable manner when twelve 
furnaces suffice to meet all demands for Scottish pig-iron. 
Shipments from India continue to arrive here, and last 
week nearly 3,000 tons came into Glasgow Harbour. 
The following are the current market quotations :— 
Hematite, 78s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 798. per ton, and No. 3, 76s. 6d. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, September 27, amounted to 263 tons. 
Of that total, 175 tons went overseas and 88 tons coast- 
wise. During the corresponding week of last year the 
figures were 321 tons overseas and 94 tons coastwise, 
making a total shipment of 415 tons. 

Scottish Shipbuilding.—From the latest returns of 
output and new tonnage fixed up it would seem as if the 
real state of the Scottish shipbuilding industry was now 
being brought home to us. The excellent figures of new 
vessels launched during this year made interesting 
reading, and many expressed the hope that shipowners 
would be coming into the market by the autumn with 
many new contracts. Unfortunately, the world’s trade 
in general has fallen off, and many countries are suffer- 
ing from internal troubles, so that freights are scarce, 
with the result that. owners will not place contracts for 
new vessels until such time as they can see a reasonable 
prospect of recouping themselves for their outlay. At 
present, the outlook is far from bright, and shipbuilders 
cannot meantime hope for any improvement in orders. 
During the past month there were only something like 
half-a-dozen contracts reported and not one of them 
for a cargo steamer. Bad times would certainly appear 
to be very near to the industry, as order books at the 
moment do not contain a heavy tonnage. For the month 
just finished, the output of the Scottish yards was 
16 vessels, of 30,251 tons. Of that total, the Clyde con- 








tributed 10 vessels, of 26,894 tons. The details are as 
follows :-— 
September, Nine Months, 
1930. 1930. 
——_—, 
Ves- Tons. Ves- Tons. 
sels, sels. 
The Clyde 10 26,894 154 411,443 
The Forth ... 2 2,404 39 24,528 
The Tay .- _ 5 24,770 
The Dee and 
Moray Firth 4 953 39 6,380 
16 30,251 237 467,121 


The output from the Clyde shipyards for the year to 
date compares favourably with former years, and is 
fully 10,000 tons over last year, and ranks tenth in the 
matter of tonnage in modern times. When the year’s 
figures are tabulated, the showing will certainly ret 
appear too bad, but unless there is an immediate spate 
of orders, the ranks of the unemployed will be consider- 
ably swelled by men from the =" At the moment 
the prospects are not very hopeful. 





NOTICES OF MEETINGS. 


JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ The Development 
of the Bridge,” by Mr. 8S. J. Crispin. Friday, October 10, 
7.30 p.m., “‘The Refining of Cane Sugar,’ by Mr. S. 
Dunlop. 

Institute OF British FounprymMeNn.—Lancashire 
Branch: Saturday, October 4, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. Presidential 
Address, by Mr. R. W. Stubbs. 

Soorety or ENGrveerRs.—Monday, October 6, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
‘*Some Impressions of America,” by Lieut.-Col. H. C. 
Hawkins, 

INSTITUTION OF THE RuBBER INDUSTRY.—Monday, 
October 6, 7.30 p.m., Arts Theatre Club, Great Newport- 
street, W.C.2. ‘‘ The Desirable Properties of Synthetic 
Compositions for Industrial Purposes,” by Mr. W. D. 
Owen. 

Braprorp ENGINEERING Socrety.—Monday, Octo- 
ber 6, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. Address by the President, Mr. W. Hiles, on 
“Heat Engines.” 

Institute oF Merauts.—Scottish Local Section: 
Monday, October 6, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Aluminium Review. Birmingham Local Sec- 
tion : Tuesday, October 7, 7 p.m., Chamber of Commerce, 
New-street, Birmingham. Chairman’s Address by 
Mr. T. G. Bamford. London Local Section: Thursday, 
October 9, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, S.W.1. Chairman’s 
Address, by Mr. W. T. Griffiths. Sheffield Local Section : 
Friday, October 10, 7.30 p.m., The University, St. 
George’s-square, Sheffield, ‘‘ Some Observations on the 
Wire Drawing Process,” by Professor F. C. Thompson. 

Society or CHEemicaL InpustryY: CHEMICAL ENGI- 
NEERING Group.—Monday, October 6, 8 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1, 
Joint Meeting with London Section. ‘‘ Recent Results 
in Structure Research of Colloids in Science and In- 
dustry,” by Dr. E. Hauser. 

InstITUTION oF HEATING AND VENTILATING ENGI- 
NEERS.—Tuesday, October 7, 6.45 p.m., Swedenborg 
Hall, 20, Hart-street, Bloomsbury, W.C.1. ‘‘ Power 
Plant Chimney Pollution,’’ by Mr. G. L. Copping. 

STAFFORDSHIRE [RON AND STEEL INSTITUTE. Tuesday, 
October 7, 7 p.m., Education Offices, St. James’-road, 
Dudley. Presidential Address by Mr. T. Hoskison. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScotLanp.—Tuesday, October 7, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. Presidential Address by Colonel Sir 
J. Lithgow. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
October 7, 8 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Presidential Address. ‘“‘ The Future 
Trend of Automobile Design,” by Sir H. Austin ; and 
at Leeds Centre: Wednesday, October 8. 7.15 p.m., 
Hotel Metropole, Leeds. 

IntumMinaTING ENGINEERING SocreTy.—Wednesday, 
October 8, 6.30 p.m., E.L.M.A. Lighting Service Bureau, 
15, Savoy-street, Strand, W.C.2. Report on Progress 
in Illuminating Engineering. 

INSTITUTION OF ENGINEERS IN CHARGE.—Wednesday, 
October 8, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. Presidential Address by Mr. W. 
Reavell. 

INSTITUTION OF CHEMICAL ENGINEERS.—Wednesday, 
October 8, 8 p.m., Chemical Society, Burlington House, 
Piccadilly, W.1. ‘“‘ The Effect of Surface Conditions on 
Heat Transmission,” by Dr. 8. J. Kohli. 

Royat AgronavuticaL Socrety.—Thursday, October 
9, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2, ‘‘ The Growth of Aviation,” by Mr. C. R. Fairey. 

Institution of Wetpine Enorinerrs.—Thursday, 
October 9, 7.45 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ The Training of Operators in the Welding 
and Cutting Industries,” by Mr. J. Ryder. 

Royat Sanitary InstiroTe.—Friday, October 10, 
4,30 p.m., The Guildhall, Nottingham. ‘‘ River Pollu- 
tion,” by Mr. A. R. Atkey. ‘‘ Industrial Medicine in 
Relation to Public Health,” by Dr. L. P. Lockhart. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 10, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. Presidential Address. ‘‘ Thermal Progress,” 
by Mr. G. E. Windeler. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
October 10, 7.30 p.m., Queen’s Hotel, Keighley. 
‘* Materials used in Modern Engineering,” by Mr. T. H. 
Turner. 

Rattway Cius.—Friday, October 10, 7.30 p.m., 
57, Fetter-lane, E.C.4. ‘* Notes on Time Tables and 
Train Running,” by Mr. C. I. Allen. 











ARCHITECTURAL PRIZES FOR SECONDARY SCHOOLS.— 
The Council of the Royal Institute of British Architects 
have decided to increase the value of the prizes offered 
by the Institute to encourage interest in architecture 
in secondary schools, from 5/. to 10 guineas. 





INTERNAL CoMBUSTION ENGINES IN THE NEAR EAst.— 
The Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, has received from H.M. Acting Consul 
at Aleppo, a report on the market for internal-combustion 
engines in that area. Firms in this country anxious to 
receive a copy of this, should communicate with the 
Department, quoting Ref. No. A.X. 10240. 
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EXHIBITION AND DISPLAY. 


WHEN it is necessary to understand the details 
of a new and complicated machine, there are many 
people who prefer to study a set of working drawings 
rather than examine and, if necessary, dismantle an 
example of the machine itself. This is probably 
entirely a matter of practice; the draughtsman, 
with the habit of making and using drawings, finds 
them the most convenient form of introduction to 
new mechanism, while the shop foreman, with his 
more concrete experience, comes to a more rapid 
understanding by actually inspecting and handling 
the machine itself. Each works best in his own 
medium. It may be scarcely possible to enlarge this 
statement to the point of saying that those who are 
in the habit of describing machines in words will 
follow a written description of a new example 
better than illustrations of it, although it is to be 
presumed that a patent agent finds a study of the 
angular jargon of his confréres the best introduction 
to the study of new inventions. In all these cases, 
however, one is concerned with practitioners ; 
not with amateurs. When it is considered desirable 
to interest the general public in mechanisms, actual 
exhibition is essential. Neither illustration nor 
description conveys much to it. 

The fairly general, but uninstructed, knowledge of 
petrol engines and wireless apparatus possessed by 
the general public has come through the actual 
handling of machines and apparatus, as a by- 
product of amusement, and it is certain that had the 
subjects not been introduced in this way little or no 
interest would be taken in them. If it is considered 
desirable to foster and instruct this elementary 
knowledge of scientific matters, the educational 





process can probably be effectively carried out only 
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tenes means of exhibition and display. The value of 
this type of activity is well understood in the 
commercial sphere, as is sufficiently well illustrated 
by the shop window, which every day becomes more 
extensive and more elaborately equipped, and it is 
interesting to speculate on the extent to which the 
intensive methods of the shop keeper might usefully 
be imitated by the educationalist. 

In considering a matter of this kind it is well to 


1| have a definite conception of what one is trying to 


do. The object of the educationalist is to instruct, 
while that of the shopkeeper would be more 
correctly described as to interest. In a paper 
entitled ‘The Display of Scientific and Technical 
Objects,” read at the recent Oxford meeting of 
the Association of Special Libraries and Informa- 
tion Bureaux, Sir Henry Lyons, speaking of explana- 
tory labels attached to exhibits, said that at the 
Science Museum at South Kensington it had been 
found useless to expect the average visitor to read 
more than about 400 words. Mr. J. M. Walker, 
who spoke at the same meeting about exhibition 


1|and display from the commercial point of view, 


said that in his sphere the number of words had to 
be restricted to ten. The wide divergence of 
purpose between the shop window and the scientific 
exhibit could hardly be better illustrated than by 


5 these two figures. As we have said, the aim of a 


museum is to instruct its public, while the aim of the 
shopkeeper is to interest his to the extent of being 
willing to spend money. Whether it has, or has 
not, any real understanding of what it is buying is 
not his concern. It is possible that some of the 
enterprise and adaptability of the commercial world 


1 might usefully be studied, and even copied, by 


educationalists, to such extent as their funds allow, 
but it is clear that the difference in aim should 
always be kept in mind and the essential superfi- 
ciality of the shop-keeping point of view carefully 
avoided. 

The Science Museum exists to preserve and exhibit 
historic relics and also to display scientific and 
engineering objects to which the public has normally 
no access. It is probable that something better 


| than mere curiosity brings a large proportion of the 


general public which visits the museum, and, in- 
so-far as the exhibits can be better and more 
conveniently displayed, the greater will be the 
educational value of the institution. When, 
however, the present arrangement of the museum 
is compared with that which was necessary in its 
earlier cramped quarters and when it is compared 
with similar institutions in some foreign cities, 
excepting the remarkable Deutsches Museum in 
Munich, the layout is seen to be so good that it is 
difficult to suggest that those responsible for it 
have very much to learn from the study of anyone 
else’s method. None the less, it is clear from Sir 
Henry Lyon’s paper that he is not yet satisfied 
that the museum is as good as it might be, and 
constant efforts are made to improve it. He clearly 
has a full appreciation of the value of so arranging 
his exhibits that they can be seen easily and properly 
and without physical strain, and that as funds and 
space allow, matters are being carried as far as 
they can at South Kensington. His remarks about 
arranging classes of exhibits in historical order to 
illustrate development were of much _ interest. 
This type of display is likely to have, for the general 
public, something of the attractiveness at which the 
shopkeeper aims, combined, however, with the in- 
struction which is the business of the educationalist. 

It would not be correct to represent the Science 
Museum as of interest only to the general public. 
It is a technical and scientific repository of great 
value to experts. The ordered historic displays to 
which we have referred are at times likely to be of 
considerable assistance to the specialised visitor. 
It is difficult to appraise the value of the museum 
to technicians, but there can be no doubt about the 
broad cultural influence it exercises on a proportion 
of the general public. An important part of this 
wider influence is exercised on the young, and the 
juvenile gallery now being prepared at the Museum 
should do much useful work. Apart from the 
natural interest which many boys take in mecha- 
nical matters, the exhibits in the Science Museum 
form both an extension and an illustration of a 





part of the school work of most children, and help 
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to generate interest in a way quite beyond the 
possibilities of the average text-book. An interest- 
ing example of an effort to extend the valuable 
aid of tactile demonstration beyond the limits 
of museum walls is furnished in connection with 
the Philadelphia Commercial Museum. The autho- 
rities of this museum have prepared a series of 
cabinets for loan to schools. These contain exhibits 
illustrative of such matters as the manufacture of 
artificial silk, and being put into the hands of 
children, enable them to appreciate something of 
actual manufacturing or natural processes in a 
way that can never be obtained from books. It is 
clear that any extensive scheme of this kind must 
be relatively costly. It is, however, well worth 
consideration by our educationalists. 

The museum and the shop window are not the 
only media for bringing actual models and samples 
to the notice of the public. An important place is 
occupied by the trade exhibition. In a way, it 
stands between the other two and can use some of 
the methods of both. The essential difference 
between this type of display and the others, however, 
is that it appeals to a trained public. It can be 
less explanatory than the museum and it must be 
more specific than the shop window. It is useless 
merely to teil the prospective purchaser of a capstan 
lathe that while your lathe is certainly twice as 
dear as some competing make, it is also twice as 
good. He will not be satisfied with a statement and 
wants a demonstration. In the case of, say, a 
tooth paste. however, it is apparently only necessary 
to say often enough and loudly enough that one’s 
product is twice as good, to be believed. It is this 
necessity for proper demonstration, which involves 
showing material so that it can be closely examined, 
that makes the trade exhibition so valuable. As 
a result of this necessity for frank and instructive 
display. it is probable that the museum has much 
more to learn from the well-arranged trade exhibi- 
tion than from Oxford Street. The purposes of 
the two are to some extent different, but if it were 
possible for interested members of the public to 
examine a machine at a museum in the detail 
which is possible at Olympia, the value of the 
institution might be considerably increased. The 
difficulties of any such arrangement are mainly 
those of space and expense. A trade exhibition 
carries a very large staff which demonstrates the 
exhibits and prevents them from being damaged. 
No similar staff is possible in a museum, but some- 
thing might be done to introduce exhibits which 
the public could examine closely and even handle. 
The arrangement could only be considered in con- 
nection with selected exhibits of 1ittle intrinsic 
value, such as one may presume are being used 
by the Philadelphia Commercial Museum in connec- 
tion with its school cabinets. Historic and valuable 
exhibits must clearly be protected as now. 








THE INDUSTRIAL POLICY OF 
ITALY. 


For some years past Italy has been, in one 
respect, among the most interesting of civilised 
nations. It is the one which most conspicuously 
has had a Government with a mind of its own, 
and no likelihood of changing it in the immediate 
future. Like other countries, it has had its share 
of the problems and difficulties of the present 
troubled times, but its political circumstances have 
enabled it to face them with a determined and well- 
defined policy. In a recent report on Economic 
Conditions in Italy to April of this year (H.M. 
Stationery Office, price 3s. 6d. 1et), the Department 
of Overseas Trade has given one of its useful contri- 
butions to the chronicles of foreign industry. Great 
Britain is high up, though by no means predominant, 
among the customers of Italy, and also among its 
sources of supply. In the year under review, 
British exports to Italy were made to the value of 
22,000,000/., being an advance of over 14 percent.over 
the figures of the previous year, and over 50 per cent. 
over those of that exceptionally unfortunate year, 
1926. So far at least as the engineering trades are 
concerned, this increase seems to have arisen much 
more through the increase in Italian demands than 
through reduction in supplies from other countries, 
and it has been obtained in the face of considerable 





advances in the production of Italian work. In both 
motor cars, for example, where the British supplies 
are relatively trifling, and in motor-cycles, where 
they amount to more than three-fourths of the total 
imports, Italian works appear to have supplied in 
1929 more than four times as many as were im- 
ported. It may be worth while to draw attention 
to one or two points in the circumstances under 
which results such as these have been obtained. 

These circumstances are of the more interest to 
this country because, though in many respects they 
differ from British conditions, the net effect in both 
countries is to create a stringent need for increased 
production, and in particular for greater exports. 
In each country neither of these needs is fully 
satisfied, and the Italian situation is the better 
worth considering because the measures by which 
it is sought to remedy it are definite and consistent, 
and are being applied with unflagging energy. Italy 
is a country rather larger than Great Britain and 
of about the same population, but its economical 
operations are on a much smaller scale. Its National 
Debt is less than one-seventh as large, and its 
income, a chief source of which is produced by the 
Customs tariff, is about one-fourth; its total ex- 
ports are only of the value of about 160,000,000/., 
though the imports are nearly half as large again. 
The number of unemployed has increased substan- 
tially in the last three years, but its highest figure, 
which was reached in February of last year, was 
under 500,000, and in June it was less than 200,000. 
Its exports to the value of about 100,000,000/. are 
classed as industrial, and presumably a large part 
of the balance was provided by agriculture, the 
total production of which last year was estimated 
to have a value of something under 300,000,000/. 
sterling. 

These figures show, as in this country, though for 
different reasons, a predominant need to reduce the 
adverse balance between exports and imports, and, 
in view of the appreciable amount of unemployment, 
to increase the volume of production. The action 
of the Government during the year under notice, and 
for a number of years past, shows that it is aware of 
the many ways, direct and indirect, in which these 
objects can be promoted. It shows, moreover, a 
marked anxiety to avoid undertaking industrial 
activities, if they can be conducted adequately by 
private enterprise. It recognises itself, in fact, as a 
Hercules, with all the power necessary to drag carts 
out of ruts, but it requires that, before it does so, 
those who ask its help shall have first to put their 
own backs into the work. In 1925, for instance, the 
State handed over the greater part of the telephone 
services to private companies, though it provided 
the lines of communication throughout the Penin- 
sula, which are being led through all the principal 
towns, and will be available for communication with 
the chief European cities. Since that date, the 
number of subscribers has increased from about 
32,000 to nearly 150,000, on which figures it may be 
remarked that, though the percentage of increase is 
high, the number of subscribers is not impressive. 
But though the Government insists that private 
enterprise shall make itself responsible for produc- 
tive work of all kinds, it has kept a careful eye on 
all enterprises affecting the material well-being of 
the country, and in many different ways assists 
their operations where the need for its help 
may arise. The report states that it has already 
intervened to save certain navigation, banking, 
industrial and agricultural enterprises. It has 
placed contracts for nearly 4,000,000/. worth of 
railway rolling-stock, in order to stimulate the 
mechanical industries, and the Ministry of Marine 
has spent a still larger amount in order to reduce 
unemployment in the shipbuilding yards. Generally, 
in fact, the Government has stated that every 
industry which had some raison d’étre would receive 
some protection, if necessary through an increase 
of Custom duties. A few of the more important 
items may illustrate the wide scope of the assistance 
thus given. Subsidies of nearly 1,000,000/. are now 


being paid to civil air lines. As from 1925, the 
improvement of housing was promoted by exempting 
new houses for 25 years from paying Government, 
Provincial and Communal taxes, and in the present 
year the exemption has been extended to include 
garages, in the interest of the motor-car trade. Sums 





of from two to three million pounds each are being 
devoted to land reclamation, including irrigation, 
contributions to public works, including thermo- 
electric plant, and roads. Subsidies are given to 
enterprises erecting and operating high-tension 
transmission lines, and public aerial ropeways and 
lifts. The State railways carry certain export goods, 
especially food products, at reduced rates, some- 
times below cost. Raw materials and products to 
be worked up may be admitted free of duty, and 
on the experience of 1929 only two-thirds of the 
goods so exempted consisted of raw materials 
proper, the intention being to put exports in the 
same position as their manufacturing competitors 
in a free-trade country. In addition, goods are 
imported from time to time free of duty, or at 
reduced rates, in order to assist special industries 
or districts suffering from economic disadvantages. 

The systematic manner in which provision is 
made for State assistance to industries where it is 
desirable is, perhaps, seen best in the subsidies to 
shipbuilding and shipping services, which were 
revised by the present Government in 1926 and at 
later dates. The subsidy to shipbuilding extends 
not only to construction, but also to repairs, and 
may include the refund of duty paid on material 
imported for the purpose. The provisions origin- 
ally made have been extended, and during 1929 
added to the subsidy for hull and machinery a 
fitting-out subsidy on all vessels launched by the 
middle of 1938, consisting of a percentage on the 
hull-and-machinery subsidy to an extent propor- 
tionate to the speed of the vessel, and varying from 
30 per cent. for vessels with a speed of 14 knots 
to 233 per cent. for those of 27 knots or over. The 
vessel, moreover, is exempted from income-tax for 
the first ten years of its operation. The shipping 
services principally subsidised are those which are 
regarded as indispensable, and serve to connect the 
ports of the peninsula with the Italian islands and 
colonies. Those regarded as useful serve for the 
trade between Italian and foreign ports, and the 
number of such services which are subsidised was 
increased during 1929. The contracts for the indis- 
pensable services run over twenty years, and the 
tendency is to increase them. The interest of Italy 
in her mercantile marine did not, of course, begin 
with the present Government, but it seems probable 
that the vigour and assurance of continuity it has 
introduced into measures for assisting shipping 
must be responsible for a very large part of its 
growth. How large it has been may be seen from 
the fact that in 1929 the net tonnage of vessels 
entered and cleared in Italian ports was over 
one-third larger than it was in 1913, and the 
number of passengers landed and embarked was 
almost three times as great in 1929 as it was in 
1913. 

The vigour and success with which Italy is pro- 
moting its industrial interests is the more remark- 
able when its relatively limited financial resources 
are considered. It is doubtless for this reason that 
much of the assistance given to industry is by way 
of exemption or abatement from taxes or other dues 
which otherwise would be payable to the Treasury. 
This method has, of course, the advantage that it 
does not draw on the capital resources of the country, 
or force it into the loan market at an unfavourable 
time. Incidentally, moreover, it seems as though 
it might provide a conveniently elastic means for 
dealing with exceptional cases, for which provision 
cannot be made publicly or in general terms. It is 
obvious that the remission of duties in a country 
which has a substantial tariff, and the abatement 
of income and other taxes, are measures that can 
be applied readily in individual cases, if the Govern- 
ment is satisfied that such concessions are for the 
national interest. Apart from assistance given, for 
instance, to the shipbuilding or shipping industry 
in general terms, it may well be that in given circum- 
stances the grant of such concessions in respect of 
some large individual contract might attract to the 
country a volume of employment which would 
be worth much more to the Treasury than the 
amount of the dues remitted. The simplicity, too, of 
the means by which the concession could be given 
would make it particularly suitable where it was 
wished to avoid a publicity which for one or another 
reason might be undesirable. The report gives no 
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evidence that the system has, in fact, been turned to 
such account, but the possibility of doing so is 
among the advantages evidently inherent in the 
method. 


WELDED CONTAINERS. 

Durrine the war period, welded drums containing 
chlorine or other poisonous gases were conveyed 
over our railways without scruple and irrespective 
of the character of the joint, whether it was a fusion 
weld by the acetylene or electric process or a water- 
gas weld. With the latter method of welding, the 
metal is never raised to a temperature high enough 
to fuse it, and the joint is, moreover, rolled or 
hammered. In the case of fusion welds, on the 
other hand, no work is put upon the weld metal, 
which retains the character of a casting. After 
the war, the railway companies refused to take the 
responsibility of handling containers of this type. 
It is, however, commercially impracticable to solid- 
draw very large tubes, and there are, moreover, 
some difficulties to closing in the ends of these, and 
hence, of late, the railway companies have been urged 
to remove their ban and to accept not only welded 
drums holding about 20 cwt. of liquid chlorine, but 
tank wagons with as much as 12} tons. 

The companies decided, accordingly, to carry 
through a series of drastic tests on welded con- 
tainers. The hydraulic test was, quite properly, 
considered inadequate, as it is notoriously incapable 
of detecting brittle materials. Hence, it was supple- 
mented by tests in which the drums, after having 
been nearly filled with a solution of calcium chloride, 
above which was air, at a pressure of 95 lb. per square 
inch, were dropped, from heights ranging from 2 ft. 
up to 10 ft., on to, in some cases, a bed of concrete 
12 ft. thick, and in others on to a rail resting on 
the concrete and placed transversely to the axis 
of the drum. In some of the tests, the drum was 
dropped so as to fall horizontally, whilst in others 
it was tilted before dropping to an angle of 
30 deg. or 40 deg., so that one end struck the ground 
before the other. It is interesting to note that, in 
such cases, it was not the end which hit the ground 
first which suffered the most damage, but the other. 

In the original series of tests, only five drums were 
experimented with. Of these, three were acetylene- 
welded and one electrically welded, while the fifth 
had a water-gas weld, and this proved far superior 
to the others. Later on, two other drums, both 
welded by the water-gas method, were subjected 
to the same tests, which were watched by Professor 
Lea and Mr. A. Bailey on behalf of the Committee on 
Welded Containers, which originated as a sub- 
committee of the Gas Cylinders Research Com- 
mittee and has just published its report. 

Much of this report* is devoted to a discus- 
sion of these tests, but the committee also had 
micrographic and other examinations of the metal 
made at the National Physical Laboratory, which 
confirmed the conclusions already reached as the 
result of the railway companies’ tests. On the basis 
of these observations, the committee recommend 
that an open-hearth carbon steel of the following 
percentage composition should be used for such 
containers: Carbon, 0-10 to 0-20; sulphur, 0-04 
(maximum); phosphorus, 0:05 (maximum); man- 
ganese, 0°40 to 0°60; and silicon, 0°20 (maximum). 
Fusion welds are barred, and it is provided that, 
whilst sufficient work must be put on the joint to 
make a satisfactory weld, the forging must be 
stopped before the temperature has fallen to 
800 deg. C. For fixing scantlings, they give two 
formulas, the one to be adopted in any case being 
that which gives the greater thickness, which in 
no case should be less than # in. The formulas 
are as follows :— 
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where 

D = the external diameter in inches. 

t= poo wall ve in inches. 

p = the worki ressure ) in Ib. . in. 

q = 7,840 Ib. pn in. + caenllaatialadia 

f = 13,440 lb. per sq. in. 

: It is further recommended that the thickness of the 
dished end or cap should be at least 30 per cent. 
greater than the shell thickness, and that the 
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maximum radius of this cap should not exceed the 
diameter of the container. 

It will be noted that only one electric weld was 
subjected to test, and no particulars are given of how 
this weld was prepared. Different methods of arc 
welding, however, yield widely varying results. 
Carbon-are welds are notoriously brittle, whilst very 
satisfactory welds have been secured with coated- 
metal electrodes. Still, with all welds there is no 
certainty against an occasional indifferent job. 
It was this consideration that led Mr. L. W. Schuster, 
M.A., in his report last year to the British Engine, 
Boiler, and Electrical Insurance Company, Limited, 
to rate welded joints at only half the strength that 
might reasonabiy be expected given suitable 
materials and careful workmanship. A crack once 
started may spread along the whole length of a weld, 
with possibly appalling results in the case of a 
tank wagon carrying some tons of poisonous gas. 
There are, however, means of combating this draw- 
back, of which perhaps the most satisfactory is the 
method of Mr. E. Hoehn, chief engineer to the 
Association Suisse de Propriétaires de Chaudiéres 
& Vapeur. He welds on straps across the joint, 
which can then be safely credited with fully 90 per 
cent. of the strength of the shell plating. 

It would be of much interest if the railway 
companies would make drop tests on vessels of 
this type, though the plan is probably better 
adapted to large tanks than to the drums with 
which their experiments have so far been made. 
It seems possible that welded vessels of this 
description would prove quite as safe as those with 
water-gas welds, with which alone the companies 
and the committee are at present satisfied. 

An important point considered in the report 
is the possible temperature reached by the con- 
tents of such containers. The committee which 
reported on gas cylinders considered it unnecessary 
to provide for a temperature higher than 45 deg. C. 
in temperate climates, and of 65 deg. C. in the 
tropics. In the report now under discussion, it 
is suggested that, for welded containers, these 
values should be increased to 50 deg. C. and 75 deg. 
C., respectively. 

On this basis, the percentage fillings and corres- 
ponding working pressures given in the following 
table are recommended :— 


Filling Ratios and Assumed Working (Gauge) Pressures. 











Temperate Climates Tropical Climates 
(Maximum tempera- | (Maximum tempera- 
ture 50 deg. C.). ture 75 deg. C.) 
Gas. 
Working Working 
Filling (Gau Filling 
ge) (Gauge) 
Ratio. Pressure. Ratio. Pressure. 
Ib. per Ib. per 
sq. in. 8q. in. 
Sulphur Dioxide 1-24 103 1-16 212 
Ammonia na 0°53 278 0-49 516 
Chlorine 1-24 197 1-16 348 
Phosgene 1-24 60 1-16 120 

















The filling ratio, it should be explained, is the 
weight of gas, in lb., permitted for each pound of 
water capacity of the container. 

Each container should, moreover, prove staunch 
in an hydraulic test under a pressure given by the 
following formula :— 

2 q’t 

?= be 
where q’ = 15,680 lb. per square inch, whilst 
t is the thickness of the shell and D its diameter, 
both taken ininches. In addition to this, one drum 
out of every batch, and at least one out of every 
hundred in the case of large batches, should with- 
stand, without sign of leakage, drop tests similar to 
those adopted by the railway companies as already 
described, the height of fall being 6 ft. 











NOTES. 


AssIsTED APPRENTICESHIP. 

Even in the present depressed state of industry, 
it is axiomatic that the skilled workman has a better 
chance of securing and keeping regular and re- 
munerative employment than his unskilled col- 
league, apparent exceptions to the contrary not- 
withstanding. In addition, for reasons partl, 





educational and partly psychological, he is likely 
to be a more worthy citizen. Every encourage- 
ment, therefore, should be given to such bodies as 
the Skilled Employment and Apprenticeship Associa- 
tion, whose objects are to promote the welfare of 
boys and girls through industrial training by 
apprenticeship and attendance at technical classes, 
and to form character by sympathetic supervision 
and encouragement during that period. This 
Association was founded some twenty-five years 
ago to correct the uneconomic habit of placing 
children in what has been pertinently termed 
blind-alley employment. We are glad to learn 
that its efforts have been welcomed by parents, 
as well as by bodies of employers and employees, 
with the result that places have been found in skilled 
trades for 21,234 boys and girls in all. Moreover, 
as an indication of the success of this work, it may 
be added that the wastage has been less than 10 per 
cent. Unfortunately, parents are still less regardful 
of their children’s interests than they might be, 
and present conditions reuder it advisable that 
prevention should take the place of cure; in other 
words, that training should be substituted for the 
salving of misfits. This cannot be done without 
the personal touch, and the Association are, there- 
fore, appealing for 3,000/. to enable them to carry 
on the work of development, especially in some of 
the more congested areas of the metropolis. The 
work is entirely financed by voluntary subscriptions 
and donations ; not a penny is charged to the parents 
or children for advice or assistance, while money is 
advanced for the purchase of tools. In 1929, 
2,446 cases were dealt with, of whom 107 boys and 
16 girls were apprenticed, and 566 boys and 532 
girls entered as learners. Of the boys, 165 were 
placed in the engineering and heavy-metal trades, 
18 in the building trades, and 42 in designing and 
drawing. One of the most important requirements, 
if the work of the Association is to be efficiently 
carried on, is a paid secretary, and though one has 
been appointed, the present state of the finances do 
not ensure the permanency of the arrangement. The 
central offices of the Association are at 75, Denison 
House, Vauxhall Bridge-road, London, S.W.1. 


NATIONAL CERTIFICATES IN AUTOMOBILE 
ENGINEERING AND FounpRY WorK. 


Since the war, progress in engineering education 
has been materially encouraged by the scheme 
whereby national certificates are awarded by one 
of the principal engineering institutions, in con- 
junction with the Board of Education. Such a 
system, to be successful, must, above all things, 
be flexible, and we are glad to learn, therefore, 
that the scope of the arrangements, so far as 
mechanical engineering is concerned, has been ex- 
tended in two important directions. For the past 
six years, a candidate for a higher national certifi- 
cate in mechanical engineering has been entitled, 
when he has included a specialised automobile 
engineering subject in his final examination, to 
have the signature of the President of the Institution 
of Automobile Engineers added to any certificate 
that may be awarded at the end of the course. In 
future, however, this arrangement will be extended 
to the ordinary certificates awarded at the termina- 
tion of senior part-time courses, while applications 
for supplementary senior part-time courses, to 
enable candidates to obtain this endorsement on 
certificates which have already been awarded at 
the conclusion of a general course, will also be con- 
sidered. Such applications should be addressed 
to the Board of Education in the first instance. 
In addition, better provision is to be made for 
the foundry apprentice who aspires to the super- 
visory rank of foundry engineer. This will be 
effected by including a proportion of subjects 
associated with the work of the foundry in the 
curriculum of the senior part-time courses leading 
up to the award of ordinary national certificates, by 
allowing further specialisation in the advanced 
part-time courses, and by considering applications 
for supplementary senior and advanced part-time 
courses to enable certificates already granted to be 
endorsed by the President of the Institute of British 
Foundrymen in the way already described. We 
hope, with the Council of the Institution of Mechani- 
cal Engineers, that these announcements will receive 
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the attention of all concerned, and that full advan- 
tage will be taken of this excellent method of 
recording the possession of specialist knowledge by 
those who have obtained it. 


CLEAVAGE TESTS OF TIMBER. 


Timber was pre-eminently the structural material 
of our predecessors, many of the early steam engines, 
in fact, having had wooden beams. The older 
engineers devoted, accordingly, a good deal of 
attention to the strength of timber, on which they 
made many experiments. With the advent of 
cheap iron and steel, wood fell out of favour, but 
became of importance again with the introduction 
of the aeroplane, in which weight is the primary 
consideration. This has led to further extensive re- 
searches on the physical and mechanical properties of 
timber, which differs from most structural materials 
in having markedly different properties with and 
across the grain, and the resistance to cleavage is also 
a matter of much practical importance. This has 
commonly been determined by applying equal and 
opposite loads, up to fracture, along the diameters of 
incomplete holes bored in flat specimens, and cut in 
such a way that the line of load is perpendicular to 
the direction of the grain. On the suggestion of 
Sir Alfred Ewing, Professor E. G. Coker, F.R.S., has 
mapped out, by photo-elastic methods, the distri- 
bution of stress in celluloid specimens treated in 
a similar way, and this forms the subject of a paper 
by himself and Mr. G. P. Coleman, which has been 
recently published in the Proceedings of the Royal 
Society. It was, of course, recognised that some 
caution is necessary in applying to timber deduc- 
tions from experiments on an isotropic material 
such as celluloid, but the general character of the 
stress distribution will probably be much the same 
in both. The main point of interest brought out 
in the experiments was that the stress was not 
at a maximum at a point midway between the 
points of application of the loads, but that there 
were two stress maxima between this mid point 
and the points of loading. Diagrams reproduced 
in the paper establish this very clearly. It also 
appeared that the distribution depended on the 
proportions of the hole and of the test-piece, and it 
is suggested accordingly that cleavage tests of 
timber would be best made as simple tension tests, 
the specimens being shaped so that grain is normal 
to the line of the pull. 


THe NEWcoMEN Society. 


Though the Centenary celebrations of the Liver- 
pool and Manchester Railway at Liverpool did not 
include meetings of the technical societies, the 
Newcomen Society appropriately arranged to hold 
their summer meeting in the city during the week. 
Members arrived in Liverpool on September 14, 
and the following day were received by Mr. Robert 
Hladstone at the exhibition in St. George’s Hall, 
to which reference was made elsewhere in our last 
week’s issue. The same day they also inspected the 
collection of locomotives and witnessed the Pageant 
of Transport in Wavertree Playground. On Tues- 
day, September 16, they paid a visit to Prescot 
and Rainhill, and were able to inspect some small 
workshops where handicrafts are carried on in a 
manner that is somewhat uncommon. In the first 
small factory, that of the Prescot Clock and Mechan- 
ism Company, small parts were being manufac- 
tured for such things as electrical meters, speed 
recorders and turret clocks, the work being done 
without the aid of automatic machinery. From this 
factory, the members were taken in turn to shops 
where the movements for chronometers were made 
by hand, where the hand cutting of files was still 
carried on, where pentagonal broaches varying in 
size from 4 in. to the fineness of a needle were 
filed by hand, and where various sizes of high-class 
pliers and wire-cutters were hand-forged and fitted. 
The tools for file-cutting and broach making are of 
the simplest description, but the skill, speed, and 
accuracy of the workmen are remarkable. Though 
many members of the Newcomen Society are engi- 
neers of many years’ experience, it came as a 
revelation that these handicrafts still survived and 
were able to compete with machine manufacturing. 
To cut the three faces of a 7-in. or 8-in. triangular 
file of 4 in. diameter takes about as many minutes 
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as there are inches of length. In broach making, 
the shank of the broach is held by a special pair of 
pliers in the left hand. The broach is then laid 
flat in a small groove in a block of bone held in a 
bench vice. At each stroke of the file the pliers are 
turned through one-fifth of a revolution; and the 
accuracy with which this is done was very astonish- 
ing. Other places visited during the day were 
Rainhill railway station and the site of the old iron 
works close by, and the Green Lane pumping station 
of the Liverpool Corporation, where there are Watt 
and Cornish pumping engines dating, we understand, 
from 1837 and 1845. The most interesting thing at 





Rainhill is the fine Skew Bridge, built over the 
Liverpool and Manchester Railway by Stephenson 
a century ago. The bridge is at an angle of 34 deg. 
to the line. Built of stone, it is in an excellent 
state of preservation, and is apparently carrying the 
heavy traffic of the district without showing signs 
of weakness. It is said that a full-size wooden 
model of the bridge was erected in a field nearby 
to assist the masons in their work. On both sides 
of the bridge over the key-stones are inscriptions 
giving the date of building and the names of 
Lawrence, the chairman, and Stephenson, the 
engineer of the line. 
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removed from the gear box in the same manner. 
The gear box is provided with three forward and 
one reverse ratio, the travelling speeds being given 
in Table I. The differential is of the bevel-wheel 
type, and the gears and final transmission shafts 
are carried on five ball or roller bearings, one being 
of the double-thrust type. The belt pulley is 
mounted on the near side, and is 13 in. in diameter 
by 64; in. wide. It runs at 650 r.p.m., giving a belt 
speed of 2,212 ft. per minute. The tractor driving 
wheels are 514 in. diameter by 12} in. wide, and 
are fitted with spade lugs, the usual detachable 
road rims being provided. The drawbar has a 
vertical adjustment between 9 in. and 164 in., and 
a lateral adjustment of 11% in. 

Turning now to the trial results, the figures for 
the belt tests are given in Table II on page 437. The 
method of conducting the tests has already been 
explained, but the following further information may 
be given. The dynamometer, on which the belt 
tests were carried out, was constructed by Messrs. 
The Macfarlane Engineering Company, Limited, of 
Glasgow, and was of the cradle type, the generator 
frame being mounted on bail bearings. The torque 
was taken up by two spring balances, and the 
output was absorbed by grid resistances. The 
machine could be adjusted to take any load up to 
70 h.p. While every precaution was taken to 
ensure good belt adhesion, no allowance was made 
for slip. The power recorded in the table in each 
case is that actually delivered to the dynamometer. 
The total period during which each tractor ran in 
the tests was given on page 368 ante, the figures in 
Table II, under the headings ‘“‘ Duration of Test ” 
referring only to the period during which fuel 
consumption was measured. In the results of the 
governor tests given in the last two columns, the 
remarks under the heading “‘ Closeness of Range ”’ 
are based on the differences between the pulley 
speeds recorded during the fractional-load tests and 
the pulley speed recorded during the rated-load 
test. A maximum variation under 5 per cent. is 
classed as “‘ very good,” between 5 per cent. and 
15 per cent. as “‘ good,” between 15 per cent. and 
25 per cent. as “ fair,” between 25 per cent. and 
40 per cent. as “ poor,” and over 40 per cent. as 
‘“‘bad.”’ Comment on the table may be deferred 
until the results of the draw-bar tests have been 
given. 

(To be continued.) 








THE BRITISH ASSOCIATION AT 
BRISTOL. 
(Continued from page 409.) 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 

For the first time after a long interval, Section A 
again met in a separate General Section and a 
Mathematical Department, and the latter fully 
justified its reconstruction, holding four morning 
sessions and having a long list of important com- 
munications. The chief subjects coming before the 
General Section were magnetism, atmospherics, the 
rate of flow of gases, the solid state of matter, and 
atomic construction. The various contributions to 
these and other problems from the Henry Herbert 
Wills Physical Laboratory testified to the remark- 
able activities of this institute, of which Professor 
A. M. Tyndall is chief. To avoid crowding the 
programme, these fourteen contributions were ar- 
ranged as demonstrations on the afternoon of 
Thursday, September 4. We may begin our account 
of the sectional proceedings with the presidential ad- 
dress by Dr. F. E. Smith, Sec.R.S., and Secretary 
of the Department of Scientific and Industrial 


observatory, at Helwan, in Egypt. Gilbert had 
regarded the earth as a great magnet, but inter- 
national co-operation in magnetic work was only 
initiated by Gauss in 1838. The Magnetic Congress, 
of 1845, resolved, at Cambridge, that this work 
should not be dropped ; an International Conference 
on Terrestrial Magnetism and Atmospheric Elec- 
tricity was held during the Bristol meeting of 1898, 
under the presidency of A. Riicker, and the work 
was still continued by the International Union of 
Geodesy and Geophysics. But Dr. Smith asked: 
Do we make our plans sufficiently well? Measure- 
ments of the intensity, declination and inclination 
at thousands of stations distributed over the globe 
showed that the magnetic field was roughly that 
of a uniformly magnetised sphere, the axis of which 
was inclined by 12 deg. to the earth’s axis of rotation. 
The field was equivalent to that produced by a mag- 
netic doublet at the centre of the earth, of moment 
8-04 x 10% ¢.g.s. units, and if I were the inten- 
sity of magnetisation of the sphere of radius r, the 


magnetic moment was : wr I. The field seemed 


to move slowly from east to west, the north pole, at 
present approximately at 78 deg. N. and 69 deg. W., 
describing a spiral about the geographical pole. 
In London, the declination was 11 deg. east about 
1580, 24 deg. 30 min. west in 1816, and 13 deg. west 
in 1920. At Kew, the declination was 21-6 deg. 
in 1860 and 16 deg. in 1910, while the inclination 
had decreased in those 50 years from 68-3 deg. to 
67 deg., and the horizontal force had increased from 
0-1752 to 0°1850. A complete revolution of the 
field would, at the present rate, take several hundred 
years. 

Apart from the daily, monthly and sudden varia- 
tions, there seemed to be a permanent magnetic 
field. What could produce such a field and its 
secular variation ? If outer space were a conducting 
medium, the relative motion between the moving 
field and the magnetic earth would give rise to 
inductions and to a retardation of the earth’s rota- 
tion. But Schuster had calculated that, even if 
that conductivity were less than 10-° of that of mer- 
cury, the effect of the retardation should lengthen 
our day by 1 second in 125 years—a very small 
effect, but one which could not have escaped notice 
by our astronomers. The old idea that the core of 
the earth consisted of magnetised iron had to face 
the difficulty that the high temperature and high 
pressure in the interior would destroy the magnetism, 
unless, at very high temperatures and pressures, the 
magnetism were again restored ; those difficulties 
would be smaller in the case of a magnetic shell of 
10 miles thickness. On the other hand, magnetic 
ores irregularly distributed in the crust did account 
for the irregularities of the magnetic curves. The 
simplest theory attributed the magnetic field to 
electric currents circulating round the earth. Lamb 
had calculated that once started in an earth of 
copper, they would only be reduced to a third 
of their original intensity in three million years, and 
they should remain intense even in a much poorer 
conductor. Larmor found a possible source of the 
electromotive force producing such currents in 
residual meridional currents circulating in the sun 
and supporting a slight magnetism in the earth on 
the dynamo principle, and Ross-Gunn had recently 
suggested a thermal drift of the ions in the interior 
of the earth, due to the high temperatures. There 
was, moreover, the idea that the earth’s rotation 
would create a field by carrying around magnetic 
ores or electric charges. Calculations, however, dis- 
proved the various assumptions made, which, more- 
over, could not explain the polar character of terres- 
trial magnetism. Yet any large rotating mass might, 


Research. The subject was the theory of terrestrial ' by itself, be a magnet, and the sun was indeed a 


magnetism, which, in spite of the intimate relation 
between electrical phenomena, of which we appear 
to know a good deal, and magnetic phenomena, 
remains mysterious. 


THEORIES OF TERRESTRIAL MAGNETISM. 

Dr. Smith opened his address by quoting a 
resolution passed at the Cape Meeting last year, 
urging the importance of the establishment in 
South Africa of an observatory for the study of 
terrestrial magnetism and atmospheric electricity. 





| 
| 


‘ magnet, as we knew from the study of the Zeemann 


effect, with the direction of magnetisation about the 
same as on the earth. In spite of the differences 
in the physical conditions of the sun and the earth, 
the magnetic fields appeared to be similar ; unfortu- 
nately, the expected effects, being proportional to 
r?, could not be tested in the laboratory. Gyro- 
scopic action and centrifugal movements of free 
electrons, however, had also been considered, and 
the rotation theory was not ruled out. 

In view of the quantitative difficulties, however, 


Africa, he pointed out, had only one magnetic ; possible modifications of the laws of electro-dyna- 





mics had been suggested by Sir J. J. Thomson, who 
thought that the atom need not attract positive and 
negative electricity with equal intensity. There was, 
further, the older view, going back to Gauss, that 
vertical electric earth-air currents, distinct from cur- 
rents circulating in the upper atmosphere and in 
regions beyond, would produce magnetic fields. In 
that case, the line integral to the horizontal force 
taken round a closed area should not vanish, but 
be equal to 4m times the enclosed current. The 
evidence based upon the study of magnetic charts 
was contradictory ; Riicker observed no vertical 
current in Great Britain, but Bauer found distinct 
evidence of such currents in his various surveys. 
Dr. Smith, dwelling upon the exceedingly high pre- 
cision required for these measurements, doubted the 
existence of vertical currents. 

While the cause of the earth’s permanent mag- 
netism thus remained unknown, the periodic devia- 
tions and the magnetic storms were sufficiently 
understood to ascribe them to external causes 
which would, however, not be those of the main 
field. The horizontal force had, at Kew, a minimum 
at about 10 or 11 a.m., and a maximum at 7 p.m., 
whilst the vertical intensity varied in the opposite 
sense with a maximum at 10 and a minimum at 
7 p.m. Both varied as functions of the sun’s 
position, more in daytime than at night and more 
in summer than in winter. Balfour Stewart, 
Schuster and Chapman attributed the diurnal 
variations to convective motions of conducting 
layers of air across the magnetic field, and their view 
was hence known as the dynamo theory. The 
three factors of this dynamo effect, viz., horizontal 
movement of the air, its conductivity, and the 
intensity of the vertical magnetic field, all varied 
with latitude, and the conductivity, due to ionisation 
of the air by the sun, would be greater in the upper 
atmosphere than near the ground. The average 
height of the ionised layer at night time, 90 to 
130 km., might rise to 250 and 350 km. in winter ; 
below the layer recombination of the ions, which 
always took place in the dark, was too rapid. 
The estimates were largely based upon radio mea- 
surements, but, in addition to the dynamo effect, 
we had to consider the diamagnetic layer of Ross- 
Gunn and the drift-current theory. Both these 
suggestions resulted from further studies, also by 
Pedersen and Chapman, of the hemispherical 
conducting cap facing the sun, in which the conduc- 
tivity across the magnetic field would be very small, 
while temperature might rise to 1,000 deg. K., and 
the free paths would be long. There would be a 
drift of electrons at right angles to the magnetic 
lines of force and the gravitational field ; the velo- 
city of the drift would be a maximum at the equa- 
tor and decrease towards the poles, and the drift 
direction would not be the same in the upper layers 
as in the lower. Dr. Smith regarded the drift effect 
as the more important. The lunar magnetic varia- 
tion was probably connected with the dynamo effect, 
and the small disturbances of the magnetic elements 
observed during solar eclipses were in accordance 
with expectations. ; 

The belief in a connection between solar activity 
and magnetic storms was old, but the facts were 
not easily explained. Any unevenness in the 
radiation from the sun should affect the conduc- 
tivity and produce variations as the sun rotated. 
That magnetic variations and sunspot frequency 
and periods were related had been established by 
long series of observations; but sunspots need not 
be the only disturbing cause. On September 1, 
1859, an outburst of light of extraordinary brilliancy 
was seen at two places to sweep across the solar 
face like a cloud, and the magnetic instruments at 
Kew were abruptly deflected at the same moment ; 
that, however, was probably only part of the 
phenomenon which culminated in the magnetic 
storm. If streams of charged particles from the 
sun, acting like an electric current, were the cause 
of the storm, the stream, according to Schuster, 
might take a year to reach the earth. Lindemann 
suggested that the stream of ionised particles pro- 
jected from solar prominences at very high velocity 
might, as a whole, be neutral, and then accomplish 
the journey in two days. E. A. Milne, estimating 
the limiting velocity required for atoms to pass out 
of the gravitationa) field of the sun, arrived at 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “‘ fine foreign’”’ and “ standard” metal respectively. 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 
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Middlesbrough prices are plotted 
The prices given in the case of steel 


after an appreciable interval and before the smaller 
diaphragms had been broken. This milder form of 
explosion, which is called, for distinction, an inflamma- 
tion, sometimes only charred the diaphragms. In some 
tests an electric igniter was used for black-powder 
charges, which gave long flames. The cannon charge 
consisted of 50 grammes or of 200 grammes of dynamite ; 
with the heavier charge the ignition and the explosion 
in the gallery were practically simultaneous. Further 
to test the effects of turbul-nce, two-speed fans giving 
air currents of 1,200 ft. and of 1,050 ft. per minute, and 
electric igniters were fixed inside the charge chamber, 
the fans blowing the gases either along or across the 
flames. The inflammability limit was lower in the 
former case, probably because there was longer contact 
between the flame and gas. 

The new observations hardly differ from the former 
results. The natural gas used contained 87-8 per cent. 
of methane, 6-9 per cent. of ethane, 2-6 per cent. of 
propane, 0-5 per cent. of butane, and 1-9 per cent. of 
nitrogen. A somewhat lower inflammability limit than 
with methane itself was to be expected. Turbulence 
lowered the lower limit of explosibility to 5 per cent. 
of natural gas, but the explosions were more violent 
in the turbulent mixtures. Electric ignition and 
straight nitroglycerine dynamite had similar effects, 
the lower limit, in quiescent mixtures, being about 
5-6 per cent. With black blasting powder the lower 





plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 


lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 





an interval of about 30 hours for the maximum 
intensity of the magnetic storm, which roughly agreed 
with observation. Lindemann further suggested a 
separation of the travelling particles such that the 
heavier position particles would penetrate farther, 
and be deflected into the polar regions by the earth’s 
magnetic fields. Maris and Hulburt thought that 
occasional removals of the surface layer of the sun 
would expose surfaces of far higher temperatures, 
and cause blasts of ultra-violet light accelerating 
the ions. Chapman and Ferrars thought that 
changes in the stream of particles would take place 
near the earth, at a distance of a few radii from the 
earth, where electric currents set up would cause the 
first stage of the storms. Maunder had pointed 
out that sunspots were infrequent near the sun’s 
equator, but congregated near latitude 20 deg., and 
that magnetic storms were more common when the 
earth was in high heliographic latitudes. As regards 
the instantaneous commencement of magnetic storms 
all over the globe, evidence was conflicting. For 
that and other phenomena, more precise data were 
needed. Dr. Smith urged this need and the want 
of more magnetic observatories, but he also empha- 
sised the undesirability of making all the observa- 
tories alike and equipping them similarly. As Riicker 
said, there was need for an authority to decide 
not only what to do, but what to leave undone. 


(T'o be continued.) 





TURBULENCE AND INFLAMMA- 
BILITY OF NATURAL GAS. 


THE lower inflammability limit of quiescent mixtures 
of methane and air is 5-6 per cent. of methane. By 
producing turbulence in the mixtures with the aid of 
fans this limit has, in air currents ranging from 69 ft. 
up to 125 ft. per minute, been reduced to 5 per cent. 
The corresponding limits for ethane, quiescent and in 
motion, were found to be 3-1 per cent. and 3 per cent. 
The United States Bureau of Mines has recently made 
experiments in Gallery I of the Explosives Experiment 
Station at Bruceton, Pennsylvania, in order to ascertain 
whether this limit would be lowered further by the 
violent disturbance produced by firing a cannon into 
the mixture. The experiments have been described in 
Report of Investigations 3016, on The Lower Limit of 
Inflammability of Natural Gas-Air Mizxtures in a 
Large Gallery, drawn up by Mr. J. E. Crawshaw. 
Dr. H. F. Coward, of the British Safety in Mines 
Research Board, assisted in the experiments. The 
gallery is a tube of boiler-plate, 6 ft. 4in. in diameter, 
100 ft. long, built up of sections of 6% ft. The gallery 
is open at one end and closed at the other; the firing 
cannon is inserted through the closed end, and the 
explosive mixture is confined to the first 20 ft. of the 
gallery by a large paper diaphragm across the tube. 
There are observation windows and small relief doors, 
also covered with paper diaphragms, in the various 
sections. When the explosion was violent, the paper 
diaphragms burst at once, and flames shot out through 
the openings; when the gas mixture was weaker, 





large diaphragm (enclosing the charge of gas) only burst 


limit fell to about 5-1 per cent. in quiescent mixtures— 
that is to say, about + cent. lower than with the 
more violent explosives. This is ascribed to the turbu- 
lence caused by the simultaneous occurrence of the shot 
and of an explosive flame of comparatively long dura- 
tion. Mixtures containing less methane or natural 
gas than the limits mentioned, down to 4-7 per cent., 
were still inflamed, but the reactions were mild. Tur- 
bulence did not apparently affect the lower limit at 
which inflammations occurred. 








NAVIGATION IN CuBAN WatTERS.—H.M. Acting Consul 
at Havana reports that the Public Works Department 
of Cuba is considering the erection of additional light- 
houses and the provision of additional luminous buoys. 
Particulars may be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, 8.W.1, quoting 
Reference No. A.X. 10271. 





SypNnEy Harsour Bripez.—Owing to reorganisation 
of departments, the Railway Commissioners some time 
ago decided to abolish the post of City Railway Engineer, 
Sydney, held for some years by Dr. J. J. C. Bradfield. 
Following upon this, the New South Wales Govern- 
ment appointed Dr. Bradfield to the separate post of 
Chief Engineer, Sydney Harbour Bridge, at an increased 
salary. During his appointment of City Railway 
Engineer, Dr. Bradfield was responsible for the electrifica- 
tion of the Sydney Metropolitan and Suburban Railways, 
involving much interesting work described in these 
columns, particularly in an article published in our issue 
of March 11, 1927 (page 284). It was while he held the 
same position that he originated the plan for the harbour 
bridge, which is an essential feature of the railway 
electrification and reconstruction scheme. 





THe Scottr-Paine Motor Boat: ADDENDUM.——-On 
page 200 of our issue for August 15 last, we gave a 
description of the Scott-Paine racing motor boat. We 
are now informed that this boat is fitted with a Holley 
down-draught carburetter supplied by Messrs. the Holley 
Carburetor Company of Detroit, Michigan. The car- 
buretter is mounted above the manifold so that the fuel 
level is above the jet and the fuel flows from the latter 
by gravity. It is claimed that as the air velocity through 
the choke tube is not depended on to draw the fuel from 
the jet, the former may be of larger size, so that the 
volume of gas entering the cylinders at high speeds is not 
restricted, while the gravity feed overcomes the difficulty 
of obtaining a good mixture at idling speeds. The fuel 
flow to the jet is controlled by a valve connected to a 
diaphragm subject to the lubricating-oil pressure in the 
engine. As soon as the latter is stopped, the fuel is 
therefore automatically cut off, and the engine is auto- 
matically shut down in the event of a failure in the 
lubricating system. 





VerticaL UnirLtow Steam ENGINE.—An improved 
valve gear with flat-faced cams giving a constant lead 
with variable cut off and capable of operating at high 
speeds is described in a recent issue of Power. This 
permits of the construction of multi-cylinder engines of 
uniflow design and of outputs up to 1,250 kw. In the 
three-cylinder engine the cylinders are cast separately 
and are equipped with expansion-compensating, double- 
seat poppet Saeeaion valves. Auxiliary exhaust valves 
of the single-beat poppet type are placed away from the 
cylinder ends and disengage automatically from the 
cams. These remain closed during the condensing 
operation and open if the vacuum is lost. Each guide is 
bored and is integral with the spaces supporting the 
cylinder. The crossheads and pins are made from a 
single-piece forging, into which the piston rod is inserted. 
A see feed pump lubricates the cylinders, the oil 
being atomised in the valve boxes before being carried 
over by the steam. The steam consumption over eight 
days was 27:8 lb. per kw.-hour, supply being given at 





175 lb. per sq. in. and 100 deg. superheat, while the 
back pressure was 2 lb. per sq. in. 
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LABOUR NOTES. 


In the September issue of the Monthly Report of the 
Boiler Makers and Iron and Steel Shipbuilders’ ‘Society, 
the executive council mention that a number of 
members, “‘ who have given up work and are entitled 
to superannuation, or who are in failing health and 
entitled to sickness benefit,” having sufficient income 
from other sources to keep them in comparative 
comfort, are foregoing their right to the benefits indi- 
cated. The council state that they much appreciate 
the loyalty of such members, and suggest that others 
similarly situated financially might follow the example. 
“Tt will be noted from our annual returns,” they say, 
‘‘ that we are now paying out relatively more in benefits 
than any other trade union. Last year, for every 
1]. paid in by members in contributions, &c., 16s. 1d. per 
member was paid back in the form of friendly benefits 
alone. We have no desire to withhold from members 
the benefits to which they are entitled, but it is the 
duty of all our members to assist in economising the 
funds of the Society in all cases where this can be done 
without undue hardship. We hope the good example 
of those members who are now refusing to draw benefits 
to which they are entitled will be followed by other 
members whose circumstances enable them to do so.” 





At the end of August, 14,836 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
“signing the books”; a month earlier, the total 
number was 13,311. (The number of members in receipt 
of superannuation benefit was 4,697 as compared with 
4,652, and the number in receipt of sick benefit 2,231 
as compared with 2,287. - In August, which had to 
bear five weeks’ outlay, the expenditure was 10,7801. 
198. 10d. ; in July, the total was 8,8211. 9s. 8d. 





The home branch membership of the Amalgamated 
Engineering Union increased from 194,673 to 195,089 
during August, and the colonial branch membership 
decreased from 26,929 to 26,823. The number of 
members in receipt of sick benefit decreased from 
5,111 to 4,882, the number in receipt of superannuation 
benefit increased from 10,799 to 10,888, and the 
number in receipt of donation benefit increased from 
18,194 to 20,371. The total number of unemployed 
members increased from 23,287 to 26,017. 





According to official figures circulated recently, the 
number of unemployed workers in France is 904. 
M. Lavel, the Minister of Labour, explains, however, 
that that figure cannot be taken as a true indication of 
the actual number, owing to the methods of registration. 
Taking everything into consideration, he says, 25,000 
would be nearer the mark. 





Addressing last week’s congress, in London, of the 
International Transport Workers’ Federation, on the 
subject of ‘“‘The World Economic Outlook from the 
Standpoint of Labour,” Mr. G. D. H. Cole said that 
our present troubles were inherent in the capitalist 
system. He would like to see the State become the 
employer and controller of industry over a wide field, 
in the sense of prescribing directly the forms and 
amounts of production, and accepting responsibility for 
its financial results. Rationalisation could be applied 
to industry, without setting up a vicious circle of 
over-production and under-consumption, only if 
Socialism was applied too. Difficulties would remain, 
but would be easier to master. The view he put 
forward was inconsistent with the whole philosophy of 
free trade, in the theoretical form preached to the 
world by British economists for a century and a half. 
The total cost to the community of letting an industry 
die might easily be greater than the cost of keeping it 
in being ; and it was not always an economic advantage 
to buy in the cheapest market. Tariffs might be an 
unsound way of achieving a desirable result ; but the 
objection to tariffs did not destroy the force of the 
argument which underlay the advocacy of them. Our 
present method of determining the production and 
pricing of commodities in acco:dance with the total 
costs incurred by firms in their manufacture was 
radically wrong. Wages were treated as an element 
in cost of production, just like any other element, but 
whereas most other costs were merely outgoings, 
wages were incomes as well. The workers’ income was 
not a means to —— but at least equally with the 
employers’ profit, the end for which production existed. 

A resolution, moved 


b 
National Federation oh 
© to consider ste 
the ratification of the Washington 





M. Jarrigion, of the French 
Railwaymen, desired the 
to secure, in all countries, 
Hours Convention, 


and the conservation of the eight-hour day in the 
transport industry. M. Jarrigion said that the absence 
of ratification, especially in a big country, constituted 








a serious danger for the working classes. Before 
starting on propaganda for a 48-hour week they ought 
to make sure of the eight-hour day everywhere. 





Mr. A. Henderson, representing the Transport and 
General Workers’ Union, said that the British Govern- 
ment was engaged, in consultation with the interested 
parties, including the trade union movement, in 
devising a Bill which would, to all intents and pur- 
poses, bring about the formal ratification of the 
convention and the passage of a statute which they 
believed would conform in every respect to the Wash- 
ington Convention. The convention was designed to 
bring into being a standard that was likely to be 
achieved in backward as well as progressive countries, 
and it was by no means the instrument which British 
workers would have been prepared to suggest for their 
own country. The Bill which was being prepared 
would not satisfy them in many respects, but, in the 
interests of the international movement and those 
among British workers whose position was not other- 
wise assured, they were prepared to support it. The 
Government had promised the introduction of a Bill 
in the next Session or the first Session of next year. 
The resolution was adopted. 





At a special conference, in London, last week, of 
the executive councils of all the trade unions having 
members employed in the building industry, it was 
unanimously decided to give the required six months’ 
notice to terminate the present national agreement 
covering wages and working conditions. At the close 
of the meeting, Mr. Barron, the president of the 
federated unions, explained that the decision did not 
necessarily mean any dispute or stoppage of work in 
the building industry. The operatives were prepared 
to continue their relations with the employers’ organisa- 
tion, and to negotiate on new proposals which would 
be drawn up. The negotiations might lead to a fresh 
national agreement to meet the changed conditions in 
the industry. When the unions agreed, six months 
ago, a little reluctantly, to the halfpenny an hour 
reduction, he said, they asked for a joint inquiry 
which might lead to a revision of the national agree- 
ment to compensate the workers for changes in the 
industry created by mechanisation, greater productive 
efficiency, as well as the speeding-up of processes. The 
employers consented to this application, and at the 
first joint meeting held, the operatives submitted 
proposals for changes in the wage standard. Later, a 
request was submitted that the sliding scale should be 
altered to prevent the possibility of the present standard 
rates falling with any further reduction in the cost of 
living, but maintaining the possibility of increase or 
decrease above the present level, in accordance with 
variations in the index figure. The employers were 
unable to accede to this proposal, and they in turn 
had put forward suggestions relating to the grading 
of labourers and other matters which were not accept- 
able to the unions. 





According to Mr. Edward F. McGrady, the legis- 
lative representative of the American Federation of 
Labour, the United States “ wiil continue on the 
ragged edge of industrial depression until wages are 
increased.” Speaking at a luncheon in Salisbury, 
North Carolina, he quoted Government figures to 
show that 22,000,000,000 dollars’ worth of goods were 
being produced in America that Americans had not 
the wages to purchase. About 8 per cent. of that 
was exported. But, he said, they still needed 
18,000,000,000 dols. more in wages to purchase what 
was being manufactured, and until wages were increased 
to somewhere near the value of the manufactured 
products there were bound to be business depressions. 





** There is,” Mr. McGrady went on to say, “ a tremen- 
dous untouched home market in our country. It is 
untouched because the workers have not the wages 
to purchase in this market. More than 7,000,000 
people in the United States have no automobile ; about 
20,000,000 have no adequate radio set. In our cities 
alone, there were, in 1928, more than 4,000,000 families 
who had no bath-tubs in their homes, and more than 
3,000,000 families who did not have a kitchen sink 
with running water, and probably no plumbing work of 
any kind. Over 13,000,000 families in our cities have 
no telephones, and 4,000,000 live in homes not wired 
for electricity. Give our people adequate wages and 
we will purchase all these modern necessities. Develop- 
ing this market will mean higher standards for thousands 
who have not yet shared in American prosperity. 
If we cannot be prosperous industrially without mass 
production, then the whole thing will fall to the ground 
unless we are given wages for mass production.” 





In the course of a report to the annual general 
meeting of the Canadian Manufacturers’ Association, 





the Industrial Relations Committee expressed the 
opinion that such unemployment as existed in Canada 
was largely seasonal, and occurred in such occupations as 
agriculture, building and construction, lumbering, 
fishing, shipping and road-making, rather than in 
manufacturing—a view which was confirmed, they 
claimed, by the Government statistics of employment 
over a period of years. In these circumstances a 
general unemployment insurance scheme, which would 
presumably be applied in the main to manufacturing, 
would not solve the unemployment problem as it 
existed in Canada. 


The committee further felt, the report went on to 
say, that unemployment insurance was, at best, a mere 
palliative, and a palliative that might actually aggra- 
vate the evil which it was expected to cure. The real cure 
was to provide more jobs, or failing this, to spread out 
the existing amount of work more evenly over the year, 
and so eliminate the seasonal and other fluctuations 
which accounted for solargea part of the unemployment. 
It was noted with satisfaction that more and more atten- 
tion was being given to this problem by industrial and 
other employers, and their example might well be 
followed, it was suggested, to a much greater extent 
than at present, by the various Governments, in the 
carrying out of their building programmes. 


One of the most serious counts against unemploy- 
ment insurance was, the committee pointed out, that 
when it had once’ been adopted, other and sounder 
methods of dealing with the problem tended to be lost 
sight of. In other words, because a palliative had 
been secured, no attempt was made to find a cure. 
Another and still more vital objection to unemployment 
insurance was that inevitably, as experience in England 
and other countries showed, the principle of insurance 
was lost sight of, and under political exigencies the 
schemes degenerated into the mere distribution of public 
moneys among the unemployed, regardless of whether 
they had contributed or not. 





On September 22, 1930, the numbers of persons on 
the registers of employment exchanges in Great 
Britain were 1,413,242 wholly unemployed, 596,773 
temporarily stopped, and 99,643 normally in casual 
employment, making a total of 2,109,658. This was 
6,245 more than a week before and 946,718 more than 
a year before. The total on September 22, 1930, 
comprised 1,495,631 men, 60,041 boys, 500,664 women, 
and 53,322 girls. 





The Congress of the International Metal Workers’ 
Federation, held recently at Copenhagen, passed the 
following resolution :—‘‘ The international economic 
crisis shows that the capitalistic mode of production 
is becoming more and more incompatible with the 
vital interests of the masses of the population in all the 
countries. In spite of the abundance of industrial 
products, goods, and provisions, there are millions 
of people scarcely able to earn a bare livelihood. The 
technical reorganisation and development carried 
through during the past few years under the name of 
‘rationalisation,’ and the rigorous intensification of 
human work without a corresponding increase in wages, 
has hastened the acute disproportion between pur- 
chasing power and production, and has led to permanent 
crises and widespread unemployment. In order to 
help the millions of unemployed to find employment 
and wages, the Congress calls upon the national organ- 
sations to put their intellectual and material forces 
to the task of carrying out in all the countries a con- 
siderable shortening of working hours.” The British 
Section of the Metal Workers’ Federation includes 
the Amalgamated Engineering Union and the Con- 
federation of Iron and Steel Trades. 


A resolution adopted by the French National 
Federation of Salaried Employees at a congress in 
Paris stated that the term “manager” was being 
used solely to differentiate the position of the employees 
concerned from that of other employees in exactly 
the same position. As the awards of the Supreme 
Court had es contradictory, the Congress considered 
that a manager might be defined as a person responsible 
before the law for the management of a commercial 
undertaking on behalf of others, who had full power 
to buy and sell, engage or dismiss staff and fix salaries 
and conditions of work for the staff under his orders, 
being bound by a commercial contract and not by 
a simple contract of employment. Only persons 
invested with such powers should, it was contended, 
be considered managers, and the Government was re- 
quested to put an end to the ambiguous position of 
persons to whom the title of manager had been given 
by firms, solely with the intention of circumventing 
the laws for the protection of labour. 
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SILICON - COPPER ALLOYS AND 
SILICON - MANGANESE - COPPER 


ALLOYS.* 

By E. Voce, M.Sc., Pu.D. 

Sm1con is well known as a deoxidant for conductivity 
copper, but the aim is generally to add only just 
sufficient silicon (as cupro-silicon) for the complete 
removal of the oxygen, leaving no residual silicon 
in the metal, on account of its effect upon the con- 
ductivity. The presence of silicon, however, improves 
the mechanical properties of copper, but until quite 
recently there seems to have been little attempt on 
any large scale to develop the use of copper, or copper 
alloys, containing appreciable quantities of silicon. 
The objects of the present research were, therefore, 
to make a survey of the properties of a wide range 
of silicon-copper alloys and of silicon-manganese-copper 
alloys, studying the mechanical and physical properties 
of the alloys in the cast, drawn, and rolled conditions, 
with a view to developing and extending their uses ; 
and also to make tests of the resistance of these alloys 
to corrosion, especially in view of the development in 
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culty. The silicon content ranged from 3-0 to 6-5 
per cent. The castings were machined for tensile- 
strength test, and in every case the machining quali- 
ties were excellent. Certain of the test-pieces were 
annealed for 14 hours at 750 deg. C. to 800 deg. C. 
to destroy the cored structure. The results are 
collected in Table I. The 4-5 per cent. silicon alloy 
is very similar in properties to Admiralty gunmetal. 
Three per cent. of silicon gives a ductile metal with 
considerable tensile strength. With 4-8 per cent. of 
silicon the tensile strength, and especially the yield 
point, are raised, while the ductility, though much 
reduced, is still fairly good; 6-5 per cent. silicon 
completely destroys all ductility and diminishes the 
ultimate strength. This embrittling effect is evidently 
due to the presence of the y constituent. The true 
elastic limit is very low. Annealing has but little 
effect ; under its influence slight strength is sacrificed 
to a small increase of elasticity and ductility. The 
§-in. diameter bars yield slightly better figures than 
the 1 in.; this is probably connected with the greater 
rapidity of the chill. In Table I will also be found 











The Mechanical and Electrical Properties of Silicon- 
Copper Wire containing up to 1 per cent. of Silicon— 
A series of alloys was prepared covering a range from 
0-0 per cent. to 1-0 per cent. silicon, and were rolled 
and drawn into wire in the works of Messrs. Elliott’s 
Metal Company, Limited, Birmingham, according to 
their usual procedure for high-conductivity copper. 
The wire was tested mechanically at various stages in 
its production, and electrically in the final hard-drawn 
condition. Six alloys were prepared, the percentages 
of silicon added being 0-1, 0-2, 0-3, 0-5, 0-7 and 
1-0 per cent., respectively. Duplicate cylindrical bars 
were cast vertically in split chill-moulds 14 in. long 
by lin. diameter, with funnel heads. The pouring 
temperature was about 1,190 deg. C., or 8 per cent. 
to 10 per cent. superheat. Before passing to the mills, 
the outer skin was removed in the lathe. All the alloys 
turned well, but there was a distinct improvement in 
the machining qualities as the silicon-content increased. 

The first stage in breaking down the bars consisted 
in rolling them cold from 1-in. diameter to more or 
less square rod (‘ bolt’) with rounded corners, and 


figures for the Brinell hardness of the bars, obtained | about } in. across. This was performed in nine passes 
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BENDING TEST, IN THE COLD, UPON A 3 PER CENT. SILICON-CoPPER Bar. 
APPROXIMATELY Fut Size. 


As Cast. 
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Fie. 4. MALLEABILITy Test uPpoN A 3 PER CENT. 


America of alloys of copper with silicon and manganese 
for chemical plant. 

In following this scheme of research, the properties 
of the silicon-copper alloys have been examined in 
the form of wire up to 1 per cent. silicon, in the cast 
condition up to 6-5 per cent. silicon, and in the form 





Stt1con-CoprerR ALLoy. Two-TxHtrps Fut Size. 


by the use of a l-mm. ball under a load of 10 kg. 
They range from 66 to 100 Brinell. 

A -in. bar containing 3 per cent. of silicon cast as 
for tensile tests was bent through an angle of 180 deg. 
in the cold without showing the least sign of cracking. 
This is shown in Fig. 3, on this page. A small flat 


TABLE I.—Mecuanicat PROPERTIES oF Cast SILICOoN-COPPER. 





Material. | 
| 











Silicon-Copper. 





Si6-5 








Composition a a sie “e el Si 3-0 per cent. | Si 4-5 to 4-8 per cent. 
’ or | | | per cent. 
Condition .. ..| Chill-cast | Chill-cast | Chill-cast | Chill-cast | Chill-cast | Chill-cast | Chill-cast 

| §-in. bars. | 1-in. bars. and f-in. bars. | 1-in. bars.| and §-in. bars. 

ihc annealed. | annealed. 
Limit of proportionality, Tons per square inch oo 2-62 | 2-93 -- | 1:79 — _ 
Yield point, —... Tons per squareinch | 7:95 | 6-88 | 5:55 12:56 | 11-55 — 13-15 
Ultimate tensile strength, Tons per square inch| 16-9 14-87 14-65 19-6 | 18-14 16-33 14-55 
Elongation per cent. on 2 in. . <a -.| 29-0 | 23-5 | 36-5 12-25 11:0 15°5 0-0 
Reduction of area, e Per cent. | 52-3 | 40-9 46-9 24-6 | 14-7 17°5 } 1:2 
_— | 81 66 = 100 95 | —_— 


Brinell hardness .. te ae oa <9 
: l 





of sheet up to 5 per cent. silicon; silicon-manganese- 
copper alloys have been made containing up to 5 per 
cent. silicon and 5 per cent. manganese, and their 
properties investigated in the cast and rolled conditions. 
Corrosion and oxidation tests have been carried out 
on silicon-copper and silicon-manganese-copper sheet. 

The Properties of Cast Silicon-Copper Alloys.— 
Round bars were cast vertically in chill moulds, and 
good tensile-test results were obtained without diffi- 





* Paper read before the Institute of Metals, Southamp- 
ton, on Thursday, September 11, 1930. Abridged. 





ingot } in. in thickness and containing 3 per cent. of 
silicon was prepared. The right-hand end of this was 
subjected in the cold to repeated sledge-hammer blows 
until marked cracking occurred. The thickness had 
been then reduced from 0-25 in. to 0-12 in., or 50 per 
cent. on the original. The left-hand end was then 
heated to full redness, and, in that condition, it re- 
ceived the same treatment. The malleability was very 
much greater, the thickness having been reduced to 
0-04 in., or by 80 per cent., and the temperature of 
the metal having fallen below red-heat before cracking 
commenced. The bar is shown in Fig. 4, on this page. 


| 


with perfect ease, and without any intermediate 


| annealing, the reduction in area being about 89 per 


cent. on the original. The alloys, even with the highest 


|silicon content, are therefore perfectly malleable. 


This bolt, already at over 89 per cent. cold work, 
was passed through eight steel dies and finished to 


'0-050-in. diameter through a diamond die in the 
|cold without any annealing whatsoever—a_ total 
‘reduction of 99-8 per cent. on the original turned 


| were submitted to tensile test. 


castings. Subsequent experiment in the laboratory 
showed that the wire could be taken to much finer 
gauges without fear of breakage. 

Specimens of the hard bolt and wire, and also of 
the bolt after annealing for $ hour at 750 deg. C., 
The results for ultimate 


Strength are plotted with reference to composition 


and cold work in Fig. 5, on page 442, in which the 
mean of the results for the duplicate castings has 
been taken. The contours demonstrate in a marked 
manner that heavy drawing has far more effect with 
much than with little silicon, z.¢., on the left of the 


|diagram the contours are crowded together, while 





on the right they are much more separated and attain 
higher values of tensile strength. Percentage elonga- 
tions, determined over a gauge length of 2 in., showed 
comparatively little variation with silicon content ; 
for the hard-rolled bolt they were all about 9 per cent. 
to 10 per cent., while for the same material after 
annealing they ranged from 42 per cent. to 48 per cent. 
All the wires at their final stage of reduction passed 
the Post Office standard of wrapping three times on 
and off their own diameter. In many cases, five wraps 
were recorded. 

The electrical resistances of the wires at their final 
stage of reduction were determined by the bridge 
method in the works of Messrs. Elliott’s Metal Company, 
Limited. The results obtained on specimens one- 
hundredth of a mile in length were corrected for 
variations of gauge and temperature. Resistances as 
high as 121 ohms per mile were recorded, as compared 
with Messrs. Elliott’s standard of 21-78 ohms per 
mile for high-conductivity copper and 43-2 ohms per 
mile for Post Office telephone bronze of similar gauge. 
Even 0-076 per cent. silicon (with 0-040 per cent. iron) 
increases the resistance by 56 per cent., as will be seen 
from Fig. 6, on page 442. 

Unfortunately, the iron content of these alloys was 
rather high, especially in the case of that containing 
0-181 per cent. of silicon (0-188 per cent. of iron). In 
the hard-worked condition, the iron content appears to 
have little effect upon the mechanical properties, but 
in the annealed state it increases the ultimate strength 
at the expense of ductility. Its pernicious influence 
upon the electrical conductivity is marked. It is pos- 
sible to apply a rough mathematical correction for iron 
content upon the assumption that its influence is pro- 
portional to the amount present. Curves so corrected 
are distinctly smoother than those of the observed data. 

The Production and Properties of Silicon-Copper 
Sheet.—Strip ingots 12 in. by 8 in., each weighing 
25 lb., were cast for rolling into sheet. The ingots 
were of two compositions, nominally 3 per cent. and 
5 per cent., silicon, duplicates of these making four 
in all. The casting technique was much the same 
as that already described for the round bars. Although 
the sheet made was not of good quality, sufficient sound 
material was obtained to carry out the series of tests 
planned. One ingot for each composition was rolled 
hot, the other cold. Both compositions were success- 
fully rolled hot at about 750 deg. C., a full red heat. 
In the cold, the 5 per cent. silicon alloy cracked at 
the first pass, while the 3 per cent. silicon rolled 
excellently with the following reductions, annealing 
being carried out between stages :— 


Ist pass, 0°64 in. to 0°25 in., or 61 per cent. 
fod ,. C8. OMG «°° & 9s 
Sed -,.. 186 -, 0°065 =~=«4, «48 ” 
4th , 0°065 , 0003 =, 49 » 
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A small ingot containing about 6 per cent. siticon 
could be rolled neither hot nor cold, but flew to pieces 
under the pressure of the rolls. 

At least four, and, in some cases, six, specimens 
84 in. by 1} in. were cut from each piece of sheet, 
both parallel and perpendicular to the direction of 
rolling, care being taken to avoid unsound patches. 
Half the number in each set were packed in powdered 
charcoal and annealed for $ hour at 750 deg. C. All 
were then shaped into tensile test-pieces. The 
subsequent tensile tests indicate that copper-silicon 
sheet possesses very special mechanical properties. 
The 4-58 per cent. silicon alloy is considerably 
stronger but less ductile than the corresponding 
hot-rolled alloy containing 2-51 per cent. silicon. 
The directional properties are retained to a marked 
degree, even after annealing. Tensile strengths up to 
50 tons per square inch were recorded for the hard- 
rolled metal, and, in one case, the elongation after 


annealing exceeded 80 per cent. on 4,/ area, with 
a tensile strength of 23 tons per square inch. The 
yield points were very indefinite, and little reliance 
could be placed upon the figures obtained. The 
Brinell hardness numbers for the sheet, as determined 
by a l-mm. ball under 10-kg. load, ranged from 
78 to 178. 

A portion of the thinnest sheet containing 3 per 
cent. silicon (annealed) was tested by spinning. The 
attempt was made to spin 3-in. diameter discs into 
cylindrical cups 1 in. in diameter. It was only 
owing to the unsoundness of the metal that this 
proved a failure. The material was said to be, if 
anything, rather more easy to spin than brass, given, 
of course, sound metal. The cylinders could certainly 
have been produced with two intermediate anneals 
at full red-heat, and possibly with one, which compares 
favourably with the practice for brass. 

Though no sign of true season-cracking occurred, 
even in the ammoniacal atmosphere of the laboratory, 
the spun cups responded to the mercurous-nitrate 
test for internal stress. By immersion in a solution 
containing 1 grm. of mercurous nitrate and 1 c.c. of 
strong nitric acid per 100 c.c. of water, cracks appeared 
in from 3 minutes to 5 minutes. Several cups were given 
a low-temperature anneal at 270 deg. C. to 300 deg. C. 
for 1 hour, which is generally regarded as being 
sufficient to remove all tendency to season-cracking 
from brass. Curiously enough, in the case of the cups 
so treated, the cracks appeared after about the same 
period of immersion as before, but. were rather more 
numerous, and the advent of each was heralded by 
a sharp report. However, a cup annealed for $ hour 
at 500 deg. C. gave no indication of season-cracking. 
Probably a less drastic treatment than this would 
suffice to remove internal stress. 

Silicon-Manganese-Copper Alloys.—The development 
in America of alloys of copper with silicon and man- 
ganese for use for chemical plant, suggested the desir- 
ability of exploring the whole range of useful silicon- 
manganese-copper-alloys in both the cast and worked 
conditions. The extension of the investigation to 
a field embracing all the ternary alloys likely to prove 
of industrial value appears to be very much needed, 
since, with the exception of several pamphlets 
emanating from the American manufacturers, no 
published work bearing directly upon the silicon- 
manganese-copper alloys was found. As the result 
of preliminary tests upon small samples, it appeared 
that the most useful alloys, combining good strength 
and hardness with reasonable malleability, probably 
lie within the somewhat narrow range between 2 per 
cent. and 5 per cent. silicon and 0 per cent. and 
5 per cent. manganese. Alloys outside these limits 
are either too soft to possess any special advantages 
or too brittle to be of use for structural or engineering 
purposes. The compositions selected for study varied 
from each other by steps of 1-5 per cent. in both 
silicon and manganese content. They were :— 

1 per cent. manganese with 2 per cent., 3-5 per cent., 
and 5 per cent. silicon. 

2-5 per cent. manganese with 2 per cent., and 3-5 per 
cent. silicon, 

4 per cent, manganese with 2 per cent: silicon. 

The precautions taken durir g casting were the same 
as those for the plain silicon-copper alloys. All 
contamination by iron was rigorously avoided ; 
stirrers were of charred wood, and skimmers of 
gas-retort carbon. The iron moulds, warmed, were 
dressed with a thin coat of graphite-grease paste, and 
the best pouring temperature was found to be the 
lowest possible. Under these conditions, two strip 
ingots (12 in. by 4 in. by } in.) for sheet and two 
round bars (14 in. by 1 in. diameter) for tensile tests 
were successfully poured from one pot of metal for 
each of the six compositions defined above. Careful 


analysis of samples from different parts of the castings 
showed no segregation in any one ingot. The relatively 
high percentage of iron present in all the castings was 
disappointing, the amount present, ranging from 
0-04 per cent. to 0-17 per cent., being considerably 





greater than that which should have been introduced 
by the cupro-silicon and cupro-manganese used. 

Samples taken from well within all the ingots were 
examined microscopically; for the most part, they 
appeared to be sound. The typical structure was that 
of a highly-cored dendritic solution, but, in a consider- 
able number of samples, a second constituent was 
visible between the dendrites, while the ~ was present 
in certain cases. The two secondary phases could be 
clearly distinguished ; etched with ferric chloride, the 
+ is a bright bluish-white, while the new constituent, 
for convenience called X, is usually brown. It is 
probably composite in character. 

The Mechanical Properties of Silicon-Manganese- 
Copper Alloys in the Cast Condition—Each of the 
cast cylindrical bars was divided into two halves 
7 in. long by 1 in. diameter, and machined into tensile 
test-pieces of the recognised standard dimensions, 
giving } sq. in. sectional area. Silicon has greater 
effect upon the ultimate strength than manganese. 
Alloys ranging between 3 per cent. and 43 per cent. 
silicon possess high strength. With less silicon the 
alloys are soft and of poor quality, while with more 
they become increasingly brittle, owing to the presence 
of the y phase. In moderation, the latter may tend to 
increase the ultimate strength, but it is much more 
probable that the high strength in the range mentioned 
is due to the influence of X, for when y is present in 
any quantity, the ultimate strength is lowered. Within 

Fig.5. ULTIMATE TENSILE STRENGTH 

OF SILICON-COPPER WIRE. 
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the optimum range of silicon content, namely, 3 per 
cent. to 44 per cent. silicon, increase of manganese 
raised the ultimate strength to a certain extent, but 
only at the expense of ductility. The highest ultimate 
strength recorded was 24-6 tons per square inch for 
the alloy containing 4-74 per cent. silicon and 3-19 
per cent. manganese ; its ductility, however, was low. 
A considerable amount of the constituent X was 
present in this alloy. 

The outstanding feature of the results for percentage 
elongation in 2 in. is a small area of high ductility 
between 2} and 4 per cent. silicon and 0 and 14 per cent. 
manganese. Alloy R5(‘“ Everdur” : Si, 3-43 per cent. ; 
Mn, 1-04 per cent. ; and Fe, 0-04 per cent.) is included 
in this area and had the greatest elongation, 25 per 
cent., of the whole series. With 5 per cent. silicon 
and over, practically all elongation disappears, while 
the alloys of relatively high manganese content are 
not specially ductile. The results for reduction of 
area are of the same general type as those for per- 
centage elongation, except that the area of high duc- 
tility is more restricted. 

After the tensile test, the grip ends of the test-pieces, 
which were originally located at the centres of the 
castings, were sectioned transversely and the sections 
used for hardness determinations. Hardness tests 
were likewise applied to certain of the Izod specimens 
prepared from the strip ingots, as described later. 
Brinell hardness figures were obtained by the use of 
a ball 1 mm. in diameter under a load of 10 kg. applied 
for 15 sec. It was noted that the values for the strip 
ingots were, in general, about 20 Brinell numbers 
higher than those for the round bars of the same com- 
positions. The strip ingots were }-in. thick, while the 
round bars were 1 in. in diameter, which means that 
the strip ingots were more severely chilled than the 
bars, and this accounts for their greater hardness. 
In each case, four distinct ranges were visible, their 


boundaries being at about the same chemical compo- 
sitions, though the actual hardnesses were different. 
Silicon has far more influence upon the hardness than 
manganese, and the four ranges may be described by 
reference to the silicon content alone, as follows :— 

Range I.—From 0 to 2} or 3 per cent. silicon, all the 
alloys are relatively soft, the higher limit of hardness 
being about 70 Brinell in the case of the round bars 
and 90 for the strip ingots. 

Range II.—At about 3 per cent. silicon, there is 
fairly rapid increase of about 20 Brinell points in 
each case, marking the first appearance of the con- 
stituent X, to the influence of which the increased 
hardness is doubtless due. 

Range III.—Between 3 and 4 per cent. silicon, in an 
area corresponding almost exactly with that of good 
ultimate strength, the Brinell number remains at an 
almost uniform and fairly high value, namely, 90 to 
100 for the bars and 110 and 120 for the ingots. Here 
the best Brinell properties occur. 

Range IV.—With more than 5 per cent. silicon the 
hardness increases rapidly, owing to the presence of 
excessive amounts of y. 

The Shore scleroscope test was performed, using the 
universal hammer, upon the Brinell specimens, and 
the results were found to follow the same general 
trend as the Brinell numbers. Unlike the Brinell 
figures, however, there is no marked discrepancy 
between the values for the round bars and strip ingots. 


Fig.6. 





ELECTRICAL RESISTANCE OF 
SILICON-COPPER WIRE. 
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Samples machined from the strip ingots were sub- 
jected to the Izod notched-bar test upon a 120-ft.ib. 
machine, the specimens being of the usual standard 
dimensions, namely, 1 cm. by 1 cm. section, notch 
2 mm. deep at an angle of 45 deg., with circular bottom 
of radius 0-25 mm. The notches were 28 mm. from 
the ends of specimens to be struck. With the excep- 
tion of those very rich in silicon, none of the alloys 
showed brittleness; in fact, specimens of only two 
compositions suffered breakage in the annealed con- 
dition. Three classes of alloys were distinguishable, 
depending upon the content of silicon, and, to a lesser 
degree, of manganese. With low percentages of these 
elements, the alloys are soft and malleable. Their Izod 
figures, which range from about 45 to 50 ft.-lb., 
are slightly lowered by annealing. Secondly, around 
the composition of optimum tensile properties appears 
a range of tough alloys which remained unbroken 
under test while absorbing over 50 ft.-lb. of energy. 
Upon annealing, these Izod figures are distinctly 
raised, while the region is extended to include certain 
of the more brittle alloys. These latter form the third 
class—namely, those which broke under test. Both 
“as cast ” and annealed specimens show the embrittling 
influence of the y constituent, and the effect of annealing 
is simply to localise this in its true corner of the field by 
inducing approximately equilibrium conditions. — 

It is therefore concluded that, in the chill-cast 
state, silicon-manganese-copper alloys of about the 
composition 3} per cent. silicon with 1 per cent. 
manganese had the best all-round mechanical properties 
of any between the limits of 0 to 5 per cent. each of 
silicon and manganese. 

The Production and Properties of Silicon-Manganese- 
Copper Sheet.—This part of the research was designed 
to investigate the behaviour of silicon-manganese- 
copper alloys under both hot- and cold-rolling, and to 
ascertain the properties of the resultant sheet. Of 
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the twelve strip ingots cast as described in the previous ‘from 8 to 13 mg. per square centimetre per month. 
section, six were selected for hot-rolling and six for | Normal and decinormal hydrochloric acid attacked all 
cold-rolling. With the exception of the alloy 87, | the alloys to a greater extent than sulphuric acid of the 
containing 5-14 per cent. silicon with 1-51 per cent. | same concentrations, the loss in weight varying from 
manganese, good sheet was obtained by cold-rolling | about 30 to 90 mg. per square centimetre per month. 
all six ingots. It is noteworthy that, in the investi- | As might be expected, normal nitric acid rapidly 
gation of the plain silicon-copper alloys, one containing | attacks copper and the silicon alloys. On the other 
44 per cent. silicon could not be rolled in the cold. | hand, decinormal nitric acid has scarcely more action 
Possibly owing to the presence of the manganese, | than sulphuric acid of the same concentration. All 
sheet was certainly obtained from 87, though it was | the metals showed a fair degree of resistance to normal 
not of good quality. Specimens of sheet in the “‘ hard | formic and acetic acids (8 to 15 mg. per square centi- 
bright ” and “ soft bright” conditions were reserved | metre per month), and mixing the two acids did not 
for testing. |increase the rate of attack. In synthetic sea-water, 
The conditions of hot-rolling were much less carefully | there was little to choose between the alloys. 
controlled, the initial temperature being 750 deg. + 20| In general, the corrosion of the silicon-copper 
deg. C. For the most part, the ingots rolled well as | alloy containing 4-5 per cent. of silicon proved very 
long as a fair degree of temperature was maintained, | similar to that of the silicon-manganese-copper alloy 
but upon cooling off, and particularly if the attempt | tested under identical conditions, but was rather less 
were made to cross-roll a cool specimen, serious cracking |severe. As this material contains no manganese and 
took place at the edges. In spite of this fact, hot-| 14 per cent. more silicon than the ternary alloy, the 
rolling can be said to give much better results than | foregoing result would seem to indicate that it is to the 
cold for the alloys relatively high in silicon, provided | silicon rather than the manganese that the latter 
that the temperature be maintained above redness. | owes its resistance to corrosion. For all liquids, 
As in the case of the plain silicon-copper alloys, however, | except normal nitric acid (by which both were rapidly 
care must be taken not to exceed a temperature of | dissolved), the silicon-manganese-copper alloy, con- 
about 800 deg. C., or the material becomes “ crumbly ”’ | taining 3-17 per cent. of silicon and 0-99 per cent. of 
and hot short. Specimens of hot-rolled sheet were | manganese, was slightly inferior to copper tested under 
afterwards pickled and brought to a “soft bright ’”’ | identical conditions. 
finish at 0-062 in. thickness; the last pinch (after| Zhe Oxidation of Silicon-Copper and Silicon-Man- 
the last anneal) being 0-08 in., as for the cold-rolled | ganese-Copper Alloys at High Temperatures.—Carefully 
samples. From each specimen of sheet in every | cleaned, measured, and weighed specimens of 3 per 
condition, at least six samples 4in. by 1 in. were cut, | cent. silicon-copper, 4-5 per cent. silicon-copper, and 
three being taken parallel with (‘longitudinal’), | a silicon-manganese-copper carrying 4 per cent. silicon 
and three at right angles to the direction of rolling|and 1 per cent. manganese, in comparison with 
(“transverse”). The samples were machined to | arsenical-copper, all in the form of sheet, were heated 
tensile test-pieces by bolting a number together between |in air in a muffle to a temperature of 725 deg. C. 
two mild-steel plates and shaping the edges. About | This temperature was maintained for 1 hr., after which 
250 specimens were thus prepared. Upon measure- | the specimens were allowed to cool in the muffle with 
ment, few, if any, of the parallel portions varied by | free access of air. They were then examined and 
more than 0-005 in. from the intended width of 0-25 in. | reweighed. In addition to these experiments made by 
The selection of the gauge length was governed by | the author, the rates of oxidation of the two silicon- 
the sectional area of the specimens. The standard | copper sheet samples together with silicon-copper wire 
specification for gauge length is four times the square | (0-92 per cent. Si) were determined in pure oxygen at 
root of the sectional area. In the majority of cases, | 725 deg. and 825 deg. C. by J. 8. Dunn, Ph.D. 
this worked out at about } in., which was accordingly} The main conclusions drawn from the results of the 
chosen and adopted for all the specimens. The most | two series of experiments are as follows :—The scale 
patent fact revealed by an examination of the results | formed on silicon-copper alloys resembled that ordi- 
was that the ductility, and in many cases the strength | narily formed on copper, in so far as it consisted of a 
also, is lower when tested across than along the direction | black cupric-oxide layer superimposed upon a firmly 
of rolling, and that this phenomenon is by no means | adherent cuprous-oxide film. In the case of alloys 
destroyed by annealing. The directional properties were | containing appreciable quantities of silicon, the cuprous- 
rather less marked for the hot-rolled specimens, due, | oxide film is buff in colour and contrasts strongly with 
perhaps, solely to the fact that they were cross-rolled. | the red oxide produced on copper. The modification 
Any directional properties which they retain were | of the colour is probably due to the admixture of silica. 
presumably imparted during the last pass or two, | The resistance of silicon-copper alloys to high-tempera- 
when the metal was becoming cool. The effects of | ture oxidation in the neighbourhood of 700 deg. C. 
the rolling conditions are summarised in Table II. increases with the silicon content. At 725 deg. C., 
the rate of oxidation of an alloy containing 4-58 per 

















seston cent. silicon was from } to } that of copper. The 

m. Cold- Ultimate Elongation on adherence of the outer layer of black oxide was likewise 

Condition. Work. Strength. 4 ./Area. |a function of the silicon content. For the 4-58 per 

Per cent. Per cent. cent. silicon alloy, it was very firmly adherent. At the 

: temperatures above 800 deg. C., the oxidation rate 

Hard bright 33 18-45 — 4-22 increases and approximates to that of pure copper. 

Soft bright 7 64 te oe 7-43 The addition of 1 per cent. manganese to a 4 per cent. 

square inch silicon alloy did not appreciably alter the rate of 

Hot-rolled .| Indefinite 93-00 tone al 8-19 oxidation, but rendered the black oxide much less 
Annealed 0 14-81 tons per | 20-75 adherent. | a si 

square inch Comparison of the Silicon-Copper and _ Silicon- 

Manganese-Copper Alloys.—The results of this investi- 











gation show that the straight silicon-copper alloys 
are little, if at all, inferior in their mechanical properties 
to the more complicated ternary alloys containing 
manganese, and that there is no marked difference 
in their resistance to corrosion. The experiments on 
the resistance to attack by chemicals indicated the 
suitability of the alloys, with or without manganese, 
for certain engineering purposes in chemical industries. 


The relatively low elongations of the hot-rolled 
specimens were simply due to the cold-working effect 
of the last few passes. Had the rolling been stopped 
at an earlier stage—i.e., before the metal had cooled 
down below a red-heat—the results would, no doubt, 
have been more comparable with those for the annealed 
material. However, they show definitely that hot- 
rolling (especially with cross-rolling), followed by cold- 
work, imparts good strength without the introduction 
of objectionable directional properties. Such procedure 
is therefore recommended ; it gives greater fuel and 
mill power economy, as well as a better product than 
cold-rolling with intermediate anneals. 

The results of tensile tests carried out on annealed 
silicon-manganese-copper sheet show that the most 
ductile alloys contain from 2 to 3} per cent. of silicon 
with up to 3 per cent. of manganese, and correspond 
fairly well with those of maximum toughness, as shown 
by the Izod test on the annealed castings. 

Corrosion Tests.—An extensive series of corrosion, 
or perhaps rather endurance, tests in various liquids, 
including mineral and organic acids, was undertaken 
upon silicon-copper and _ silicon-manganese-copper, 
with pure copper as a standard of reference. Space 
forbids the inclusion of anything more than the brief 
summary of the results which follows. Copper and 
silicon-copper resisted strong sulphuric acid fairly 
well, but silicon-manganese-copper was moderately 
attacked. All the metals resisted normal and decinor- 
mal sulphuric acid quite well, the rate of attack being 








A Non-Sirppine ScREWDRIVER.—It is safe to say that 
everyone who has used an ordinary screwdriver when 
putting in or withdrawing screws in a highly polished 
surface, whether wood or metal, has had the irritating 
experience of the blade slipping from the slot and making 
disfiguring scratches. This slipping is particularly likely 
to occur when the screw has to be tightened hard up, 
or when, owing to long use, it has seized in place, and 
has hitherto been accepted as inevitable since the tool 
seemed incapable of improvement. A simple modifica- 
tion of the ordinary blade has, however, now been made 
which, it is stated, prevents all possibility of slipping. 
The end of the new screwdriver is formed on both 
faces with a number of V-shaped cuts arranged chevron 
fashion, with the apex upwards, for some distance along 
the blade. This gives a roughened edge to the blade, 
which remains even after extensive re-grinding, and its 
gripping power is so marked that tests have shown 
that it is possible to lift a piece of wood merely by the 
grip of the blade on the slot of the screw arising from 
the turning movement. The invention, known as the 
non-skid screwdriver, is being introduced by Messrs. 
The Bridgeport Hardware Manufacturing Corporation, 
Bridgeport, Connecticut, U.S.A. 











4-8-4-TYPE LOCOMOTIVE FOR THE 
CHICAGO AND NORTH-WESTERN 
RAILWAY. 


THE locomotives illustrated by Figs. 1 to 5, on pages 
432 and 444, have been built by Messrs. The Baldwin 
Locomotive Works, Philadelphia, Pa., for passenger 
and freight service on the Chicagc and North Western 
Railway. They were designed by the builders in con- 
junction with the Mechanical Department of the 
Railway, and are of the 4-8-4 type, a trailing four- 
| wheeled truck supporting the firebox in place of the 
| more usual two-wheeled arrangement. 
| The principal reasons for the use of the four-wheeled 
trailing truck are that it allows of the use of a large 
| firebox, with ample grate surface, while keeping 
'individual axle loads within reasonable limits; at 
| the same time, it is found that locomotives so fitted 
| ride more easily, and that track stresses are less. The 
| 4-8-4 type first came into prominence in 1926, when the 
| American Locomotive Company built for the Northern 
| Pacific Railway some large engines having this wheel 
| arrangement, and whilst these locomotives were pri- 
| marily introduced from a desire to burn a low-grade 
| bituminous coal readily obtainable, the success attained 
| has given the type an established place in railway ser- 
vice. Since 1926, there has been a steady increase 
in the number of 4-8-4-type engines built, so that, 
whereas in that year 22 were constructed, orders for 
61 were placed in 1927, for 61 in 1928, while during 
1929, 172 engines were put in hand. 

A table of dimensions of typical 4-8-4-type engines 
having driving wheels of 73 in., and over, is given on 
page 444, which shows not only the proportions of 
engines of this particular design, but also how other 
similar engines built compare with those forming the 
main object of this article. 

The Chicago and North Western locomotives have a 
maximum rated tractive effort of 65,200 lb. at 85 per 
cent. of the boiler working pressure, which is 250 1b. 
The boilers and machinery have both been constructed 
to permit of the pressure being raised to 275 lb., if re- 
quired, so that the rated tractive force may be increased 
to 71,800 lb. With the exception of some engines of this 
class on the Atchison, Topeka and Santa Fe Railway, 
the tractive effort of 65,200 lb. is greater than that of 
any other, and the total heating surface of 7,571 and 
grate area of 100 sq. ft. provide exceptional steaming 
capacity, as evidenced by the boiler demand and heat- 
ing surface grate factors of 655 and 75-7, respectively, 
figures comparing very favourably with those found in 
the case of high-speed Pacific-type locomotives. 

The boiler is pitched with its centre 10 ft. 8 in. 
from the rails; it has a maximum diameter outside 
of 8 ft. 4 in. The barrel is built up in three courses, 
a parallel section of the above size next to the round 
topped firebox, a centre course slightly coned, and the 
front part again parallel. There are 51 2-in. tubes 
and 214 flues 3} in. in diameter; they are 21 ft. long 
between the tube plates, the 34-in. flues housing the 
superheater. 

The throttle is of the multiple-valve type, arranged 
in the superheater header, and the dome, which is 
mounted on the tapered section of the boiler, contains 
an Elesco tangential steam drier, fitted in order to 
deliver steam as dry as possible to the super- 
heater. The firebox has a combustion chamber, 
and there are three Nicholson thermal syphons, two 
in the box, and one in the chamber. In addition, there 
are two of the usual arch tubes. The smokebox has 
a cover plate on the top behind the chimney, which, 
on removal, permits of the examination of the throttle 
valves and the superheater unit bolts. The evapora- 
tive heating surface is made up as follows :—Firebox, 
292 sq. ft.; combustion chamber, 116 sq. ft.; arch 
tubes and syphons, 150 sq. ft. ; tubes and flues, 4,656 sq. 
ft., making a total of 5,214 sq. ft. The superheating 
surface is 2,357 sq. ft. 

The grate area is 100 sq. ft., and firing is by means 
of a mechanical stoker. The boiler feed is treated in 
a Worthington heater of a modified design, which 
differs from the earlier type, in that, instead of being in 
one unit, the heater or condenser portion is now placed 
on the top of the smokebox in front of the chimney, 
and the cold-water pump is of the rotary type, placed 
at the back end below the cab. The hot-water pump, 
of the piston type, is fixed, in this instance, over the left- 
hand cylinder. Supplementary feed is by a Hancock 
non-lifting injector. 

There are several notable features in the arrange- 
ment of the cylinders and main framing. To develop 
the tractive effort of 65,200 lb., or 71,800 lb. if the pres- 
sure were raised to 275 lb., cylinders 27 in. diameter 
by 32 in. stroke are used, and the maximum piston 
load works out at 157,000 lb. with the higher pres- 
sure. To meet this, the main framing, complete with 
the cylinders and piston-valve chambers, smokebox 
saddle, all cross stretchers, front bumper, with air- 
pump brackets, and the rear cradle section have all 
been combined in a single steel casting, 58 ft. 3 in. 
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4-8-4-TYPE LOCOMOTIVE FOR THE CHICAGO AND NORTH WESTERN RAILWAY. 


CONSTRUCTED BY MESSRS. 




















Fia. 4. Front Enp or LOCOMOTIVE. 


Into the forked end is forced a bushing, which is 
fitted inside with a floating bush running on the 
main crank pin, and taking on its outer surface the 
bushed end of the side rod. This arrangement has the 
effect of transmitting directly part of the main rod 


in length, and having a weight of 72,500 lb., or 32-3 
long tons. This is shown in Fig. 2, page 432. 
Steam distribution is by means of piston valves 14 in. 
diameter ; Walschaert’s motion is used for 30 engines, 
and the Baker gear for five. Particulars of the valve 


CoMPARATIVE DIMENSIONS OF RECENT 4—8-4-TyPE Locomorives. 





Ae 2. 3. 4, | 5. 6. 7. 


30 x 


Cylinders, diameter and stroke In. | 27 30. | 254 x 30 28 x 30 29 
73 73 





Coupled wheels, diameter .. ° oo. ge 76 75 77 73 
Boiler pressure ts vs Lb. per sq. in. 250 275 250 210 250 210 
Rated tractive effort* ; Bs se, 65,200 60,800 64,500 66,000 56,800 57,500 
Evaporative heating surface Sq. ft. 5,214 4,931 5,193 | 5,672 4,256 4,600 
Superheater heating surface ae 2,357 2,112 1,324 2,250 1,700 1,990 
Grate area .. ie ‘> s% co; 9 100 93°5 88-2 108-0 84-4 115-0 
Engine weights = 
On drivers at a Lb. 288,000 250,000 269,000 269,400 232.000 260,000 247,300 
Totalengine ..  .. ss: | 498,000 | 423,000 | 421,000 | 421'900 | 38’000 | 426000 | 420'900 
Total locomotive 818,000 709,000 637,000 704,900 648,000 739,000 | 747/800 
ee eee ec eee 4-42 4-12 4-17 4-08 4-05 4-52 | 4-93 
Engine weight per square foot total heating | sal 
surface .. - Sy myrx 65-8 60-1 64-5 53-2 : : 9-8 
Rated Tractive Effort x dia. of drivers 6 $47 ae : sa ¥ 4: Be ~ 
Combined Heating Surface on wns 762 618 695 637 663 
Combined Heating Surface ie :. 
oe = os 73°7 75°2 73-8 73-3 70°5 57-1 62-0 


Grate Area 
* Ratio Tractive Effort for main cylinders only. Mean pressure, 85 per cent. of boiler working pressure. 


1. Chicago and North Western. 5. Canadian National. 
2. Canadian Pacific. 6. Northern Pacific. 
3. Delaware, Lackawana and Western. 7. Great Northern. 


4. Atchison, Topeka and Santa Fe. 


setting for the Walschaert gear are as follows :—Valve 
travel, 7} in. ; steam lap, 14 in. ; lead, } in. ; exhaust 
clearance, } in. For the Baker gear, the corresponding 
figures are 9 in., 1f in., § in., 4 in. The steam con- 
nections to the steam chests are formed in the saddle 
section of the main-frame casting. 

The main connecting-rod has a solid end, forked to 
receive the centre section of the side-rod connection. 


the main pins of part of the piston load. 


by 144 in. 








The driving wheels have an outside diameter of 
6ft.4 in. and 5 ft 8 in. centres, and the journal bearings | 142-8 tons. The total locomotive weight is, therefore, 
are 134 in. diameter and 14 in. long for the main axle, | 365 long tons. We are indebted to Messrs. The Baldwin 
while for the remaining coupled axles they are 12 in. | 
The axle-boxes have automatic adjustable 


wedges of the Franklin type. The whole of the re- 


THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, PA., U.S.A. 





Fia. 5. InsmpE or Cas. 


volving and 50 per cent. of the reciprocating weights 
are balanced. The crossheads are of the Laird type. 

Outside journal boxes are provided for the leading 
bogie axles, the journal bearings of which are 7} in. 
by 14 in. The wheels of the leading bogie have a 
diameter of 3 ft. The trailing four-wheeled truck is 
composed of a cast-steel frame, articulated from a 
centre just behind the trailing axle. The wheels have 
diameters of 3 ft. 8 in. and 4 ft. 2 in., the larger being 
at the back end, and taking the drive from the Franklin 
booster, which adds a further 11,300 lb. to the starting 
tractive effort at 250 lb. boiler pressure, and 12,400 lb. 
at 275 1b. The truck journals are 9 in. by 14 in., and 
the booster adhesive factor is 5-75 

The springs are of the usual overhung laminated 
kind, equalised throughout, except with the leading 
truck. The engine weights, in working order, are as 
follows :—On leading bogie, 87,000 Ib., 38-8 long tons ; 
on drivers, 288,000 Ib., 128-5 long tons; on trailing 
bogie, 123,000 lb., 54-9 long tons; total 498,000 Ib., 
222-2 long tons. 

Tenders of considerable size are required for the 
| service. Those fitted to these engines have space for 
| 20 tons (40,000 Ib.) of coal, and 18,000 gallons of water, 
|}equal to a load of some 97-7 long tons. The tender 
'tanks have welded seams, and one-piece cast-steel 
| frames, shown in Fig. 3, page 432. They run on two 
| six-wheel bogies with cast-steel frames. These castings, 

like the main tender and engine frames, were made by 
| the Commonwealth Company. 
| Of the 35 locomotives forming this particular order, 





thrust to the following coupling-rod pin, thus relieving | 25 have tender bogies equipped with roller-bearing 


| units of the American Steel Foundry’s design with 
Shafer bearings. The loaded weight is 320,000 Ib., or 





| 


| Locomotive Works for the photographs from which 
| Figs. 1, 4 and 5 have been prepared, and to the Editor 


| of Railway Mechanical Engineer for the remainder. 
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THEORY AND EXPERIMENT IN 
STRUCTURAL-STEEL DESIGN.* 


By Proressor C. Baruo, D.Sc. 


A FIELD of investigation of importance to the struc- 
tural engineer is the development, by analysis and 
experiment, of exact methods for the calculation of 
the stresses and deformations in a structure, and the 
determination of the conditions which govern its 
breakdown under excessive loading. The methods 
developed may often be too complicated to apply 
exactly under commercial conditions of design. This 
should not deter the investigator; but every effort 
should be made to reduce the results, as far as possible, 
to forms which may be embodied in specifications or 
laid down as methods of design, the aim being to 
produce designs, which, when considerations of work- 
manship, standardisation of structural elements, 
planning, appearance, and other factors are taken into 
account, result in the utmost economy of material 
consistent with complete safety. 

It will only be possible to consider here a few of the 
many problems in this field. The discussion may be 
divided into the consideration of the structure as a 
complete framework and the experimental study of the 
connections and the individual members. It will be 
assumed that the structures are built up of the elements, 
such as plates, I beams, angles, channels, &c., at present 
provided by the steel manufacturers. It may be noted, 
in passing, that variations or even radical changes in 
these elements might lead to interesting developments in 
design, and this possibility should not be disregarded. 
The difference between the Forth bridge, composed 


mainly of tubes riveted in the field, and a modern | 


bridge, such as the Quebec bridge, fabricated as far as 
possible in the shops, shows the variation in methods 
that has already taken place, and this is not necessarily 
at an end. The introduction of welding seems to 
indicate possible developments in the near future. 

Returning to the consideration of normal structures, 
these may be classified as follows :—(a) solid web girders, 
arches, &c.; (5) statically-determinate frameworks 
having pin-connected, riveted or welded connections ; 
(c) frameworks having redundant reaction conditions 
or internal redundancy; (d) frameworks without 
diagonals which depend upon the rigidity of the con- 
nections for their stability; and (e) structures which 
are combinations of the preceding. 

Solid web structures present the same problems, 
sometimes in an emphasised form, as the individual 
members of frameworks. 

The primary stresses in statically-determinate frame- 
works may readily be calculated by well-known methods. 
It is probable that such structures owe their popularity, 
at least partially, to this. It very often happens that 
a statically-indeterminate framework will give a more 
economical, more reasonable, and safer design than a 
statically-determinate framework, and the prejudice 
that exists in certain quarters against such structures 
is largely on account of the time and skill supposed to be 
required for their calculation. That there are draw- 
backs in certain cases, due to the necessity for careful 
workmanship, uncertainty of reaction conditions, &c., 
may be freely admitted, but the difficulties of calcula- 
tion have been greatly exaggerated. 

It is fitting that, at a meeting of the British Associa- 
tion, tribute should be paid to the pioneer work of 
the great physicist, Clerk Maxwell, in this field. His 
paper ‘“‘ On the Equilibrium and Stiffness of Frames,” 
published in 1864, and very nearly omitted from his 
collected works, was the foundation of a systematic 
treatment of the subject, since developed, mainly in 
Germany, by Mohr and others. An account of part 
of this work has been given by Professor E. H. Lamb,+ 
but he does not deal with the systematic development 
of methods of determining the influence lines for frame- 
works having external or internal redundancies. The 


structure may be reduced to a statically-determinate | 


principal system with statically-indeterminate quantities 
X,, X,, X;.... Simultaneous equations (the Max- 
well-Mohr equations) are obtained for these quantities. 
These equations may be reduced, by the use of Maxwell’s 
theorem of reciprocal deflections, to a form which allows 
the work to proceed graphically, making use of the 
Williot-Mohr deformation diagram. The influence lines 
for the statically-indeterminate quantities and for the 
forces in the members may then be determined by a 
general method, depending only upon the number of 
indeterminate quantities. Thus, the solution for a 
two-hinged arch is similar to that for a continuous 
truss on three supports, &c. In a structure having 
more than one redundancy, the principal system and 
statically-indeterminate quantities may sometimes be 
so chosen that the latter have no mutual deflection 
components. Maxwell’s equations then become simple 
equations for each X, and the solution is considerably 





_* Paper read before Section G of the British Associa- 
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simplified. An example of this is Miiller-Breslau’s 
method for the fixed arch. 

There is a field for investigation in the development of 
quick approximate methods for the preliminary design 
of such indeterminate frameworks. Only the influence 
lines for the statically-indeterminate quantities depend 
upon the cross-sections of the members, and the study 
of the variation of these with different distributions of 
material has already resulted in useful approximations 
in certain cases. 

Deformation diagrams have been mentioned. The 
information to be obtained from these, especially in the 
preliminary studies for an important structure, is’ not 
always fully realised. An example may give some 
indication of their value: One of the principal causes 
of the failure of the first Quebec bridge was the collapse 
of one of the compression members of the lower chord, 
owing partly to the insufficient latticing adopted, but 
largely to the fact that no attempt was made to avoid 
open joints during erection and thus the members were 
loaded across the corners. .A study of the deformatio 
rene made after the failure, showed that this wa 

nevitable, owing to the irregular deformation of the 
bottom chord. Even if attempts had been made to 
splice the members during erection, it would have been 
very difficult to bend them sufficiently to close the 
joints before splicing. An important factor in the 
design of the new bridge was the avoidance of this 
irregular deflection in order that the members could be 
fully spliced as erected, and deformation diagrams 
formed the basis of this investigation. Deformation 
diagrams were also of great value in solving many of 





the problems of erection. 

| The vexed question of how far secondary stresses 
| arising from the rigidity of the joints in simple or 
redundant frameworks should be calculated and taken 
| into account in practice is too complicated to be dis- 
| cussed here. But the necessity for their consideration 
in the design of important structures, especially of new 
types, should be emphasised. The problem of the 
bottom chord of the Quebec bridge, touched upon above, 
| is really an example of this. 

In steel building construction, frameworks without 
diagonals must be employed. Since these depend for 
their stability largely upon the rigidity of the connec- 
tions, and since at least the horizontal members are 
loaded between the panel points, the bending stresses 
become as important as, or more important than, the 
direct stresses. It is customary, in this country, in 
| designing building frames, to treat them as consisting 

f beams and columns, except in dealing with wind 
stresses—if these are taken into consideration. It is 
doubtful whether this method, besides being illogical, 
leads to economical design, and investigations includ- 
ing a complete analysis of frames as elastic structures 
having rigid or semi-rigid connections, combined with 
intensive experiments on the stresses, deformations and 
slips in the connections, should lead to the development 
of more rational and economical methods. 

Several methods are available for the analysis of an 
elastic framework of this type, including the slope- 
deflection method. The calculations are very lengthy 
and troublesome, but it is important that they should be 
undertaken, and attempts should be made to carry 
forward the work until a complete analysis of the 
| structure as a three-dimensional framework is made 
| possible. Together with this should proceed the search 
| for reliable approximate methods to be used in practice. 
| This subject has attracted considerable attention in 

the United States and other countries, and a certain 
| measure of success has already been attained. , 
| Beggs’ experimental method* is a valuable aid in 
| the design and investigation of statically-indeterminate 
| structures. It is a direct application of Maxwell’s 

theorem of reciprocal deflections. A two-dimensional 
model of the structure is constructed of celluloid or 
| similar material. Any reaction condition, or the direct 


| force, shear or moment in a member under a given 

















| system of external loads, may be determined by giving, 
by means of special devices, a small measured linear 
or angular displacement to the model in the position 
of the unknown force or moment. The movements of 
the points of application of the loads, in the directions 
of the loads, may then be measured by means of micro- 
scopes, and Maxwell’s theorem gives directly the required 
force or moment. The deformed shape of the model is 
virtually an influence diagram for the required force or 
moment. This apparatus has already been used in the 
design of important structures in America and elsewhere. 
Tests in the writer’s laboratory have shown that it 
gives reliable results when certain precautions are taken 
in its use, and one of the writer’s colleagues is at present 
employing it in an investigation of steel-frame building 
structures. The method has also been extended 'to three 
dimensional structures by its inventor. The photo- 
elastic method, which is too well known to require 
description, is also of value, more especially in dealing 
with solid web structures. 

The calculation of a structure as an elastic frame- 
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work takes no account of, and gives no information on, 
the manner in which the actual connections behave, 
or how they affect the distribution of stress in the 
members. The detailing of a structure is often regarded 
as merely a matter of making up the members, and 
arranging the connections according to a series of con- 
ventional rules, some of these rules being sound and in 
accordance with experience and experiment, but some 
little better than superstitions. The intelligent designer 
realises how much economy and harmonious design 
depend upon detailing, and seeks, often in vain, for 
reliable data to guide him. 

There is a. wide scope for the investigator in this 
field. Many experiments have been carried out, parti- 
cularly in America and Germany, but many more need 
to be undertaken. Experiments on models, by the 
photo-elastic or Beggs’ method, are here of little direct 
use, since the problems are three-dimensional, and the 
connections between the members must be exactly 
as they are in practice. The only manner of attack, in 
the majority of cases, is by experiments upon actual 
connections, members and structures in the laboratory 
or the field. The methods include :—-(a) Intensive 
laboratory explorations of the strains and deformations 
in structural elements, connections and built-up mem- 
bers (including model trusses) under load ; (b) laboratory 
tests to destruction ; and (c) experiments upon actual 
structures in the field. The first two methods are 
closely related, and probably the most fruitful ex- 
periments are those giving the complete history of all 
the phenomena which occur under load, commencing 
with the strains and deformations before elastic break- 
down and continuing until failure occurs, Experiments 
upon complete structures by means of strain gauges and 
other devices give useful overall checks as to the validity 
of the methods of calculation employed in design ; but 
the number of factors involved, which are difficult to 
disentangle one from another, suggests that their use- 
fulness, by themselves, as guides to the development of 
design is limited, and that a full analysis of the results 
obtained must await the results of the more intensive 
methods (a) and (6). An exception to this arises in the 
study of the phenomena of impact, vibration and 
resonance in structures. Experiments for this purpose 
must include tests on actual structures. This branch 
of investigation will not be considered here, as it is 
fresh in the minds of many from the admirable report 
of the Bridge Stress Committee. 

A further disadvantage of experiments on actual 
structures is that they cannot be carried on, except 
inadvertently, to the point of elastic breakdown, and 
thus do not afford information as to the margin of 
safety. The failures of structures which unfortunately 
occur from time to time yield much valuable in- 
formation, but, although one of the early methods of 
design, full-scale experiments of this character cannot 
be advocated! They cannot, however, be altogether 
eliminated as long as structures of new forms and new 
materials are designed without both adequate con- 
sideration of existing scientific data and the prosecution 
of necessary investigations. 

The two failures which occurred during the erection 
of the Quebec bridge may be mentioned as examples of 
two opposite lessons to be learned from such occur- 
rences. The failure of a member of the compression 
chord in the first structure called attention to in- 
sufficient care in design and inspection and the lack 
of sufficient experimental study, and gave a great 
impetus to scientific investigation. The fall of the 
suspended span during the erection of the second 
bridge undoubtedly showed the possibility of hidden 
flaws in cast steel or defects in the method of erection 
employed, but the successful withstanding of the severe 
shock to the cantilever and anchor arms, which showed 
no signs of damage after the most careful examination, 
testified to the safety of the design of the structure as 
a whole. 

It has already been indicated that the experimental 
method which gives the most exact and detailed 
information is a laboratory test including intensive 
investigation of strains and deformations and observa- 
tion of all the phenomena up to breakdown. The 
simplest and most usual test, however, is one in which 
the breaking load alone is recorded. This is better 
than no test at all, but seldom throws any light on the 
causes leading to breakdown. It is an extraordinary 
fact that even this simple form of test appears sometimes 
to be omitted in framing rules for design. An example 
of this is the clause, which was formerly contained in 
many specifications, to the effect that rivets should not 
be used in positions where they would be subjected to 
tension. This was apparently based partly upon the 
reasoning that, since the rivet carried an unknown 
but considerable initial tension due to shrinkage in 
cooling, it was unsafe to load it further. Tests carried 
out in Germany, Canada and the United States* have 
shown, however, that a riveted joint loaded so that the 
rivet is in tension is capable of withstanding a tension 
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equal to, and often exceeding, the tensile strength of the 


material of the rivet. These results are now beginning 
to be reflected in specifications. The Canadian Engi- 
neering Standards Association specifications allow 
10,000 lb. per square inch. This seems to be on the 
conservative side, but most specifications omit all 
mention of the use of rivets in tension. 

The breaking tests alone indicated the high tensile 
strength, but the simple reason for it was not disclosed 
until measurements were made of the extensions of the 
rivets during test. These showed that no extension 
occurred in most of the tests until a load comparable 
with that given by German investigators for the tensions 
in rivets due to cooling was reached. It thus appears 
that the initial tension in the rivet compresses the 
plates and, if a pull is applied to the plates, no further 
tension is produced in the rivet until the pressure 
between the plates is relieved. The fallacy of the 
reasoning apparently underlying the prohibitive clause 
thus appears to have been exposed by these simple 
tests. 

The above example shows the value of obtaining not 
only the breaking load but also information as to the 
behaviour of the specimen before this load is reached. 
The importance of this is emphasised where the pheno- 
mena accompanying failure are complicated. The 
description of a few experiments carried out with careful 
observations often gives much more information than 
the tabulation of a large number of breaking loads. 

It is of great importance to determine the primary 
cause of elastic breakdown. The appearance of a 
specimen at failure may be entirely misleading, since 
the first breakdown is often followed by various 
secondary effects. An example of this sometimes 
arises in a bending test on an I-beam with four- 
point loading. The beam may fail in may ways, but 
one common form of final breakdown is by twisting of 
the ends. This is often considered to be due to torsional 
instability, and may arise from this cause, but more 
often, as pointed out by Moore*, the primary cause of 
failure is excessive local compression near the junction 
of the web and flange at a loading point. Careful 
arrangement of the test and observation during the 
test are necessary in order to determine the manner 
of primary failure and the load at which it occurs. 

Turning to the laboratory investigation of structural 
members and connections by strain and deformation 
measurements with extensometers and other devices, 
two more or less distinct problems arise : (1) The study 
of the effect of the end and internal connections between 
members or parts of the same member upon the distri- 
bution of stress in the memb>»r; and (2) the study of 
the connections themselves, such, for example, as the 
determination of the partition of the load among the 
rivets or bolts of a connection and of the stresses in 
gusset plates, &c. 

The first problem may be illustrated by referring to 
experiments carried out by the writer some years ago, 
at McGill University,t on the distribution of stress 
in single and double angle members subjected to 
tension through riveted end connections representing 
the gusset plates used in practice. The specimens 
were made up of 3 in. by 3 in. by } in. U.S. standard 
angles, and the double angle members consisted of 
two angles, back to back, riveted to a gusset plate 
between them. The strains were measured by means 
of mirror extensometers, ten extensometers being 
arranged round the outer faces of the angles mid-way 
between the gusset plates, and the same number in 
positions near to the ends. The experiments all showed 
remarkable uniformity of action, it being found possible 
to remove the specimens from the machine and replace 
them without altering appreciably the strain-measure- 
ments at a given load. It was clearly shown that, 
except near the ends, the usual assumption of planar 
distribution of longitudinal strain was correct. It was 
thus possible to find the position of the load axis by 
combining the extensometer readings with measure- 
ments of the deflection of the members. This was 
found to lie practically along the line of rivets in the 
specimens having narrow (3-in.) gusset plates, but, in 
those with wide gusset plates, departed considerably 
from this position, owing to the stiffness of the gusset 
plates, particularly in their own plane, the decrease in 
the ratio of maximum to mean stress amounting to as 
much as 35 per cent. It should be noted that this 
ratio was between 2-3 and 2-8 with narrow gusset 
plates, so that the effect of the stiffness of the gusset 
plate was appreciable. It was found possible, by means 
of the S-polygon, to analyse the effects produced by 
the gusset plates and to show the conditions giving the 
least ratio of maximum to mean stress. The specimens 
having wide gusset plates were fitted with lock angles 
(cleats) between the outstanding leg of the angle and 
the gusset plate, riveted to both, and the strain distri- 
bution was determined with these and also after their 
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removal. It is often considered by designers that a 
lock angle, besides increasing the virtual length of 
attachment to the gusset plate, neutralises the eccen- 
tricity of the connection. These contentions were 
not found to be justified. The movement of the axis 
produced by the lock angle was never more than +};-in., 
and this very slightly increased, or very slightly de- 
creased, the maximum stress in the member, according 
to the original position of the load axis. Lock angles 
have also been shown to have very little effect upon 
the breaking strength. 

The results of the experiments on double angle mem- 
bers were particularly interesting. It is usual to design 
such members as single sections, the neutral axis being 
assumed parallel to the unconnected legs. The extenso- 
meter measurements showed that this condition was 
not fulfilled, but that each angle acted as a single mem- 
ber restrained by the gusset plate and the back to back 
connection, the result being, under certain conditions, 
a practically uniform distribution of stress. Such 
members are simple forms of built-up members, and 
similar investigations on built-up columns have shown 
that they also should be considered, not as a single 
piece, but as a series of elements restrained by their 
connections with one another. Thus, one of the 
problems of their design is to produce harmonious | 
working of all the parts, these being proportioned so | 
that each is economically performing its function. 
This has probably been most clearly realised by the | 
designers of aircraft. 

The example given above illustrates a principle of | 
considerable importance in experimental work of this | 
kind, viz. the limitation of the number of factors in a| 
given investigation. After it was established that the | 
load axis could be determined from the extensometer 
readings, the experiments were directed towards the | 
determination of the effect of the stiffness of the 
gusset plates, the effect of the lock angles, and the 
restraint produced by the back-to-back connection of 
two angles, and they were so arranged that these 
factors could be examined separately and the effect 
of each discovered. 

The accounts of many elaborate series of experi- | 
ments have been published where this principle has not | 
been recognised, the result being that, if information 
about some particular factor is desired, it is usually | 
found impossible to disentangle it from others. If 
useful results are to be obtained, it is necessary to 
arrange the experiments, possibly after preliminary 
general explorations, with definite ends in view. 

The problems of the connections themselves are | 
many and involve not only measurement of strain 
under working conditions, but also the investigation 
of methods of breakdown, slips, angular deformations, 
&c. High local concentrations of stress occur and the 
effect of these requires further study, including experi- 
ments under repeated and alternating loads. Certain 
investigations already carried out seem to show that 
when only a very small part of a member is subjected 
to a high stress its importance may not be great.* 

One of the “ superstitions’ of structural design is 
that all the rivets in a splice under axial load carry | 
the same proportion of the load, and that under 
eccentric loading a simple calculation will show how 
much each takes. This is not really believed in, but 
like many superstitions in other spheres, is still acted 
upon for want of a better guide. 

Investigations were carried out by the writer, and 
published in 1916, upon riveted double butt joints 
having a single axial line of five rivets on each side | 
of the joint. The strains in the cover plates were | 
measured by means of mirror extensometers, and it | 
was shown that the first and fifth rivets carried by far | 
the greater part of the load under working conditions. | 
An approximate theory was evolved, based upon the | 
method of least work, by means of which the load | 
carried by each rivet could be estimated. Recent 
investigations published in Germany on fitted bolts 
and rivets} support these results, and experiments 
now in progress at the University of Birmingham upon 
riveted splices show that they apply with other group- 
ings of rivets. For example, in a splice having nine 
rivets on each side of the junction, arranged in four 
rows of 1, 2, 3 and 3 rivets, respectively, the first rivet 
carried about one-third of the total load until a load 
well above working load was reached. The proportion 
diminished as the load increased above this, but very 
slowly, and when the plates began to yield it was still 
carrying much more than its due proportion of_the' 
total load. ; 

These results should not be taken as indicating 
that riveted joints as at present designed are usually 
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unsafe—breaking tests have shown this not to be true, 
the rivets, owing probably to their grip upon the 
plates, being apparently much stronger than is supposed 
—but rather that it is probable that their numbers could 
be considerably reduced by a more rational arrangement. 

It is often desirable, both from the point of view of 
economy and ease of erection, to replace rivets by 
bolts. Experimental investigations on bolted joints 
are also in progress at the University of Birmingham. 
Turned and fitted bolts behave very much like rivets, 
except for differences arising from the smaller initial 
tension ; but with black bolts slip naturally becomes of 
importance and, although the breaking strength appears 
to be satisfactory, it is probable that, if large deforma- 
tions of the structure are to be avoided, conditions of 
slip should be the determining factor. 

The introduction of welded structures brings many 
new problems in its train, such as the deformations of 
welded joints, their economical arrangement, &c. 
The safety of these structures, however, cannot be 
fully relied upon until a practicable method of inspecting 
the soundness of the welding in the field is developed. 

It will be realised, from the examples considered 
above, that the field open to investigators in the study 
of structural members and connections is a wide one. 
The detailer who is not content simply to follow 
empirical methods has often very little data to guide 
him. Consider, for example, the arrangement of the 
connections between the beams and the stanchions in 
Many types of connection 
are in use, and these vary widely in economy and 
effectiveness. Not only the ability of the structure 
to resist wind, shocks and vibration, but also the 
economical design of the beams and stanchions, 
depend largely upon these connections. The con- 
ventional method of designing the structure as con- 
sisting of separate beams and columns leaves, as 
already stated, much to be desired, but the possibility 
of using more exact methods awaits a fuller analysis 
of the rigidity of the connections, while the economical 
design of the connections themselves requires a fuller 


| analysis of the interaction of the various parts of the 


connection. 

A certain amount of experimental data on the 
subject exists,* but no rational method of estimating 
the part played by each element in a connection or of 
its rigidity as a whole appears to have been evolved. 
It is hoped shortly to commence experimental investi- 
gations on this subject in the University of Birmingham 


| laboratories, combining measurements gf slip and 


angular deformation with an exploration of the dis- 
tribution of strain in the connections and the members 
themselves. 

A subject of inquiry bearing some relation to those 
considered above is the investigation of the strength 
and stiffness of steel members and connections encased 
in concrete, and of the various possible methods of 
designing composite steel and reinforced-concrete 
structures. Similar problems arise in the design of 


| footings and foundations. 


One further type of investigation may be mentioned, 
viz. the determination of the standard sections of 
the elements, such as I beams, angles, &c., themselves. 
This problem involves considerations of shop practice 
and commercia! marketing conditions, in addition to 
those of the economy of the sections from the strength 


‘and stiffness point of view and their suitability for 


assemblage, transportation and erection. The various 
publications concerning the development of the 
German normal profiles} form an interesting study of 
this subject. 

Time does not permit of a consideration of the 
many other directions in which theory and experi- 
ment are of value in structural-steel design, such, for 
example, as the investigation of the stability and 
vibrations of structures. Attention should be called, 
however, to a fundamental problem of general interest 
which requires further investigation. It is to be 
expected that increasd attention to scientific methods 
in design will allow higher working stresses to be used. 
The factor of safety should be based largely upon the 
load which will cause elastic breakdown, especially 
where permanent deformations must be avoided. It 
is known that the conditions of breakdown under 
non-uniformly distributed stress differ from those 
under uniform tension, compression or shear. No defi- 
nite conclusions appear to have been reached on this 
subject, and a thorough scientific investigation of the 
problem is greatly to be desired. : 

It is hoped that this necessarily imperfect survey 
of some of the applications of theory and experiment 
to structural design may justify the belief that a 
closer study of work already done, together with the 
prosecution of further investigations, will lead to the 
possibility of placing specifications and methods of 
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SAFETY COUPLING FOR ELECTRIC WINDLASSES. 


CONSTRUCTED BY MESSRS. ATLAS-WERKE A.-G., ENGINEERS, BREMEN. 





design on a thoroughly scientific footing. This should 
result in greatly increased economy and soundness of 
design, but it would seem to be necessary, as more 
rational methods are adopted, to frame more stringent 
regulations to govern design. This cannot be accom- 
plished until the present rather chaotic organisation of 
structural engineering in this country is improved. 








SAFETY COUPLING FOR ELECTRIC 
WINDLASSES. 


In an article on electric deck machinery for ships, 
which appeared in our issue of April 11 (page 483), it 
was pointed out that the characteristics of a steam 
drive, which are so peculiarly suited to ship windlasses, 
could be simulated in electrical machinery by employing 
a Ward-Leonard control. With any such arrangement, 
however, the final protection of the gear must depend 
on a circuit breaker which, owing to its inertia, cannot 
operate instantaneously. If an electric windlass is 
allowed to pull the anchor into the hawse-hole, the 
breaker will not operate the moment the anchor 
jams and the delay during which the current rises may 
be long enough to damage the mechanism. This effect 
is sometimes guarded against by employing a slipping 
clutch between the motor and the gear. This arrange- 
ment is quite satisfactory if the clutch is kept in 
proper order, but it is to be feared that ship deck 
machinery is at times apt to be neglected, and to be 
allowed to run until it fails in some major or mino 
way. 

To meet the particularly onerous conditions presented 

by the ship windlass, Messrs. Atlas-Werke A.G., of 
Bremen, have introduced the interesting safety 
coupling which is illustrated in the annexed figure 
and which is patented in this country. The 
coupling, through which the motor drives the worm 
of the worm gear, is shown at a, the motor driviag 
the outer casing of the clutch. At the far side of 
the gear, mounted on the worm shaft, there is a 
spring, b, built up of a series of dished plates. These 
are so adjusted that they hold the worm in its normal 
driving position. In case of sudden and excessive 
overload, however, as by the jamming of the anchor 
in the hawse-hole, this plate spring yields and the 
worm shaft is displaced axially. The disc c is connected 
to the worm shaft, and is also displaced so that the 
clutch is disconnected and both the motor and gearing 
are protected from damage. The worm shaft carries 
a collar to which the short arm of the bell-crank 
lever d is pin-jointed. The axial displacement of 
the shaft causes this lever to follow the movement 
of the collar, under the action of the spring e until 
it is stopped by the adjusting nuts on the end of the 
vertical link, which come up against the lower end 
of the adjustable tubular stop f. This releases the 
segments of the safety clutch. 

To re-set the disc coupling after it has opera 
the lever g is depressed. Operating through th 
spring f and the lever d, this moves the pressure 
disc 4 to the left so that the segments i of the clutch 
Te-engage. During this operation the motor is switched 
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over so that it runs in the “ lower” direction. When 
coupling has been effected, the motor is switched 
back to the “ haul-in” direction. This arrangement 
is necessary with a single-threaded worm, but with 
a multi-thread worm the coupling falls into circuit 
automatically when the overload is removed. This 
coupling has been in use for a number of years on 
both passenger and cargo ships. As it affords certain 
protection for the mechanism, it can be used without 
a Ward-Leonard control, and may be fitted in 
conjunction with an ordinary controller. It is not 
necessary to dimension the motor for very low speeds, 
as, in case of a jamb, the motor is adequately 
protected by the safety clutch. 








BRITISH AND CONTINENTAL OPEN- 
HEARTH FURNACE STEEL WORKS.* 
By H. C. Woop, M.I.Mech.E. 
(Concluded from page 377.) 

FuRNACE CONSTRUCTION. 


Tue general design of the laboratory of open-hearth 
furnaces has experienced no marked changes for many 
years; the only innovation of note in the case of 
fixed open-hearth furnaces has been the introduction 
of the Naissmith back wall in the United States. It is 
also in use in England at Round Oak and at Taylor 
Brothers, Trafford Park steelworks, amongst others. 
A section through a furnace provided with the sloping 
back wall is shown in Fig. 7, on page 448, and it will be 
seen that it follows closely the general lines of a tilting 
furnace wall, although the slope is somewhat accen- 
tuated. Repair of the back wall is appreciably 
facilitated. 

Port Ends.—In the case of the furnace port ends, 
on the other hand, very considerable effort has been 
made, notably in the United States, in Germany, and 
in Italy, to improve the direction of the gases intro- 
duced into the furnace, at the same time perfecting 
the combustion, and increasing the durability of the 
brickwork in the ports. In particular, the Venturi, 
Moll, Maerz, and Terni port-end designs may be cited, 
all of them having effected appreciable improvements 
in their respective spheres in the output of furnaces, 
the saving of fuel and reduction of brickwork repair 
costs. 

The Venturi port, shown in Fig. 8, on page 448, has 
been built principally in the United States. Its employ- 
ment involves the use of a large quantity of cooling 
water, which naturally affects the cost of production 
of the steel in a not inappreciable degree. The Moll 
port, which has been introduced and developed at 
Rasselstein in Germany by Moll, and also employed 
in many other steelworks, is shown in Fig. 9, on page 
448. Good output and fuel economy results have also 
been obtained with this type of port, but it also has the 


ted, disadvantage, in common with the Venturi port, of 
e | Tequiring large quantities of water for cooling purposes. 
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The Maerz port, seen in Fig. 10 is designed in parti- 
cular with a view to facilitating quick removal and 
replacement of those parts of the gas and air ports 
which are subject to destruction, due to the action of the 
outgoing gases. The ports have been employed 
successfully in many furnace installations in Germany 
and other countries. Fig. 11, on page 448, indicates 
the arrangement of the Terni port which has been 
developed principally under the guidance of Fiorelli 
at the Terni steelworks in Italy. The principal features 
embodied are the provision of a combustion chamber in 
which the gas and air are intimately mixed. The air is 
introduced into the furnace by means of a fan, and 
perfect control of the velocity of the flame is obtained. 
At the same time, the gas and air port are so pro- 
portioned that they are able to accommodate the out- 
going gases without undue friction. Furnaces fitted 
with such ports, therefore, give a larger tonnage output 
per campaign, 1,000 charges, and upwards, having 
been made before the necessity of making a furnace 
repair arose. A distinctive feature of the Terni port 
system is, however, the fact that no water is required 
for cooling purposes at all. 

Turning now to tilting furnaces, the employment of 
the Friedrich removable block, which was originally 
introduced for service in connection with fixed furnaces, 
is now frequently employed with good results. The 
arrangement of a port end for a large tilting furnace 
fitted with a Friedrich block is shown in Fig. 12. 
The port end is built in one with the uptakes, but in 
view of the fact that there is a division between the 
front of the port and the end of the furnace to enable 
the latter to be tilted, it is possible to employ the 
Friedrich block with advantage, and in this way to 
increase the length of campaign of the furnace so 
provided. It is essential to have an overhead charging 
machine fitted with an auxiliary trolley of sufficient 
lifting capacity, or to have available the services of an 
overhead crane for block changing. In the design 
shown, the block is made in two portions, the lower 
comprising the gas port and arch, and the upper 
portion the air port arch and sides. Key pieces are 
employed to make the joints with the fixed portion 
of the portend. In the case of a large-capacity furnace, 
the weight of the block will, if made in one piece, which 
is common practice, approximate 25 tons. 

A variation of interest in the design of port ends for a 
large Wellman tilting furnace is seen in Fig. 13. This 
is a port end of the moving type arranged for withdrawal 
from the furnace for the purpose of carrying out repairs 
to those parts of the block which are subjected to the 
most severe cutting-away action of the exhaust gases. 
In order, however, to facilitate repairs to the dipper 
parts of the gas port at the point where the junction 
with the uptakes is made, the rear portion of the gas 
port is made removable. It can, accordingly be lifted 
away by means of an overhead crane and replaced by a 
similar piece in a short period of time. From a study 
of the drawing it will further be noted that no cooling 
water is employed for the furnace and port-end chills 
or in the port blocks; in fact, apart from the seals 
and gas-valve trough, no cooling water is used on the 
entire furnace. The furnace has given good results in 
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BRITISH AND CONTINENTAL OPEN-HEARTH 


Fig.7. THE NAISSMITH SLOPING WALL. 





















———~ 
Qe 








ZZ 







“2 








NJ 





\ 
He 
Ly 


>D<SOOMMF 

































IK WW WS 15™" [. 





G. 





STEEL PLANTS. 


Fig.9. THE MOLL PORT. 
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practice, and this confirms the fact that, in many cases | brick-lined vessel of 100 tons capacity arranged for 


in the past, too much cooling water, with consequent 
heat losses, has been employed in connection with open- 
hearth furnaces. 

Gas Reversing Valves.—The well-known Wellman- 
Forter gas-reversing valve is distinguished by its 
easy accessibility, good balance, and ease of operation. 
The Blaw-Knox system of gas and air reversing valve 
employs dampers, and has the advantage that the 
damper may be built direct into the gas flues, thus 





| heat. 


obviating the necessity of building up special valve | 


seats, with the consequent number of bends. The 
action of the damper is simple and easily controlled, 
and appears to be particularly applicable in the case of 
furnaces of large dimensions, 

Metal Mixers.—Contrary to the anticipations of 
different authorities of recent years, the employment of 
metal mixers of the active type has not found much 
extension; in fact, in several cases mixers already 
existing have been transformed into tilting furnaces. 
The reason for this change is +o be found in the fact 


that the amount, of refining work which can be done in | 


a metal mixer ing two or more finishing furnaces is 
comparatively small. Furthermore, in the case of 
finishing furnaces of the tilting variety, no difficulty is 


met with when dealing with hot metal charges coming | 


straight from the blast-furnaces. The use of a storage 
mixer, on the other hand, serves to act as a useful link 
between the blast-furnaces and the steel furnaces, 
ensuring a supply to the latter of hot metal as and when 
required, and being capable of storing at least part of 


| and the ship-lift for the Berlin-Stettin waterway. 


the make of iron at the week-end when the steel furnaces | 


are idle. 


A useful variation of the usual type of circular storage | 


mixer employed consists of a travelling cylindrical 


| page 507 (1929). 




















haulage, preferably by means of an electric locomotive.* 
The mixer receives its charge direct from the blast- 
furnaces, and conveys it to the steel plant. The mixer 
body is carried on trunnions, and is arranged to be 
tilted by motor power, the metal being received by a 
ladle carried by a crane for transfer to the steel furnaces. 
Part or the whole of the metal carried by the mixer 
may be stored for some time without appreciable loss of 








CATALOGUES. 


Small Lighting Plants——The Auto-Petter light plant 
is described in the Monthly News, issued by Messrs. 
Petters, Limited, Yeovil. 

Separators.—A new edition of their catalogue of 
air separators is to hand from Messrs. Edgar Allen 
and Company, Limited, Sheffield. This machine 
separates materials from the grinding mill, delivering 
the fine and coarse grades through separate channels. 


Furnaces.—Messrs. Stein and Atkinson, Limited, 
47, Victoria-street, London, S.W.1, have forwarded a 
copy of the April issue of their journal, Modern 
Industrial Furnaces, containing descriptions of coke 
gas producers, rotary furnaces, hot metal mixers, «c., 
designed by the firm. 

Cranes.—Messrs. Demag Company, Duisburg, Ger- 
many, in the latest issue of their journal, illustrate 
several cranes specially designed for waterside ao 
The 
ship lift is designed to lift a tank containing a ship of 
1,000 tons displacement. 





* A 125-ton hot-metal mixer car, of this type, was 





illustrated and described in ENGINEERING, vol. exxviii, 
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Steam Wagons.—We have received the first number of 
the Garrett Gazette, a new house journal issued by Messrs. 
Richard Garrett and Sons, Limited, Leiston, Suffolk, 
with the purpose of conveying to users of steam wagons 
special information on methods and costs of operating, 
&c. Examples of six-wheeled wagons are illustrated with 
fittings for tipping road material, carrying girders, and 
other heavy loads. 

Water Power Plant.—Messrs. Escher Wyss and Com- 
pany, Zurich, in a recent issue of their monthly journal 
give a description of the pumps, water-turbines, pipe 
lines, valves, sluices, &c., supplied by them for the 
Niederwartha power storage station, near Dresden. In 
this station the surplus energy of some parts of the day 
is applied to lifting water to a storage basin, 470 ft. 
above the level of the reservoir. The fall is then used 
to meet the peak loads, and is held ready in case certain 
steam-power stations should fail. The firm’s London 
office is at 20, Grosvenor-gardens, 8.W.1. 


Pneumatic Conveyors.—A very interesting catalogue 
of pneumatic suction and blowing plant is to hand from 
Messrs. H. J. H. King and Company, Limited, Nailsworth, 
Glos. All the items are special constructions for parti- 
cular service, such as conveying ordinary coal, pulverised 
coal and coal from the face in mines, removal of hot 
ashes, &c., from boiler plant, removal of objectionable 
material and also the more usual conveying of in, &e. 
In coal mining, the fumes from shot firing are drawn off, 
dust is damped and fresh air supplied at the face, while 
the coal is being removed. In all cases the apparatus 1s 
adapted to suit the particular requirements. 
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THE OAKLAND-ALAMEDA ESTUARY 
TUBE. 
By A. R. Baxsr, A.M.Am.Soc.C.E. 
(Concluded from page 386.) 


Detaits of the tube units are given in Figs. 42 
to 44, annexed. Fig. 42 shows a section taken in the 
parallel length of the cylinder while Fig. 43 shows 
the details of the end flange. Fig. 44 shows the 
method of support of the ends at which rectangular 
flanges were formed on the unit to provide not 
only support, but means of making a joint as 
described below. The circular wall was 2 ft. 6 in. 
thick, struck to an internal radius of 16 ft. The 
circular reinforcement, 3 in. from the inner and outer 
faces, was of 1} in., j in., or ? in. bars according to 
the position of the unit in the tube, all at 12 in. 
spacing. The bars were long enough to extend 


at the rate of five hundred dollars a day for a 
period of six months and twenty days, with there- 
after a penalty of 500 dollars a day added if this 
period should be exceeded. The terms of the lease 
had a very pronounced bearing on the construction 
of the tubes. It meant that, since there were twelve 
tubes, to comply with the lease a schedule had to be 
drawn up to complete a 203-ft. tube every eleven 
days, with a few days’ allowance for floating out 
and for the preliminary preparation of the dock 
proper. The concrete plant was all built previous 
to the start of payments. The schedule did not allow 
time for overcoming the usual inertia of organi- 
sation, such as the training of the personnel, the 
testing out of the methods of pouring, and other 





delays which tually take place at the start of any 
large construction job. It meant that the plant 
had to start and continue working at full pressure ; 


,. 


SHOWING END COLLAR. 





Fig.42. 
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through a quadrant plus about 20 ft. overlap. The 
overlaps were equally arranged on either side of 
the horizontal and vertical diameters. The longi- 
tudinal bars were § in. in diameter, at 12 in. 
and 24 in. spacing. The roadway slab was 16 in. 
yrs overlaid by paving to a depth in the centre 
of 13 in. 

In the spring of 1926 work of preparation was 
started, at Hunter’s Point Drydock on the San 
Francisco side of the bay, for the construction of the 
concrete tubes which were to form Section D of the 
Tube. At Hunter’s Point is located the original 
drydock in San Francisco Bay. This has been 
enlarged and improved to some extent since first 
built; adjacent to it, just previous to the war, 
another dock, the largest on the Pacific Coast, 
was built under subsidy from the United States 
Government. The first dock, which is approxi- 
mately 700 ft. long and 100 ft. wide at coping level, 
was leased by the California Bridge & Tunnel Com- 
pany from the Bethlehem Ship Building Company, 
the owners, for the purpose of building the 12 
tubes. 

The owners were rather unwilling to permit this 
lease, since the dock was in almost constant use, 
the United States Government having first call 
on the larger dock. The lease was finally arranged 
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the early period of the construction showed how 
| fallacious this programme was. After the first 
/month production began to speed up, and at the 
| end of the job a tube was being built every ten 
|days. One such unit involved the pouring of 2,700 
cubic yards of concrete, the placing of 300 tons of 
steel, waterproofing, moving forms, cleaning up, 
plugging the ends, and floating out, besides many 
intricate and minor, but nevertheless essential, 
operations in the ten days. After the workmen 
became trained and organised, and the methods of 
pouring the concrete, placing the steel and water- 
proofing had been standardised, the operation 
became a matter of routine, and the only outstanding 
feature remaining was the speed of execution. 
The concrete plant had to be built with a much 
greater capacity than would ordinarily be provided 
for the total amount of concrete to be poured, 
because of the rate of progress necessary. The 
material—sand and gravel—was brought by barges 
| to the wharf at the end of the Point and unloaded 
iby means of a stiff-leg derrick and clam-shell 
| bucket to a hopper on the wharf. From there it 
| was fed on to a belt conveyor discharging to storage 
| piles nearer the centre of operations. Storage bins 





|located on the top of the mixer house were re- 
'plenished from the storage piles by means of a 


grab, operated by a petrol driven crane. Two one- 
yard mixers fitted with Blaw-Knox batch hoppers 
discharged into two two-car trains hauled by petrol 
locomotives. The mixers were so spaced that they 
were loaded and discharged simultaneously. The 
trains ran along the side of the dock and discharged 
the concrete into skips under towers, by which it was 
hoisted to the proper elevation for chuting into the 
forms in the dock. There were three of these towers 
equally spaced along the dock, so that all points 
could be reached by shifting the chuting equip- 
ment from one to the other according to the 
locality to be served. The chutes ran to a movable 
electric crane spanning the dock, and this was 
moved on tracks along the axis of the dock over 
the tube being poured. From the cranes the 
concrete was divided into two parts and deposited on 
either side of the tube. This method permitted the 
concrete to be brought up in horizontal layers along 
the tube and at equal heights on either side to 
stabilise pressures on the forms. When pouring 
the tops and sides of the tubes the concrete was 
discharged into goose-necked hoppers, which turned 
the concrete in a vertical direction, after passing 
through numerous closable ports in the sides of 
outside forms and set in rows at advantageous 
elevations. 

The forms were, perhaps, the most interesting 
feature of the equipment. They were designed 
especially for the job by the Blaw Knox Company, 
of Pittsburgh, Pennsylvania, and except for the 
sheathing of the outside crown, all were built of 
steel. The inside crown forms and roadway forms 
worked on tracks, and were moved from one tube 
into the next in this manner, except when they had 
to be transferred laterally across the dock, when 
they were swung by means of the same overhead 
movable electric crane, from which the pouring of 
the concrete was done. 

A considerable amount of work was necessary 
to prepare the dock for the operation. The floor 
of the dock, as is the usual case, sloped either way 
from the keelson to the drainage gutters along the 
sides, and it was necessary to build a level false 
floor on the bottom of the drydock to provide a 
suitable working plane. This was also insisted upon 
by the owners of the dock in order to distribute 
the load evenly over the floor. Each tube weighed 
when completed about five thousand tons, and as 
the weight was supported, not on the keelson, as 
in the case of a ship, but on either side of it, some 
provision had to be made to distribute it. Accord- 
ingly 12 in. by 12-in. timbers spaced on 2-ft. centres 
were laid longitudinally, and securely fixed down 
to prevent them floating. Across these were set 
12-in. by 12-in. timbers at intervals, to conform 
with the spacing of the saddles and ribs ot the outside 
invert forms. Five hundred thousand feet board 
measure was used in this false floor which may be 
seen in Fig. 45, on Plate XXVIII. 

The first three tubes had a uniform horizontal 
curve in them, and the top timbers of the false 
floor were swung to a radial position on these curves 
for this reason. After these three tubes had been 
floated out, the timbers were brought parallel to 
one another, and normal to the axis of the tubes, 
and this set-up was afterward used for all the other 
tubes. These top timbers were sized, and were 
levelled up and aligned very carefully, with instru- 
ments, so that their top was at a common elevation. 
This was used as the base of all operations in the 
setting of the forms, since, with the exception of 
those tubes with vertical curves, they all had 
common elevation points; that is to say, that 
during the construction each tube had the same 
invert level, the same crown level, &c. 

By careful manipulation it was found that the dock 
would hold five tubes under construction or com- 
pleted at one time. Four tubes were placed parallel 
to the axis of the dock, two on either side of the 
keelson, and the fifth at an angle at the end of the 
dock. This had to be done because of the usual taper- 
ing shape of the dock at the head. Two parallel 
tubes on one side of the dock overlapped those on 
the other ; this gave clearance for the end brackets, 
which were wider than the main body of the tube. 
Even so, clearances were very small during construc- 
tion, being in some cases less than an inch, as may be 
seen in Fig. 46, on Plate XXVIII. When floating, 
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the clearance was increased to a little over a foot, | yard of concrete, with rock and sand proportions 


because of the sloping sides of the dock gave greater 
width. It can thus be seen the operation of fitting 
the tubes inside the dock was a serious problem. 
As soon as the top timbers of the false floor were 
in place, the saddles, which supported the finished 
tube until floated, were placed. The wisdom of care 
in aligning and levelling the cross floor timbers here 
became evident, as these saddles were accurately 
made, and when centered on the timbers were 


varying according to their consistency as shown by 
tests. The roadway-slab concrete contained six 
sacks of cement per cubic yard. Because of the 
richness of the concrete, it was found that the 
concrete in the crown tested to 2,000 lb. in 72 hours 
under compression, and accordingly it was deemed 
| safe to pull the inside forms in that length of time. 
| The outside forms were removed the next morning 
| after pouring. 





correctly located without further levelling. Next,; At the start of the job it was thought that the 
the steel side ribs for the invert were set as shown in jnvert could be poured in two operations, the 
the distance in Fig 45, and the whole lined with | roadway slab in three, and the crown in three 
2-in. by 12-in. lagging up to the horizontal axis| operations, but after the start it became very 
of the tube, as in Fig. 46. This work proceeded very | apparent that this was not practical because of the 
quickly, the lagging serving the double purpose of | many construction joints thus occasioned. These 
acting as the outside invert forms, and also to | joints were a great expense and source of worry to 
protect the waterproofing. The waterproofers|the contractor. The specifications called for and 
next started operations lining the aforementioned | the inspectors rigorously demanded that such joints 
lagging with the three layers of cotton fabric | should be immaculately clean and a cut-off pro- 


interspersed with asphaltum layers throughout the | vided of continuous copper-plate running throughout | 


length of the tube. Next, the steel gang placed the | their lengths. It was a decided economy, there- 
invert steel shown in Fig. 46. This extended |fore, to reduce the length and number of the 
beyond the top of the roadway slab for the required | joints to a minimum. The outside invert forms 
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The placing of the 12 in. by 30 in. timbers was a very 
laborious operation, because of their great weight, 
and a great deal of ingenuity was exercised by the 
foremen in this operation. ¥ 

The floating of the tubes across the bay was 
expected to be a difficult operation, but as a matter 
of fact, it proved to be extremely simple. The 
only exciting and perilous part was the removal of 
the tubes from the dock. At the time of floating 
usually three were floated out at a time, with tom 
partially-completed tubes remaining in the dock. 
To guide the completed tubes out of the docks 
around the uncompleted ones, with the small 
clearances, demanded care and patience. Tidal 
conditions demanded a certain amount of speed, 
since the tubes drew 26 ft. of water and there 
was only 2-ft. clearance over the sill of the dock 
at high tide. The work, however, was accomplished 





without a mishap. Tubes are shown being floated 
| out in Fig. 56, on page 451. 

' While the tubes were being built, the excavation 
of the trench for their reception, the driving of piles 
| on the Alameda side where the bottom was unstable. 
| and the setting of grade piles was proceeding. Where 


lap with the crown steel, and as soon as this was 
placed the invert forms were suspended from the 
outside lagging by brackets. These forms were of 
steel for a portion of the distance, and wood below 
for 2 ft. of either side of the centre line. After the 
end brackets were in place, the entire invert was 
poured in one continuous operation. 750 cubic 
yards were required for this pour, and under 
organised conditions about 12 hours was occupied 
in the operation, although at the start 24 hours 
were needed. 

Eight hours later the tracks were laid for the 
roadway slab forms, and they were swung into 
place. Fig. 47 shows the roadway reinforcement in 
position. The roadway slab was poured in two 
operations in each tube. In 48 hours these forms 
were collapsed and moved to the next set-up. They 
are shown being removed in Fig. 48, and the slab 
is to be seen in Fig. 51, on Plate XXIX. 

As soon as the roadway was poured, a reinforcing 


steel traveller or template for the reinforcing steel | 


was set in place, and the crown steel was set over it 


for one-half the length of the tube. This operation | 


is illustrated in Figs. 51 and 48. When the crown 
steei was in place and before the removal of the 
traveller, the outside crown forms were placed 
for one-half the tube, the steel being tied up to 
them with hook bolts. The traveller was then 
lowered and rolled on to the next set-up, and the 
inside crown forms, shown in Fig. 53, were rolled in 
and jacked up against the concrete spacer blocks, 
which had been wired to the inside of the crown steel. 
This supported the steel, and the hook bolts that 
suspended it from the outside forms were removed. 
An inside form is in position in Fig. 54. The erection 
of the top part of the end-bracket forms is illus- 
trated in Fig. 49, and after this stage the temporary 
bulkhead in the middle of the tube was built. The 
joint at the floor slab was then rigorously cleaned, 
and the crown for one-half the length of the tube was 
poured. This amounted to about 715 cub. yards 
and was poured continuously until complete. 

The original design ot the crown steel reinforcing 
called for }-in. stirrups or ties between the outside 
and inside rings of circumferential steel spaced on 
12-in. centres each way. The first two tubes were 
poured with this arrangement, but it was found 
practically impossible to clean the joint at the 
roadway slab properly or to tamp the concrete 
until it reached the first row of ports in the side 
forms. On account of the 1etwork of ties it was 
impossible to get men inside to do this work. After 
increasing the cross-section of the ties and also 
increasing their spacing to 3 it. in the last 10 units 
constructed, no difficulty was experienced. Seven 
tampers, with rubber boots and wooden tampers, 
were stationed in each side and excellent work 
was produced. Figs. 52 and 55 show the forms in 
place for the outside of the crowns, and in the latter 
may be seen the ports referred to above, left for 
pouring. This view shows how the concrete was 
delivered by the overhead traveller, to be seen 
also in Figs. 46 and 49. 

The concrete used in the outside walls of the 
tube contained eight sacks of cement per cubic 


tubes to three tube lengths the inside invert forms | by suction dredge. When the hard clay founda- 


pares increased in number from one and one-halt | the bottom was in silt, the excavation was done 
| 


from half a tube to a full tube length. The pro- 
vision of roadway slab, outside crown, and inside 
crown forms was increased from one-third, or 66 ft., 
to one-half, or 100 ft., in length. 

The method of procedure for one tube is described 


carried out on the other tubes simultaneously ; 
that is to say, the forms as soon as removed were 
moved to the next set-up, in the adjacent tube, 
and the routine was repeated. The direction of 
|operation was always in a clockwise direction 
| around the dock, and this cycle was repeated again 
| and again until the 12 tubes were completed. 
| After the forms had been all removed from the 
|tubes the waterproofing was continued over the 
|ecrown and protective 2-in. by 12-in. lagging was 
‘laid over it. This was tied in place by 2-in. steel 
|hoops, such as are used on wood-stave pipes, com- 
pletely circling the tube. Great care was exercised in 
placing the waterproofing, as it was considered of 
prime importance. Laps were carefully made, and 
| care was taken to bring the ends into junction with 
| galvanised plates cast into the end brackets, to 
| provide adequate cut-off. However, it is doubtful if 
| this procedure was of any value. It was practically 
| impossible to prevent steel and forms from striking 
| and puncturing it, and equally impossible to discover 
jall these abrasions and repair them. Where 
| punctures were not repaired, and there must have 
| been some left in this state, the water followed 
along between the concrete and waterproofing to 
any crack or hole in the concrete and entered the 
‘tube. Later, after the tube was placed in position, 
‘to repair these leaks, grouting was resorted to with 
very effective results. At this stage unquestionably 
the waterproofing was of value in preventing the 
escape of grout. As a prevention of seepage it was, 
it is considered, a failure. 

The plugging of the ends of the tubes in order to 
float them was a laborious operation. It was decided 
to use the ventilating tube for water ballast in the 
sinking operation, and accordingly it was necessary 
to provide suitable cover for that portion of the 
open end, which would resist inside as well as outside 

| water pressure. This section, below the roadway 
slab, was therefore plugged with a heavily reinforced 
concrete wall varying from 12 in. to 18 in. thick. 
This is to be seen in the view reproduced in Fig. 50. 
Above the roadway slab the hole was closed, when 
the particular tube was located near the ends, and 
| therefore subject to relatively light pressure, with 
wooden timbers set vertically against a shoulder cast 
|in the concrete of the end bracket structure. When 
| the tube was to be sunk in the deeper section of the 
| Estuary, steel I-beams were set at varying in- 
(tervals, according to the spans, lagged with 
4 in. by 6 in. timbers, and sheathed with 1 in. by 
6 in. tongue and groove sheathing. The whole was 
entirely waterproofed with the standard three-ply 
fabric, and the edges run into recesses provided, and 
then sealed with gunite. Where wooden timbers 
were used, they varied from 12 in. by 12 in. to 12 in. 








by 30 in., according to the pressure to be resisted. 


above, but the several operations were also being | 


tion was encountered, the excavation was done 

| by grab buckets. When the bottom of the excava- 
| tion was in this solid foundation, no preparation 
was necessary. On the Alameda side where 
a pile foundation was used, a tremie concrete 
slab covered the tops of the piles. At either end of 
each tube, at the start of operations, concrete grade 
piles were built. These were constructed by driving 
7-ft. steel cylinders into the mud, until they 
brought up, clearing out the mud inside and pouring 
them full to the correct level with tremie concrete, 
afterwards pulling the forms. Later, where the 
bottom was solid, it was found almost impossible 
to get down to any depth with these piles, and a 
framework of steel and wood was used, to enable 
them to be brought up to the proper elevation. 

The sinking of the tubes units in place was, 
without doubt, the most perilous operation of the 
whole work. All the tubes lay at an angle with 
the horizontal when in place, and they could not 
be lowered on a level keel. This meant that water 
ballast could not be used unless confined, because 
of the danger of upending, and since the filling of 
the ventilating tube with water did not entirely over- 
come the buoyancy of the tube, sand ballast was 
placed in the interior of the tube on the roadway 
slab to a depth of about 4 ft. This was a tedious 
operation, because the sand had to be passed 
through a 20-in. temporary manhole in the top 
of the tube and be spread evenly by hand over the 
roadway slab. An overhead sprinkling system 
was installed, and when enough sand had been 
placed approximately to sink the tube, and a 
large pile driver and an 100-ton floating crane had 
been made fast to the ends of the unit, water was 
sprayed over the sand ballast until the tube became 
suspended on the driver and crane, having a 
weight then of about 50 tons to 100 tons. The 
water was absorbed by the sand without disturbing 
the equilibrium. Guide lines running to dophins 
kept the tube in alingment, as it was slowly lowered 
into place. Two alignment masts were set on each 
end of the tube, and protruded from the water as 
the tube sank out of sight. On the top of the grade 
piles drivers set collapsible cast-iron sand boxes, 
which finally took the weight of the tube as it came 
to rest. Great care was taken in ballasting the tube 
to tilt it to the required slope. and not to place an 
excessive load on the grade piles and cause settle- 
ment. The sand boxes were set to bring the tube 
to rest approximately 2 in. above final level. 

When the tube was landed on the grade piles it 
was usually found necessary to clean out the silt 
which had meanwhile accumulated from tidal action 
in the trench under the tube during the operation 
of sinking. This as a rule occupied two days or 
more. When this had been done sand was pumped 
under the tube until the bottom one-third was 
supported. The sand in the sand boxes was then 
blown out, the tube was completely flooded and the 
whole structure bedded itself in the sand with its 
own weight. 





It was found that the two inch allowance for 
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THE OAKLAND-ALAMEDA ESTUARY TUBE. 


| (For Description, see Page 449.) 
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THE OAKLAND-ALAMEDA ESTUARY 


(For Description, see Page 449.) 

















Fig. 51. Roapway SLAB COMPLETED ; CROWN 
REINFORCEMENT BEING PLACED. 











Fic. 52. Tor Forms 1n Position. 


TUBE. 
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Fie. 53. Crown InsIDE Form. 






Fig. 54. Crown Form 1n Position 1x TuBE. 
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THE OAKLAND-ALAMEDA ESTUARY 


TUBE. 








Fie. 56. TuBES BEING FLOATED ovuT oF Dock. 


Fig.57. SECTION DD. 


Fig.58.SIDE ELEVATION. 
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settlement approximated very closely to the 
actual conditions and when, after ten days, no 
further settlement occurred, the pouring of the 
joint between adjacent units proceeded. Details 
of the joints are given in Figs. 57 to 61, above. 
The end bracket structure on the ends of each 
tube formed the lateral forms for the joint con- 
crete. The actual face joint was made with lead 
wool caulked, and the butt joint was covered by 
heavy canvas band screwed up tightly by divers. 
The sides were closed by semicircular metal forms 
on whose edges had been riveted sheet piles engaging 
with others already cast in the concrete of the 
end bracket structures as depicted in Fig. 61. Below 
aYsteel box form was set, encircling the ends and 
pile tops. A cavity was thus formed completely sur- 
rounding the protruding ends of the tubes which 
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butted tight against one another, and this cavity was 
completely filled with tremie concrete. After suffi- 
cient backfill had been placed over the top of the 
tube to prevent flotation, the water was pumped 
out. It should be here noted that access to the 
inside of the tube had been maintained during all 
these operations by means of a pipe running from 
the temporary manhole on the top of the tube to 
the surface of the water. The recital of these opera- 
tions must of necessity be brief, and their execution 
may therefore appear simple and uninteresting. In 
actual fact, however, the accomplishment of this 
engineering feat was thrilling and dangerous, and 
called forth great ingenuity and perseverance in the 
face of unprecedented obstacles. Work was all below 
the surface of the estuary. Much credit must be 
given to those who brought it to a successful con- 


clusion. In only one instance, where a bank in the 
trench caved against the tube as it was being placed, 
throwing it out of line, did any serious accident 
occur. 

The cleaning out of the tubes, the removal of the 
bulkheads in the ends of the tubes, and the building 
of the ceiling slabs and sidewalks were operations 
of considerable magnitude, but after the major 
operation of sinking in place, seemed of little import- 
ance. 

The leakage of the tubes was from the start 
negligible. The joints were particularly successful, 
and after grouting through pipes set in the inside 
concrete the ring became completely dry. Wet spots 
in the walls of the tubes were drilled out, fitted with 
grout pipes and grouted until dry. The tube to-day 
is remarkably dry considering that its top lies at 
a maximum of 50 ft. below the surface of the tidal 
estuary. 

The Geo. A. Posey tube has now been tor some 
time in successful service. The ventilating system 
has proved extremely efficient. A testing apparatus 
automatically increases or decreases the speed of the 
blowers according to the volume of carbon monoxide 
gas present in the tube, and this machine has been 
found to operate at 97 per cent. efficiency. During 
the time it has been in use, the tube has become so 
popular that practically the only criticism that 
can be made against it is that it is too small, or 
will soon be so. Although a complete study was 
made of the probable traffic it would have to 
provide, certain factors can hardly have been given 
due consideration, judging from the present number 
of motor cars making use of it. Whether this un- 
expected popularity is simply due to its greater 
convenience, or to some people who previously rode 
in the trams now using their own motor cars, or to 
some other reason, is unknown. 

There is one feature of this engineering feat that 
should be touched on before concluding, namely, the 
effect of a seismic disturbance on the tube. A great 
deal of study and discussion was given by the 
consulting board to this matter, but after all it 
becomes simply a matter of personal judgment. 
The real proof will come with actual experience, 
and until the present time there has been no earth- 
quake to test it. It has been found, however, 
that in the case of first class reinforced concrete 
buildings very little damage occurs from earthquake 
shocks; this has been accounted for because of 
their flexibility. The massiveness of the tube and 
the fact that it lies below the ground surface where 
the movement would be much less than that in 
the case of a building standing erect, would appear 
to be in its favour. Whether it is flexible enough 
to withstand movement without serious cracking is 
a decidedly important question, and until this trial 
has been passed safely, the complete success of this 
method of construction cannot be said to have 
been fully proved. It may be said, however, that 
the effect of an earthquake on a high level bridge or 
on a tube of some other type of construction would 
also to some extent be problematical. 

The following general particulars of the tube are 
added :— 


Length, total 4,336 ft. 

>» Covered ... aa oo. ©6998, 045 ft. 
Cost aus wea ua ..- 5,000,000 dols. 
Outside diameter 37 ft. 
Inside diameter ae --. 32 ft. 
Width of roadway between side- 

walks ... ae a ... 24ft. 8 in. 

+» » roadway between kerbs 22 ft. 10 in. 

>» »» sidewalks -. Sit. 5 in. 
Gradients 4-5 per cent. 


Capacity at 20 m.p.h. ... 

Air changes per hour ... eee 

Allowable proportion of carbon 
monoxide ove one 


4,224 vehicles. 
40 


4 parts in 10,000, 








SLIDES ON THE Panama CanaAL.—Although not given 
much publicity nor apparently interrupting navigation, 
slides continue to be referred to in the Panama Canal 
Record. 1n the issue for August 27, it is noted that in 
July dredging was necessary to remove slides at a 
number of points. In one case a break occurred stretch- 
ing back 200 ft. from the prism line, reducing the depth 
locally to 20 ft. for part of the channel. The West 
Culebra slide showed an average movement of 1-1 ft. 
towards the cut, with a maximum at one point of 2 ft. 
At another point 25,000 c. yds. entered the canal, pushing 
into it for a distance of 65 ft. Although the canal has 








been completed about 15 years, it is clear that stable 
' conditions have not been reached in spite of the great 
amount of work put into the undertaking. 
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ENGINEERING MARKETS OF THE 
WORLD.—V. 
By A. J. LiveRsEDGE. 
British AFRICA. 

TE remarkable series of states, colonies, depen- 
dencies, and protectorates which compose the 
British Africa of to-day constitute in themselves 
a very considerable empire, even if, in deference to 
certain susceptibilities, we do not include the Anglo- 
Egyptian Sudan. 
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recognise its possibilities or that we are being 
pushed out of it, more or less. Our hold upon it 
is certainly not what it was. 

It will not be possible to set out here in detail 
the trade of all these dominions. What are, at the 
moment, the smaller markets will be grouped with 
the rest of the Empire; but the Union of South 
Africa, the two Rhodesias, and South-West Africa 
will fully justify a careful examination. South- 
west Africa, indeed, presents a very remarkable 
instance of trade persistence. 





TABLE XI.—ENGINEERING IMPORTS INTO THE UNION OF SOUTH AFRICA. £000s. OMITTED. 
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ments are graphically portrayed in the chart, 
Fig. 9, in regard to all the classes of the table except 
that of railway plant and stock, which, it will be 
seen,-is not of first importance. Here, perhaps, 
the reader should be reminded that general mer- 
chandise only is included in these surveys, and that 
Government stores are not included. The story 
which this table and its chart have to tell is, unfor- 
tunately, precisely the same as that which we have 
recorded for the British Dominions that have 
already been surveyed. If anything, it is still 
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| 
1913. 1925. 1926. i 1927. | 1928. i 
1 | i! 1] - || 
| | | | | | | | 
£ Per cent. || £ | Per cent. £ | Per cent. || £ | Per cent. | £ Per cent. || £ Per cent. 
fae Wane = eat oa | | {) | f (| = 
Tron and Steel and Manufactures thereof— | HI | } |} 
From United Kingdom .. re se 1,978 68-0 3,105 | 68-1 3,360 | 63-3 i} 3,500 , 63:0 || 3,210 60-1 | 3,451 63 +5 
» Bisewhere.. ..  .. 929 32-0 1,455 | 31-9 1,950 | 36-7 ! 2,060 | 37-0 1 2,130 | 39-9 || 1,978 | 36-5 
Total .. 2,907 ~ 4500 | — || 5s | — || 5560 | — || 53 | — || 5429 | — 
7 | | | | | i —o 
Electrical Apparatus— | | | | 
From United Kingdom .. 390 67°3 1,450 80-5 || 1,470 75:3 || 1,540 73-0 H 1,460 | 72:5 1 1,002 {| 57-2 
» Elsewhere... 190 32-7 || 350 | 19-5 i | 24-7 || 570 | 27-0 || 560 | 27-5 || 748 | 42-8 
Total .. 580 — |i 1,800 — || 1,950 — || 20 | — |} 2020 | — || 1,750 ae 
a H al 
i| | | 
Machinery— |} | } | 
From United Kingdom .. 1,598 58-7 2,523 | 56-1 2,716 54-5 || 2,655 51-0 || 2,665 | 47-9 3,560 | 50-8 
» Elsewhere... 1,123 | 41-3 1,980 | 43-9 2,245 45-5 2,530 | 49-0 || 2890 | 52-1 3,506 | 49-2 
Total .. 2,721 —_ 4503 | — || 4961 | — (|| 5185 | — 1 5,555 | — || 7,066 . 
} | } 1] 
| 1} 1} I 
Railway Plant and Stock— | |] | | 
From United Kingdom .. 109 46-3 115 40-0 | 142 23-7 480 | 35-2 | 595 | 60-8 279 55:8 
» Elsewhere... .. 126 53-7 170 60-0 | 458 76-3 || 385 | 64-8 || 382 39-2 || 228 4-2 
1 \, | 
Total .. 235 _ 235 | — || 600 — | 186 | — || 97 | — | 507 |  — 
{| {| | 1} 
Motor Vehicles— | | i} 
From United Kingdom .. .. ws 880 45-5 1,030 | 23-2 1,070 22-2 || 1,180 | 22-5 |} 1970 | 21-8 || 1,482 | 18-5 
», Elsewhere .. es ee e ye 1,050 54°5 3,420 | 76-8 3,740 77-8 \| 4,050 | 77-5 | 4,720 78°7 | 6,321 | 81:5 
—_ | ! | 
Ma bw « « «a « oe — || 4450 | — || 4810 | — || 5280 |. — || 5,000 | — | 7,753 |  — 
I | | 
| | | | | H 
Totals of above— | | | 1| 
From United Kingdom ..  .. w. we 4,955 59-2 8,223 52-7 || 8,758 49-6 || (9,855 | 48-1 || 9,200 46:3 || 9,724 43-2 
» Misewhere.. .. .. +2 +-| 8,418 40-8 || 7,375 47-3 || 8,872 50-4 || 10,095 | 51-9 | 10,682 53-7 || 12,781 | 56-8 
Total .. oe . es y cl Bars — || 15598 | — ‘| 17,631 — | 19,450 | — 1 19,882 —. || 22,505 | 
i H 1 ' } 
This African Empire consists, firstly, of the Union | TABLE XII.—ENGINEERING ImpoRTS INTO SOUTHERN AND NORTHERN RHODESIA 
of South Africa, comprising the States of the Cape! _ anD Soura West Arrioa. £000s omrrrep. 
of Good Hope, Natal, the Orange Free State, and aes —<“ 
the Transvaal; secondly, three adjoining States, | ne : 
not actually in the Union but intimately associated | —— ats | $n l hae 
with it—that is to say, Southern and Northern From From | otal. |. U-E- From | From | otal U.K. 
> ? ; U. Elsewhere. *  |Percentage. | U.k. Elsewhere. | * | Percentage. 
Rhodesia and South-west Africa. These seven | | ' | | | ay 
States make up what is now generally described as | == % l | oe or 
s4.8 : nat | SOUTHERN RHODESIA : £ c | £ | £ | 
British South Africa. Besides these, there are 14 | ys, .ninery, agricultural 62-9 106-9 | 1698 | 37-0 46-2 | 128-2 | 174-4 26-5 
separate dominion entities, extending from Gambia, s general 301-1 176-1 | 477-2 | 63-1 460-0 | 201-5 661-5 69-6 
facing the Atlantic on the west, across the continent | — | fa. oas-0 | ea7-0 | 60-3 |. 600-2 329-7 835-9 72-5 
and round a great part of its southern periphery | Iron and steel and manufactures 366-4 | 111-9 | 478-3 76-6 | 458-1 152-9 “0 75-0 
o48 ° ° . | Locomotives and railway materia 879-5 28-5 908-0 | ° 532: 2° 
to British Somaliland facing the Indian Ocean, on | rectrical apparatus 2 :130+4 49-9 | 189-3 73-7 | 208-8 86-9 | 275-8 75-6 
the east, including, in addition to the dominions | Vehicles = 190°4 426-4 | 616-8 | 30-8 | 189-1 515-9 | 705-0 26-8 
xs ‘ 2) | -——- i H 
already named, Sierra Leone, the Gold Coast, | Total 1,939-7 899-7 | 2,830-4 | 68-3 | 1,894-2 | 1,098-2 | 2,992-4 63-3 
Nigeria, with the Cameroons, Basutoland, Bechuana- f s 
land, Swaziland, Nyasaland, Uganda, Tanganyika, | j,o, and steel and manufactures 385-9 | 53-6 | 439-5 | 87-7 | 396-1 | 126-8 | 522-9 75:7 
Kenya and Zanzibar, and Pemba. The aggregate | Machinery a ee ~ 91-8 140-6 | 232-4 | 39-5 | 361-2 | 287-9 599-1 60-3 
. . . , j ° . 2. . De of . 71° 
area of these territories is about 2,700,000 square | Electrical apparatus ihe as | ae | os | wel ae | Pe Le 
miles. It may be recalled that Gibbon estimated | — 
the extent of the Roman Empire at its greatest, | Total 530-8 285°2 | 816-0 | 65-0 849-0 | 604-5 | 1,458-5 58°5 
at about 1,600,000 square miles. The aggregate | SouTH WEST AFRICA. | , | | ~? O< ai 
population of these African Dominions is etal and manufactures . _: ats id oh | a | —t 36.6 
45,500,000. If we include the Anglo-Egyptian | Electrical apparatus” 0-3 6-9 | 7-2 | 4-4 | 4-4 | gli? | 516-1 27-7 
Sudan, the extent becomes 3,700,000 square miles, Vehicles... ‘i | Set | ee) | Ue Oe |) ih 
Total 55-8 469-4 | 10-6 | 94-1 | 585-8 | 620-9 | 15-0 
' 


and the population about 51,000,000. 

These vast territories possess natural resources 
probably unequalled in variety and value by any | 
other equal area of the earth’s surface. The native | 
inhabitants of these regions—while, doubtless, | 
possessing all the defects and faults of the tropical | 
native—may well be developed by judicious hand- | 
ling into a factor ot the highest importance in the | 
economy of the British Empire, as kindred races | 
are at this moment in the United States of America. | 
The market which these territories represent for 
engineering products has immense possibilities ; | 
it is already of considerable importance, as we shall | 


| 525-2 





It should be said at the outset that the Union is 
another protected dominion, and that it is particu- 
larly ambitious to establish an iron and _ steel 
industry. At the same time, like other of the 
British selt-governing dominions, the Union gives 
substantial preferences to the United Kingdom and 
some other parts of the Empire. We have always 
therefore, an advantage over all our foreign com- 
petitors in these African territories. 

The recent movements of the trade with which 


see in a moment. It will well repay the most|we are here concerned, in the Union of South 
careful study and the most assiduous cultivation} Africa, are set out in our usual tabular form in 
on the part of the British producer; although, at! Table XI, which includes the figures for 1913 
the moment, it is to be feared either that we do not | and comes down to the end of 1929. These move- 





more unhappy. Without a single exception all 
the United Kingdom curves of the chart are declin- 
ing curves; they end not only on lower levels 
than where they begin in 1913, but also lower than 
the levels at which they stood in 1925. The United 
Kingdom curves in graphs Nos. 2 and 4 show 
welcome changes of direction in the final segments. 
which we may hope will mark the “turn of the 
tide,” but otherwise the graphs make a depressing 
picture. It will be observed that it is not a declining 
market that is here portrayed. The table shows 
the declared value of these imports for last year 
to be two and three-quarter times the corresponding 
value of 1913; and all the divisions mark progress. 
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The British manufacturer and merchant, of | would appear to be smaller still. It would appear 
course, will here ask for details: in what|that we fail conspicuously in regard to the purely 
particular lines are we being beaten? Some of | development requirements of new or expanding 
the principal lines are shown in Table XIII. Ob-| countries. Thus: ploughs and harrows 11-2 per 
viously there is no need to set out here those|cent., wool presses 6-7 per cent., water boring 
lines in which we have, for the time being, the} plant 7-5 per cent., windmills 11-7 per cent., 
best of it. In this table the more important classes | fencing 7-5 per cent., barbed wire 16-4 per cent., 
of commodities, of which we supply less than |and so on. 

TaBLE XIII.—Imports (selected) into Union of South . 

‘Africa, 1929. £000s omitted, Fig.9. wuien acount = 
From 
U.K. of 
Commodity. | Total. Per- 
U.K. | Else- centage. 
| Where. | 
Machinery £ x £ | PER Tal BLE 
Macht . 
Cream separators 1-9 41-9 43-8 | 4-4 
Other dairy .. .. 2-2 33-5 35-5 | 6-1 
Binders and reapers. . 4-4 79-1 83-4 | 5-2 
Ploughs, harrows, &c. 73°7 495-0 | 568-7; 11-2 
Hay, &c., presses 0-4 12-8 | 13-2 | 3-2 
Threshing machines. . 17-9 14-9 32-8 | 54-5 & STEEL 2 
Wine presses and : MANUFACTURES 
pumps ae a 0-2 4-3 4-5 3°7 THEREOF 
other agricultural ..| 104-6 | 344-0} 448-6 | 23-3 
Total of above 205-3 | 1,025-5 | 1,230-8| 16-6 From United 
— Kingdom = 
ee 
Air compressors 13-6 12-0 | 25-6 53-0 
Tube mill balls : 1-3 33°? aif? 10-0 
Other mining 70-7 “f . 4°5 
Factory plant 45-8 246+7 | 292-5 18°5 From Elsewhere - 
Wool presses 3 0:5 | 6°5 | 7:0 6-7 —_o————o—_ 
Pumps and acces- | 

sories  ..  ..| 87-8 | 74-9 | 162:7| 53-8 
Street sweeping and | | 

spraying . : u oo | 3 29-5 
Water borin 5° 8 | 73° 7-5 
Windmills .. 1.| 21-8 | 164-3| 186-1 | 11-7 ELECTRICAL 
Weaving and knit- | | | APPARATUS 

ting a = 1-8 3°6 5-4) 34-0 MACHINERY) 

Adding and calculat- 

igen F 6:7 24-9 31-6 | 21-1 
Cash registers oP 1:8 40-9 42°7 4°3 
EP apeany. eee 5-4 63°4 68-8 7-9 
Machinery not speci- From United 

ally designated 170-4 282-9 453-3 37-6 King dom 

Total of above a 

miscellaneous oa 844-6 | 1,414-8 | 2,259-4 37°3 

Electrical : 
Batteries, primary .. 34°8 163-8 198-6 17°5 
secondary 23-0 52-5 75°5 30-4 
Wireless... ws 55-6 | 119-6 | 175-2| 31-7 
Self - contained out- 
aS eee 15-5 23-4 38-9} 40-0 
Heating and cooking 43-9 88-9 132-8 33-0 
Materials and fittings 18-3 37-2 55-5 33-0 
Electric hand lamps 2-2 25-9 28-1 7-9 
Total of above 
electric .. | 198-3] 511-4] 704-7] 27-4 
Vehicles : 
Farm tractors and MACHINERY 
parts : a 22-4 484-1 506-5 | 4-4 
Motor cars 407-7 | 3,261-9 | 3,669-6 | 11-1 
Chassis, cars .. ri 2:0 793-0 795-0 2°6 
Parts and accessor- 
ios... oe ~~ 08O | 768-9 | 87255 | 12°46 
ee and omni- sii “4 ‘ii me 
uses . . 4 si i «0° 
Chassis, do. .. 300-0 | 733-3 | 1,033-3 | 29-1 paren 
Total of above 
vehicles .. a 851-3 | 6,063-6 | 6,914-9 12-3 
Ee —_ Steel | From United 
Manufacturers : | 7 - 
Wire nails : 4-5 27-1 31-6 | 14-1 Kingdom - 
Other nails 19-6 18-4 38-0 | 31-4 
Fencing as 20-6 | 254-5 | 275-1 7-5 
wire a 33-9 89-6 | 123-5 | 27-3 
<a ,. barbed 47-9 | 242-9] 290-8] 16-4 
Wire, baling... 0-7 25-4 26-1 2-6 
netting 37-0 | 184-7 | 171-7] 21-6 
Plates it ee 64-7 90-1} 154-8} 41-7 
Bolts, nuts and rivets 80-1 92-0 172-1 46-6 
Chain, haulage : 8-9 18-4 27°3 32-6 
Tanks., .. 6-6 33-8 40-4 | 17-0 
Total of above 
iron and steel ..| 324-5 | 1,026-9 | 1,351-4 | 24-5 
Grand total of 
above, ..| 2,419-0 | 10,042-2 |12,461-2 | 19-3 
60 per cent. of the total imports, are indicated. 
The table relates to 1929. It will be seen that our 
share in providing the commodities of this tableranges| Our chief competitors here are, in the cream 
from 2-6 for baling wire and motor-car chassis, and | separators and other dairy plant, Sweden, Germany, 
3-2 for hay presses to 54-5 for threshing machines | Denmark, the United States, and Belgium ; and in 
and for ‘other mining.” Seeing that we can do|agricultural machinery, of course, the United 
so well with threshing machines, it seems odd that | States and Canada. Canada enjoys the same fiscal 
we do So badly with binders and reapers, while it is | preferences that we do ourselves. 
something like a national scandal that we supply| In general machinery the United States of 
no more than 73,7001. of ploughs and harrows out| America is easily first among our competitors, 
of the Substantial total of 568,700/. imported. | with 1,540,000/.; Germany comes second, but a 
Lord Kitchener of Khartoum asks pathetically in| long way behind, with 530,000/. Sweden supplied 
The Times how it is that for every English plough | electric motors to the value of 10,369]., other 
in Kenya, where he is a planter, there are at least | electrical machinery and parts to the value of 
two from elsewhere. The proportion of United |12,000/., industrial machinery to the value of 
Kingdom ploughs in the Union of South Africa|18,800/., road rollers 3,4001., street sweepers 


3,2007., and adding and calculating machine 
4,5751. Switzerland sent electrical machinery and 
parts to the value of 7,7001., pumps and acces- 
sories 13,300/., and other machinery and parts to 
the value of 23,700/.; while France sent general 
machinery to the value of 77,800/. 

In iron and steel and manufactures Germany is 
our chief competitor, her share in 1929 being over 
900,000/. out of a total of 1,978,000. from “ else- 
where.” Belgium came second with 510,000/., 
and the United States of America third with 
370,0001., the balance being made up by supplies 
from Sweden, Switzerland, Poland, France, Czecho- 
slovakia, the Netherlands, Austria, Denmark, and 
Canada. 

In railway material Germany takes the lead 
again with 128,000/., the United States coming 
next and Belgium third. 

In electrical apparatus our competitors are very 
numerous. They begin with the United States 
of America with 300,000/.; Germany comes next 
with 187,000. ; followed by Holland with 109,000/. ; 
the other chief contributors being Canada, Belgium, 
Austria, Sweden, Denmark, Norway, Italy, Hungary, 
and Japan. 
| In motor vehicles, the United States is, as usual, 
| first, with the rest nowhere, except Canada. Last 
| year the United States supplied motor vehicles 
'to the Union of South Africa to the value of 
| 5,265,000/7. out of total imports amounting to 
7,753,0001. Canada came second, but a long way 
| behind, with 820,000/. Germany takes the third 
place with 121,000/., the other contributors, all with 
relatively trifling amounts, being Italy, France, 
| Holland, Belgium Sweden, Hungary and the Irish 
| Free State. We have the trade in motor cycles, 
| bicycles and tricycles, and the children’s vehicles ; 
‘and it appears odd that while we can do so well 
| with these lighter vehicles we are so completely 
out of it in all the heavier classes, but it is so. 

The trade of the two Rhodesias and of South- 
| West Africa is shown for the past two years in 
Table XII. Southern Rhodesia is a dominion with 

“responsible government”; and makes its own 
laws. She has set up a “ tariff wall,’ but she also 
| gives preferences to the United Kingdom, Canada 
and New Zealand. In 1928 the rebate on British 
| goods amounted to 200,000/., out of a total of 
' §00,0001. of duties levied. The preference is thus 
| obviously substantial. 

' The United Kingdom percentages of this table, 

so far as the. two Rhodesias are concerned, make 
| much more agreeable reading than the corresponding 
| percentages of the Union table. Thus, last year 
| we supplied 72-5 per cent. of the machinery imported 
| by Southern Rhodesia as compared with 50-8 per 
| cent. of the union imports ; 75 per cent. of iron and 

steel as against 63-5; and 75-6 per cent. of elec- 
trical apparatus against 57-2 per cent. of the 
|Union imports. Even in vehicles we had 26-8 
| per cent. as compared with 18-5. Our share of the 
| total imports of this dominion was 63-3 per cent., 
'as against 43-2 per cent., which was our proportion 
|of the Union imports. Unfortunately, this total 
| percentage of 63-3 shows an appreciable decline 
|as compared with 1928, due chiefly to a decline 
|in our share of the trade in vehicles. In machinery 
|as a whole our position is improved ; and we hold 
| our own practically in the other classes. 

Northern Rhodesia is still a crown colony ; 
but it will be seen that our figures for this dominion 
are not quite so good as those of Southern Rhodesia ; 
our share of the total imports being only 58-5 per 
cent. as compared with 63-3 per cent. for the 
southern state. That proportion, however, is 
still considerably higher than our corresponding 
share of the Union imports. 

Naturally the character of the imports into the 
two Rhodesias is very much akin to that of the 
Union imports. Our competitors in these two 
dominions are also substantially the same as in 
the Union, with this difference, that we here meet a 
new competitor, with which we shall obviously 
have to reckon in the future, none other than the 
Union of South Africa herself. Quite appreciable 
items of iron and steel, machinery, electrical appa- 
ratus and vehicles now enter the two Rhodesias 
as “South African produce.” To what extent 
they are wholly South African produce is a not 











454 


ENGINEERING. 





(OcT. 10, 1930. 








unnatural question. In 1929, this South African 
produce entered Southern Rhodesia to the value 
of 45,0001. of iron and steel ; 16,0001. of machinery ; 
2,0001. of electrical apparatus and 141,000/. of 
vehicles. In the latter total, we find 88,000/. of 
motor cars, nearly twice as much as the value 
we sent ourselves, and practically a fourth of the 
total imports under that head. 

The United Kingdom figures for South-West 
Africa in the table are rather startling ; and while 
they admit of a not unnatural explanation, the 
explanation is not very agreeable. What is now | 
simply South-West Atrica was formerly German | 
South-West Africa. The Treaty of Versailles | 
deprived Germany of this territory, which is now | 
administered by the Union of South Africa under | 
a mandate of the League of Nations. We have 
in this country commonly supposed, in our innocence, | 
that the acquisition of enemy territory, even if | 
only under mandate, meant that we were to make | 
something out of it; some proper, natural, legiti- | 
mate, compensation for some of the Josses which | 
the war laid upon us. So far, in connection with | 
South-West Africa, we have got to the length of | 
supplying 15 per cent. and no more of her engineering | 
imports in 1929. It is true that this is an advance | 
of 50 per cent. on the proportion which we supplied | 
in 1928; and we may, therefore, live in hopes of | 
something better in the near future. We cannot 
help ourselves, that is to say, not by any Government 
action; it is our way. The European population 
of South-West Africa is, of course, mostly German, 
and they are at liberty to buy what they want where 
they please. They please to get a very large pro- 
portion from Germany. Out of a total of 164,000/. 
of machinery imported in 1929, Germany supplied 
86,0001.; out of a total of 228,000/. of iron and 
steel, Germany contributed 135,000/.; her share 
of 16,0001. of electrical apparatus was 8,9001. In 
vehicles, however, Germany is here beaten quite as 
decisively as we are ourselves anywhere, by our new 
competitor, the Union of South-West Africa, in the 
first place, and by the United States of America 
in the second place. 

South-West Africa supplies a unique illustration 
of the extraordinary latitude and equally extra- 
ordinary variety of national and economic conditions 
which are to be found under the British flag. It 
would be ungracious on our part to grudge Germany 
the position which she evidently still holds with the 
white inhabitants of her former South African 
territory ; but the question will present itself 
whether, if the territory had remained in the posses- | 
sion of Germany, we would have been able to supply 
even 15 per cent. of its engineering requirements 
as we did in 1929. 

In the next article Canada and the rest of the 
British Empire will be reviewed. 











THE ECONOMIC SPEED FOR TURBO- 
ALTERNATORS IN POWER STATIONS. | 
By Grratp Stoney, F.R.S. 

Wits 50 periods per second, which is now uni- 
versal in this country and on the Continent, the 
speed of a turbo-alternator has to be either 1,500 
or 3,000 r.p.m., and :t becomes a question which 
speed should be adopted. Much larger units 
can be constructed if 1.500 r.p.m. is chosen, but, 
on the other hand, the weights to be handled and 
the size of the various parts are greater. Difficulties | 
of transport also come in as well as the fact that it is 
much more difficult to obtain the same degree of 
reliability in very large as in smaller forgings. 
Moreover, if the size of forgings is moderate, as is | 
necessarily the case when the speed is at 3,000! 

r.p.m., higher grade materiel can be used. 

At the present moment, especially in America, | 
there seems to be a race as to which station shall 
have the biggest units, even exceeding 200,000 kw., | 
but such large ratings mean very large parts, with | 
the consequent difficulty in getting reliable material, | 
and in handling them, whilst long delays are a | 
certainty if any repairs or overhauls have to be | 
carried out. The further consideration enlesn | 


sized plants, and accordingly units of 65,000 kw. | exceeds our railway loading gauge and, although in 
and 50,000 kw. are being adopted for stations now | certain cases arrangements might be made to carry 


in course of equipment here. It is a question, 
however, whether it would not have been advan- 
tageous to reduce these outputs a little and to have 
adopted 3,000 r.p.m. as the running speed in pre- 
ference to 1,500 r.p.m. With 1,500 r.p.m., the 
output is practically limited only by the possibility 
of getting sound castings and forgings of the size 
required, or by the limits of load and size that can 
be carried on rail or road. 

For 3,000 r.p.m., however, there are distinct 
limits of size imposed by the centrifugal forces 
and the allowable stresses on the material. The 
exhaust annulus, or area through the last row of 
blades, is limited by the centrifugal stresses to 
some 20 sq. ft. or perhaps a little more. On this 
depends the terminal or throw-away loss, and the 
less this is, the greater are the centrifugal stresses 
for a given quantity of steam. In fact, it may be 
said that the terminal loss depends on the “ coeffi- 
cient of recklessness’ of the designer. Some 
years ago, 11 or 12 sq. ft. were considered about 
the limit, but, with improved materials and 
design, it is possible that the above figure of 20 sq. ft. 
or a little more may be largely exceeded in the 
future. 

It is now, however, easy with a double-ended, 
low-pressure cylinder or a multiple exhaust, and 
still more with a triple exhaust as in the Brimsdown 
turbine (described in our issue of August 15, page 
159 ante), to have a turbine with a moderate terminal 
loss, running at 3,000 r.p.m. and developing 40,000 
kw. at its continuous maximum rating, or 32,000 kw. 
at its economic rating, working under modern con- 
ditions of high steam pressure, superheat and 
vacuum. This size may be largely increased in the 
future, as it was not so many years ago that 750 kw. 
was looked on as the limit for 3,000 r.p.m. 

Alternators up to 65,000 kv.-a. or, say, 52,000 kw., 
are now being constructed for 3,000 r.p.m., so that 
the 40,000 kw. just mentioned is by no means up 
to the limit. Thus, at present, the limit for 3,000 
r.p.m. may be taken as somewhere about 40,000 kw. 
continuous maximum rating. 

Comparing a 40,000-kw. turbo-alternator at 3,000 
r.p.m, and 1,500 r.p.m., it is found that the weights 
and size of most parts are much less at 3,000 than at 
1,500 r.p.m., and this will become still more marked 
if the size of the 1,500 r.p.m. plants is increased. 
As regards the turbine, the steam pipe, steam chest 
and their auxiliaries will have to be the same size 
for both speeds as the efficiency of the two turbines 
will be practically identical, and therefore the quan- 
tity of steam to be passed will be the same. 

Since the velocity ratio will be the same in both, 
the Parsons’ constant, K = NR*D* x 107° will 
be the same in both. N, the number of rows or 
stages, represents approximately the length of 
the blading of the turbine, and D*, or the square of 
the mean diameter, represents the cross section, 
so that ND? represents the volume of the blading and 
spindle. Thus the volume at 3,000 r.p.m. will 
only be about one quarter of that necessary at 
1,500 r.p.m. This means a lighter turbine, with 
parts easily handled and the time required to carry 
out repairs or overhaul reduced. Also, as cost 
follows weight closely, the cost of the higher speed 
plant will be less. There is also the great advantage 
that a 3,000 r.p.m. plant can be run up to speed 
much quicker than a 1,500 r.p.m. plant owing to 
the smaller bulk and smaller size of the parts in the 
high pressure portion of the turbine which are 
subjected to high-pressure and temperature. The 
effect of changes of pressure and temperature gradient 
in the turbine due to changes of load are also less 
in the higher speed plant, enabling rapid changes 
of load to be made with greater safety. 

In the case of the alternator, the efficiency at 
either speed will be the same, but the rotor of the 
higher speed machine, which is generally the part 
to be handled, will be less than half the weight of its 
rival. This also means that there is much less 
difficulty in getting a sound forging for it. The 
higher speed stator will be slightly lighter than the 


it, in most it would be necessary to build and 
wind it on site with all the consequent extra cost, 
and the difficulty of supervision, while in many 
cases, vacuum drying would be impossible. As 
regards length, the length of the high-speed turbine 
will be rather less than that of the low-speed one. 
but the alternators will be of about the same length. 
Boilers, condensers, transformers, &c., would be the 
same for both plants. 

It thus seems that there would be a distinct 
advantage in adopting the higher speed of revolution, 
and it is a question whether, in stations such as 
are now in hand, where there are to be 65,000 kw. or 
50,000-kw. turbo-alternators, it would not be 
preferable to have somewhat more turbines at 3,000 
r.p.m. than slightly fewer at 1,500 r.p.m. 

The extra complication of the switchgear would 
be very small. Even with the bigger sizes of turbine 
which are now being so largely adopted on the Con- 
tinent and in America, would it not be better to 
have a number of 3,000-r.p.m. plants with their 
light parts and ease and quickness of overhaul and 
repair, rather than a small number of very large 
plants at 1,500 r.p.m., with their huge parts and 
consequent difficulty of handling and overhauling, 
not to say anything about the difficulty of getting 
reliable forgings and castings of very large size ? 
Again, in a self-contained station, the amount of 
spare plant required for safety would be less. 








THE REFINERY OF THE MOND 
NICKEL COMPANY, LIMITED, AT 
CLYDACH, SOUTH WALES. 


(Concluded from page 425.) 


First Nickel Recovery.—With the knowledge of 
the construction of the reducing, volatilising, and 
decomposing units, it is now possible to follow the 
process of the first recovery of the nickel. In this 
process about 75 per cent. of the nickel is extracted, 
leaving a concentrate on which the operations are 
repeated for further extraction. The mixed oxides 
which constitute the dried matte are not reduced 
completely before being partly volatilised. The 
practice which is adopted is to pass the matte in 
the first instance through five reducers, on emerging 
from which about 85 per cent. of the charge has 
become reduced to metal. A peculiarity of this 
part of the operation is that the reduced metal 
occurs in an extremely fine condition, in which it will 
combine with oxygen with explosive violence, if by 
accident that gas should come in contact with it. 
| This reduced matte is conveyed to five volatilisers, 
arranged in parallel, and in passing through them 
about 36 per cent. of the total nickel is volatilised 
as carbonyl. The remainder of the matte from the 
five volatilisers is then led by a common conveyor 
into a sixth volatiliser, in passing through which a 
further 8 per cent. of nickel is extracted. At this 
stage the residual matte is subjected to further 
reduction in two more reducers, through which it 
passes consecutively, and then is treated in three 
volatilisers arranged in parallel and one in series. 





It is then treated once again in a reducer, and there- 
after in two volatilisers arranged in parallel and one 
in series, which completes the first passage through 
the plant. The matte is passed through each 
reducer, or set of reducers in parallel, in about six 
hours, and through each volatiliser, or set of volatili- 
sers in parallel, in eighteen hours, which gives about 
six and a half days for a complete passage of the 
dried matte through the plant. The rate at which 
it is fed is about 18 short tons per day, and the 
material finally discharged from the plant after 
one passage, which is known as the first concentrate 
and is left after the extraction of about 75 per cent. 
of the nickel in the original matte, consists as to 
36 per cent. of copper, 36 per cent. of nickel, and 
3 per cent. of iron. The plant contains at present 
47 reducers, 75 volatilisers and 216 decomposers, 
each decomposer producing about 175 kg. of nickel 
per day. The arrangement of the reducers and 





that if such a large machine is out of commission | low speed one and also its cross-section will be much | volatilisers at ground level is indicated in Fig. 22 
for any reason it means that a large part of the | less so that it can be put on rail without serious | on page 455. The general arrangement of a range 
station is also out of commission. 

There is thus a distinct advantage in moderate 


difficulty. 
The 1,500 r.p.m. stator, for the size in question, | 


of decomposers is shown in Fig. 20, and an upper 
view in Fig. 21. 
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Fia. 22. Rerpvucers AND VOLATILISERS. 


Heating and Reaction Gases.—The two separate | 


systems of producer-gas and water-gas are used re- 
spectively for heating and for reaction. The producer- 
gas is made in a cylindrical producer of ordinary 
design, by passing air and steam saturated at 60 deg. 
C. through anthracite. The resulting gas contains 24 
per cent. of carbon monoxide, 20-5 per cent. of hydro- 
gen, and 1-5 per cent. of methane, with 5-6 per cent. 
of carbon dioxide and 48-4 percent. of nitrogen. It 





is used for roasting the sulphides in the calciners, 
and for heating the reducers’ and decomposers in 
the nickel plant. In all there are 32 producer-gas 
producers, half of 5 ft. diameter and half of 6 ft., 
with a capacity of a little over 6 tons and 7 tons of 
coal per day, respectively. The conditions under 
which the water-gas is used lead to some special 
arrangements in preparing and applying it. As the 
temperature in the reducers does not exceed 350 








Urrer Enps oF DECOMPOSERS. 


deg. C., any methane that may be produced is not 
oxidised, and is therefore inert in the reduction 
for which the gas is used. For this reason only 
anthracite or coke is used in making the water-gas, 
which is done in the usual way by a 10 minutes’ 
heating blow with air, followed by a 10 minutes’ 
steam blow to produce the water-gas. In order, 
however, to increase the reacting value of the gas, 
so much as is made in the first half-minute of the 
steam blow is not used in the plant gas-system, as 
it contains too much nitrogen and carbon dioxide. 
The gas which is obtained after discarding this part 
to the heating-gas mains contains only 6-7 per cent. 
of inerts, consisting of carbon dioxide, nitrogen 
and methane, with 36 per cent. of carbon monoxide 
and 57:3 per cent. of hydrogen. As a result of 
the low temperature at which the reducers work, 
only about 3 per cent. of the reduction is effected 
by the carbon monoxide, the remaining 97 per cent. 
being done by the hydrogen. It is remarkable 
that although the hydrogen reaction involves the 
absorption of heat, the reaction with it is at the 
temperature of the reducers from 20 to 40 times as 
rapid as the reaction with carbon monoxide, in which 
heat is evolved. 

An incidental result of the preponderant activity 
of the hydrogen in the reaction which goes on in 
the reducers is that after the water which is formed 
has been removed, the end gas from the reducers is 
very rich in carbon monoxide, and is therefore 
suitable for making nickel carbony] in the volatiliser. 
Nearly three-fourths, in fact, of this end gas from 
the reducers consists of carbon monoxide, and 
after it has been scrubbed with water, it furnishes 
more than enough for the volatilisers, the remainder 
being led into the producer-gas main for heating 
purposes. The amount of heat evolved in the 
reaction between the reduced nickel and the carbon 
monoxide is not more than is dissipated by radia- 
tion and conduction, a temperature of about 
50 deg. C. being maintained in the volatilisers. 
The gas passing out of the volatilisers contains from 
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Fig. 25. Nertce SABLE STORES. 











about 4 per cent. of nickel carbonyl by volume in 
the early stages, to about a tenth of that percentage | 
in what passes from the last volatilisers, with an 
average content of about 2 per cent. by volume in 
the gas passing into the decomposers, correspond- 
ing to about 50 grammes of nickel per cubic metre. | 
It will be observed that the gas passing from the 
decomposers is led back and recirculated through the | 
volatilisers, thus circulating between them and the | 
decomposers in a closed circuit, waste being made up 
with gas from the reducers. <A point of considerable 
importance in the working of the decomposers is the | 
exactness with which the temperature is maintained. | 
The decomposition of the nickel carbonyl occurs 
when it comes into contact with the nickel pellets | 
at a temperature of about 180 deg. C. If, however, 
the temperature is allowed to rise to even as little 
as 200 deg. C., the carbon monoxide may be decom- | 
posed into carbon and carbon dioxide. 
Completion of Extraction Process.—In the sida! 


process the decomposition of all the nickel carbonyl | ; 
that is formed is practically completed, but not all| duced by the fusion of the matte slag contains only| Copper and Nickel Salts.—Except in so far as 


the reduction and volatilisation. In passing through | negligible quantities of copper, nickel and cobalt, | they take part in providing the additional materials 
the reducers and volatilisers the matte becomes less| while the melt forms a further supply of matte, | required for smelting the first and second concen- 
susceptible to the reaction intended to be produced | which is remelted in the smelting furnaces. The | trates and making them again amenable to the pro- 
in them, and the first concentrate which remains after| matte thus obtained from the smelting furnaces is | cesses conducted in the plant, the filtrates from the 
the material has passed once through the plant still | crushed, and then ground and passed through the | crushed matte after it has been through the extrac- 
contains some 36 per cent. of nickel. Accordingly, it| plant in the same way as the original matte. The | tors, and again after it has been cooled and passed 
is then passed through a gas-heated oxidising con- concentrate left after this second passage through through the crystal filters, are not used in making 
veyor to decompose and remoye any carbonyl that | the plant is re-smelted in a similar manner to the | metallic nickel. They contain, however, large quan- 
may be adhering to it, and after cooling is subjected | first concentrate, and passed through the plant a /| tities of copper, being in fact practically all the 35 per 
to further treatment in order to fit it for passing| third time. The final residue left after this third | cent. contained in the original raw matte, and also 
through the plant a second time. This treatment | passage is first oxidised and then leached with | considerable quantities of nickel leached out from the 
consists in mixing it with about half its weight of | sulphuric acid to remove the bulk of the base metals, matte by the sulphuric acid with which the copper 
copper-nickel products from other parts of the process, | and the final concentrate, which includes the silver} was extracted. These constituents are obtained in 
and with about a fifth of its weight of sulphur, coal, jand precious metals, is sent for treatment in a the form of copper-sulphate crystals or powder, 








Fic. 26. Copper SULPHATE STORES. 





lime and sand, and then smelting the mixture in an 
oil-fired reverberatory furnace. This fusion converts 
oxides into sulphides, somewhat reduces the amount 
of iron, and produces a quantity of slag; and the 
slag, after being mixed with certain quantities of 
copper- and nickel-containing materials from other 
parts of the process, and with coke and slag-forming 


separate factory. Each unit of this residue repre-| and of nickel sulphate and nickel-ammonium 


sents a concentration of about 16,000 units of ore, 
and contains platinum, palladium, gold, iridium, 
rhodium and ruthenium. The separation of these 


sulphate. A large plant is devoted to purifying the 
copper sulphate by a process which consists in 
effect in crystallising it out at a suitable tempera- 


minute quantities is a result of the low tempera-|ture from solutions of definite strength. Thus, 


tures used in the nickel-refining processes, at which 
the other metals do not alloy with copper and 


substances, is melted in a cupola. The slag pro- | nickel. 





the impure crystals left on the rotary filters in 
the copper-extraction plant are conveyed mech- 
anically to dissolvers, in which, together with the 
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intermediate copper sulphate from residue plants, 
the liquor is brought up to a temperature of 90 deg. 
C. and a specific gravity of 1-43. The construction 
of these dissolvers is shown in Figs. 23 and 24. 
The crystals are led on to a hard lead tray, and 
by means of a vertical lead-covered steel shaft, 
carrying a stirrer, the solution is kept agitated 
until it has been brought up to the desired specific 
gravity, when it is run into either vats for large 
crystals, or coolers for powder. The vats are of 
wood, lined with lead, and provided with wooden 
bearers, from which lead strips are suspended. 
The hot liquor from the dissolvers is left from six 
to ten days to crystallise, after which the mother 
liquor is run off and returned to the dissolvers, 
and the crystals are stripped, roughly separated by 
spiked rollers, washed, screened and dried by warm 
air, when they are ready for packing. To make 
copper-sulphate powder the hot liquor is run into 
coolers of the type shown in Fig. 12 (page 423, 
ante), where the liquor is kept agitated while it is 
rapidly cooled, after which the fine crystals are 
filtered on vacuum rotary filters, dried first in a 
hydro-extractor and then on a jig in a current of 
warm air, and finally screened, the mother liquor 
being returned to the dissolvers. The scale of these 
operations is indicated by Figs. 25 and 26, which 
represent, respectively, parts of stores for copper- 
sulphate powder for export (neige sable) and of the 
copper-sulphate plant. 

The small quantities of nickel that are dissolved 
in the extractor with the copper are allowed to 
accumulate until the liquor reaches a concentration 
of about 60 grammes per litre, when it is maintained 
at a temperature of 90 deg. C. until the specific 
gravity reaches 1-55. The copper sulphate is then 
crystallised out, and further copper, together with 
the arsenic, are precipitated by heating with live 
steam and agitating with reduced nickel. These 
are filtered off, and, after the iron and some cobalt 
have been removed by treatment with nickel 
peroxide, the liquor is concentrated further at 
90 deg. C. and then cooled to 50 deg. C., causing 
the separation of calcium sulphate, which is removed 
by settlement and filtration. Nickel sulphate is 
then obtained from the filtrates either as large 
crystals by slow cooling in vats, or as powder by 
treatment in coolers. By adding the’ necessary 
amounts of ammonium sulphate to purified nickel- 
sulphate liquor, after it has been settled and filtered, 
a solution is obtained from which nickel-ammonium 
sulphate can be crystallised out. 

General Arrangements.—The general arrangements 
of the works, though carefully adapted to its re- 
quirements, are of a type sufficiently known in 
ordinary practice to make detailed descriptions 
unnecessary. The steam supply is provided from 
Babcock and Wilcox boilers, fitted with underfeed 
stokers, and delivering steam at 185 lb. per square 
inch pressure. Parts of the plant, such as the 
vacuum pumps and compressors and the blowers 
for the gas producers, are driven electrically by 
220 volt. direct current motors, operated from a 
plant consisting of dynamos, coupled direct to 
reciprocating engines. Other parts such as the 
centrifugal machines are driven by high-pressure 
high-speed turbines. The water supply for the 
process work and cooling is pumped from the canal, 
while that for boiler, sanitary, and other purposes, 
is taken from the town main. 

The Company has paid considerable attention 
to the housing accommodation and other amenities 
of its employees. In conjunction with its sub- 
sidiary company, the Clydach Estates, Limited, it 
has built over 400 houses, mostly detached or semi- 
detached, which are let to employees at moderate 
weekly rentals; much of the estate is laid 
out on the lines of a garden city. The institutions 
include a works recreation club, with at present 
about 1,000 members, which in a well-equipped 
club house, erected by the company, makes provision 
for a variety of social and athletic recreations under 
the management of its own house and entertain- 
ment committees. 

A Joint Works Council, consisting of equal 
numbers of representatives of the company and 
the workpeople, has been in operation for the last 
ten years. It holds quarterly meetings under the 
chairmanship of the works manager or his nominee, 





and appears to have rendered valuable service both 
in introducing useful proposals to the management, 
and in acquainting workpeople with such difficulties 
as have to be met from time to time. 








DISCHARGING PLANT AT PORTO 
MARGHERA, VENICE. 

Tue new port of Porto Marghera, designed to relieve 
the congestion existing in the port of Venice, is of 
particular interest, not only from the point of view 
of its layout, but also on account of the appliances 
which have been installed for handling various classes 
of goods. In the present article, we propose to deal 
particularly with the plant erected for unloading 
phosphate, pirites and bauxite, for the Societa Italiana 
Allumina. The plant is actually the property of the 
Societa Veneta Fertilizzanti, both these companies 
being affiliated to the important Montecatine group 
of Milan. 

The handling plant for the raw materials consists 
of two dischargers running along the quay, and capable 
of unloading about 3,000 tons per day from large 
vessels. The dischargers, which are illustrated in Figs. 1 
to 9, Plates XXX and XXXI, deliver the materials 
into bins on a telpher system. As will be clear from 
Figs. 1, 8 and 9, the dischargers span a reinforced- 
concrete structure carrying the telpher rail. This 
structure consists of a series of A frames, as shown 
in Figs. 8 and 9, bridged at the top by two continuous 
beams from which the telpher rail is suspended, and by 
a continuous platform at the level of the bins. The 
columns spring from a reinforced-concrete jetty parallel 
with the shore, and connected to the latter by a series 
of bridges, the whole work forming a continuous 
structure. The jetty itself is an open structure with a 
view to reducing its weight, being made up of continuous 
beams on the front and rear faces, connected by 
horizontal concrete lattice work. The bridges consist 
of two concrete beams, meeting at the shore end, and 
splayed out where they join the jetty. The latter is 
supported on piles, the outer row consisting of groups 
of three piles, 15 m. long and 1 m. apart, arranged in 
the form of a triangle, and the inner row consisting of 
two piles, 13 m. in length and 2 m. apart. The depth 
of water immediately beyond the jetty is 9 m., and 
the dock bottom has an even slope from the base of 
the outer row of piles to the shore. The continuous 
beams at the head of the structure are 100 m. in length, 
the distance between the centres of the inner and 
outer row of piles is 10 m., and the connecting bridges 
to the shore are 12-5 m. in length. At the northern 
end, the telpher rails are connected up to a system 
which, after crossing the railway visible in Fig. 9, 
enters the works and feeds the material to any required 
point. In entering the works, the bins pass om to a 
weighbridge, where they are automatically brought 
to rest, the weight registered, and the bins restarted. 
A record is thus obtained of the weight of material 
discharged at any given time from the vessel. 

The two dischargers, one of which is shown in detail 
in Figs. 1 to 7, run on rails 10 m. apart, laid on the 
jetty immediately outside the footing of the columns. 
The weight of the dischargers is thus transmitted 
directly to the piles since, as stated, the latter are also 
spaced at 10-m. centres. The general form of the 
dischargers will be clear from the figures, and it will be 
noticed that the main structure is built up with rolled 
sections riveted together. As shown in Figs. 1 to 3, 
the discharger runs on four carriages, each of the two- 
wheel type, and spaced at 12-m. centres on the rails. 
They are provided with jibs, which can either be 
lowered over the hold of a vessel, or raised to clear the 
masts when the ship is approaching or leaving the quay. 
It is shown in the elevated position in the views, Figs. 
8 and 9, and in the working position in Fig. 1. It is 
actually in two portions, a lower movable section, 
20 m. in length, and a fixed section 5 m. in length at 
the top of the main structure. The movable section is 
mounted on two pairs of swinging arms, as shown 
in Fig. 1, and is elevated by means of cables on each 
side passing over pulleys mounted in line with the 
outer pivot of the lower swinging arm. The upper 
pair of arms, which carry handrails as shown in the 
illustration, are pivoted to the movable jib at a point 
about 13 m. from its outer extremity. At their 
inner ends, these two arms are pivoted to the main 
structure at a point about 18 m. above the quay. 
The lower pair of arms are pivoted on the jib at a 
point 7-5 m. from its outer end, and on the main 
structure at a point 10-5 m. above the quay. The 
inner end of the movable jib is fitted with a lip, 
which registers with a corresponding lip on the fixed 
portion when the jib is lowered. The position taken 
up by the jib and arms when the former is elevated is 
indicated by dotted lines in Fig. 1. One end of each 
elevating cable is attached to the main structure at a 
point near the motor house. From this point, the 
cables are carried over three-sheave blocks, attached 
to the main structure below the lower end of the fixed 





portion of the jib, to a second set of blocks on the 
swinging jib. After being led through the sheaves in 
the usual way, the cables are anchored to drums on 
the winch. The latter is shown in plan in Fig. 5, the 
elevating drums being shown to the right at the two 
ends of the shaft. 

The grab is operated on the two-cable system, in 
which there are two cables, each having its own winding 
drum, passing through the sheaves on the grab, and 
terminating on the grab carriage. If only one of the 
cables is wound in, the grab is closed, while if the two 
cables are wound in simultaneously, the grab is first 
elevated, and when further movement in the vertical 
direction is prevented by contact between a block on 
the grab and a buffer on its carriage, it is traversed along 
the jib until the discharge position is reached. The two 
winding drums are shown in Fig. 5 to the right and left 
of the central clutches, and it will be seen from Fig. 1, 
that the cables, after leaving the drums, are carried 
over pulleys at the top of the main structure, along the 
jib to the grab carriage, and after passing down over 
the grab sheaves, are brought up and the ends anchored 
to the carriage. Owing to the varying beam of the 
vessels being discharged, it is necessary to arrange 
for a variable travel of the carriage down the jib 
overhanging the vessel’s hold. The extreme outward 
position of the carriage is located by the latter coming 
into contact with a stop, and the position of the latter 
can be varied with respect to the outer end of the jib. 
For this purpose, the stop is mounted on wheels 
engaging with rails on the jib, and a cable is brought 
from the stop to a pulley at the top of the superstruc- 
ture, and thence down to the hand winch, which can 
be seen in Figs. 1 and 5 at the side of the windlass 
house. 

The windlass, shown in Fig. 5, enables all the motions, 
including the movement of the discharger along the 
jetty, to be obtained from a single motor. The latter 
drives a layshaft through spur reduction gearing, and 
from the layshaft, the drive is taken to the two winding 
drums through clutches and further reduction gearing. 
The two jib-elevating drums are mounted on a common 
shaft passing through the right-hand winding drum, and 
are also driven from the layshaft through a clutch and 
reduction gearing. The fourth clutch, shown at the top 
in the figure, engages the motion for traversing the dis- 
charger. The drive is taken through spur gearing to a 
short shaft parallel with the layshaft, and thence by bevel 
gearing to a vertical shaft passing through the floor of 
the motor house. The lower end of the vertical shaft is 
connected by bevel gearing to a horizontal shaft carried 
along the lower member of the main lattice girder, and 
from each end of this shaft, the drive is conveyed by 
further vertical shafts to gear trains on two of the 
carriages. The four clutches are controlled by means 
of cables connected to hand levers in the control cabin, 
which, as shown in Figs. 1, 2 and 5, is located in a posi- 
tion overlooking the vessel being discharged. Electro- 
magnetic brakes, which come into automatic operation 
as soon as the appropriate clutch is disengaged, are 
fitted to the traversing carriages, and eliminate the 
tisk of overrunning during bad weather. Safety 
switches, which cut off the current to the motor, are 
provided to prevent overrunning of the grab carriage 
beyond the discharge position, and to limit the eleva- 
tion of the movable portion of the jib. 

The arrangement of the chute, by means of which 
the material is delivered into the bin on the telpher 
system, will be clear from Fig. 1. Each telpher car is 
driven by its own motor, the current being picked up 
from conductors suspended above the rail. These 
wires are divided into short sections electrically, and 
a car is stopped under the chute by cutting off the 
current to the appropriate section, and possibly to an 
adjacent section to eliminate danger of collision 
between a moving and stationary car, while the 
remainder of the system continues in action. In con- 
clusion, it may be stated that the capacity of the grab 
is 24 tons. The hoisting speed is 45 m. per minute, 
the speed of the grab trolley along the jib is 140 m. 
per minute, and the traversing speed along the jetty 
is 10 m. per minute. The motor for driving the windlass 
is of 58 h.p. The dischargers were constructed by 
Messrs. Adolf Bleichert and Company, A.-G., of 
Leipzig. 

AMENDMENT OF BouILDING REGULATIONS DEALING 
wiITH CRrANES.—In connection with Section 79 of the 
Factory and Workshop Act, 1901, a draft Code, which 
would supersede Nos. 32-42 and 44 of the existing 
Building Regulations, 1926, has been prepared by 
the Home Office, Whitehall, London, 8.W.1. The 
draft Code deals with cranes and other hoisting and 
lifting appliances, and has been drawn up as the result 
of a series of conferences with representatives of crane 
makers, and of the chief employers’ associations and 
trade unions connected with the building industry. 
These conferences arose on account of the disturbing 
number of reports received of accidents in connection 
with cranes. Further amendments to the existing 
Code will be discussed at subsequent conferences and 
embodied in a new set of Regulations, and a complete 
Code of Regulations will be issued in due course. 
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FIRE DANGER ON SHIPS. 


AT a special meeting of the German Society of 
Naval Architects, the Schiffbautechnische Gesellschaft, 
held in Berlin on September 18, some interesting papers 
on fire risks and precautions against fire on ships were 
presented. 

In the first paper, read by Ministerialrat Dr. Schafer 
and entitled ‘“‘The Inflammability of Constructional 
and Insulating Materials on Ships,” it was stated that 
fire damage and losses of ships by fire had increased 
considerably since the war as compared with pre-war 
days. Statistics for ships under construction were not 
available, but a similar increase had probably taken 
place in that field. An important part of this increase 
might probably be attributed to the greater number 
of vessels now fitted with refrigerating plant, the 
insulating material of which was highly inflammable 
and generally unfavourably installed from the point 
of view of fire. The fire risk had also been increased 
by the growing employment of wood for partitions, &c., 
while the introduction of electric welding had added to 
the risk in the case of ships under construction, especi- 
ally ships fitted with refrigerating plant. With 
refrigerating chambers, there was the danger that a 
fire might smoulder for a long time within the 
insulated partitions; as many of insulating materials 
which were used burned without the addition of 
outside air, it was advisable to employ materials 
with high ignition temperatures. As a result of 
recent tests made at the Torpedo Laboratory, at 
Kiel, it was stated that the various materials generally 
used in shipbuilding had very different qualities from 
the point of view of fire risk. Many different species 
of wood were investigated to determine the tem- 
peratures at which they formed combustible gases, 
those at which they continued to burn after being 
ignited by a flame, and those at which they spon- 
taneously burst into flame. These tests were made in the 
Jentzsch inflammability tester which is shown dia- 
grammatically in Fig. 1. In this apparatus, the 
material to be tested is heated electrically in metal 
containers and tested periodically by a flame as 
the temperature rises. The arrangement of the 
apparatus will be clear from the figure; the metal 
containers nest inside the heating coils which are 
lagged outside. The temperature is read on a thermo- 
meter dipping into an oil bath. The tests indicated 
that some of the woods commonly used are much 
more inflammable than others, and have a different 
smoke formation. Similar results were obtained with 
insulating cork of different brands, and with other 
materials intended for insulating purposes, such as 
peat products, and also with decorative and furnish- 
ing materials, such as floor covers, carpets, felt, 
tapestries, &c. Dr. Schafer proposed that the inflam- 
mability of all materials should be examined when 
selecting them for ship construction. A careful 
selection of materials, with proper consideration of 
their burning qualities, would considerably reduce the 
risk, not only of the outbreak of fire but also of its 
spreading. 

Dr. Liere, of the Bremen State Laboratory, con- 
tributed a paper on “The Inflammability of Cargo,” 
dealing mainly with material that tended to self- 
ignition. He thought that ignition from outside 
sources was the cause of relatively few ships’ fires. 
Such fires could only arise from carelessness during 
loading, as, for instance, cigarette smoking by steve- 
dores. Shipping regulations covered special conditions 
for the stowage and packing of dangerous goods, so that 
with them there was, in general, little danger. There 
existed, however, a number of other goods which 
might be liable to self-ignition and for which special 
regulations did not exist. These included oiled, 
greased and varnished goods, such as tarpaulins, oil- 
cloths and oiled covers. Oil cake, hay and other 
vegetable fibres, in which biological processes might 
cause heating and ignition, were also dangerous. 
Supervision of such cargo required proper temperature 
control. There was no fire danger in a cargo-hold if 
the air were replaced by Clayton gas or carbon dioxide. 
Among goods carried in bulk, coal in particular 
was liable to self ignition; fibre-stuffs, peat residues 
and ground products were als» dangerous, while salt- 
petre and shellac added tc the danger owing to their 
oxygen content. A mixture of saltpetre dust with 
inflammable goods was very explosive. Experience 
gained in recent years made it desirable that new clauses 
should be added to shipping regulations to forbid 
the loading of oxygen-forming materials with easily 
inflammable goods in the same hold. 

The Director of the Hamburg fire brigade, Dr. Sander, 
spoke on “ Fighting Ship Fires.” He said that as, in 
general, ship fires had to be attacked from above, 
they were more difficult to deal with than fires in 
buildings. At sea, the fighting possibilities were 
restricted by the limited numbers of the crew and their 
lack of experience. For these reasons, first-class fire- 
fighting apparatus should be installed on ships. It was 
very important to discover a fire in its early stages, 





and automatic fire detectors, which worked on the 
Rich system or electrically, should be fitted. During 
recent years, chemical fire appliances had been intro- 
duced for use on board ships with considerable success. 
They were especially useful, as water and steam were 
not suitable for fighting all fires. The application of 
water and steam to coal fires was dangerous, as inflam- 
mable gas might be generated. The fighting of salt- 
petre fires with water was also dangerous, and serious 
explosions might occur. It was necessary to have a 
sufficient supply of chemical extinguishers on board, and 
to install the apparatus in places which would not 
become inaccessible during the progress of a fire. 
For extinguishing fires in boiler and engine rooms, 
and in tanks, foam was very useful, while carbon 
dioxide was more suitable for uninhabited closed rooms. 
Cotton fires presented great difficulties, as the bales 
contained so much air that they burned without any 
outside supply. Cotton bales on fire inside had, for 
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experimental trials, been placed under water for eight 
days without the fire being extinguished. It was 
probable that lighted cigarettes, that had fallen 
into the cotton before it was pressed, had been the 
cause of many cotton fires; such fires might smoulder 
for weeks before breaking out. All fire-fighting 
apparatus and smoke helmets should be frequently 
inspected, and always be ready for service. 

In the next paper, Herr Biedermann, of the North 
German Lloyd, gave a review on the fire-protecting 
measures employed on the new large German liners. 
The fire-detecting and fire-alarm installations were 
independent for inhabited and uninhabited rooms. 
The latter rooms were connected with Rich detectors, 
and the others had an annunciator system. All alarm 
apparatus was connected to the bridge and to a 
special fire-watch station. An extensive water-supply 
system served for fire fighting on the decks; for the 
uninhabited rooms there was a carbon-dioxide plant, 
the output of which was considerably larger than was 
necessary for flooding the largest room which had 
to be protected. There was also a portable foam 
generator, and, for fighting fires in the engine and 
boiler rooms, four stationary foam generators were 
installed. Special measures had been taken for re- 
ducing the fire danger and for fighting fires in harbour. 
For harbour fires, however, in addition to the apparatus 





on board; appliances installed on the quay and on tugs 


could be employed. The so-called dry process of foam 
formation, which utilised a mixture of water with dry 
powder, made it possible to have large quantities of 
foam-producing material on board without the installa- 
tion of large tanks, or the necessity for carrying any 
considerable weight of material. 

Dr. Commentz, of Hamburg, then spoke on a method 
of fire fighting which was successfully used by the 
Standard Oil Company on a number of their tankers. 
In this system, the holds were filled with cooled and 
purified exhaust gases. The fire-fighting measures and 
methods of recent years had mainly been concerned 
with smaller fires, but the experiences of some recent 
ship losses had shown that, with large fires, comparatively 
non-flammable materials had been burnt, and that 
even steel bulkheads had not prevented the spreading 
of fires. It would be an ideal solution of the problem 
of fireproof ship construction to separate the lower 
holds by fireproofed insulated steel bulkheads, and to 
make all accommodation partitions out of fireproof 
material. This was not possible, on account of the 
high cost, but it should be possible to build the bulk- 
head of one end cargo hold of a freighter of fireproof 
material. In the superstructure, broad zones should 
be separated by fireproof timber, such as had been 
produced for many years by a British firm. The 
British Navy was again employing wood in its warships, 
since this timber had proved absolutely reliable. 
Really fireproof timber must be totally impregnated 
to the core, and the impregnation salts must be free 
from corrosive properties. All plywood should also 
be impregnated correctly. All these points were ful- 
filled by the wood which had been produced in 
England, for the last twenty years, by the Timber 
Fireproofing Company. The cost of fire-protecting 
and fire-fighting measures could not, of course, exceed 
a certain limit in relation to the value of the material 
being protected. More extensive fireproof fittings 
and more fire-fighting appliances could be installed on 
large liners than on ordinary cargo boats. 

Fires on motor boats which had occurred during 
the summer were reviewed in papers on fire risks on 
motor boats and aircraft. Almost all the explosions 
happened on warm and windless days. Real explo- 
sions occurred only when the fuel and air mixtures 
contained about 2 to 7 per cent. of fuel gases ; a larger 
percentage of fuel in the mixture resulted only in rapid 
combustion without detonation. Almost all accidents 
happened in connection with the fuel tanks. Filled 
or half-filled tanks were not dangerous, as either no 
gas or only saturated and therefore non-explosive gas 
mixtures, could be contained in them. The explosion 
danger was considerable, however, with empty tanks, 
and tanks that had been out of use for a long 
time. 

Most of the explosions happened after filling up the 
tanks, as the displaced gases collected in the bilges 
and were later ignited. Special care must be taken 
to construct strong tanks, free from vibration and 
absolutely tight ; the gas outlet should be led to the 
outside of the hull. All pipe conduits should be care- 
fully constructed, and be protected against chemical 
corrosion. The supply of fuel from the tank to the 
engine should be by pump. Leakage of vaporisers 
should be avoided, and bilges should be kept clean 
by regular rinsing with water and by good ventilation. 
All ignition apparatus connected with starting and 
switchboard arrangements, should be installed in a 
high position in the boat. There were, in general, no 
difficulties in making alterations in existing craft in 
order to make them safe against explosions. All motors 
should be provided with a special oil well, so that 
the oil could not run into the bilges. All bulkheads 
should be watertight, and safety against fire would be 
secured if the gases which collected in the lower rooms 
were regularly removed by special ventilators or fans. 
Dr. Stiissel, of the German Luft Hansa Company, then 
referred to measures against fire danger on aircraft. 
These were similar to those necessary for motor boats, 
but should be drawn up with special regard to the 
danger of tank and pipe breakage when landing. 

In connection with the meeting, a demonstration of 
a new form of automatic fire-alarm apparatus was 
given. The appliance consists essentially of a vessel 
with two chambers, of which one is closed while air 
withdrawn from the ship’s holds by the Rich appa- 
ratus passes through the other. The apparatus is 
illustrated in Figs. 2 and 3. As shown in Fig. 3, 
an electric lamp is provided in the separating wall 
between the two chambers. The light of this lamp 
falls upon a concave mirror from which it is reflected 
on to photo-electric cells mounted at the other end 
of the chambers. These cells are incorporated in a 
Wheatstone bridge circuit, and any change in the 
intensity of the light falling on them disturbs the 
balance in the bridge and actuates an audible alarm. 
The sensitivity of the instrument was demonstrated 
by putting a thin glass rod into the chamber, which 
immediately affected the balance and operated the 
warning signal. The apparatus was also operated by 
the smoke from a cigarette. 





Oct. 10, 1930.] 


ENGINEERING. 


459 











LABOUR NOTES. 


Tue Chief Registrar of Friendly Societies, in a 
report published last week, states that, in 1928, the 
membership of registered trade unions continued to 
decrease, but to a less marked extent than in the 
preceding year. On the financial side, however, there 
was a marked improvement, reduced expenditure 
resulting in an addition of nearly 1,000,000/. to the 
funds of the organisations. The balances were, in 
the aggregate, 10,800,0007. The total income amounted 
to 9,715,0001., or 357,0001. less than in 1927. The income 
from members was 286,0001. less than in 1927, and 
excluding 1926, was the lowest figure recorded for 
several years. There was a reduction of six in the 
number of trade unions, and of nearly 140,000 in 
the number of members. Except in 1924, there has 
been a continuous decline in membership since 1920, 
the aggregate loss during that period having been 
more than 3,000,000. 





The Year Book of the International Federation of 
Trade Unions states that the membership of the 
affiliated national trade union centres is over 
13,000,000, of which, at the end of 1928, Germany 
had 5,200,000, Great Britain 3,670,000, Austria 
766,000, France 640,000, Czecho-Slovakia 540,000, 
Sweden 469,000 and Holland 220,000. The British 
Trades Union Congress has 173 affiliated unions in 
comparison with 35 affiliated to the German Trade 
Union Congress and 14 to the German Non-manual 
Workers’ Congress, although the German movement 
has the larger membership. In addition, the British 
T.U.C. has affiliated 29 local organisations. Austria, 
perhaps the best organised country, has 41 national 
unions, and Belgium 26. A large number of small 
local unions is usually characteristic of countries in 
which the trade union movement is in its infancy, 
such as Bulgaria, Esthonia and Latvia. 





The General Council of the Trades Union Congress 
have elected, as their new chairman, Mr. A. Hayday, 
M.P., Acting President of the National Union of 
General and Municipal Workers. Mr. Hayday has a 
long record of service in the Trade Union movement. 
With Mr. Will Thorne, he helped to found the old Gas- 
workers’ Union, from which had developed the National 
Union of General and Municipal Workers, with its 
membership of nearly 300,000. Before proceeding to 
Nottingham in 1909, to take up the area secretaryship 
of the organisation, he was prominent in the public 
life of West Ham, serving for 14 years as a member of 
the Town Council. In 1918, he entered Parliament as 
Labour member for West Nottingham, and has held 
the seat by large majorities ever since. He was 
Parliamentary Private Secretary to Mr. Clynes in 
the 1924 Labour Government, and he recently served 
as a member of the Morris Committee on Unemployment 
Insurance. He joined the General Council of the 
Trades Union Congress at the time of its re-organisation 
in 1922, and has been a member ever since. 





Steps are being taken by the Trades Union Congress 
General Council to give the fullest possible effect to 
the recommendations of the Women’s Group, approved 
by the Nottingham Congress, for organising women 
in trade unions. These recommendations provide 
for (1) the calling of district conferences by the 
General Council for the purpose of setting up co- 
ordinating committees in localities where Trade 
Union Branch Women’s Committees are established. 
(2) Securing the assistance of Labour Party Sections. 
(3) The creation of an Advisory Committee on women’s 
organisation under the auspices of the General Council. 
(4) The preparation of special leaflets. The General 
Council propose to call district conferences in a limited 
number of centres, and to invite one representative 
from each head office, district office, and trade union 
branch (within a radius of 15 to 20 miles of the centre) 
which caters for women workers. Trades Council 
Federation representatives are also to be asked to 
attend, 





The Manchester correspondent of The Times mentions 
that at the Bedford New Mill, Leigh, Lancashire, 
belonging to Courtaulds, Limited, sets of ten automatic 
looms, engaged in the production of ‘‘rayons ’’ from fine 
counts of cottons and fine artificial silk, are each 
being operated by one weaver. The experience of the 
first few days’ running of the new system is stated, the 
correspondent says, to have been highly satisfactory. 
There are 1,400 looms in the shed, and about 450 of 
these are Northrop automatic looms. In some cases 
the sets of looms operated by one weaver number 
only eight. The grouping of the automatic looms in 
the majority of cases, however, is 10 to each weaver. 
Hitherto the greatest number to one weaver has been 
six. An increase in wages from 36s. to 57s. or even 60s. 
a week is likely to result to the operative, with a steady 








average of 55s. a week. So far, it is added, no opposi- 
tion to the new system has been lodged by the trade 
unions concerned, but not all the weavers at the Bedford 
New Mill are members of a union. 





The Mining Association has declined Mr. Shinwell’s 
invitation to make suggestions as to the personnel of 
the new Coal Mines National Industrial Board. “ For 
the reasons,”’ they say, “‘ that were strongly urged by 
the representatives of the colliery owners upon the 
Government when they intimated their intention of 
adding this proposal for a National Board to the 
provisions of the Coal Mines Bill, then under dis- 
cussion, the Association is not in a position to put 
forward any suggestion.” An unofficial explanation of 
the coalowners’ attitude points out that, in acting as 
it is acting, the Association is not defying the Govern- 
ment and Parliament. Under the Act, it is stated, 
the coalowners are not commanded to appoint 
six representatives on the new Board. All they can do, 
on the invitation of the Board of Trade, is to suggest 
certain names, and the Board of Trade may, if it likes, 
select members after consulting the Mining Association. 
There is no actual duty imposed on the coalowners of 
nominating members, and they cannot appoint them. 
The Mining Association was simply given the option 
of nominating or suggesting members, and all that 
has happened is that it has politely declined to exercise 
the option. 





“Tf,” this unofficial explanation continues, “ the 
Board of Trade wishes to proceed with the constitution 
of the National Board, it will no doubt do so under the 
authority given by the Act, but the Mining Association 
thinks it would be wiser to take no part officially in the 
nominations. The attitude of the Association regarding 
national negotiations and national machinery has not 
changed. The Association has no power to enter into 
national negotiations. The colliery owners have con- 
sistently taken the view that it would be unwise to 
give it those powers. The method was tried in 1921 
and again in 1926, and was found to be a disastrous 
failure.” 





Piecework was re-introduced on Monday in the 
skilled grades at the Royal Small Arms Factory, 
Enfield Lock, and the change is to apply to the rest of 
the workers on or about December 1. About 600 
employees are affected. 





At a conference in Boston last week of the metal 
trades department of the American Federation of 
Labour, the president of the organisation submitted a 
report calling for a five-hour day for men, and a 10-hour 
day for machines, in the manufacturing industries. 
The report concluded by saying: “ A radical reduction 
in the hours of labour has become an economic necessity 
to the producer as well as to the investor and consumer.” 
In none of the trades organised in unions is there so 
much unemployment at present as among the metal 
workers. 





According to The Times correspondent at Ottawa, a 
sum of 16,000,000/. will be employed immediately to 
relieve unemployment in Canada. Senator Robertson, 
the Minister of Labour, has announced that 4,000,000/. 
will be contributed by the Dominion Government 
and a like amount by the provinces, municipalities, 
and railways. 





Ar the Annual Conference of the Labour Party, 
which opened at Llandudno on Monday, Mr. Ernest 
Bevin moved a resolution calling upon the Govern- 
ment to introduce legislation at an early date to repeal 
the Trade Disputes and Trade Unions Act. He said 
that what the trade unions wanted was, without any 
equivocation, a complete restoration of the position 
before the Act was passed in 1927. Nothing less than 
that would satisfy the trade unions, which were the 
backbone of the Labour movement. Mr. Hayday, 
M.P., supported the motion, which was passed unani- 
mously. Mr. Henderson reminded the conference 
that the Prime Minister had said that the Bill which 
was the subject of the resolution would appear in the 
King’s Speech, and would be one of the earliest Bills to 
be proceeded with. He expected that it would receive 
a second reading, and would be partly on its way before 
Christmas. 





Commenting upon the decisions of the Trades Union 
Congress at Nottingham, the Industrial Review, an 
organ of the General Council, says that “‘ the emphatic 
votes in favour of shorter hours, of holidays with pay, 
of adequate pensions for older workers, and of national 
schemes for dealing with unemployment, in short, for 
a scientific approach to the problems of rationalisation 
and industrial re-organisation, showed a determination 
not merely to stand on the defensive, but to insist 





on that policy of progress which alone can avert the 
perils now confronting industry.” ‘‘ The repercussions 
were seen,” the writer goes on to say, ‘“‘in a firework 
offensive staged by certain reactionary sections of the 
employers. A clamour for all-round wage cuts, and 
for a wholesale docking of the social services filled the 
industrial firmament, while there were cloudy hints of 
a sort of ‘ business Fascism’ which were, no doubt, 
designed to depress the spirits of the workers and so 
get behind trade-union defences. Nothing of the sort 
will, of course, be achieved. The fact that the General 
Council were able to report to Congress a considerable 
increase of membership, most of it due to a successful 
recruiting campaign carried on in the teeth of severe 
industrial depression, is only part of the proof that 
trade union morale is as strong as ever it was, and 
that trade-union policy lacks none of its appeal to the 
masses of the workers.” 





At a congress in Berlin of the German Metal Workers’ 
Federation, a detailed report was submitted dealing 
with current problems such as the function of the metal 
industry in the economic system of the world, rational- 
isation and the growth of unemployment. A resolution 
was adopted emphasising the point that the inevitable 
economic reorganisation of the world could not 
carried out effectively except on a socialistic basis. 
In the course of the discussions, which also covered 
social insurance, the amendment of the constitution 
of the Federation and proposals for amalgamation with 
the German Federation of Stokers and Machinists, 
special interest was shown in the problems of women 
workers, particularly as regards more thorough voca- 
tional training and more active propaganda in favour of 
trade union organisation. The congress was attended 
by 358 delegates and represented organisations having 
about 950,000 members. 





An International Congress on Rural Engineering, 
which recently sat at Gembloux, decided to establish 
a special international committee, which should be an 
autonomous body working in collaboration with other 
international institutions, including the Scientific 
Management Institute in Geneva. A special section 
of the congress discussed the question of the scientific 
organisation of agricultural labour. 





The Ministry of Labour estimates that at September 
22, 1930, there were approximately 9,642,600 insured 
persons, aged 16 to 64, in employment in Great Britain. 
This was 50,800 less than a month before, and 661,400 
less than a year before. The figures for September, 
1929, and August, 1930, have been revised in accordance 
with the revised estimates of the total number of 
persons insured against unemployment. 





At September 29, 1930, the numbers of persons on 
the registers of employment exchanges in Great Britain 
were 1,446,528 wholly unemployed, 613,358 temporarily 
stopped, and 101,803 normally in casual] employment, 
making a total of 2,161,689. This was 52,031 more 
than a week before, and 979,827 more than a year 
before. The total on September 29, 1930, comprised 
1,535,410 men, 60,087 boys, 512,561 women, and 
53,631 girls. 





During September, 1930, the average numbers of 
persons on the registers of Employment Exchanges 
in Great Britain were 1,392,647 wholly unemployed, 
623,420 temporarily stopped, and 98,888 normally 
in casual employment, making a totoal of 2,114,955, 
of whom 1,383,110 were men aged 21 and over, 112,093 
men aged 18 to 20, 60,785 boys aged 14 to 17, 431,227 
women aged 21 and over, 73,403 women aged 18 to 20, 
and 54,337 girls aged 14 to 17. 





The Sub-committee of the National Federated 
Electrical Association and the Electrical Trades Union, 
acting under the National Wages Agreement for the 
electrical contracting industry, have found that the 
variation in the cost of living calls for a reduction of 
3d. per hour in each of the four grades of workers. 
Beginning with the second pay day in October, Grade 
A hourly rate is reduced from ls. 10d. to 1s. 93d., 
Grade B hourly rate from ls. 7d. to 1s. 63d., Grade C 
hourly rate from 1s. 53d. to 1s. 5}d., while for Grade 
D the hourly rate falls from 1s. 4d. to 1s. 33d. The 
Grade A rate includes a travelling allowance, and no 
further allowances, it is pointed out, are to be paid, 
except as provided by Rule 9 of the London Rules 
dated February, 1920. The new rate includes the 
increase of 5 per cent. on current rates, which came 
into force on the first pay day in May, 1929, and is to 
remain in force until further notice. The new rates 
for Grades B, C, and D are to remain current until, 
and including, the period covered by the first pay day 
in February, 1931. 











ELECTRIC-BOILER AND HEAT-ACCUMULATOR 


ELEVATION. 





51'S Internal Length 





. 


3Parallel Slide 
SNon-Return 








2Bore Blow-off Valve. 





190 Crs. 





Fig.2. PLAN 


3 Pressure Regulators 
Operating Boiler Feed Pumps. 


ELECTRIC-BOILER AND HEAT- | 


ACCUMULATOR INSTALLATION. | 


AttsouaH electric boilers have an extremely high 
efficiency, they cannot, in general, compete with coal- 
fired boilers on account of their high operating costs. 
In certain circumstances, however, their special charac- 
teristics may outweigh this disadvantage, and they 
have found applications in many industries. One of 
the most recent applications has been to poultry 
farming, three Mascarini boilers, with a total capacity 
of 4,500 lb. of steam per hour, having been installed 
at the Buttercup Poultry Farm, at Corstorphine, near 
Edinburgh, to supply steam for heating the brooder 
rooms. 

The boilers are supplied with current from the 
Edinburgh Corporation mains. To guard against a 
possible failure of supply, which might involve the loss 
of nearly two million chickens, two alternative high- 
tension mains are brought to the farm. The voltage 
is stepped down at the farm to 400 volts three-phase, 
at which pressure it is supplied to the boilers. As a 
further precaution against failure of the supply, the 
boilers normally deliver steam to a storage accumu- 


Stide Valve. 





lator supplied by Messrs. Ruths’ Steam Storage, 
Limited, Africa House, Kingsway, London, W.C.2. This | 
arrangement has the further advantage of eliminating | 
the necessity of taking current from the supply lines | 
during the peak-load period, as the accumulator has a 
sufficient reserve to provide all the steam required for 
seven or eight hours. The accumulator is fed through 
control valves, and should these fail for any reason, 
or should it be necessary to shut down the accumu- | 
lator, provision is made for delivering steam direct 
from the boilers into the steam system through reduc- 
ing valves. The steam supply from the accumulator 
passes to radiators at a pressure of 3 lb. to 5 1b. per 
square inch, and the brooder rooms are heated by 
warm air, which is circulated over the radiators by 
means of fans, 

Various views of the installation are given in Figs. 1 to 
7, on this and the opposite pages. The boilers are shown 
in Fig. 6, the control board in Fig. 7, and the general lay- 
out of the installationin Figs. 1 to 4. The boilers, which, 
as stated, are of the Mascarini type, were supplied by 
Messrs. The Bastian Meter Company, Limited, of Slough, 
who also supplied the associated electrical equipment. 
The boilers are of very simple construction, the 
current being supplied to three fixed electrodes at the 
centre and passing between them through the water, 
which thus forms the resistance. Each boiler is pro- | 
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and it is only necessary to switch on the latterin order 
to start up the boiler. The pumps are normally 
started and stopped by means of pressure regulators 
on the accumulator, which operate relays on the pump- 
motor starting switches. The regulators are set to 


vided with a separate electrically-driven feed pump, | cut out one boiler when the pressure reaches 100 Ib. 


per square inch, and the second when the pressure 
reaches 120 lb. per square inch. One or both boilers 
may thus be in use, according to the steam demand. 
In addition to the control of the feed pump by the 
pressure in the accumulator, provision is made for 
control either by time or hand switches, the time 
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switches being employed to cut out the boilers during 
the peak-load period. At the end of this period, the 
time switches again bring the boilers into operation. 
The latter then recharge the accumulator while the 
latter is supplying steam to the heating system. 
The pressure in the accumulator may fall from 120 lb. 
per square inch to 15 1b. or 20 1b. per square inch 
during the peak-load period. 

While the boilers are actually in operation, their output 
is automatically regulated by the level of the water, the 
arrangement of the control being shown diagrammati- 
cally in Fig. 5. Referring to this figure, it will be ob- 
served that the current to the electrodes is taken from 
the mains through a three-pole switch. As already 
stated, to start up the boiler, all that is necessary is to 
start the pump, which can be seen in the diagram adja- 
cent to the hot well. As the level rises in the boiler, 
the water comes into contact with the electrodes and 
current passes. The water will continue to rise, with a 
corresponding increase in current, until the latter reaches 
a predetermined value, when a relay comes into action, 
opening a by-pass valve through which the water in the 
boiler is forced back into the hot well. The current will 
then be reduced, and, at a certain point, the relay is cut 
out and the water level again commences to rise. The 
arrangement of the relay is shown in Fig. 5, from which 
it will be noticed that there is a transformer A in one 
of the supply lines to the electrodes. From this 
transformer, current is passed through an ammeter to 
two solenoids, B and C, in parallel. The core of the 
solenoid B is connected to a rocking lever, of which the 
left-hand end is normally held down against an adjusting 
screw by a weight. The right-hand end carries the 
upper contact of a mercury switch. 

When, as already explained, the current passing to 
the boiler electrodes reaches a certain value, the core 
will be raised in the solenoid B, closing the contact of 
the mercury switch. This switch is in circuit with a 
transformer D and with an electrically-operated valve 
E, and, when the circuit is completed, this valve is 
opened, allowing water from the boiler to pass back to 
the hot-well. The current through the boiler will then 
gradually decrease, until the rocking lever falls: back, 
thus opening the mercury switch. In actual practice, 
the water level in the boiler only fluctuates slightly, 
the load being maintained within 5 per cent. of the 
value determined by the setting of the relay. If it is 
required to raise or lower this value, an adjustable core 
in the solenoid C is moved up or down, varying ‘the 
inductance on the solenoid, and therefore the current 
through the coil B, which, as already explained, is in 
parallel. Before returning to the general layout of 
the plant, it may be explained that F, in Fig. 5, is an 
ordinary dead-weight valve, which prevents waste of 
steam through the boiler safety valve, in parallel with 
the electrically-operated valve E. Should the steam 
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stop valve on the boiler be closed when it is running 
at full load, or the pressure rise to an excessive value 
for any other reason, the deadweight valve is opened 
and water is returned to the hot well instead of steam 
being blown off. 

The relays for the three boilers are mounted on the 
main switchboard, as shown in Fig. 7, and below each 
is the time switch already referred to. The main oil 
switches for the alternative boilers are mounted on 
the two end panels of the switchboard, as shown in the 
figure, each switch being provided with three overload 
releases, one for each boiler. 
lines in the boiler-house can readily be followed from 
Figs. 1 to 4. The hydraulic cylinders, indicated in 





The layout of the pipe | 
| to the industries of south-eastern British Columbia, 
| as its steam plant affords an outlet for coal from the 


ELECTRICAL POWER DEVELOPMENT 
IN THE CANADIAN ROCKIES. 


In a recent issue of ENGINEERING, reference was 
made to the application made by the East Kootenay 
Power Company, Limited, to the Provincial Water 
Controller of British Columbia for the right to dam 
the Elk River at a point about 10 miles below the 
town of Elko, and to erect a water-power plant 


|having a capacity of between 15,000 h.p. and 
| 20,000 h.p. 


This company’s operations are of great importance 


Fig. 2, form part of the pressure-reducing valve | mines of the Crow’s Nest Pass, now suffering, in common 
which automatically maintains a pressure of 3 to 5 lbs. | with other Pacific Coast collieries, from the competition 


per sq. inch on the heating coils. The reducing valve | of cheap imported fuel oil. 


The electrical supply 


is operated by a pressure regulator on the low-pressure | from the combined steam and water-power plants is 


side, the regulator controlling the hydraulic cylinder 
operating the main reducing valves. It is unneces- 
sary to deal with the Ruths accumulator in detail, 
as it has already been described on more than one 
occasion in our columns. We may refer more par- 
ticularly to the installation at the River Don 
Steel Works, described in ENGINEERING, vol. cxxvii, 
page 73 (1929), in which details of the automatic 
control valves are given. Steam thermostats are 


provided to regulate the temperature of the air entering | 
the rooms, and, in addition, other thermostats are set | 
| if app 
| thing like 55,000 h.p. 


to regulate the flow of air. Twenty changes of air 
per hour are normally provided. Steam condensing 


in the radiators is returned through steam traps to the | 
In the unlikely event of the boilers becoming | 


hot well. 
entirely filled with water, excess current will flow and 
trip the overloads on the main oil switches. 

We may mention, in conclusion, that the installation 


has been in operation for several months, and that the | 


automatic controls have operated entirely satisfactorily 
throughout this period. The farm is staffed almost 
entirely by girls, and is in charge of a manageress. A 
skilled electrician is on duty during the day, but at 


night the plant receives no attention other than that | 


afforded by a night watchman. 

The plant was arranged in collaboration with Mr. F. 
Gibson, chief electrical engineer of the owners, and 
Mr. E. Seddon, chief engineer of the Edinburgh 
Corporation Electricity Supply Company, the boilers 
and accumulator being supplied, as stated, by Messrs. 
The Bastian Meter Company, Limited, and Messrs. 
Ruths’ Steam Storage, Limited, respectively. 








THe Royat SaniTary Instirute.—The Royal 
Sanitary Institute will hold its forty-second congress 
in Glasgow from July 6 to Saturday July 11, 1931. In 
connection with the Congress, a Health Exhibition will 
be held at the McLellan Galleries, Sauchiehall-street. 





| distributed over an extended area, being transmitted, 
|in particular, to the Sullivan lead-zinc mine at 
| Kimberley, operated by the Consolidated Mining 
}and Smelting Company of Canada, Limited. Two 
| hydro-electric plants are included in the company’s 

present system, one being on the Elk River and the 
| other on the Bull River ; 


the steam-power plant is 
in the vicinity of Crow’s Nest Mountain, at Sentinel 
in Southern Alberta. These plants have, at present, 
a total installed capacity of 37,200 h.p. The new 
plant designed to be erected at Phillip’s Canyon will, 
roved, increase the company’s output to some- 


The company’s system consists of upwards of 
270 miles of transmission line operated at a 
nominal pressure of 66,000 volts. The system is 
also connected with that of the Calgary Power 
Company by lines linking up Bellevue with Macleod 
in Alberta. Thus a beginning has been made with 
the much-talked-of plan for linking up British 
Columbia, Alberta, Saskatchewan and Manitoba with 
intercommunicating electric power lines, the Calgary 
Power Company’s system having, at the same time, 
been linked up with that of the City of Edmonton, 
Rapid progress is also being made with the acquisition 
of municipal power plants,in Saskatchewan, with the 
object of developing one or more electric “ grid” 
systems for that province, similar to those in existence 
in Manitoba and Southern Ontario. 

The Sentinel steam plant is, properly speaking, 
a stand-by plant, utilising slack coal from the Alberta 
Crow’s Nest Pass mines in the supply of electricity 
for the operation of the mines themselves, as well 
as for transmission over the general system of the 
East Kootenay Company. The plant is situated in 
the narrowest part of the pass, close to Crow’s Nest 
Lake, being 4,400 ft. above sea level. The first unit 
of the plant was put into operation in July, 1927, the 
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second being put in last year. Five collieries are 
operating within some fifteen miles from the station, 
slack coal being brought to the plant by rail, and 
pulverised prior to being fed to the boilers. There are 
two 3,600-r.p.m., 5,000-kv.-a., 6,600-volt turbo-alter- 
nator sets. The current is stepped up to 66,000 volts 
for transmission. 

The Aberfeldie plant on the Bull River was originally 
established in 1922 by the British Columbia and Alberta 
Power Company, Limited, being later acquired by 
the East Kootenay Power Company, Limited. The 
two turbines, operating under a 275-ft. head, are 
direct connected to Canadian Westinghouse 2,500-kv.-a. 
2,200-volt, 600-r.p.m. vertical generators. 

At the Elko plant on the Elk River, there are two 
Dominion Engineering vertical-shaft turbines, each of 
7,500 h.p., running at 36 r.p.m., with a 190-ft. head. 
The turbines are direct connected to two Canadian 
General Electric 6,000-kv.-a. generators. The two water- 

wer plants in question are constructed on typical 

ocky Mountain streams having very wide variations 
of flow, with heavy summer floods and low winter flow, 
the comparative absence of storage accommodation 
necessitating the assistance of the stand-by plant at 
Sentinel in order to maintain load to the mining and 
other industries which are dependent upon this supply 
of power. 

If authority should be secured from the Provin- 
cial Water Board, the new hydro-electric power plant 
will be erected at Phillips’ Canyon on the Elk River, 
7 miles below the Elko plant, at a point just below 
the junction of the Elk River with the Wigwam 
River. The site chosen for the dam will make it 
possible to provide for the storage of approximately 
1,275,000,000 cub. ft. of water. A 250-ft. concrete 
arch dam is projected, with a 50-ft. drawdown. For 
the ultimate designed development of 20,000 kv.-a., 
turbines operating under an average head of 
220 ft. will be installed, these being direct-coupled 
to vertical generators. The total output of the plant 
will be available for seven months of the year, and 
two-thirds of the full capacity during the remaining 
five months. 

The power demand of the East Kootenay Power 
Company last year reached a total of 86,515,300 
kw.-hr. much of which was supplied to the Consoli- 
dated Mining and Smelting Company, Limited, for 
the operation of the Sullivan lead-zinc mine near 
Kimberley. 


THE LATE MR. DE J. G. DE LISLE. 


WE regret to record the death of Mr. De Jersey 
Godfrey De Lisle, which occurred at Lincoln on 
October 1, at the age of 61. Mr. De Lisle had had a 
wide engineering experience in various parts of the 
world and, though London born, did not settle in 
this country until the later part of his life. 

Mr. De Lisle was educated at Oundle Grammar 
School and Aspatria College, and then proceeded to the 
United States, where, for some ten years, he was 
engaged in the shops of the Florida and Southern 
Railway, the Reid and Currie Engineering Company, 
New Westminster, B.C., and the Union Iron Works, San 
Francisco, and as foreman on the construction of the 
New Westminster Waterworks. In 1895, he took a 
science course at the University of California, obtaining 
his bachelor’s degree in 1899, and subsequently attend- 
ing post-graduate courses in hydrodynamics and 
thermodynamics. During this latter period he also 
acted as an engineering instructor in the University. 

In 1901, he was appointed assistant electrical engineer 
of the City of San Francisco, but two years later 
travelled to South Africa, where he became, in succes- 
sion, resident engineer of the Crown Deep Mine, 
Transvaal, of the Summer Deep Mine, of the Waukie 
coal mines, Rhodesia, and of the Gold Schists and 
Antelope Mines, also in Rhodesia. 

In 1914, he came to England, where he was associated 
with Mr. K. B. Quinan in the manufacture of high 
explosives, and was appointed engineer of the T.N.T. 
factory at Oldbury. Subsequently, he was responsible 
for inaugurating H.M. Projectile Factory at Queens- 
ferry, near Chester, of which he became chief factory 
engineer, a position he held until shortly before the 
armistice, when he was appointed resident, and shortly 
afterwards, works engineer of Messrs. Clayton and 
Shuttleworth, Limited, Lincoln. He was a member of 
the Institution of Mechanical Engineers and of the 
South African Institute of Mechanical Engineers. 














Tue PuysicaL AND Opticat Societies’ ExuHIsiTIon, 
1931.—We are informed that the twenty-first annual 
exhibition of electrical, optical and other physical 
apparatus, organised by the Physical Society and the 
Optical Society, will be held on January 6 to 8, at the 
Imperial College of Science and Technology, South 
Kensington. The exhibition will, as usual, be divided 
into Research and Experimental and Trade sections. 
Offers of exhibits are requested. Communication should 
be made with the Secretary, Exhibition Committee, 
1, Lowther Gardens, Exhibition-road, 8.W.7. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Centrifugal Pumps, &c.—The supply of electrically- 
driven centrifugal pumps, transformers and switchgear 
(order No. N. 11708). October 23. The Indian Stores 
Department, New Delhi. (Ref. No. A.X. 10329.) 

Copper and Steel Plates.—The supply of copper and 
steel plates for locomotive boilers (Tender No. 1749). 
November17. The South African Railways and Harbour 
Board, Johannesburg. (Ref. No. A.X. 10310.) 

Submarine Cable.—The supply of submarine cable. 
January 6, 1931. The Posts and Telegraphs Depart- 
ment, Melbourne. (Ref. No. A.X. 10309.) 

Portal Cranes.—The supply of eight electrically- 
operated portal cranes. December 9. The Port Autho- 
rities, Lisbon, Portugal. (Ref. No. A,X. 10313.) 

Transformers and Switchgear.—The supply of trans- 
formers and switchgear for the Lloyd Barrage, Sukkur 
(Order No. 11752). October 27. The Indian Stores 
Department, New Delhi. (Ref. No. A.X. 10333.) 

Pumping Plant.—The supply of artesian-well pumping 
plant for El Arish. December 6. The Egyptian 
Ministry of War and Marine (Frontiers Administration). 
(Ref. No. A.X. 10331.) 
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Proceedings of the Royal Institution of Great Britain. 
Vol. XXVI. Part If. London: William Clowes and 
Sons, Limited. [Price 10s. 6d. net.] 

Plain and Ornamental Forging. By Ernst ScHwARzKOPF. 
Second edition. New York: John Wiley and Sons 
Inc. London: Chapman and Hall, Limited. [Price 
11s. net.] 

Physical Metallurgy. Laboratory Manual. By Norman 
E. WotpMan. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
17s. 6d. net.] 

Fiinfstellige Funktionentafeln. By Knriicut Hayasat. 
Berlin: Julius Springer. [Price 28 marks.] 

The Patents, Designs, and Trade Marks Act. By H. 
FLETCHER MovULToNn and H. Evans-Jackson. 
Second edition. London: Butterworth and Com- 
pany (Publishers). [Price 21s. net.] 

Department of Overseas Trade. Economic Conditions in 
Bulgaria, July, 1930. Report. By S. Harrison. 
London: His Majesty’s Stationery Office. [Price 
2s. net.] 

Department of Overseas Trade. Ee ic Conditi in 
Japan, June, 1930. Report. By G. B. Sansom and 
H. A. Macrar. With Appendices on the Trade of 
Formosa and Corea. London: His Majesty’s Stationery 
Office. [Price 2s. 6d. net.] 

A Century of Wood Preserving. Edited by Sir Harotp 
Boutton. London: Philip Allan and Company, 
Limited. [Price 8s. 6d. net.] 

United States Geological Survey. Professional Paper 
No. 155. The Flora of the Denver and Associated 
Formations of Colorado. By F. H. KNowtton. [Price 
80 cents.] No. 159. The Upper Cretaceous Floras of 
Alaska. By A. Houticx. With a Description of the 
Plant Bearing Beds. By G. C. Martin. [Price 80 cents. ] 
Washington : Government Printing Office. 

Johnson's Materials of Construction. Rewritten by M. O. 
WiTHEY and JAMES AsTON. Edited by F, E. Fur- 
NEAURE. Seventh edition. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall, Limited. 
[Price 30s. net.] 

United States Bureau of Mines. Mineral Resources of 
the United States. I: 16 Bauxite and Aluminium in 
1928. [Price 5 cents.] I:17. Gold, Silver, Copper, 
and Lead in South Dakota and Wyoming in 1928. 
Mine Report. By C. W. HENDERSON. [Price 5 cents.] 
1:18. Gold, Silver, Copper, Lead, and Zinc in Nevada 
in 1928. Mine Report. By V. C. Herxes. [Price 
10 cents.]. 1:20. Gold, Silver, Copper, Lead, and 
Zinc in New Mexico and Texas in 1928. Mine Report. 
By C. W. Henperson. [Price 10 cents.] I: 21. Gold 
Silver, Copper, Lead, and Zinc in Montana in 1928. 
Mine Report. By C. N. Gerry. [Price 10 cents.] I: 22. 
Lead in 1928 (General Report), By E. W. PEenrson. 
[Price 10 cents.] Washington : Government Printing 
Office. 











Contracts.—The British Thomson-Houston Company, 
Limited, Rugby, have secured the contract for 160 
control equipments for new motor and trailer cars, to 
be built for the London Electric Railways.—The United 
Water Softeners, Limited, Aldwych House, London, 
W.C.2, have received, among several recent orders, one 
for Lassen-Hjort plant to deal with 240,000 gallons per 
day from the West Midland Joint Electricity Authority, 
nso Staffs. ; one for three Permutit units for 120,000 

allons per day, from J. Chadwick and Company, 

imited, Oldham; one for two sand filters for 420,000 
gallons per day, from Messrs. Foy and Gibson, Australia ; 
and others for plants of large capacity from Messrs. 
Samuel Heap and Son, Limited, Rochdale, §8.A.I. 
Ammonia, and Derivati, Italy, &c.—Messrs. Metro- 
politan-Vickers Electrical Company, Limited, have 
received an order amounting to rather more than 
250,0002. from the Southern Railway, for complete 
electrical equipments, and for 104 motor coaches and 
104 trailer coaches. The motor coaches will each be 
equipped with two 275-h.p. motors. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


Mipp.LessBroueH, Wednesday. 


The Cleveland Iron Trade.—The limited output of 
Cleveland pig-iron is barely sufficient for current moderate 
needs, and values are steadily upheld. Stocks are low, 
and the surplus make, after producers have made pro- 
vision for their own consuming plant, is well taken up 
by local and other home users who have to come on the 
market for supplies. Sales to firms abroad are very 
light. Products of other home districts and foreign 
iron continue to be used here, imports of Belgian iron 
being fairly large just now. Second hands have still 
very little Cleveland pig to offer, and makers’ fixed 
minimum prices remain: No. 1 grade, 66s.; No. 3, 

.m.b., 63s. 6d.; No. 4, foundry, 62s. 6d.; and No. 4, 
orge, 62s. 

Hematite.—A steady, though far from extensive, busi- 
ness is passing in East coast hematite pig. The tone 
in this section of the staple industry is less cheerless 
than in some other branches, and sales include a few 
small parcels for overseas, notwithstanding the con- 
tinued comparative cheapness of Continental hematite. 
Restricted production is inadequate for requirements, 
and the heavy accumulations at the blast furnaces are 
being slowly but steadily reduced. Values seem more 
likely to stiffen than otherwise. The difference between 
hematite and Cleveland pig prices is about the same as 
ruled in normal pre-war days. Ordinary descriptions 
of East Coast iron are not readily obtained under 71s. ; 
and No. 1 quality is put at 71s. 6d. 

Blast-Furnacemen’s Wages Reduced.—The average 
net selling price of No. 3 Cleveland pig iron for July, 
August and September having been certified at 62s. 3 - 66d. 
as against 65s. for the previous three months, North-East 
Coast blast-furnacemen’s wages are reduced by 3-50 
per cent. for the last quarter of the year, which lowers 
wages from 11-75 per cent. above the standard to 8-25 
per cent. above the standard. The reduction takes 
effect from the 5th inst. 


Foreign Ore.—There is practically no business in foreign 
ore, consumers having large stocks, and substantial 
contracts. Best rubio is 18s, c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke 
is plentiful and slow of sale. For early delivery of good 
medium kinds to local works, 17s. is named, but for supply 
over periods ahead, 17s. 6d. to 18s. is asked. 

Manufactured Iron and Steel.—Scarcity of orders for 
manufactured iron and steel is causing uneasiness, as 
contracts on hand are fast running out. Departments 
producing constructional steel and railway material 
are better employed than are manufacturers of several 
other commodities, but in all branches work is needed 
to keep machinery in motion. Common iron bars are 
107. 15s. ; best bars, 111. 5s. ; double best bars, 111. 15s. ; 
treble best bars, 127. 5s. ; iron rivets, 11/. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 10s.; steel billets (medium), 7/. 128. 6d. ; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 11/. 5s. ; 
steel ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel 
joists, 87. 10s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9J. for smaller lots ; 
fish plates, 127. 10s. ; black sheets (No. 24 gauge), 91. 5s. ; 
and galvanised corrugated sheets (No. 24 gauge), 
111. 128, 6d. 

Scrap.—Heavy steel scrap is in steady demand at 
round about 47s. 6d., but other descriptions of scrap are 
difficult to dispose of, and are weak in price. Borings 
are 30s.; turnings, 37s. 6d.; heavy cast-iron scrap, 
54s. ; and heavy machinery metal, 56s, 

Shipments of Iron and Steel.—Aggregate loadings of 
iron and steel at Tees ports last month were the smallest 
of any month this year, amounting to only 57,526 tons, 
comprising 14,130 tons of pig iron, 3,446 tons of manu- 
factured iron, and 39,950 tons of steel. Scotland was 
the best customer for pig iron, taking 5,125 tons, and 
the Union of South Africa was the largest buyer of both 
manufactured iron and steel, accepting 265 tons of the 
former, and 11,074 tons of the latter. Among other 
principal receivers of steel were: India, 5,210 tons; 
Argentine, 4,397 tons; Portuguese East Africa, 1,422 
tons; and Canada, 1,035 tons. 

Imports of Iron and Steel.—Returns issued this week 
show that the aggregate imports of iron and steel to the 
Tees from Holland, Belgium, France, Norway, Sweden, 
Finland, India, Germany, and coastwise, for the eleven 
months ending September 30 last, amounted to 137,008 
tons, comprising 11,668 tons of pig iron, 94,289 tons of 
crude sheet bars, billets, blooms and slabs, and 31,051 tons 
of plates, bars, angles, rails, sheets and joists. For the 
same months a year ago, the total unloadings reached 
174,929 tons, comprising 28,268 tons of pig iron, 103,669 
tons of crude sheet bars, billets, blooms and slabs, and 
42,997 tons of plates, bars, angles, rails, sheets and 
joists. In the corresponding period just prior to the 
war, aggregate imports amounted to only 54,563 tons, 
comprising 1,427 tons of pig-iron, 33,655 tons of crude 
sheet bars, blooms and slabs, and 19,481 tons of plates, 
bars, angles, rails, sheets and joists. 








Tue Instrrute oF Costs AND Works ACCOUNTANTS. 
—tThe ninth National Cost Conference will be held under 
the auspices of the Institute of Costs and Works Account- 
ants, in Sheffield, on October 24 and 25. On Friday, 
the 25th, in the afternoon, a paper on “ Why Cost 
Accounting is Vital to Efficient Management,” will be 
discussed in the Cutler’s Hall. The Master Cutler- 
elect, Mr. P. B. Brown, M.Inst.C.E., will occupy the 


chair. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—That reports of contraction of busi- 
ness in the heavy iron and steel industries during the 
last quarter were not exaggerated is shown by official 
statistics relating to the output of steel ingots and castings 
in August. Sheffield’s gross production in that month 
was only 63,500 tons. This was nearly 19,000 tons less 
than in July, and was no less than 50,000 tons less than 
in August last year. Acid steel accounted for the 
greater part of the output, but there was also a sub- 
stantial production of basic steel. Manufacture con- 
tracted relatively in the Lincolnshire area, where the 
August production of 36,900 tons was 26,000 tons less 
than in July and 20,000 tons less than August last year. 
The current position shows little change. Inquiries are 
fairly numerous, but, in face of widespread competition 
for the comparatively small number of big-tonnage 
orders in circulation, actual bookings are much below 
capacity. Consequently, considerable areas of plant are 
working irregularly. So far, there is little sign of the 
heavy steel revival that, in some quarters, was forecast 
for this period of the year. There is a marked scarcity 
of orders for ship steel, despite the fact that British ship- 
builders are getting a fair share of the work on offer, 
both in merchant and naval shipbuilding and in general 
repairs. More railway work is needed if plants are to 
operate profitably. Mining and agricultural steel are 
only moderate markets. Considerable supplies of special 
equipment are going to electrical engineers. Slackness 
generally marks business in raw and _ semi-finished 
materials. Most of the orders in hand are for small 
tonnages, and prices allow only the barest margin of 
profit. The scrap market is depressed, and the demand 
for ferro-alloys is unsatisfactory. Quotations: Siemen’s 
acid-steel billets, 9/. 10s. ; hard basic-steel billets, 97. 2s. 6d. 
to 97. 12s, 6d.; medium hard basic, 7/. 12s, 6d. to 
8l. 12s. 6u. ; soft basic, 6/. 5s. ; Derbyshire foundry pig- 
iron, 688. 6d.; Derbyshire forge iron, 64s. 6d.; crown 
iron bars, 101. 5s. ; iron hoops, 12. ; steel hoops, 10/7. to 
10/. 5s.; and basic scrap, 50s. In the specialised lines there 
is steady movement in stainless steel and rustless iron. 
Makers of agricultural implements report quiet condi- 
tions, but there is a satisfactory demand for mechanical 
road vehicles. A hopeful tone marks business in twist 
drills and hacksaw blades. File makers are short of 
work, 

South-Yorkshire Coal Trade.—Business in house coal 
shows a gradual recovery, despite the seasonal advances 
brought into operation at the beginning of the present 
month. Deliveries of best quality fuels tend to expand, 
and a better tone marks secondary and inferior grades. 
Industrial fuel shows weak features. Inland demands 
are under the average for this time of the year, but a 
fair business is being done on export account. Stocks 
of smalls are substantial. Ample supplies of coking 
slack are available at low rates. A steady business 
proceeds in furnace and foundry coke at recent prices. 
Quotations: Best branch hand-picked, 25s. 6d. to 27s. ; 
Derbyshire best brights, 20s. to 22s. 6d.; Derbyshire 
best house, 19s. 6d. to 20s. 6d.; screened house coal, 
17s. 6d. to 19s. ; screened house nuts, 14s. 6d. to 16s. 6d. ; 
Yorkshire hards, 14s. to 15s. 6d.; Derbyshire hards, 
14s, to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty 
slacks, 6s. 6d. to 78. 6d. ; smalls, 3s. to 5s. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—No change of any note has taken 
place in the Scottish steel trade during the past week, 
and a state of depression exists. Inquiries from abroad 
are a shade better, which has given sellers a more hopeful 
feeling for the future, but so far there is no indication 
of any immediate expansion of business. Home buyers 
are little in evidence at present, and this is particularly 
noticeable in connection with the shipbuilding industry, 
which is at alowebb. The black-sheet makers are again 
quieter and the demand from overseas has fallen off. 
The works are being kept running fairly well, however, 
but producers of galvanised sheets are finding business 
difficult because of the reduced demand. It was hoped 
that the lower prices offered recently for export orders 
would have increased the demand, but up to the present 
there has been little improvement. The following are 
the current market quotations :—Boiler plates, 10/. 10s. 
per ton; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. 
per ton; black steel sheets, 4-in., 81. 15s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 11/. 178. 6d. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, the position is unchanged and 
business is still of a hand-to-mouth description. Makers 
of re-rolled steel bars are also very quiet, and are suffering 
from the low quotations of Continental sellers. Prices 
current are as follows :—Crown bars, 10/. 5s. per ton 
for home delivery and 91. 15s. per ton for export; and 
re-rolled steel bars, 71, 7s. 6d. per ton for home delivery 
and 71, 5s. per ton for export. 

Scottish Pig-Iron Trade.—There has been no improve- 
ment in the demand for Scottish pig-iron since last 
week, and the number of furnaces in blast is likely 
to be reduced shortly. Business is being hampered 
somewhat by the amount of pig-iron being imported, 
and last week 6,300 tons arrived from India, and 1,200 
tons from England. Local consumers continue to buy 
sparingly and overseas customers are not sending 
forward orders of any volume. Prices are easier, with 
hematite ls. down. Market quotations are as follows :— 
Hematite, 77s. per ton, delivered at the steel works ; 
foundry iron No. 1, 79s. per ton and No. 3, 76s. 6d. per 
ton, both on trucks at makers’ yards. 





Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 4, amounted to 274 tons. Of 
that total, 180 tons went overseas and 94 tons coastwise. 
During the corresponding week of last year the total 
shipment was 925 tons. 


Clyde Shipbuilding.—It is reported that Messrs. 
Barclay, Curle and Company, Limited, Glasgow, have 
secured an order to build a steamer for the Gart Line, 
Limited, the managers of which are Messrs. Whimster 
and Company, Glasgow. This new vessel will be of about 
1,800 tons gross and will be propelled by a set of triple- 
expansion engines. She will be for the owners’ Medi- 
terranean general-cargo and fruit-trade service, 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—The proposal of the Cardiff coal 
tippers to revert to continuous day-shift working has 
been dropped for the time being, following negotiations 
with the Great Western Railway Company, their 
employers. Meanwhile, the general demand for Welsh 
coal remains poor, and, with supplies plentiful, prices 
continue on the basis of the scale of schedule values. 
With so many vessels still laid up, the demand for bunker 
coal continues small, and inquiries for the railways and 
works are also poor, with the result that all grades of 
both large and smalls were in abundant supply, while 
stocks at the docks, too, were heavy. The only varieties 
not in excess of the demand were some sized coals, the 
production of which was curtailed by the lessened output 
of the collieries due to compulsory stoppages arising 
from the general slackness of trade. 


Dowlais Steelworks.—The depression in the heavy 
iron and steel industry is strikingly illustrated by some 
facts set forth by Sir John Field Beale, K.B.E., in a 
letter to the Mayor of Merthyr, in reply to a request to 
receive a deputation to consider the question of the 
possibility of the works continuing in operation. ‘‘ The 
plain fact,” says Sir John in his letter, “is that the 
products of the Dowlais Works cannot now be sold to 
pay for the cost of operating the works. All that will 
be left of the once-prosperous South Wales heavy iron 
and steel trade, when work at Dowlais ceases, is 
one blast-furnace operating at Cardiff, and one blast- 
furnace at Port Talbot. It is not even possible to sell 
the whole product of these two furnaces, either as pig- 
iron or steel, and part of their production of pig-iron 
has now to be put into stock. Unless conditions change, 
the time must come when one or both of these furnaces 
will have to close down like the Dowlais Works.” In 
reply to the request to meet a deputation from the Council, 
Sir John says, ‘‘ I could not refuse so courteous a request, 
but I would ask you first to consider whether further 
discussion can really serve any useful purpose, unless 
you are able to suggest some entirely new channel in 
which the product of the works can be marketed. The 
present position results directly from a majority of our 
fellow-countrymen voting at the last general election in 
favour of free trade and against safeguarding our iron 
and steel industry, deciding, in effect, that they preferred 
the iron and steel used in this country to be made in 
India, Germany or some other Continental country 
rather than in Great Britain.” 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 17,194 tons, an increase of 6,000 tons. 
Shipments of tinplates and terneplates were raised from 
5,757 tons to 6,921 tons, of blackplates from 154 tons to 
1,810 tons, and of other iron and steel goods from 1,610 
tons to 6,932 tons, but of galvanised sheets were reduced 
from 6,932 tons to 1,610 tons, 








MARKETS FOR INTERNAL-COMBUSTION ENGINES.— 
The Department of Overseas Trade, 35, Old Queen- 
street, S.W.1, has received reports concerning the market 
for internal-combustion engines in Algeria and Siam. 
Firms anxious to obtain copies of these reports should 
communicate with the Department, quoting, in the 
first case, Ref. No. A.X. 10270, and in the second, 
A.X. 10273. 





PreRsonat.—Messrs. B. P. Snelling and A. E. Eddleston, 
lately with the Mond Nickel Company, Limited, Clydach, 
have started in consulting engineering practice, under 
the style of Messrs. Snelling and Eddleston, with offices 
at Gower Chambers, Gower-street, Swansea.—Messrs. 
George Ellison, Limited, of Perry Bar, inform us that 
their South African business is being dealt with by 
Messrs. George Ellison (S.A.), Limited, North British 
Buildings, Commissioner-street, Johannesburg.—Messrs. 
David Brown and Sons (Huddersfield), Limited, state 
that the amalgamation of Messrs. P. R. Jackson and 
Company, Limited, Salford, with their firm, has been 
arranged. 





Messrs. HapFietps, Limirep, Hecta Worxs.—On 
September 19, Their Imperial Highnesses Prince and 
Princess Takamatsu of Japan, visited the Hecla and 
East Hecla Works of Messrs. Hadfields, Limited. The 

ests were received by Sir Robert Hadfield, Mr. P. B. 

rown, Major A. B. Clarke, Mr. W. B. Pickering and 
other directors, and were shown over various depart- 
ments, in some of which work was in hand on orders for 
the Japanese Navy. A firing demonstration was given 
against bullet-proof armour. Messrs. Hadfields have 
enjoyed long and close association with Japan, and it 
is of some interest to note that the first announcement 
of the Alliance between this country and Japan was 
made by the late Viscount Hayashi when visiting Messrs. 
Hadfield’s works in 1905. 





NOTICES OF MEETINGS. 





Juniok InstituTION oF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘‘ The Refining of 
Cane Sugar,” by Mr. 8S. Dunlop. Friday, October 17, 
7.30 p.m. ‘‘ Bitumen Emulsions, with Particular Refer- 
ence to their Use on Indian Roads,” by Mr. A. P. 
Morris, 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Bristol 
Centre : Monday, October 13, 7 p.m., Merchant Ven- 
turers’ Technical College, Bristol. Presidential Address 
“The Future Trend of Automobile Design,” by Sir 
H. Austin. 


Socrety or Giass TECHNOLOGY.—Tuesday, October 
14, 4.30 p.m., King’s Head Hotel, Sheffield. Glass 
Standards Committee Meeting. Wednesday, October 15, 
2 p.m., The University, St. George’s-square, Sheffield. 
‘The Effect of Remelting on the Properties of Glass,”’ 
by Professor W. E.S. Turner. ‘‘ The Thermal Endurance 
of Glass: An Examination of the Method of W. M. 
Hampton and C. E. Gould,” by Mr. W. J. A. Warren. 
Discussion on ‘International Co-Operation and Stan- 
dardisation Related to Glass, Refractories and Fur- 
naces.”’ 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, October 14, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Experiments to Deter- 
mine Velocities of Flame Propagation in a Side-Valve 
Petrol Engine,” by Mr. H. 8. Glyde. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
14, 6 p.m., 85/88, The Minories, E.C.3. “*‘ The Design 
and Manufacture of Marine Auxiliary Oil Engines,” by 
Mr, O. Wans. 


InstrTUTE oF Metats.—North-East Coast Local Section: 
Tuesday, October 14, 7.30 p.m., Armstrong College, 
Newcastle-on-Tyne. Chairman’s Address by Mr. C. 
Gresty. 

Mrxine Institute oF ScoTLaNnp.—Wednesday, Octo- 
ber 15, 5.15 p.m., Mining Laboratories, 79, Grassmarket, 
Edinburgh. ‘The Use of Iron and Steel for Under- 
ground Supports,” by Mr. J. S. Carson. ‘‘ The Detection 
of Inflammable Gases and Vapours,”’ by Mr. C, McLuckie, 
“ Hydraulic Stowing in the Thick Coal Seams of India,” 
by Dr. D, Penman. 


INSTITUTION OF ENGINEERING INsPECTION.—Wed- 
nesday, October 15, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ A Practical Application 
of British Standard Limits and Fits to Locomotive 
Construction,” by Mr. E. Harle. 


NEwcoMEN Socrety.—Wednesday, October 15, 5.30 p.m. 
Science Museum, South Kensington, 8.W.7. “‘ Enquiry 
into Origins of the Windmill,” by Mr. H. P. Vowles. 


InstTITUTION oF CiviL ENGINEERS.—Manchester and 
District Association. Wednesday, October 15, 6.45 p.m., 
36, George-street, Manchester. Chairman’s Address, 
by Mr. W. F. H. Creber. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre : Wednesday, October 15, 7 p.m., Grand 
Hotel, Birmingham. Chairman’s Address, by Mr. G. 
Rogers. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Wednesday, October 15, 7.30 p.m., Grand 
Hotel, Sheffield. ‘‘ Die Casting,” by Mr. A. H. Mundey 
and on Thursday, October 16, 7.30 p.m., Hotel Metropole, 
Leeds. London : Thursday, October 16, 7.15 p.m., 
Charter Dinner, Connaught Rooms, Great Queen-street, 
W.C.2. Friday, October 17, 6 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Presidential Address, by 
Mr. L, St. L. Pendred. 


Opricat Soctety.—Thursday, October 16, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘‘The Vickers Projection Micro- 
scope,” by Mr. R. L. Smith. Demonstrations of The 
Vickers Pyramid Hardness Testing Machine, Messrs. 
C. Baker’s Works Projection Miscroscope, and the 
Brinell Microscope. 


InstrTuTION oF WeLpDING ENGINEERS.—Thursday, 
October 16, 7.45 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, St. James Park, S.W.1. “The 
Replacement of Castings by Weldings,” by Mr. P. L. 
Roberts. 








Farapay Hovse Otp StupeEnts’ Assocration.—The 
twenty-second annual dinner of the Faraday House Old 
Students’ Association will be held on October 17, at 
the Savoy Hotel. Mr. S. B. Haslam, M.I.Mech.E., will 
occupy thechair. Application for tickets should be made 
to the Hon. Sec. of the Association, 66, Southampton- 
row, W.C.1. 





ExTENsION AT BARKING Power Sration.—We are 
informed by the County of London Electric Supply 
Company that no decision of any kind has as yet been 
arrived at with regard to the placing of contracts in 
connection with the 150,000-kw. extension planned at 
the Barking Power Station, notwithstanding statements 
made to the contrary. 





Roap DEVELOPMENT IN Ecuapor.—The Department 
of Overseas Trade, Old Queen-street, S.W.1, states that 
the Government of Ecuador is desirous of receiving 
catalogues and quotations relating to road-making plant 
for macadamised and unmetalled roads. Further 
particulars may be obtained from the Department, 
quoting Ref. No. A.X. 10307. 
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R 101. 


In the closing words of the paper he read before 
the British Association at Bristol, on September 8, 
Lieutenant-Colonel V. C. Richmond said, “ there is 
no reason why the airship should not become the 
safest form of transport yet devised.” The tragedy 
of Sunday, October 5, on the hillside above Beauvais, 
is a bitter sequel to this hopeful phrase. Certainly, 
Colonel Richmond prefaced his opinion with refer- 
ences to helium, heavy-oil engines and metal 
sheathing; but one of these features was incor- 
porated in R 101 and, in so far as one can piece 
together the story of her last fatal voyage, it is not 
clear that the addition of the others would have 
saved the ship from destruction. The magnitude of 
the tragedy would probably have been mitigated, 
however, had helium been used, and Colonel 
Richmond might well have been alive to tell, or at 
least to speculate, on the cause of the failure of the 
ship on which he had worked so laboriously and 
enthusiastically. 

The cause of the disaster may be fully explained 
at the public inquiry which is to be held by the Air 
Council, but even with such evidence as is now avail- 
able, some idea of the course of events leading to the 
tragedy may be obtained. The airship left the 
mooring mast at Cardington on Saturday, October 
4, at 7.30 p.m., summer time, on an experimental 
voyage to Karachi. The course was set for London 
at 7.45, and the engines were reported to be running 
well and giving a cruising speed of 54-2 knots. 
London was reached at 9 p.m. and the course set for 
Paris. At 10.35 p.m., the coast was crossed in the 
neighbourhood of Hastings, where it was reported 
to be raining hard with a strong south-westerly 
wind. The cloud base was then reported to be at 
1,500 ft., but the altitude of the ship was not 
mentioned. She was, however, reported to be 


ballast was being recovered. At 12.36 a.m., on 
the 5th inst., the ship passed over the French coast 
at Pointe de St. Quentin, and at 1 a.m. reported 
that she was 15 miles south-west of Abbeville. 
The altimeter height was then given as 1,500 ft.. 
and it was stated that all essential services were 
operating satisfactorily. Messages were subse- 
quently exchanged with Croydon and Le Bourget, 
the vessel having been given her position as 
1 km. north of Beauvais by the latter station. 
Messages also passed between the airship and Car- 


60|dington with regard to the strength of wireless 


signals, but no further information regarding her 
navigation was sent out. At about 2 a.m., the airship 
struck rising ground near the village of Allonne, 
a few miles south of Beauvais, and was wrecked 
and rapidly destroyed by fire. Of the 54 passengers 
and crew only 8 survived the fire, and two of these 
have subsequently died. 

Among the mass of speculation which has arisen 
on the cause of the disaster, some prominence has 
been given to the idea that the ship suffered from 
some structural failure, and in connection with 
any such theory it must be remembered that she 
had done very little flying since she was lengthened 
from 732 ft. to 777 ft. The survivors may, possibly, 
later, be able to give some information confirming 
or denying the occurrence of this, but although 
it is possible that some failure, or partial failure, 
of the controls may have occurred, it appears 
likely, on the whole, that the disaster was due to 


2 | meteorological conditions rather than mechanical 


defect. The locality of the disaster appears to be 
noted for difficult air conditions, and as it is reported 
that the ship tilted nose downwards at an angle of 
about 45 deg. and struck the ground at that angle, 
it appears likeiy that she was affected by some 
abnormal air current. 

Any such explanation of the disaster, brings into 
prominence the question of the altitude at which 
the vessel was flying immediately prior to the 
accident, but on this point there is, at present, no 
definite information available. It was probably 
low, or the tilt could have been corrected before 
impact occurred, assuming the controls to have 
been operating normally, and that water ballast 
was available for use. In the last wireless message 
sent out from the vessel at 1 a.m., the altimeter 
height, as already mentioned, was given as 1,500 ft., 
and no greater altitude appears to have been 
attained throughout the flight. This may have 
been due to the fact that the vessel was heavily 
loaded or, as appears to be more likely, to the 
fact that her navigators desired to keep her below 
low-lying clouds in order to check her position by 
landmarks. If, as she reported, although it was 
raining hard, she commenced to collect water 
ballast soon after crossing the English coast line, 
she could not have been regarded as heavy. One 
point affecting her altitude is worthy of notice. 
From the time the vessel left the mast at Cardington, 
until she crashed, the barometer fell, in the London 
area, by about } in. If, therefore, the difference 
between the barometric height at Cardington at 
7.30 p.m. on the 4th inst. and that at Beauvais 
at 2 a.m. on the 5th inst. was of the same order, 
the airship’s altimeter would have read about 250 
ft. too high. The altimeter does not indicate, in 
any way, a change in ground level, and the hill on 
which the vessel crashed is said to have a height 
of 780 ft. above sea level. Very little height would 
thus be available in which to correct a downward 
tilt with an altimeter showing 1,500 ft., but actually 
reading some 250 ft. too high. Whether or not this 
circumstance contributed in any way to the disaster 
can only be settled by those in possession of the 
necessary data, but there can be little doubt 
that it would not have occurred had the vessel been 
flying at a greater altitude. 

Apart from the ship, the replacement of which 
is purely a financial matter, British aviation has 
suffered a grevious loss in the band of pioneers and 
workers who perished with her. Colonel Richmond, 
who was mainly responsible for the design and con- 
struction of the vessel, was among our foremost 
aeronautical experts. A practical and _ scientific 
engineer, who had served with Messrs. S. Pearson 
and Sons on dock construction, he joined the 
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behaving well generally, and it was stated that water 


Royal Naval Air Service in 1915, and from that 
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time had been engaged mainly in some branch of 
airship work. Major G. H. Scott, who was also 
on board the vessel, will, in the technical field, be 
best remembered as the inventor of the method, 
used in the British Empire and the United States, 
of mooring airships to masts or towers. Almost 
irreplaceable enthusiasm and driving force have 
gone with the death of Sir Sefton Brancker, the 
Director of Civil Aviation, while, each in his own 
field, Lord Thomson, the Secretary of State for Air 
and Wing Commander R. B. B. Colmore, Director 
of Airship Development, will be hard to replace. 

If R 101 was lost owing to stress of weather, or 
even owing to mistaken navigation, the disaster 
adds nothing to our knowledge of airship design, 
and can take its place only with many a sad story 
of the sea, which has influenced not at all the 
progress of shipbuilding or sea transport. The 
utility of persevering with the development of 
engine-propelled gas-filled aircraft is the subject of a 
controversy into which we need not enter here. 
While there are many who hold this work for 
foolishness, there are others who see it as one of the 
main avenues to the achievements of the future. 
Clearly at the moment further progress will be 
hampered by difficulties in this country, particularly 
financial difficulties, but somewhere, and in some 
way, the work will goon. It is a hard road, how- 
ever. Robert Louis Stevenson said : “‘ The conditions 
of conquest are easy; we have but to toil awhile, 


endure awhile, believe always, and never turn | 


back.” This is perhaps understatement. The 
perfection of mechanical flight lies along a harder 
road than Stevenson ever trod, but the spirit of his 
words is the spirit of the airship workers. The 
village of Allonne has seen the passing of a band 
who by enthusiasm and ski!l have carried progress a 
little further along the road. Their achievement 
and their fate have called forth the homage of the 
world, but their passing marks no end. Their skill 
and their courage will but serve to point the way 
for those who will follow in their path. 








LONG-DISTANCE MOTOR-COACH 
SERVICES. 

THE Locomotives on Highways Act of 1896 has 
frequently been referred to as the Motorists’ Charter, 
since it removed the absurd restrictions previously 
prevailing on the use of mechanically-propelled road 
vehicles. Since that date numerous subsidiary 
and amending Bills have been passed, but the growth 
of road traffic has been continually hampered by 
out-of-date legislation. It is greatly to the credit of 
the present Government that they have realised 
the paramount importance of repealing measures 
calculated to retard progress, and of implementing 
a new Act designed to facilitate the use of the roads 
to the greatest advantage within the limits of public 
safety. It is particularly satisfactory to note that 
consideration has evidently been given to the close 
inter-relation of road and rail transport. Many of 
the clauses of the Road Traffic Act, 1930, which 
comes into force with the new year, are of only 
indirect interest to engineers, but among those 
having a very definite bearing on their work, the 
clauses affecting coach services demand careful 
attention. It is even now doubtful whether the 
position of such services has received sufficient 
consideration. We have previously expressed the 
opinion that for distances up to about 50 miles 
they afford new and valuable facilities for public 
transport, particularly for cross-country services 
where rail transport has hitherto been inadequate. 
There are, however, at present a large number of 
long-distance services which are proving a source of 
serious embarrassment to the railways, since their 
schedule of fares is little more than half that 
demanded for rail transport. These services are in 
reality being run largely at the public expense, 
since the roads on which they run have been con- 
structed at the expense of the national Exchequer 
and are maintained partly from the same source 
and partly from local rates. It must, of course, be 
borne in mind that the greater portion of the Road 
Fund is devoted to road costs, and there is certainly 
a measure of justice in the fact that the private 
motorist is being required to maintain the roads 
for the benefit of that less-wealthy proportion of 
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the community that must perforce travel in a 
public conveyance. The contribution to the cost 
of the roads from the fund last year was, however, 
only 18,519,697]. out of a total of, roughly, 
60,000,000/., the difference having come out of the 
pockets of the ratepayers. It is thus evident that 
the coach companies are in a highly privileged 
position as regards the maintenance of their track. 
The extent of this privilege was brought out in an 
interesting calculation made by the Minister of 
Transport at the annual conference of the Municipal 
Tramways and Transport Association at Harrogate 
last month. Mr. Morrison deduced the fact that 
the space occupied by a coach in motion on an 
important road might well represent some 5001. of 
public capital. 

The most important aspect of the road question 
as regards coach services probably lies in the utilisa- 
tion by the operating companies of the road them- 
selves as stations, and more particularly as terminal 
stations in the larger cities. In the case of the 
City of London, Mr. Morrison stated that 1201. per 
square foot had been paid for widening a street, 
so that the bare space occupied by a stationary 
motor coach might be worth no less than 36,0001. 
It is to the credit of certain of the operating com- 
panies that they have already taken steps to provide 
proper terminal stations, but the majority of the 
| Services still initiate their journeys at the pavement 
| edge, while, so far as we are aware, no company has 
provided anything in the nature of a station in a 
rural area. Quite apart from the financial question, 
the absence of proper stations may result in serious 
inconvenience to the public desirous of utilising the 
services. Cases have been brought to our notice 
where an intending passenger has failed to find the 
required coach in the long line drawn up on the 
Embankment, while other passengers have been 
advised by the company’s agents to wait at selected 
points on the route, only to be informed after the 
scheduled time of arrival that the coach had been 
diverted along another road. We have reason to 
believe that these are by no means isolated instances, 
and such contretemps appear to be inevitable under 
the present system. 

It need not be suggested that the stations should 
be comparable in cost with those provided by the 
railway companies. So far as rural areas are con- 
cerned, all that is required is a draw-in at the 
side of the road, with a building comprising a 
waiting room and a small office. The waiting room 
would require to be heated and adequately lighted 
|in winter, and the official in charge of the station 
should be in telephonic communication with head- 
quarters, so that passengers could be informed of 
any delay or deviations in the service. Terminal 
stations in the larger towns would, however, entail 
considerably greater expenditure. They might well 
form a starting point for a number of different 
services, and might, therefore, have to be of con- 
siderable size, and as the cost of suitable sites in 
the heart of a large town would certainly be almost 
prohibitive, they might well be located on the 
outskirts, the passenger completing his journey by 
train, ’bus or tube, as the case might be. Such a 
proposal is in no way utopian, and merely amounts 
to a suggestion that what is sauce for the railway 
goose is sauce for the road gander. In all prob- 
ability, such facilities could not be provided while 
maintaining fares at their present level, and it is 
not improbable that insistence on their provision 
by the licensing authorities, together with steps 
being taken by the latter to ensure that the coaches 
| were of suitable type from the safety point of view, 
|and that drivers should not be at the wheel 
| sufficiently long to lose their alertness, would 
|result in an all-round increase in fares of such a 
| nature as to divert the greater part of the long- 

distance traffic back to the railways. 


It is obvious that the Minister of Transport is 
giving the whole position of these coaches very 
serious consideration, and he has been at pains 
to issue more than one warning to those who are 
hastily initiating new services with a view to 
| establish a bargaining status before the Road 
| Traffic Act actually comes into force. He has 
further pointed out that Part IV of the Act will 
enable the new traffic commissioners, and the 
Minister of Transport, to systematise and co- 











ordinate time-tables, gradually to lift public-service 
vehicles to a common high standard of safety and 
convenience, to co-ordinate public road-service 
vehicles with other means of transport, and to 
eliminate wasteful competition, while guaranteeing 
to the workpeople engaged in the industry reason- 
able conditions of labour. Should these pledges 
be interpreted literally, little cause for complaint 
will remain either to the railway shareholders, or 
to the general public. 

If Part IV of the Act is examined, it will be 
found that it contains provisions for the regulation 
of public-service vehicles, under which England and 
Scotland, exclusive of the City of London and the 
Metropolitan police district, shall be divided into 
twelve traffic areas, each under the control of 
three commissioners, who shall be responsible for 
the licensing of public-service vehicles, and for the 
regulation of their routes and services. The com- 
missioners will have wide powers, and are required, 
before coming to any decision on any application for 
a road-service licence, to consider the traffic needs of 
the whole area, the provision of adequate and 
efficient services throughout the area, the elimina- 
tion of unnecessary services, the provision of un- 
remunerative services where possible, and the 
co-ordination of all forms of passenger transport in 
the area. The commissioners will further have 
power to ensure that fares shall not be unreason- 
able, and where desirable, in the public interest, 
shall be so fixed as to prevent wasteful competition 
with alternative forms of transport. They shall 
also have power to make orders regarding routes, 
stands, and stopping places. Part IV of the Act 
further includes provisions for the periodical 
inspection of vehicles, and for the general super- 
vision of their maintenance and proper running 
condition, and finally, Part I of the Act gives power 
to the Minister to enquire into accidents to, or 
caused by, motor vehicles. 

It is clear that much will depend on the interpreta- 
tion of the Act by the Commissioners. The specific 
power given to the authorities to co-ordinate public 
road-service vehicles with other means of transport, 
and to fix fares at such a level as to prevent wasteful 
competition, appears to afford a clear indication that 
the present practice of certain of the road companies 
of diverting rail traffic on to the roads by excessively 
low fares will no longer be tolerated. We have 
already suggested that this process is only rendered 
economically possible by indirect contribution from 
the public funds, and it would possibly be wiser to 
make the road companies pay a larger contribution 
to the cost of road maintenance, rather than for the 
commissioners to prohibit any particular service, 
or to insist on the fares being increased to eliminate 
wasteful competition. Clearly, the direct way to 
increase the contribution of the motor coach to that 
portion of the roads which it utilises while in motion 
would be to increase taxation on these particular 
vehicles, a course that appears open to some 
objections. It would appear, however, that the 
position could be adequately met by insisting on the 
provision of stations. The clause covering the 
regulation of stands and stopping places is worded 
in general terms, and gives no specific direction that 
such stands and stopping places should not be on 
the actual highway, but it is a reasonable deduction 
from the words already quoted of the Minister of 
Transport, that action is at least contemplated in 
respect to the standing space occupied in the City 
of London, and, although in lesser degree, this abuse 
of the highways is equally in evidence at many 
other points throughout the country. 








INTERNATIONAL AGRICULTURAL- 
TRACTOR TRIALS. 


(Concluded from page 438.) 


Tue duration draw bar test was carried out 
on hay stubble with a loose loam and sand top 
soil, which provided a wheel grip about equal to 
that which might be anticipated on average once- 
cultivated land. It was found that the duration 
of the test was insufficient for an accurate determi- 
nation of the lubricating-oil consumption. Each 
tractor was, however, drained and refilled with new 
oil before the test, and on redraining the sump 
after the test, a sample of the used oil was taken for 
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and two special machines suitable for either road or 
field use. There was little to choose between the 
fuel consumptions of the majority of the machines 
on either the belt or drawbar tests, and no dis- 
tinction in this respect as regards the different types 
was discernible. The best figure for fuel consump- 
tion on the drawbar was 8-81 h.p.-bours per 
gallon, obtained with the Caterpillar “‘ 30” tractor, 
while the Austin tractor gave the highest figure, 
10-40 h.p.-hours per gallon, in the belt tests. No 
very marked variations occurred in the weight 
per maximum drawbar horse-power. 

The results obtained with the heavy-oil tractors 
suggest that, with extended experience, the type 
can be made as reliable as those fitted with petrol 
or paraffin engines. It is true that, of the five 
tractors entered fitted with airless-injection engines, 
only one, the Aveling and Porter, went through the 
trials without repairs or adjustments. The troubles 
encountered were, however, of a very trifling nature, 
and if due consideration is given to the fact that 
the majority of the heavy-oil tractors were of very 
recent development, several making their first 
appearance at the trials, their performance as a 
whole can only be regarded as highly satisfactory. 
The clutch was adjusted during the rated drawbar 
test on the Blackstone, and it will be noted that 
the consumption of water during this test was 
excessive. The Mercedes-Benz, McLaren, and 
Marshall were all stopped during one or other of 
the tests by blocks in the fuel system, or by a 
sticking valve; all, however, completed the trials 
successfully. A high water consumption was also 
recorded in the case of the Mercedes-Benz, but 
this would be anticipated with hopper cooling, and, 
as already stated, this tractor can be supplied with 
radiator cooling if preferred. The only other 
points in connection with these tractors were that 
the governor was adjusted during the rated draw- 
bar test on the McLaren, and during the maximum 
drawbar test the clutch was adjusted. The clutch 
of the Marshall was also adjusted to cure slipping 
before the maximum drawbar test, and during the 
field tests, a short stoppage was caused by a stone 
lodging in the flywheel casing. No adjustments or 
replacements were found necessary during the test 
on any of the four tractors of the hot-bulb type. 

The average fuel consumptions at rated load 
recorded during the belt tests for the different classes 
were, petrol tractors, 0-80 lb. per horse-power hour ; 
paraffin tractors, 0-86 lb. per horse-power hour ; 
airless-injection tractors, 0-53 lb. per horse-power 
hour; and hot-bulb tractors, 0-69 lb. per horse- 
power hour. It will thus be seen that the heavy- 
oil tractors show a very marked economy in fuel 
costs when the relative first cost of the three fuels 
is considered, and it seems reasonable to suppose 
that the trials will result in stimulating very con- 
siderably the sales of this type of machine. The 
first cost of the various types is, of course, of primary 
importance to farmers, and although, as shown in 
Table I, page 368 ante, the first cost of the heavy- 
oil tractors is on the whole distinctly higher than 
that of the paraffin models, the price per rated 
drawbar horse-power is strictly comparable in the 
case of the hot-bulb machines and very little higher 
in the case of those fitted with airless-injection 
engines. The price per rated drawbar horse-power 
ranges from 21/. to 13-71. for the paraffin tractors ; 
from 46-2/. to 24-7l. for the petrol tractors ; from 
34-31. to 22-31. for the airless-injection tractors ; 
and from 21-6/. to 18/. for the hot-bulb tractors. 
It must further be borne in mind that several of 
the petrol and paraffin tractor prices are based on 
large-scale productions, and that very appreciable 
reductions in the price of the Leavy-oil tractors should 
be possible if a corresponding market can be created. 

The tests on the cultivators only call for brief 
comment. As mentioned on page 402 ante, three 
machines were entered, a Simon Rototiller, and 
two motor cultivators, the Monotrac and the 
Duotrac. The trials consisted of ordinary cultiva- 
tion work under market-garden conditions, and 
were carried out in May at Pitchill, near Evesham. 
The total running time for each machine was about 
40 hours, and all three were in satisfactory condition 
on completion of the tests, and showed no signs 
of undue wear. It is stated in the report that the 
Monotrac proved well suited for hoeing between 








two rows which cannot be straddled, and that it 
produced its best work in even and well-tilled soil, 
such as would be met with in nurseries and some 
market gardens. The machine was a little difficult 
to manipulate on rough uneven soil, but the engine 
had ample power for its work. The Duotrac proved 
quite suitable for any cultivation between rows, and 
was easy to manipulate. The greater part of the test 
on this machine was carried out under hard condi- 
tions, and satisfactory work was done. As regards 
the Simon Rototiller, work in bottom gear was 
found to be slow, but when the ground had been 
reduced to a finer state by a first cultivation, work 
could be done in top gear. The machine proved 
suitable for a good range of market-gardening work, 
and the engine functioned well throughout. 

In closing the description of the trials, tribute 
should be made to the admirable organisation, and 
to the fair and impartial manner in which the tests 
were carried out. The exhaustive nature of the 
trials resulted in very heavy demands on the 
officials, and the compilation of the very excellent 
report must have involved a further heavy drain 
upon their time and energies. The final public 
demonstration was, unfortunately, marred by 
unfavourable weather, but, apart from the last day, 
the state of the ground was not such as to prevent 
ploughing being carried out. All those interested 
in tractor development, whether from the aspect 
of the user or the manufacturer, must be indebted 
to both the Royal Agricultural Society and to the 
Institute of Agricultural Engineering of the Univer- 
sity of Oxford, and also to the owners of the land 
on which the tests were conducted. The implements 
used in the field tests were lent by Messrs. Ransomes, 
Sims and Jefferies, of Ipswich, and by Messrs. James 
and Fredk. Howard, of Bedford. 








THE INFLUENCE OF ENGINE CON- 
DITIONS ON THE ANTI-KNOCK 
RATING OF MOTOR FUELS. 


By R. Sransrretp, A.M.Inst.C.E., and F. B. 
TuHoLE, D.Sce., F.LC. 


Unt recently, but little attention has been 
given to the effects of wide changes in running 
conditions on the anti-knock valuation of motor 
fuels. | Experiments made with such alterations 
to controllable variables as are easily obtainable 
in the average water-cooled spirit testing plant 
have not shown marked differences in anti-knock 


indicate the converse effect, viz., the amount of 
extra benzole required to make up the apparent loss 
of anti-knock value at the higher temperatures, and 
in view of the fundamental difference in behaviour 
of the two materials under consideration, it was 
decided to repeat Bartholomew’s tests in order to 
obtain this additional information. 

While jacket temperature appeared to be impor- 
tant as regards its effect on metallic dopes and 
benzole, it was also desired to determine whether 
there were appreciable differences in rating when 
other fuels, including liquid phase and vapour phase 
cracked spirits, alcohol blends, aviation spirit and 
certain pure hydrocarbons, were used. Further, 
the examination of n-heptane blends with pure 
benzene was necessary in view of the frequent use 
of these substances as reference standards for anti- 
knock rating. It is, of course, obvious that the most 
suitable reference standards are those which are 
least likely to show differences from the majority 
of spirits in use, irrespective of operating conditions. 

In addition to a study of jacket temperature 
effects over a wide range, tests have been made to 
determine the influence of different degrees of inlet 
air heating ; of variation:in throttle opening ; of 
variation in the ignition plug gap and reach; and 
of alteration to ignition advance. The effect of 
such changes of humidity as are likely to be met in 
practice has also been investigated. 

Much of the work has only been possible because 
of the extreme sensitivity of the testing unit used 
which consisted of an Armstrong Whitworth spirit 
testing plant* fitted with a bouncing-pin indicator 
and a special instrument for rapidly determining the 
correct fuel feed, and, if desired, the anti-knock value. 

Apparatus Used.—The Armstrong plant was 
modified as follows:—The cooling system was 
re-arranged so that coolant entered by the usual 
inlet at the bottom of the cylinder jacket and passed 
through holes in the head joint to the head, and 
thence to the outlet connection. Four small vent 
holes were drilled at the four corners of the machined 





face of the head to clear vapour locks from the 
| cored pockets in the jacket casting, and one large 
| hole was made, between the exhaust and inlet 
_valve ports, past the ignition plug boss. 

| Circulation was maintained by means of a gear 
pump delivering about 500 gallons per hour. The 
‘outlet pipe was led to a vertical open-ended pipe 


| containing a helical pipe through which a regulated 
| flow of water could be passed, and the circulating 


rating as expressed in terms of the equivalent blend | pump drew its supply from the lower end of the 


of pro-knock and anti-knock standards, especially 
when straight-run spirits were under test. Even 
when results from widely different engines were 
compared, there was rarely a difference greater 
than the normal experimental error of an H.U.C.R. 
or an audibility test, provided that the operating 
technique was similar in each case. 

Slight differences between engines of different 
design were noticed by the authors when testing 
spirits from liquid phase cracking, but these, 
although just outside the normal experimental 
error, were not sufficiently serious to be given more 
than a passing notice.* Differences were reported by 
Ricardo between tests made on a variable compres- 
sion engine and a supercharging enginef. Later, 
as the range of materials examined was extended, 
more important deviations became apparent and 
demanded analysis. 

A valuable contribution to the literature dealing 
with fuel testing problems was made last year by 
Bartholomew{ (Ethyl Gasoline Corporation), who 
arranged a series of tests with cylinder jacket 
temperatures varying from 212 deg. F. to 400 deg. F. 
Blends of benzole and aviation gasoline were com- 
pared with aviation gasoline doped with ethyl 
fluid, and it was shown that considerably less ethyl 
fluid was needed to make a blend to match a given 
benzole blend at high jacket temperatures than at 
low. The data regarding the tests did not, however, 





*“ Standardisation of Conditions for Measuring ‘the 
Detonation Characteristics of Motor Fuels.” Stansfield 
and Thole. Industrial and Engineering Chemistry, 1929. 
Analytical Edition, vol. i, April 15, 

t+“ Report of the Empire Motor Fuels Committee.” 
Ricardo. Proceedings of Institution. of Automobile 
Engineers, vol, xviii, Part I. 

t‘“ Progress in Knock Testing.” Bartholomew. 
National Petroleum News, 1929, vol. xxi. October 16, 
page 42, 


open pipe which was heavily lagged. Ethylene 
glycol (Prestone) was used as the cooling medium 
for the high temperature tests, and a maximum 
temperature of about 360 deg. F. could be reached 
with the apparatus so arranged. Lower tempera- 
tures were obtained by adjusting a flow of water 
through the helical cooling coil, and below about 
200 deg. F. water was used as the coolant. The 
direction and speed of circulation through the 
engine ensured that the parts most likely to become 
overheated should be thoroughly scoured at a high 
velocity—an essential precaution with some fuels 
to avoid steady auto-ignition at normal speeds. 
This system has since been modified so that it can 
be used either for liquid or evaporative cooling at 
any temperature, evaporative cooling being essential 
for ease of manipulation when testing by the 
throttling method, although it is desirable to cool 
without evaporation when possible, on account of 
the reduced risk of formation of local hot spots. 

A heavily damped milliammeter reading to 200 
milliamperes was connected in the bouncing-pin 
circuit, the period of swing being about 5 seconds. 
This instrument gives a slightly fluctuating reading 
which can easily be averaged by observation and 
which is sufficiently free from damping to show 
instantaneously the effect on pinking of the least 
change of air-fuel ratio. Owing to the fact that the 
ammeter pointer fluctuates readily it is possible to 
detect immediately the presence of a fragrant of dirt 
under the bouncing-pin, or any tendency to erratic 
running caused by gumming of valves or piston 
rings. Dirt under the pin leads to sudden kicks of 
the pointer, while valve or piston-ring trouble is 
indicated by surging of the mean reading. 








* See ENGINEERING, vol. cxxix, page 44 (1930). 
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use. The first depends on audibility, the operator 
selecting a definite standard of pinking intensity, 
and measuring the difference between the compres- 
sion ratio at which this occurs, and the compression 
ratio for the same degree of pinking when a standard 
reference fuel is examined. The second method 
depends on the use of the bouncing-pin indicator 
and the damped ammeter, and gives a much greater 
accuracy without a large increase in the time taken 
for a test. The compression ratio is adjusted so 
that the ammeter reading is 80 milliamperes on 
the sample under test, and is then readjusted to 
give the same reading on a standard reference fuel. 
The difference between these ratios indicates the 
anti-knock value of the sample and may be con- 
verted to the equivalent blend of pro-knock and 
anti-knock standards by means of a predetermined 
calibration curve. The slope of this curve is found 
to alter slightly from time to time due to slight 
alterations of adjustment of the bouncing-pin 
indicator, and it is therefore usual to make a 
check test of a known blend of standards at 
frequent intervals. When the deviation becomes 
too large to be allowed for by small alterations to the 
calibration curve the indicator is re-set to standard 
conditions. This method gives results which do 
not differ on repeat tests by more than + 1 per cent. 
benzene in Persian spirit from the third method 
described below, and has the advantage of much 
greater rapidity of test, one operator being able to 
handle from twenty to thirty samples per day. 

The third method, used for the most delicate 
determinations, depends on the combined use of 
the ammeter and the electrolytic cell coupled in 
series in the bouncing-pin indicator circuit. The 
engine is run on the sample under test and the com- 
pression ratio adjusted to give 80 milliamperes to 
90 milliamperes deflection of the ammeter, the 
fuel feed being set for maximum pinking (as indi- 
cated by maximum ammeter swing) at this ratio. 
The required compression ratio indicates the 
approximate blend of reference fuels, (one pre- 
knock and one anti-knock in character) to match 
the sample in anti-knock value. This blend is 
made up and also a second blend containing 5 per 
cent. more of the anti-knock standard. These 
blends are put into the remaining flow-meters and 
the engine is run on each of the three fuels in turn 
to determine the fuel feeds for maximum pinking, 
as measured by ammeter swing. The electrolytic 
cell is then used to measure the pinking intensity 
of each spirit in terms of the amount of gas collected 
per minute. Since the two reference blends differ 
by 5 per cent. of anti-knock (for example, benzene), 
a simple calculation gives the value of the sample ; 
thus, if the gas collected from the reference blends 
differs by 0-40 c.c. and the sample gives 0-10 c.c. 
less than the lower standard blend, then its value 
is 0-10/0-40 of 5 per cent. benzene = 1-25 per cent. 
benzene better than the lower blend. Since the 
relation between the amount of gas evolved and 
the benzene content is not strictly linear, it is usually 
arranged that the value of one of the reference 
blends is as nearly as possible that of the sample, 
the second method, described above, being used 
for the approximate evaluation. It is rarely found 
that the error in selecting a reference blend is more 
than 1 per cent. benzene, and the difference between 
repeat tests by the third method is usually within 
+: 4 per cent. benzene in Persian spirit. Certain 
fuels give more erratic results, and the required 
accuracy is then obtained by increasing the number 
of series of readings from two or three up to ten in 
extreme cases. 

An average fuel can be tested by this method in 
about half an hour, and one with erratic tendencies 
may take up to three times as long. 

_Engine and Auxiliary Adjustments.—The bouncing 
pin indicator contacts are adjusted as follows :— 

The gap between the contacts is set to about 
40/1,000 in. with the instrument away from the 
engine. The indicator is then assembled and the 
lower leaf spring contact is set, first just to touch the 
top of the bouncing-pin, and then the platform 
carrying the contacts is screwed down a quarter turn 
to maintain a steadying pressure (one turn with a 
%:1 ratio head). 





Methods of Test.—Three methods of test are in 
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on benzole, and the gap between the contacts is 
adjusted, by means of the screw holding the spring 
loaded gap adjusting plunger, until feeble puffs of 
gas are liberated in the electrolytic cell almost 
every cycle. The ratio is then reduced and the 
engine run on a spirit giving about 80 milliamperes 
ammeter deflection at a compression ratio of about 
6-5: 1. 

The gap-adjusting plunger is then raised again 
leaving the upper contact free. If the free gap 
between the leaf springs carrying the contacts has 
been correctly set, the current falls to about 20 
milliamperes, with occasional violent kicks. 

If necessary, a readjustment of the setting of the 
leaf spring is made to obtain these values. (The 
leaf spring adjustment described is only necessary 
with a new instrument, or in cases where the springs 
have been accidentally strained). The sequence 
is then repeated to re-set the gap at the maximum 
ratio on benzole and the instrument is ready for 
use. 

Apart from occasional cleaning of the contacts 
and checking of the gap at maximum ratio, no 
attention is required other than to keep the 
diaphragm face free from dirt. Twenty cubic 
centimetres of kerosine is introduced above the 
diagram for cooling purposes, and with this pre- 
caution diaphragms (14}/1,000 in. thick) last from 
400 hours to 1,000 hours without fracture. 

The position of the indicator in the variable 
compression plug makes the instrument sensitive 
throughout the range of ratios available without 
readjustment. The difference in gap required to 
give occasional puffs of gas on non-pinking material, 
is only about 10 per cent. from maximum to mini- 
mum compression ratio and it is not necessary to 
correct for this difference. 

The method of setting and using the bouncing- 
pin has been described in detail, because, as far as 
the authors are aware, a precise statement of a 
means of adjustment has not previously been 
generally available. 

A limited control over sensitivity may be obtained 
by suitable selection and adjustment of the small 
helical spring controlling the gap-adjusting plunger. 
If this spring is made stiffer, or if the initial loading 
is increased, the sensitivity is reduced. If the 
loading is decreased the sensitivity increases up 
to the point where the leaf spring forces the plunger 
from its seat. When this occurs, the instrument 
fails to function properly. 

It is of interest to note that with the Armstrong 
engine the difference between the rating of a fuel 
by audibility and by the bouncing-pin is well 
within the limits of experimental error of the 
audibility method, provided that the intensity of 
pinking selected for the latter method is “ con- 
tinuous moderate.” This occurs slightly beyond 
the ratio required for maximum power output. 
Lighter pinking intensities are suitable only for 
audibility tests and if the engine is housed away 
from the noise of other plant. 

Unless otherwise stated. the tests described were 
all carried out with an ignition advance of 12 deg. 
measured statically, or 11 deg. measured with a 
neon tube protractor, the engine speed being main- 
tained at 750 r.p.m. The engine is very insensitive 
to speed changes as regards audibility tests, but 
for bouncing-pin tests it is necessary to control to 
+2r.p.m. to avoid change of gas collection with 
change of speed. 

Certain fuels with pre-igniting tendencies, 
usually anti-knock in character, develop pre-igni- 
tions at an engine speed of 1,200 r.p.m., especially 
with high jacket temperatures, and a change of 
speed of this order gives a useful indication as to 
whether the knock produced is pinking or local 
pre-ignition. The differeace between these effects 
is referred to later. 

The use of a 12 deg. ignition advance, which is 
over-advanced for maximum power output, was 
first adopted because pinking on the average 
automobile engine occurs only at low speeds on full 
throttle, in which circumstances the ignition is 
usually over-advanced, and also because the over- 
advance considerably increased the range of the 
engine as a fuel testing unit. Since it appeared 





The compression ratio is then | 
adjusted to the maximum with the engine running’ results with a few fuels, tests were made to compare ' ignition at high ratios and the other free from this 


later that the 12 deg. setting might lead to erroneous | 


the effect of change of spark advance on the 
Armstrong engine with change of advance on an 
engine of similar dimensions, but much less sensitive 
as regards the effect of ignition on power output. 
The fuels used for these tests were similar to “L” 
Table I, page 470, and of a type profoundly affected 
by ignition setting. One of the engines ran with 
maximum power output with a 32 deg. advance 
(static), and the Armstrong with a 6 deg. advance 
for the same conditions. It was found that the 
anti-knock ratings given by the two engines were 
different at these settings, but that they agreed 
when the Armstrong engine advance was adjusted 
to 12 deg. Working from these static values (12 deg. 
and 32 deg. respectively), equal changes of ignition 
setting in either direction made equal differences 
to anti-knock rating. These and similar tests on 
less sensitive fuels justified the standardisation of 
12 deg. as the correct advance for the Armstrong 
engine for spirit testing for results typical of the 
usual type of combustion chamber. 

The ignition contact breaker is mounted directly 
on the crankshaft and is held free from whip by a 
ball bearing. There is, therefore, no chance of 
ignition advance wandering due to backlash of the 
driving mechanism. A Delco-Remy coil is used in 
conjunction with a contact breaker operated by a 
cam, circular in profile with a flatted portion for the 
break. The spark tested by neon tube is usually 
perfectly steady. In the rare cases where the neon 
tube has shown a blurred flywheel graduation, a 
cure has been effected by the use of a small external 
gap at the spark plug. 

The inlet system from the choke tube to the 
cylinder may have an important effect on rating. 
The majority of straight-run spirits and blends 
with benzole and similar substances are unaffected 
as regards anti-knock rating by roughness of the 
ports or the presence near the jet of slight projec- 
tions, but with some fuels a rough inlet system 
leads to deposition, and the fuel may be rated lower 
than its true value. In an extreme case the differ- 
ence amounted to 6 per cent. benzene in Persian 
spirit when measured in an engine having an inlet 
branch with local projections and rough metal, 
and in a similar engine with polished ports and no 
projections. 

A modern car engine with hot spot and some 
jacket heating is unlikely to show this effect. 

A moderate degree of inlet air heating (120 deg. F.) 
is standardised for normal tests, and reduces ten- 
dency to deposition and over-cooling beyond the 
choke tube, but no practicable degree of air heating 
is sufficient to secure consistent results with abnor- 
mal spirits unless the ports are well finished. 

Apart from variations due to inlet system defects, 
it is found that some hydrocarbons, particularly 
heptane blends, are liable to be affected in rating 
if no inlet heat is used. It is debatable whether 
inlet heating is permissible when aviation fuels 
are under test, since aero-engines are designed to 
take in the charge at the lowest possible temperature 
in the interests of volumetric efficiency. It should, 
however, be remembered that the running conditions 
of these engines are such that there is a much greater 
heating of the charge before the inlet valve closes 
than is the case with slow speed fuel testing engines. 
It is, therefore, reasonable to apply a limited amount 
of air heating even for aviation fuel test purposes. 
Effect of Engine Design.—During the last two 
years, results from twenty-four different engines 
have been compared. The majority of these have 
been of the Armstrong type, but data have also 
been available from designs in which the entire 
cylinder is raised or low red to alter the compression 
ratio. It has been known for some time that 
different engines give widely different H.U.C.R. 
values for a given fuel, and that there is no direct 
relation between results from one design and another 
in this respect. A general comparison between 
different engines is obtained if the rise of H.U.C.R. 
from a standard reference fuel to that under test 
is given. Such values are, however, only in broad 
agreement, and the best that can be said of them 
is that they show less deviation than either absolute 
H.U.C.R. values or the ratio of the H.U.C.R. of 
the reference fuel and the sample. Two engines of 
different design such that one is liable to pre- 
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effect may rate a given spirit higher in one case and 
lower in the other than a reference fuel. The devia- 
tion is not usually so great as to be noticeable under 
road conditions, but it is well beyond the limits of 
experimental error of H.U.C.R. or audibility test 
in the laboratory. This type of difference may be 
observed when there is no trace of pre-ignition. 

It has also been noticed that two engines of 
apparently identical design may give different 
H.U.C.R. values on the same fuel, and that the 
curve correlating change of H.U.C.R. over a range 
of blends of standards is not necessarily the same 
in each case. In one engine a cast-iron piston was 
substituted for one of aluminium, and the H.U.C.R. 
increased by 0-3 ratio for the reference standard 
fuel (a straight-run spirit). An alteration of the 
thickness of the cylinder head of an L-head engine 
from 0-4 in. to 0-7 in. made a marked reduction 
to the rate of change of compression ratio with 
increase of benzene content in the blends tested, 
in addition to giving a definite improvement as 
regards ease of making audibility tests. The 
thicker metal was also effective in preventing local 
overheating, and thus reduced the risk of pre- 
ignition from hot spots. 

These phenomena have led the authors to abandon 
any attempt to express audibility test values in 
terms of compression ratio or change of compression 


TABLE I. 
Fuel A. ; 50 per cent. pure benzene, 50 per cent. S.P.S. 
--| 18-2 per cent. aromatic extract, 39-5 per cent. pure 
| benzene, 42-3 per cent. S.P.S. 
-| 16-+7 per cent. natural gas gasoline, 44-5 per cent. 
| pure benzene, 38-8 per cent. S.P.S. 
| 22-4 per cent. liquid phase cracked spirit from 
various sources, 44:2 per cent. pure benzene, 
33-4 per cent. S.P.S. 
so uu wat BES oy cent. unrefined vapour phase cracked 





eo . 38 per cent. pure benzene, 37-2 per cent. 
a aa 23-3 per cent. power methylated spirit (about 


95 per cent. ethyl alcohol), 3-8 per cent. amyl 
alcohol, 72-9 per cent. 8.P.S. 
25-3 per cent. pure benzene, 74-7 per cent. S.P.S., 
with 2 c.c. ethyl fluid per litre (48 per cent. lead). 


» H ..| 34-5 per cent. solvent naphtha, 65-5 per cent. 

Persian aviation spirit. 
J ..| +73 per cent. pure benzene, 27 per cent. n-heptane 

(untreated). 

oe ik a with the addition of 4 c.c. ethyl fluid per 

tre. 

» LL ..| 40 per cent, vapour phase cracked spirit (un- 
refined), 60 per cent. S.P.S. 

» M_..| 80 per cent. aromatic extract, 70 per cent. S.P.S. 
» N_ ..| 7 per cent. power methylated spirit, 3 per cent. 
amy] alcohol, 90 per cent. S.P.S. 
| ee — with the addition of 2 c.c. ethyl fluid per 

re. 


56 per cent. pure benzene, 44 per cent. n-heptane. 
40 per cent. liquid phase cracked spirit, 60 per cent. 
8.P.S. 


P 

Q 

R_..| 64 percent. pure benzene, 36 per cent. n-heptane. 
» S ..| 20 per cent. toluene, 80 per cent. S.P.S. 

T 19 per cent. xylene, 81 per cent. S.P.S. 

U 15 per cent. solvent naphtha, 85 per cent. Persian 

Aviation. 
if 30 per cent. natural gasoline, 70 per cent. S.P.S. 








Notr.—“ 8.P.S.” indicates ‘ Special Petroleum Spirit” and 
refers to a special cut from Persian crude having a sufficiently 
low anti-knock value for most test purposes. It is suitable only 
as a sub-standard since its value is not low enough for the entire 
range of materials which have to be examined. 

All blends are by volume, the various components being 
measured separately and then bulked to eliminate errors due to 
change of volume after mixing. 








ratio. Each engine in use is calibrated by its opera- 
tor in terms of change of ratio for a given pinking 
intensity from the pro-knock standard up to the 
maximum benzene blend which can be used. This 
calibration enables the change of ratio from the 
pro-knock standard to an unknown sample to be 
converted to the equivalent blend of pro-knock 
standard and benzene and thus, although the 
characteristics of different engines may differ 
slightly, the results agree within limits of about 
+ 2 per cent. benzene irrespective of the engine 
or operator. 

Since there is still a demand for values expressed 
in terms of compression ratios an arbitrary curve 
connecting change of H.U.C.R. with percentage of 
benzene in pro-knock standard has been drawn, 
based on the mean of a large number of tests on 
several engines of different types, and when necessary 
the test results are converted to compression ratio 
change in terms of this curve. 

With regard to bouncing-pin operation it is 
found that this instrument is only suitable for 
small cylinders, and then only if the design is 
such that there is no risk of pre-ignition with 
heavy continuous pinking. The situation of the 
diaphragm is of some importance and the instru- 
ment must be quite free from vertical vibrations. 





Mention has frequently been made recently of 
the fact that there is sometimes an appreciable 
time lag before pinking becomes steady after a 
change from one fuel to another. Ethyl fluid, 
heptane, and hexane blends all show this effect, 
and the degree depends on the fuel against which 
they are being matched, on the condition of the 
combustion chamber, and on the design of the 
carburettor system between the change-over valves 
and the jet. A clean engine or a very dirty one 
requires a longer time for steady conditions to be 
reached than one which has run for say four or five 
hours after cleaning. A high degree of turbulence 
appears to reduce the time lag to some extent, but 
unless this can be obtained without introducing 
roughness or unduly decreasing the working range 
of the engine it is objectionable. When fuels which 
show this time lag are being tested it is necessary to 
make several repeat tests, keeping the time of run 
on each blend as nearly constant as possible, and 
rejecting all results until steady repeats are obtained. 

Table I gives details of the composition of various 
fuels used during the examination of engine variables 
described later. It will be realised that an exhaus- 
tive research is practically impossible for any one 
laboratory, and that parallel work is needed on a very 
much wider range of material and on as large a 
number of different designs of engine as possible. 

In addition to tests of the fuels given in Table I, 
audibility tests were made of benzene-Persian spirit 
blends up to 60 per cent. benzene and of ethyl 
fluid in Persian spirit up to 5 c.c. per litre. 

(To be continued.) 








NOTE. 
THE PREVENTION OF THAMES FLOODS. 


Amone the proposals, which have been made 
for the prevention of the serious flooding, which 
occurred in London during the early part of 1928, 
was an extensive scheme, which included the 
canalisation of the Thames between Weybridge 
and Teddington, and the straightening and enlarging 
of its tributary the Wey. As will be seen by reference 
to page 113 of our issue of July 25, last, considerable 
opposition was raised to this on the grounds that 
it would damage the amenities of the waterway 
and would be excessively costly. Nevertheless, the 
Ministry of Health have approved the idea. Having 
regard to the interdependence of the two portions, 
moreover, work will be begun on both at an early 
date and construction will proceed simultaneously 
and with the closest co-ordination. It may be 
recalled that the Thames part of the project includes 
a new auxiliary channel for short-circuiting the 
bends at Halliford, the enlargement of the flood 
arch span at Walton Bridge, the widening and 
deepening of the channel from the latter to the 
tumbling bay, as well as the straightening of Walton 
backwater and the enlarging of this and the weir. 
Widening and deepening work will also be carried 
out between Sunbury and Molesey weirs and in 
Teddington Reach, while Molesey backwater will 
be opened out and the weir enlarged. It is estimated 
that these improvements will cause a lowering of 
the water level of from 1 ft. to 3 ft. between Shepper- 
ton and Teddington. The work on the Wey will 
include the deepening and widening of the channel, 
the straightening of the course, the making of 
new cuts to link up bends and the provision of 
larger or additional weirs. The first section to 
be dealt with will be that between Weybridge 
and Godalming, and work on the various 
tributaries will then be proceeded with. It is 
anticipated that in this way the capacity of the 
river will be doubled and the liability to flooding, 
particularly at Guildford and Old Woking, removed 
or reduced. It is stated that the works will take 
about three years to complete, and will find employ- 
ment for some hundreds of men. The cost of the 
Thames scheme is estimated to be 300,000/. and 
of the Wey scheme 240,000/., and in both cases the 
Unemployment Grants Committee are bearing the 
largest proportion of the annual charges. 








THE PiccapILLy TuBE Ratmway.—The contract for 
the first section of the extension of the Piccadilly Tube 
Railway, from Hammersmith to Northfields, has been 
let to Messrs. Balfour Beatty and Company, Limited, 
66, Queen-street, E.C.4. 





ROUMANIAN TRADE AND 
TRANSPORT. 


At the conclusion of the European War many of the 
countries participating in the conflict found them- 
selves confronted with economic problems of an unpre- 
cedented nature. Their position to-day is dependent 
on how far-seeing they were in framing schemes for 
a return to stability and the ultimate re-establishment 
of their currency. Many countries allowed conditions 
to drift until they became critical, with consequent 
losses of capital and an uncertainty about future 
conditions which reduced international trade to a 
minimum. In some cases the growth of unemployment 
became a menace to the continuance of well-established 
and well-founded systems of government. Under such 
circumstances the winning back of confidence, the 
re-establishment of peace time activities and the ensur- 
ance of satisfactory livelihoods for the people became 
more and more difficult as time has goneon. Roumania 
affords an example of tardy recognition of the needs for 
stabilisation, for it was not until the beginning of the 
year 1929 that the lei, which had a pre-war value of 
25-22 lei to the pound sterling, was stabilised at 
813-59 lei to the pound. 

In every case of a return to a gold standard after a 
period of monetary instability some time has had to 
elapse before fluctuations in the selling and buying 
prices of goods could be reduced to a minimum. 
Roumania has had the usual experience of this, but 
certain early benefits followed stabilisation. One of the 
first indications of the return to a proper footing was 
the ability to prepare a definite budget, and within 
a reasonable degree of accuracy to measure the inci- 
dence of taxation. 

In Roumania, according to a report prepared for the 
Department of Overseas Trade by Mr. R. J. E. Hum- 
phreys, at the time of the reinstitution of the gold 
standard there was a budget deficit for the year of 
nearly 5,000,000 lei, and advances had to be obtained 
from the National Bank to meet pressing needs. The 
State railways had a large deficit, amounting to several 
millions, but the accountancy system was such that it 
made any attempt to arrive at a just estimate of the 
position a matter of extreme difficulty if, indeed, it was 
actually possible. 

It was finally necessary to engage a foreign chartered 
accountant to advise the railway administration on the 
means to be taken, eventually to bring order out of the 
chaos into which their financial statements had fallen. 
One of the earliest actions of the Government, after 
stabilisation, was to attempt the restoration of con- 
fidence abroad by the modification of existing laws 
and the reduction of import duties on manufactured 
articles, so diminishing the cost of living. In spite of 
these actions the response of foreign capital has not 
been so great or so quick as was anticipated. 

For the first seven months of 1929 the economic 
situation of the country was fraught with difficulty ; 
taxation was increased, bank changes were raised, 
and there was an enormous amount of trouble over 
protected bills and bankruptcies. Fortunately, by 
the end of November it was possible to record the 
winning of record harvests and for a reduction of the 
bank rate to be made. The position would have been 
much better but for the abundant harvests in other 
countries. The adverse balance of trade was, however, 
greatly reduced, from 5,250,000,000 lei, in fact, in 1928 
to 980,000,000 lei in 1929. The railway debts were wiped 
out by a stabilisation loan, and for the first time for 
many years, receipts almost balanced the expenditure. 
Further improvement seems now to be in sight, but 
lack of capital is the cause of continued restriction of 
production. 

Under such conditions the re-building of international 
trade has presented many difficulties, and it is therefore 
a matter for congratulation that the British position in 
the trade of Roumania has been so well maintained. 
The imports from Great Britain and Northern Ireland 
were 2,681,780/. in 1927, rose to 2,989,3171. in 1928 and 
fell in 1929 to 2,321,2911. The trade balance was in 
favour of the Home country in 1927 and 1928, but the 
position was completely changed in the last year for 
which complete statistics are available. There has been 
manifested recently a revival in the sales of British 
agricultural machinery, while the market for internal 
combustion engines and general machinery has 
improved. Of other engineering material, rolled sections 
required for constructional work, nails and wire goods 
are produced in the country ; tools generally are pro- 
vided by Germany, but French manufacturers have 
entered the markets with some measure of success. 
Good business in this field might be done by Great 
Britain in hammers, drills and shears for the local metal 
industries. Cutlery generally comes from Germany, but 
Great Britain supplied pocket knives and razors. Belting 
is another field in which trade was done by British 
manufacturers. ; 

The railways of Roumania have figured largely in 
the new legislation of recent administrations, which 
have alternately extended and reduced the degree of 
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their autonomy. Many measures have now been 
brought into force to reduce the expenditure and 
increase the revenue of the railways. It is estimated 
that no less a sum than 50,000,000/. would be required 
to cover the cost of new construction and recon- 
ditioning, necessary to meet the present economic 
needs of the country. In August, 1929, 100 locomotives 
were ordered from the Allgemeine Elektricitits Gesell- 
schaft, the first payment for which was advanced by 
the State; other payments are to be spread over the 
years 1931 to 1935. British shipping at the port of 
Galatz showed some improvement during the year, but 
port restrictions hampered any great extension of 
activities. The site and warehouse accommodation 
are quite inadequate, and the depth of water in the 
dock is frequently several feet below that of the 
navigable channel in the river. At Constantza, two 
new warehouses have been erected and a third is 
under construction. Electric cranes have also been 
installed and pipe lines for oil have been brought into 
operation. At Sulina, the depth of water on the bar 
continues to fluctuate, and, until the construction of 
the North Pier is completed and a depth of 24 ft. to 
25 ft. assured, the trade at this port must remain 
small. Owing to lack of funds, the work on the pier 
was entirely suspended during 1929. 








BUILT-UP HYDRAULIC BENDING- 
PRESS. 


THE naval architect and the shipbuilder, since the 
days when Naysmith produced the steam hammer, 
to forge a marine crankshaft beyond the power of ex- 
isting tools, have never had to complain that progress 
in ship design and construction was hampered by the 
failure of the engineer to keep pace with it. A recent 
case in point lies in the development of naval construc- 
tion in Germany, where the latest cruiser designs embody 
the use of plating for structures previously made in 
cast steel. Messrs. Deutsche Werke Kiel, desiring a 
large bending press for the purposes just referred to, 
approached Messrs. Hydraulik G.m.b.H., 72 Miil- 
heimerstr., Duisburg, as to the practicability of making 
one of structural steel, and the latter firm has accord- 
ingly just completed the fine machine illustrated 
in Figs. 1 to 3, on this page and on page 464, which 
is now probably the largest hydraulic bending press 
extant. The press can exert a load of 1,000 tons, 
which figure was actually reached on test, though it 
normally operates at either 400 tons or 800 tons, 
according to the material being handled. 

As will be seen from Fig. 1, the main frame of the 
press consists of two deep members composed of steel 
plates riveted up in box section. They are connected 
at the back by what is virtually a large hinge, and held 
together at the middle by two cast-steel tubular ties, 
one on each side, which ties are utilised, incidentally, 
to carry a pair of cantilever work-handling cranes. 
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of the top member, while that of the bottom member 
is extended to carry the work table. The table is 
9 ft. 10} in. in width by 13 ft. 1§ in. long, and is placed 
lengthways in the gap, which is 7 ft. 2? in. deep from 
the centre of the rams. The maximum distance 
between the tables is about 5 ft. 11 in. The upper 
table is smaller than the lower one, and is attached to 
three rams, as shown in Fig. 2. The centre one is 
the pressure ram, and is directly coupled to the table. 
The two smaller rams, i.e., one at each side, are con- 
nected to the table through stirrups, and are used to lift 
it on its return stroke. The apparatus at the right hand 
of Fig. 2 is an hydraulic intensifier, which provides 
the pressure of 2,840 lb. per square inch necessary to 
give the higher working load of 800 tons. For the 
400-ton load, a pressure of 1,420 lb. per square inch 
is used, this power being employed for preliminary 
bending. The pressure is, of course, only put on when 
the top table is in contact with the work, the weight 
of the table and rams, plus the pressure of the filling 
water, causing the downward stroke. The filling water 
is derived from the air chamber, seen near the intensifier, 
and its pressure is just over 85 lb. per square inch. 
The hydraulic gear has an ample margin of strength, 
as a pressure of 3,550 lb. per square inch was used 
when applying the test load of 1,000 tons. 

The cranes, as will be readily seen in both Figs. 1 and 
2, have jibs of fixed height carrying electrically- 
operated crabs, the lifting gear being controlled from 
the floor and traversed by hand. The jibs are slewed by 
hand, and can turn through nearly a complete circle. 
The lifting capacity of each crane is 5 tons, and the 
radius 26 ft. 3 in. The space between the tie columns 
and the pin joint at the back of the frame is covered 
in with expanded metal, and is used as a small store 
cupboard, 
It is stated that the new method of construction 
employed in this press has proved more economical 
than the adoption of steel castings, which have hitherto 
been generally used. This is not surprising when the 
cost of making patterns for so large a structure is taken 
into consideration. Apart from this, there would 
appear to be an actual saving in material, and there is 
certainly, as the makers state, a possibility of more 
accurate design as regards stress distribution. With 
a casting of this kind, foundry limitations impose a 
particular arrangement of thicknesses, and so forth, 
apart from stresses, and the calculations of these 
latter have, further, to embody allowances for displaced 
cores, cooling stresses, pipes, blisters, &c., with the 
result that relatively low safe loads have to be assumed. 
With the built-up structure, the full tensile strength of 
the material can be counted upon and the outline of 








type of loading was also employed when the machine 
was undergoing test. 

In order to make the frame rigid, that is, to take up 
any slack, the side tie-columns are subjected to initial 
tension. They are, as may be seen in Figs. 1 and 2, 
rigidly bolted to the frames, the bolts being fitted and 
having castellated nuts. The upper and lower halves 
are, moreover, firmly bolted together. When erection 
was completed, the press was subjected to an overload, 
which stretched the tie-columns, and opened a gap at 
the front of the frame between its two halves. This 
gap was filled by a packing strip, and the load then 
released. The pin at the back joint is, therefore, firmly 
compressed and there is no movement when the load 
is put on. Great care was taken in construction. The 
riveting was done hydraulically, and in a manner 
comparable to that adopted in first-class boiler making. 
The lower part of the main frame is shown loaded for 
transit on a special wagon in Fig. 3. This figure gives 
at once a good idea of the scale of the press, and of 
the quality of the workmanship. In this latter con- 
nection, the makers inform us that it would not have 
been possible to make a satisfactory job of the work, 
had it not been carried out in the shops of Messrs. 
Demag, Duisburg, in which suitable heavy machinery 
for manufacture is installed. 








LAUNCHES AND TRIAL TRIPS. 


“ CaAPELLA.”—Twin-screw motorship ; two sets eight- 
cylinder trunk-type Diesel engines. Trial trip, Septem- 
ber 8. Main dimensions: length, overall, 491 ft. ; 
breadth, 64 ft.; depth, 37 ft. Built by Messrs. Eriks- 
bolag Verkstad, Gothenburg, for Messrs. Trelleborgs 
Angfartygs Nyn Aktiebolag, Sweden. 


** MaBaHIss.”’—Single-screw ; triple-expansion engines 
Launched, September 11. Length, 148 ft.; breadth, 
234 ft. Built and engined by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Newcastle-on-Tyne, for 
the Coastguards and Fisheries*Service of the Egyptian 
Government. 

*““JoHn P. PEpERSEN.’’—Single-screw tank motor- 
ship; six-cylinder single-acting two-stroke Wallsend- 
Sulzer engine. Trial trip, September 11. Length, 
432 ft. ; breadth, 58} ft.; depth, moulded, 31} ft. Built 
by Messrs. Swan, Hunter and Wigham Richardson, Li- 
mited, for Messrs, Helmer Staubo and Company, Oslo. 
Engined by the Wallsend Slipway and Engineering 
Company, Limited. 

* TANIMBAR.”’—Single-screw motorship for cargo and 
pilgrim traffic; eight cylinder, two cycle, single-acting 
Sulzer engine. Trial trip, September 17. Main dimen- 
sions: length, 465 ft.; breadth, moulded, 62 ft. ; depth, 
moulded, 36 ft. 3in. Built by the Caledon Shipbuilding 
and Engineering Company, Dundee, for the Stoomvaart 
Maatschappij ‘‘ Nederland,” Amsterdam, 

‘“* HARPALYCE.”’—Single-screw cargo steamer; triple- 
expansion engine. Trial trip, September 17, Main 
dimensions: length, overall, 409 ft.; breadth, 54 ft. 
3in.; depth, 27 ft. 2in. Built and engined by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields, for Messrs. J. and C. Harrison, Limited, London. 

“* SILVERSANDAL.”’—Twin-screw motor cargo ship ; 
two sets of six-cylinder single-acting Harland-B. and W. 
type Diesel engines. Trial trip, September 19. Main 
dimensions: length, 455 ft.; breadth, 61 ft. 9 in.; 
depth, 40 ft. Built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for the Silver Line, Li- 
mited (Messrs, Stanley and John Thompson, Limited, 
Managers). 

** PRINCE ROBERT.”’—Twin-screw passenger and cargo 
steamer; single-reduction geared turbines for a speed 
of over 23 knots. Trial trip, September 19. Main 
dimensions: length, 385 ft.; breadth, 57 ft.; depth, 
20 ft. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for the Canadian National Steam- 
ships, for Pacific Coast service. 

‘* CERINTHUS.”’—Single-screw tank steamer. Triple- 
expansion steam engines. Trial trip, September 20, 
Main dimensions: length, 352 ft.; breadth 48 ft. 9 in. ; 
depth, 25 ft. 6in. Built and engined by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, for the 
Hadley Shipping Company, Limited, London. 

‘* Lorca.””—Single-screw cargo steamer ; triple-expan- 
sion engines. Launched September 22. Main dimen- 
sions: length, 408 ft.; breadth, 53 ft. 9 in.: depth, 
29ft. Built and engined by Messrs. John Readhead and 
Sons, Limited, West Docks, South Shields, for Messrs. 
Frank C. Strick and Company, Limited, London. 

‘* NorFoLp.”’—Single-screw oil-tank steamer; four- 
cylinder, two-cycle Barclay Curle-Doxford opposed- 
piston engine. Launched September 23. Main dimen- 
sions: length, 420 ft.; breadth, 58 ft. 6 in.; depth, 
32 ft. 3 in. Built and engined by Messrs. Barclay, 
Curle and Company, Limited, Clydeholm Shipyard, 
Whiteinch, for Messrs. Johan Rasmussen and Company, 
Norway. 

‘** LEIESTEN.”’—Single screw motor tank ship. Six- 
cylinder, two-stroke, single-acting Armstrong-Sulzer 
Diesel engine. Launched September 22. Main dimen- 
sions: length overall, 408 ft.; breadth, 54 ft. 9 in.; 





the structure can be designed so that the stresses are 
more correctly distributed. The usual curves neces- | 
sary in a cast frame add to the difficulty of calculating | 
the stresses at any desired point in such a frame. In| 
designing the frame, it may be noted that the most | 





The hydraulic cylinders are carried on the free end 





eccentric loading possible was allowed for. This| 


depth moulded, 32 ft. Built by Messrs. Sir W. G. 
Armstrong Whitworth and Company (Shipbuilders), 
Limited, Wallsend, for Messrs. Rafen and Loennechen, 
Tonsberg, Norway. Engined by Messrs. Sir W. G. 
Armstrong Whitworth and Company (Engineers), 
Limited, Scotswood. 
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THE WARSAW HIGH-POWER 
BROADCASTING STATION. 


As is well known, the policy of the British Broad- 
casting Corporation is to erect a number of moderately 
high-powered transmitting stations, arranged geo- 
graphically and according to wave-length, in such a 
way that every listener will have the choice of two 
programmes. To some extent this policy is rendered 
necessary by “ether congestion,” and by the regula- 
tions of the Geneva Convention, which have resulted 
therefrom, but it is also made possible by the exist- 
ence of numerous centres of population on which the 
studios with their staffs and the speakers, orchestras, 
and artistes can be based without difficulty. In some 
other countries, the position, in the latter respect, is 
not so easy. Iceland, for instance, is almost entirely 
without native talent, and special arrangements have, 
therefore, to be made for the re-transmission of pro- 
grammes received from other countries. In Poland, the 
centres of population are few, and to provide a broad- 
casting service it is almost obligatory to employ one 
high-powered station which will cover the whole country. 
In addition, political conditions, of a kind from which we 
are, fortunately, free, make it desirable that what is said 
in Poland shall be not inaudible elsewhere, and shall 
be available to counteract the effects of other announce- 
ments. To meet these requirements, the Polish 
Broadcasting Company recently decided to erect a 
high-powered long-wave station near Warsaw, and com- 
missioned Messrs. Marconi's Wireless Telegraph Com- 
pany, Limited, Marconi House, Strand, London, W.C.2, 
to supply the necessary equipment for this purpose. 

This station, the principal portions of which are 
depicted in the accompanying illustrations, will have 
an aerial input of 158 kw., and will, therefore, be the 
most powerful in Europe. For purposes of comparison, 
it may be mentioned that the aerial input of the 
long-wave station at Daventry is 35 kw., and of the 
Swedish station at Motala 40 kw. It is also interesting 
to record that the input of the first London broad- 
casting station, which was exhibited at the reeent 
Wireless Exhibition at Olympia, was only 0-7 kw. 

The arrangement of the transmitter is as follows :— 
There is, first of all, the drive stage, the apparatus 
comprising which is contained in the cubicle illustrated 
in Fig. 1. This is of the well-known closed oscillatory 
circuit type, and has been designed to ensure a fre- 
quency of high constancy. The temperature of the 
valves forming this circuit is controlled by a thermo- 
stat, which ensures that a variation of 1 deg. C. is not 
exceeded, and in this way the station is kept accurately 
on its allotted wave-length of 1,411 m. Modulation is 
applied in the next stage, where the power level is raised 
to 0-4 kw. The output from this stage is dealt with 
in the third or intermediate-amplifying stage, of which 
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Fig. 4. INTERMEDIATE AMPLIFIER UNIT. 


we give an illustration in Fig. 4. This consists essen- | put circuit is connected through a harmonic atten- 
tially of eight CAM 3 valves connected in push-pull, one | uator to the aerial feeder lines, which run to a feeder 
of the valves in each half of the stage normally being a | house. This house will be placed at the base of the 
spare. The output from this stage is 8 kw., which is | aerial and will contain the aerial transformer and aerial- 
transmitted to the final stage, the latter being also | tuning devices. The aerial itself will be carried on 
arranged in push-pull on each side of a neutralized | two 600-ft. masts placed 750 ft. apart, and will thus be 
oscillating circuit. This stage, which is shown in|the largest in use at any European broadcasting 
Fig. 2, contains eight valves, two being spare, each | station. The transmitter is designed to provide linear 
of which is rated at 100 kw., the filament current | modulation up to 80 per cent., with a straight-line 
being 250 amperes at 32 volts. One of these valves | characteristic throughout a frequency range of 30 to 
is illustrated separately in Fig. 3. The final out | 10,000 cycles. 
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As will be gathered from the illustrations, each unit | 
of the transmitter is completely enclosed, and is 
screened from its neighbours to prevent inter-action. 
Safety devices are provided so that it is impossible to 
open the doors without cutting off the supply, and there 
is a full range of measuring and control instruments, 
so that correct operation is ensured. Owing to the 
large currents involved, copper rod is mainly used for 
the connections, and the valves are water-cooled on 
a closed-circuit system. In the penultimate stage, each 
of the 100-kw. valves is mounted on a carriage, so that, 
in case of failure, it can be withdrawn and replaced 
quickly. In such a case, too, after the filament of 
the spare valve has been switched in, the valve itself 
is brought into action automatically as soon as the 
filament has reached the correct temperature. As 
regards insulation, a special material, known as Micalex, 
is largely used. This is a preparation of mica and 
glass, which has a very small expansion, and undergoes 
hardly any secular change. Its dielectric loss is also 
low. 
An interesting feature of the station is that Brown- | 
Boveri mercury-vapour rectifiers are to be employed, | 
instead of the more usual generators, for supplying the 
necessary direct-current. These rectifiers will be | 
installed in duplicate, and will each have an output of | 
550 kw. at from 8,000 to 16,000 volts. The equipment 
we have described will actually be installed at Rasin, 
some 20 km. from Warsaw, and special land line 
gear of the latest type is also being supplied to connect | 
it with the studios in Warsaw. | 


| 














THE ARTIFICIAL AGEING OF DUR- 
ALUMIN AND SUPER-DURALUMIN.* 


By K. L. Metssner, Dr.-Ing. 


In recent years, some magnesium-containing alumi- | 
nium alloys of the Duralumin type have been worked | 
out which, owing to their magnesium content, can be 
age-hardened at room temperature, though artificial 
ageing can also be applied. It was, therefore, of 
interest to ascertain in what manner the commercial | 
Duralumin alloys in general use are influenced by 
artificial ageing. For the investigation there were 
selected the alloys 681B and 681B1/3 of the composi- 
tion shown in Table I. The research was carried out 








Taste I, 
Alloy. | Copper. | _— | —— | Tron. | Silicon. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
681B.. 2 | 5 | 068 | : ° 
681B1/3 | 4-2 | 0-25 | 0-3 | 0:3 


| 0-5 | 
in two series. In the first, the artificial ageing was 
applied after complete age-hardening at room tem- 
perature, while, in the second, the artificial ageing 
was applied immediately after quenching from about 
510 deg. C. In a third series, a Duralumin sheet which 
was hardened by slight cold-rolling after age-hard- 
ening at room temperature was aged artificially. The 
temperatures of artificial ageing were from 50 deg. to 
200 deg. C., with intervals varying from 5 deg. to 25 deg. 
The artificial ageing was carried out in an electrically 
heated drying oven, by W.C. Heraeus, of Hanau, which 
could be regulated automatically by means of a mercury 
relay. The period of artificial ageing was, in general, 
20 hours and 40 hours; only in one case were shorter 
periods applied. The investigation includes the effect 
of ageing upon the Brinell hardness number, the yield- 
point, the tensile strength, the ratio yield-point : tensile 
strength (abbreviated to os: 0), the elongation, the | 
reduction of area, and the flexibility. With super- | 
Duralumin, as described in the second part of the | 
paper, the effect upon the Erichsen value and the 
corrodibility has also been investigated. The results | 
of the last-mentioned test will be given in a sunt 
paper. 

Part I. Duralumin: First Series.—The results of 
the Brinell test on samples 30 mm. by 30 mm. by 4 mm. 
of Duralumin 681 B, using a ball of 5 mm. diameter, a 
load of 250 kg., and a duration of load of one minute, are 
embodied in Fig. 1, on this page, which shows average 
values of three tests. In this test only, shorter periods 
of artificial ageing were used, in addition to the 20 hours 
and 40 hours ageing periods. The left part of the 
diagram shows the rise of the hardness during five days’ 
ageing at room temperature; the right part illustrates 
the effect of artificial ageing, as a function of ageing 
temperature, at the four different periods used. At 
lower temperatures there may be seen a slight drop in 
the hardness, reaching a minimum between 100 deg. 
and 150 deg. C., according to the period of ageing. 
There follows a rise in hardness, reaching in all cases a 
maximum markedly higher than occurs with samples 











* Paper read before the Institute of Metals, Southamp- 
ton, on Wednesday, September 10, 1930. Abridged. 
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in the age-hardened state at room temperature. Again, 
the maximum hardness is reached at lower tempera- 
tures with prolonged exposure. Thereafter, the hard- 
ness decreases again at still higher temperatures. The 
results are completely in accord with previous results 
obtained by the author and other investigators. 
Fig. 2 shows the results of the tensile tests, 
obtained with sheet samples of Duralumin 681 B1/3, 
of 2 mm. thickness, for the yield-point and the 
tensile strength. Each point represents the average 
value of two samples. Both the yield-point and 
the tensile strength show at first a decrease, 
followed by a remarkable rise in the case of yield- 
int. The maximum reaches much higher values 
than that shown by the alloy after ageing at room 
temperature. The yield-point can be raised from 
about 25 kg. to about 39 kg. per square millimetre 
(15-9 tons to 24-8 tons per square inch). The tensile 
strength, however, does not attain substantially higher 


Fig.7. DURALUMIN 68/8: 
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| after quenching from about 510 deg. C., in order to 
ascertain whether the question of the time at which 
the artificial ageing is carried out does or does not affect 
the results. For the Brinell hardness only 20 hours’ 
ageing was used in this series, as shown by the full line 
in Fig. 5, on this page. For comparison, the curve 
from Fig. 1, giving the results of tests at 20 hours’ 
ageing, is repeated in Fig. 5 as a dotted line. A com- 
parison of the tensile tests of series I and series II 
shows no remarkable difference between the curves 
for the yield-point or for the tensile strength. The 
character of the diagrams is, generally, the same. The 
minima and the maxima occur at about the same 
temperatures in both series. The elongation, too, 
behaves in the same way in the second series. The 
flexibility properties of series II were only inves- 
tigated for ageing periods of 20 hours. No notable 
= was observed between the two series of 
results. 
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values than the original state, as is seen from Fig. 2. 
It follows, therefrom, that the curves of the ratio o,: 
«4, which are not given in the paper, have almost 
the same character as the curves of the yield-point, 
rising from about 60 to 65 per cent. to above 90 per 
cent. The results of the flexibility test* with 681 B 
show that the flexibility is decreased during ageing at 
room temperature. Artificial ageing for periods of 20 
hours and 40 hours has only slight effect until the 
ageing temperature of 100 deg. C. is reached, but a 
steep drop occurs at higher temperatures. Minimum 
values are obtained at 140 deg. and 150 deg. C., 
respectively, t.e., at a little lower temperature than 
that at which the maximum values of the yield-point 
were reached. At still higher temperatures, the flexi- 
bility rises again very steeply, reaching much higher 

values at 200 deg. C. than in the original state. 
Second Series.—In the second series of tests, the 
artificial ageing of samples was carried out immediately 





* Samples of 10 x 100 mm. of 1 mm. thickness were 
bent over a radius of 3 mm. in two opposite directions. 
A flexion of 90 deg. and back to the vertical state is 
reckoned as one flexion. 
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Third Series.—In this series, artificial ageing was 
carried out on samples which had been quenched, 
age-hardened at room temperature, and cold-rolled. 
The results for the tensile properties are embodied 
diagrammatically in Fig. 10, on page 474. It may 
be seen that the lower ageing temperatures—up to 
100 deg. to 125 deg. C., according to the ageing period— 
have the effect of removing partially, by simple 
annealing, the hardening caused by cold-rolling, but 
the minimum values of series I and II are not at all 
attained. The yield-point and the tensile strength 
remain several kilograms per square millimetre higher at 
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100 deg. to 125 deg. C. At the same time, the elonga- 
tion, reduced by cold-rolling to about 16 per cent., 
rises again to a maximum value of about 21 per cent. 
at 125deg.C. It may be concluded, therefore, that by 
ageing cold-rolled Duralumin sheets at about 125 deg. C., 
tensile strengths of about 42 kg. to 44 kg. per square 
millimetre (26-7 tons to 27-9 tons per square inch), 
with an elongation of over 20 per cent. and a yield-point 
of over 30 kg. per square millimetre (19 tons per square 
inch), can be obtained, whilst normally the alloy, in 
the age-hardened state, has a yield-point of about 
25 kg. to 26 kg. per square millimetre (15-9 tons to 
16-5 tons per square inch). It is interesting to note 
that, at the same time that the author carried out his 
work on Duralumin, i.e., during the years 1927 and 1928, 
a similar result had been found by the Aluminium- 
Industrie A.-G., Neuhausen, with a special aluminium 
alloy, also of the Duralumin type, which is known as 
** Aldrey.’’* For this alloy, from which is manufactured 
wire for electric conductors, a process of improving 
the elastic limit and the yield-point is proposed by 
cold-drawing the annealed wire with a reduction of 
0-5 per cent. to 2 per cent. and annealing again at 
50 deg. to 160 deg. C. By the second artificial ageing, 





* See ENGINEERING, vol. cxxviii, page 446, (1929.) 
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the elastic limit and the yield-point are claimed to be | 


further raised, together with the elongation, while the | 
tensile strength remains unaffected. 

The effect of artificial ageing upon Duralumin alloys | 
can be summarised as follows :—After an initial lowering | 
of Brinell hardness, yield-point, and tensile strength at | 
the lower temperatures to about 100 deg. to 125 deg. C. | 
(and still higher for shorter periods, see Fig. 1), there 
occurs a rise at higher temperatures, reaching maximum 
values at about 150 deg. to 170 deg. C. (and still higher 
for shorter periods). The rise is most remarkable for | 
the yield-point, slighter for the Brinell hardness | 
number, and slightest for the tensile strength, the | 
latter attaining only about the original values of the | 
age-hardened state. The elongation, the reduction of | 
area, and the flexibility are unaffected, or even slightly | 
raised, at the lower temperatures, but are considerably 
decreased at temperatures which cause the steep 
increase in yield-point. The hardening effect is, | 
therefore, obtained at the cost of other valuable) 
properties. 

Artificial ageing of cold-rolled, age-hardened material | 
at about 100 deg. to 125 deg. C. causes annealing by | 
removing the hardening effect of cold-rolling; it | 
lowers, however, the yield-point at values lying about | 
20 per cent. to 30 per cent. above those obtained in | 
the age-hardened state, and about 33 per cent. to 53 per | 
cent. above those obtained at the same temperatures | 
for samples which have not been cold-rolled. This | 
special treatment gives material of high yield-point, 
combined with high tensile strength and high elonga- 
tion, which was not to be obtained in any other way. 
At still higher temperatures, the Brinell hardness 
number, yield-point, and tensile strength decrease 
again, only the yield-point remaining higher than in the 
original state. At the same temperatures, flexibility 
rises appreciably, attaining markedly higher values 
than in the original state. On the other hand, the 
elongation and the reduction of area rise only slightly, | 
and do not reach the original values. There is no | 
difference if the artificial ageing is applied either after 
ageing at room temperature or immediately after 
quenching. The character of the curves is almost the 
same in both cases. 

The statement, made repeatedly in all series of 
research on the Brinell hardness number, the yield- | 
point, and the tensile strength, that lower temperatures | 
of ageing cause a softening and that a new hardening is | 
obtained at first by higher temperatures, whilst still | 
higher temperatures cause a softening again, is quite 
in accord with previous results. It is well known that | 
Gayler, who, so far as the author is aware, first observed ; 
this phenomenon, ascribed the first softening to the | 
coalescence of Mg,Si and the second softening to the | 
coalescence of CuAl,. In the same way, the first | 
hardening during ageing at room temperature was | 

claimed to be caused by the precipitation of MgoSi | 
particles, coming out from solid solution in aluminium, | 
and the second hardening on artificial ageing by the | 
precipitation of CuAl,. This explanation seemed, at | 
first sight, a very simple and lucid one. Recently | 
Késter found, with alloys of iron containing simulta- | 
neously carbon and nitrogen or carbon and copper, | 
that two different hardening effects occur in the same 
manner and at the same temperatures as they would | 
if each element were present alone. In these alloys, 
however, the conditions seem to be much clearer and 
much less intricate than with Duralumin, as indicated | 
in the following remarks. 

In recent years, Archer, the author, and later, | 

' Fraenkel, found that the presence of silicon in Duralu- | 
min alloys is not at all necessary for age-hardening at | 
room temperature. The hypothesis that age-hardening | 
at room temperature is only caused by precipitation of | 
Mg, Si can, therefore, no longer be maintained. Accord- | 
ing to the author’s experiments, partly unpublished, | 
the conditions of age-hardening in Duralumin alloys | 
are quite different, according as copper is or is not 
present together with magnesium. Archer concluded 
from his experiments that the main constituent in 
Duralumin which causes age-hardening is CuAl,. 

In the binary aluminium-copper alloys, the metas- 
table state of equilibrium, caused by quenching from 
the field of homogeneous solid solution, remains nearly 
unaffected on ageing at ordinary temperatures—at 
least with alloys made up from. commercial aluminium | 
of about 99-5 per cent. purity Jn alloys made from 
high-purity aluminium—for example, with 99-98 per 
cent. aluminium—hardening takes place also on ageing 
at room temperature to a much greater extent, as | 
shown by different investigators. Iron as an impurity 
is chiefly responsible for causing the suppression of 
age-hardening. The mechanism of the effect of iron 
is not yet fully understood. With regard to alloys of 
commercial grade, however, hardening to an a preciabie 
extent is only obtained on ageing at elevated tempera- 
tures. Hence, one may conclude that precipitation of 
CuAl,,. when present alone, begins only at higher | 
temperatures—a fact which led to the conclusion that 
CuAl, is less active at ordinary temperatures and can 


| 
| 
| 
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be caused to precipitate only by raising the tempera- 
ture. It was clear, therefore, that the second hardening 
effect could be ascribed to this compound. 

However, in the case of ternary alloys of aluminium 
with copper and magnesium, a fundamental change of 
condition must undoubtedly be assumed. The ternary 
solid solution is, obviously, more labile in the quenched 
state than the binary one, so that the alloy tends to 
reach its equilibrium at much lower temperatures, as, 
for instance, at room temperature. The consequence 
is that aluminium-magnesium-copper alloys, 1%.e., 
Duralumin, do age-harden at room temperature to a 
large extent, while the same alloys without magnesium 
do not. 

Now, the most important, but also the most difficult, 
question arises: What component is causing the age- 


The research described in this paper deals with Dural- 
| umin containing silicon, so that it must be assumed 
| that magnesium is present in these alloys as magnesium 
| silicide. It is obvious that, in alloys made up from 
high-purity aluminium, containing only traces of 
silicon, the age-hardening effect cannot be caused by 
Mg,Si. It is, on the other hand, not absolutely 
necessary to suggest that, if silicon is present, age- 
hardening should not be caused by Mg,Si, though the 
difference between the age-hardening effect in the two 
cases is strikingly small. But it is not impossible that 
the age-hardening by CuAl,, in the one case, is acci- 
dentally of the same order as that by Mg,Si in the 
other. So it may be assumed that the sequence of the 
three components is as follows: magnesium-copper- 
magnesium-silicide. It may be understood, in that 











manner, that the first-mentioned is able to throw the 
| next one out of solution in aluminium on ageing. This 
hypothesis would be in accord with the fact that a 
higher magnesium content suppresses age-hardening, 
| so that no age-hardening takes place with a magnesium 

content of about 5 per cent. This fact, already stated 
| by Wilm, has been confirmed by Hanson and Gayler. 
| The cause will be that such a high content of magnesium 
does not permit, a priori, the entering of copper or 
Mg,Si into the solid solution, so that no precipitation 
can take place at all. 

The intricate nature of this whole problem renders it 
necessary to consider all possibilities. Assuming now, 
on the other hand, that, because of the age-hardening 
effect in silicon-free alloys, age-hardening is caused in 
both cases by the same component, 7.e., most probably 
by CuAl,, another explanation must be sought for 
the softening and the second hardening on artificial 
ageing. It may—though it seems improbable—not 
be impossible theoretically that the precipitated 
particles form two critical dispersions, thus giving two 
maxima of Brinell hardness, yield-point, and tensile 
strength of different absolute height, with an inter- 
mediate range where softening takes place. This 
hypothesis is supported by the statement, mentioned 
by Fraenkel, that an alloy of aluminium with 4 per 
cent. of copper only, after having been aged five days 
| at room temperature, showed also a remarkable soften- 
| ing in the first stage of artificial ageing at 150 deg. C., 
| followed by a second hardening. This result seems to 
| be very important to the author in this connection. 
| Fraenkel himself gives no explanation for the pheno- 
| menon, which he calls a very curious one, but one hard 
| to explain. 
| Another explanation was given by Rosenhain in the 
| discussion of Fraenkel’s paper at the joint meeting in 
| Diisseldorf in September, 1929. Rosenhain assumes 
| that the process taking place in a quenched alloy 
during ageing is of a double kind—one of preci- 
pitation which brings about distortion of the lattice 
and hardening, and another and simultaneous process 
of aggregation which, by removing the minute particles 
and concentrating them into the form of larger particles 
or ultimately of small crystals, acts in the opposite 
direction, diminishing lattice distortion and bringing 
about softening. He further believes that the lattice 
distortion which causes hardening also tends to inhibit 
diffusion, with the result that, as a certain degree of 
hardness is approached, the two processes, both preci- 
pitation and aggregation, which depend upon diffusion, 
come to an end. So a stable condition is reached, in 
| some cases long before the concentration of the solid- 
| solution matrix has come down to the limit of the stable 
| phase. In consequence of this view, when the tem- 
| perature is further raised, further precipitation will 
| occur in spite of the fact that, at a higher temperature. 
| the limit of solid solubility in the solid-solution matrix 
may be higher. The reason why further precipitation 
occurs is that, by raising the temperature further. 
diffusion has been facilitated, and both precipitation 
and aggregation can go to a further stage until again 
sufficient lattice distortion is produced to bring about 
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hardening ? Probably, in a ternary solid solution, it is 
not a simultaneous precipitation of the two components 
that will take place, but the weaker component will 
be put out by the stronger. It is generally believed 
that the component which causes less distortion of the | 
space lattice and, therefore, less hardening, has the | 


|stability. If the temperature is sufficiently high, so 
| that the rate of aggregation may exceed the rate of 
| precipitation, the hardness will not increase, but 
decrease, and consequently the whole process will 
only reach stability when the solid-solution matrix is 
no longer supersaturated at that temperature. 

In the same way, initial softening must occur if. at 


any given temperature, aggregation should at first 


tendency to throw the more hardening one out of h rs 
be quicker than fresh precipitation. This would facili- 


solution. It is doubtful what the condition is for his we 
copper, magnesium, and magnesium silicide. But | tate diffusion and therefore fresh precipitation, and a 
with a high degree of probability it may be assumed | fresh increase in hardness can take place. Although 
that magnesium will cause copper to come out of | Rosenhain still thinks it probable that, in Duralumin 
solution as CuAl, particles, rather than the contrary. | alloys containing both copper and magnesium silicide. 
In this case, magnesium has just the opposite effect | the precipitation of the latter may be responsible for 
upon copper to iron, facilitating the precipitation, | hardening at room temperature, and of the former for 





'whilst iron, as mentioned above, suppresses the preci- | further hardening at elevated temperatures, according 


pitation. It has not yet been determined whether, in| to his explanation the same phenomenon can be 
a Duralumin alloy containing magnesium and copper expected if only one hardening component is present, 
but no silicon, the softening and the second hardening as actually shown by Fraenkel for aluminium containing 
occur in the same manner, on artificial ageing. The | copper. a I ; 

author intends to investigate this point, hoping to! There is, however, still another point which calls for 
bring more light on this very complicated problem. consideration. It should not be overlooked that in 
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the ternary system Al-Cu-Mg, a ternary compound 
Al,CuMg, has been found. Possibly this compound 
may be present if siliton is absent. Very little is known 
about this compound—only that the solubility in 
aluminium in the solid state decreases with falling 
temperature, and that the compound can be melted, 
according to Guertler, with aluminium without decom- 
position. It may be supposed that no Al,CuMg, is 
formed if the alloy contains enough silicon to bind the 
whole magnesium as Mg,Si, but in alloys made up 
from high-purity aluminium, a content of 0-5 per cent. 
Mg may form about 1-65 per cent. Al,CuMg,. This 
possibility is merely mentioned without going into 
further details, because too little information is at 
present available with regard to this compound. 

Part II. Super-Duralumin.—In the results obtained 
with Duralumin and described in Part I of this paper, 
especially striking is the statement that the tensile 
strength can be raised only very slightly by artificial 
ageing, so that the curves of the og : 0, ratio show nearly 
the same character as the curves of the yield-point 
itself. On the other hand, much higher tensile strengths 
have been mentioned by American investigators, which 
they obtained with alloys of the Duralumin type by 
means of artificial ageing. The author had the occasion 
to discuss this point with Zay Jeffries in 1928 during his 
visit to Europe. According to the view of American 
investigators, age-hardening at room temperature is 
caused by CuAl,, as already mentioned. The compound 
Mg.Si and silicon, however, have a favourable influence 
upon the hardening by artificial ageing. Hence, with 


The fact that the tensile strength of super- Duralumin 
is also raised to a marked extent in the middle part of 
the ageing treatment has the effect that the ratio 
os: op does not reach such high values as stated in Part 
I. The maximum is below 90 per cent. It may be 
connected with the lower ratios os : o, that the 
elongation of super-Duralumin is not quite so much 
decreased. Whilst 681 B1/3 has only an elongation 
of 6 per cent. to 8 per cent. in the last part of the 
artificial ageing, the elongation of super-Duralumin 
is between 8 per cent. and 9 per cent. It is 
interesting to note that the flexibility has a very 
sharp minimum at 150 deg. C. for both ageing periods, 
whilst both the yield-point and the tensile strength show 
maximum values not at one definite temperature, but 
over a range of about 10 deg. to 25 deg. C. 

The curves for the Erichsen values have a similar 
character to those for the elongation, but the tendency 
to rise again at higher temperatures is a little more 
pronounced. A great difference can be observed 
between the behaviour of the Erichsen value and the 
flexibility. The results of the second series were very 
similar to those of the first series. 
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On Thursday, September 25, visits were paid by 
members of the Institute of Fuel to the generating 
stations of the County of London Electric Supply 
Company at Barking and of the London Power 
Company at Deptford. The first of these stations is 





Duralumin containing a higher silicon content than 
that normally present as impurity, better mechanical 
properties can be obtained on artificial ageing. Such 
an alloy—Duralumin with silicon more than 0-5 per 
cent. and aged artificially—is known in the U.S.A. | 
under the name “ super-Duralumin.” | 
It was, therefore, of interest to repeat the research | 
with super-Duralumin, under the same conditions of 
ageing treatment. This work was completed with 
the Erichsen test and corrosion tests, while the Brinell | 
hardness and reduction of area were omitted. For the | 
investigation, an alloy was made up containing, in | 
addition to aluminium, 4-40 per cent. Cu, 0-54 per cent. | 
Mg, 0-79 per cent. Si, 0-61 per cent. Mn, and 0-25 per 
cent. Fe. This composition corresponds about to the | 
American alloy super-Duralumin. The annealing tem- 
perature was 500 deg. C., being 10 deg. lower than that 
used for Duralumin in Part I of this paper, because 
it was stated that with higher silicon content the 
annealing temperature must be lowered. Two series 
of artificial ageing were carried out, too, as mentioned 


partially equipped with pulverised-fuel fired boilers, 
while, at the other, stokers, either of the chain-grate 
or retort types, are wholly employed. The work 
that is being done at the Fuel Research Station at 
Greenwich in developing the use of pulverised fuel was 
also inspected. The three visits therefore provided 
those who attended with an opportunity of inspecting 
and comparing various installations of solid and 
pulverised-fuel firing. 

It may be recalled that, when the Barking station was 
first put on load in 1924, it was equipped with 10 
boilers, each consisting of a steam generator, super- 
heater and air heater, and supplying 68,000 lb. of steam 
per hour at a pressure of 375 lb. per square inch, and 
a temperature of 725 deg. F. Each of these boilers 
was fired by two chain-grate stokers. At a later date, 
the boiler house was completed by the addition of 
two similar boilers and four combined steam reheater 
and boiler units. The boiler unit of the latter is 
designed to supply 44,000 lb. of steam per hour under 
the above conditions and also to reheat 165,000 lb. of 


in Part I, namely: (1) Series I after ageing at room | steam per hour from a temperature between 350 deg. 
temperature, and (2) Series II immediately after | and 450 deg. F., to 725 deg. F., the object being to 
quenching from 500 deg. C. | raise the steam from the high-pressure turbine cylinders 

|to its original temperature before passing it to the 








First Series.—With regard to the yield-point (Fig. 14 on 
the opposite page), it may be stated that the character 
of the curves is nearly the same as obtained with Dura- 
lumin (Fig. 2, on page 473). The minimum of the first 
softening occurs at 125 deg. C. (100 deg. C. in Fig. 2), 
lying about 4 kg. per square millimetre higher, owing to 
the higher manganese and silicon content of the alloy. 
The steep increase in yield-point after exceeding 125 deg. 
is very striking. The effect of the longer ageing period 
can be very clearly seen. The maximum points are 
again some 2 kg. or 3 kg. per square millimetre higher 
than in Fig. 2. The decrease at the highest tempera- 
tures applied is much more pronounced, giving the 
lowest value at 200 deg. C. on 40 hours’ ageing, while in 
Fig. 2 the curves end, very near together, at higher 
values than the original state. 

The same difference of 25 deg. C. of the minimum 





point appears again, comparing Fig. 14 and Fig. 2, 
for the tensile strength. Also, in this case, the minimum 
of super-Duralumin is about 4 kg. per square millimetre | 
higher than that of 681 B1/3, owing to the difference in | 
composition, but the decrease on ageing is markedly | 
smaller with super-Duralumin. While the tensile | 
strength of 681 B1/3 decreases about 4 to 4-5 kg. per | 
square millimetre on ageing at 100 deg. C., the same | 
property of super-Duralumin decreases only about 2 kg. 
per square millimetre until 125 deg. On ageing at higher 
temperatures, maximum values are reached with super- 
Duralumin which are about 4-5 kg. to 5 kg. per square 
millimetre higher than the original values. As men- 
tioned in Part I, Duralumin 681 B1/3 attains its original 
values only after the softening stage. This difference 
is quite in accord with Jeffries’ communication, and is 
undoubtedly caused by the higher amount of silicon. 
On the other hand, even the very maximum at 145 
deg. C. and 40 hours is below 50 kg. per square milli- 
metre. Neither in this series nor in the second could 
values of tensile strength above the 50 kg. per square 
millimetre limit be obtained, although the artificial 
ageing was carried out with very narrow intervals of 
5deg.C. It must be stated again that higher tempera- 
tures—for example, 200 deg. C.—cause a much steeper 
decrease than with 681 B1/3. Hence, the increased 
silicon content renders the alloy less resistant to the 
effect of higher temperatures. 


deg. F. to two 35,000 kw., and two 25,000 kw. turbo- 


intermediate-pressure cylinders. Actually, only two of 
the units were fitted with this equipment. 

The plant in No. 2 boiler house, which was com- 
pleted in the early part of the present year, consists of 
10 pulverised-fuel fired boiler units, each with a rated 
capacity of 135,000 lb. of steam per hour at a pressure 
of 375 lb. per square inch and a temperature of 725 
deg. F. Each unit consists of a boiler, superheater, 
economiser, air heater, and combustion chamber. The 
rear and side walls of the combustion chamber are 
cooled by Murray fin tubes and a tubular water screen 
protects the bottom. The boilers are fired on the unit 
system, there being five burners per boiler, and are 
arranged for automatic feed-water regulation. 

The turbine room contains four 40,000 kw. and four 
20,000 kw. units running at 3,000 r.p.m. One of these 
units is bladed for reheating, the temperature of the 
re-heated steam being automatically controlled. 

The new Deptford West station of the London Power 
Company has been built alongside the historic station 
of the same name, and at present contains eight 75,000- 
lb. and four 100,000 lb. boilers. In the first group, four 
units are of the B. and W. cross-tube marine type 
with interdeck superheaters, box-type steel-tube high- 
speed economisers, Usco leaf-type air heaters and 
chain-grate stokers. The remainder are of the Stirling 
tri-drum type with interdeck superheaters, integral 
drum-type economisers and Usco leaf-type air heaters. 
Two of the 100,000-lb. boilers are of the Babcock, and 
two of the Stirling type. Two of the 75,000-lb. Stirling 
boilers are equipped with Erith Roe retort stokers, 
while the whole of the remainder are fitted with stokers 
of the B. and W. chain-grate type. Two boilers with 
an output of 160,000 lb. per hour are now being installed. 
These are of the Thompson six-drum Beta type, with 
interdeck superheaters, Eco economisers and Usco plate- 
type air heaters. Future extensions will comprise 
four boilers of a similar output. All the side walls and, 
except in the case of two of the smaller Stirling boilers, 
the rear walls as well, are water-cooled. Two of the 
smaller Babcock boilers are equipped with water- 
cooled arches. The steam is supplied at a pressure of 





375 lb. per square inch and a temperature of 780 
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alternators. The station will be completed by the 
installation of one further 35,000-kw. and one 25,000- 
kw. set. In addition, there is a frequency changer, so 
that a supply can be given to the 25-cycle bus bars 
in Deptford West station. 

Deptford West station has, of course, undergone 
considerable changes during its existence, accounts of 
which have from time to time appeared in ENGINEER- 
Inc.* At the later date, the boiler-house contained 
14 boilers, each with an output of 50,000 lb. per hour, 
and supplying steam at a pressure of 325 1b. per square 
inch and a temperature of 725 deg. F. To these have 
since been added six boilers with an output of 64,000 Ib. 
per hour each. These are of the Stirling tri-drum type 
with interdeck superheaters, integral drum _ econo- 
misers and Usco plate-type air heaters. Three of 
them are fired by Taylor retort-type stokers, each of 
which is driven by two direct-current variable-speed 
motors, while the others are equipped with Underfeed 
L type stokers. In addition, two 160,000-lb. boilers 
are being installed, which will also be equipped with 
the latter type of stoker, and room is available for 
six further boilers of the same output. The boilers on 
which the Taylor stokers are used are the only ones 
fitted with water walls. In the case of two units, only 
the rear walls are of this type, while both the rear 
and side walls of the third are cooled. One of the new 
boilers will have a water-cooled rear wall and refractory 
side walls arranged for cooling with re-circulated 
inert gas. 

At the Fuel Research Station, Greenwich, a demon- 
stration was given of the Vortex combustion chamber, 
in which the air and fuel are given a stream-line motion, 
the effect aimed at being equivalent to that of a sta- 
tionary bed of fuel through which air is passing. The 
air is caused to take up a spiral vortex motion from the 
circumference to the centre of a cylindrical combus- 
tion chamber. Each particle of the pulverised fuel 
is thus given a rotational velocity about the axis of the 
cylinder, and will, therefore, tend to travel outwards. 
At the same time, however, the air tends to carry the 
particle inwards, and, if the combustion chamber is 
suitably proportioned, these two forces will be equal- 
ised, and the particle will tend to rotate at a constant 
radius depending on its size and the velocity and 
temperature of the air. The effect of a stationary 
cylindrical bed of fuel through which the air travels 
radially from the outside is thus obtained. In a 
second combustion chamber, two equally opposed 
streams of air are caused to impinge on one another 
on the axis of a cylindrical chamber, which is closed 
except for a comparatively small central orifice at one 
end. The fuel is introduced with the air stream, and 
the flame obtained is short and compact, without a 
swirling motion. The grid burner which was also 
demonstrated, is a modification of those used on 
German pulverised-fuel locomotives,t the essential 
idea of which is the division of the main air and fuel 
supply into a number of small jets. This method is, 
however, carried a stage further, by supplying the fuel 
and primary air through a number of narrow slots, 
so as to form a number of thin parallel sheets between 
which similar thin sheets of pre-heated air are 
introduced. 


PIPE-SCREWING MACHINE. 

THE pipe-screwing machine which is illustrated in 
Figs. 1 to 6 on pages 476 and 477, is characterised by 
its ability to cut either a right or a left-hand thread 
on pipes within its range, 7.e., from 1} in. to 6 in. in 
external diameter, with one die head, a change only 
being necessary when the pitch of the thread requires 
to be altered. It is made by Messrs. Williams Tool 
Corporation, Erie, Pennsylvania, U.S.A. The machine is 
motor driven, through a silent chain, and has six speed 
changes obtained through a gear box. The die head 
has seven chasing tools. One set is provided to cut 
114 threads per inch for pipes from 14 in. to 2 in. in 
external diameter, and a second set to cut eight 
threads per inch on pipes 2} in. to 6 in. in diameter. 
The makers’ classification is the No. 6 Rapiduction 
pipe-threading machine. As will be seen from 
Figs. 1 to 3, the bed is of box section, well ribbed 
and tied across the bottom. The motor, which is 
of 9 h.p. and has a speed of 1,200 r.p.m., is housed 
in the bed in the part underneath the headstock, 
while the part under the die head contains an 
integrally-cast chip chute with three oil strainers, 
and having a pull-out tank below it. A lubricant 
trough is cast all round the upper edge of this part, 
which is formed with a pair of flat slides to take the 
die head. The headstock is a separate casting bolted 
to the bed, the gear box being similarly attached. 

The chain drive to the gear box main spindle can 
be made out in Figs. 1 and 2, and the spur wheel on 
the latter is shown in Fig. 4. The wheel and shaft are 














* See ENGINEERING, vol. xliv, page 163 (1912), and 
vol. exxiii, page 666 (1927). 

Tt See ENGINEERING, vol. cxxvi, page 96 (1928), and 
vol. exxvii, page 221 (1929). 








476 


[OctT. 10, 1930. 


ENGINEERING. 








6-IN. PIPE-SCREWING 


CONSTRUCTED BY 


























-— 


TT 
(Te2a) 

















« 8) “BNGINEERING™ 

coupled and uncoupled for starting and stopping by 
a friction clutch which is operated by one of a coupled 
pair of levers in front of the machine, two of these 
being provided for ease of manipulation. The main 
spindle carries a group ot three sliding gear wheels 
moved by a shorter lever situated between the two 
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cut off, when reamering or chamfering can be done 
with very little adjustment to the cut-off slide or 
head. 

The die head consists of a steel casting integral with 
the saddle. It is traversed by a large star wheel. A 
view of the face is shown in Fig. 5, with part of the 


gripping the flanges of 6-in. pipes. The jaws of the 
chucks are all interchangeable, and have hardened 
steel faces. They are locked at any one of three 
points on the periphery of the chuck by a T-handled 
wrench. The maximum distance from the front chuck 
to the cutting-off tool is 37 in., and the minimum I] in. 


long clutch levers. The second shaft is mounted with | The cutting-off tool and centring device are shown in 
four idler gears, and the third carries two sliding | Fig. 3. They are carried in a slide at the back of the 


cam-plate cut away, in order to show one of the tool- 
holders, which embody a special feature of the design. 
The actual chasing tool consists of a very small piece 


for the first shaft. 
headstock spindle by a pinion on a fourth spindle, 
meshing with a toothed ring bolted to the front 
chuck. The main spindle has a speed of 287 r.p.m. A 
small spur wheel on the end of the main spindle out- 
side the box on the right of Fig. 4 drives the cutting 
lubricant pump. All the gears are cut from nickel 
steel, and are attached to the hubs by Woodruffe 
keys. All bushes are of bronze, with splash lubrication. 
The gears themselves run in an oil bath. The gear box 
is oil-tight, and forms a self-contained unit, which can 
be removed from the machine on the withdrawal of 
four screws. 

The headstock spindle is 7} in. in internal diameter, 
and is carried in scraped cast-iron bearings oiled by 
chains dipping into }-gallon wells in the headstock 
casting. Both the front and rear chucks are of the 
three-jaw universal type, but the jaws of the latter 
are two-step, the first step taking all sizes of pipe up 





to 6 in. in diameter, the second being suitable for | 





gears moved by a lever on the same centre as that | 
The power is transmitted to the| pair of opposing vee-jaws with hardened tool-steel 





die head casting. The centring device consists of a 
of steel. This is held rigidly between the jaws of a 
facing strips. These strips are interchangeable, but | holder which can be moved radially inwards or out- 
that opposite the cutting-off tool is wider than the| wards, as desired, by the engagement of a phosphor- 
other three. Movement of the jaws is effected by a/| bronze block on it with a sector-shaped groove on the 
right-hand and left-hand screw working in phosphor-| inside of the cam-plate, the cam-plate being suitably 
bronze nuts, and operated by a crank handle. The | arranged relatively to the fixed part of the head. The 
cutting-off tool is carried in a slide on the left-hand| employment of a short cutting tool naturally results 
vee-jaw, and is fed and withdrawn by a coarse pitch|in economy of working from the small amount of 
square-thread screw with a crank handle and a bronze expensive tool steel involved, and the short tool is 
nut. The holder slide is dovetailed and gibbed, so| the only part that requires sharpening, adjusting and 
holding the tool rigid and in its proper position. The! eventually replacing; as a matter of fact, it has been 
tool is clamped at the side as well as at the top, and| found in some cases cheaper to replace this cutting 
the thrust is taken by a renewable facing of tempered | edge than to sharpen and regrind a tool. The holder 
tool steel. It is set at an angle to give the correct|is readily removed, and all the holders _are inter- 
clearance, and has double bevels so that it can be| changeable. The cutting edge of the tool is approxi- 
reversed when the direction of rotation of the work is} mately on a centre line through the pipe. The tools 
reversed. A reamering and chamfering tool is mounted | are of the requisite width to give the full length of 
on the cut-off tool slide on a swivelling lever, as shown | thread required for standard flanges, &c. The cam 
at the right of Fig. 2. This enables the tool to be/| disc is rotated into the correct position for any diameter 
swung into position immediately the pipe has been|of pipe by means of the toggle lever located above 
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Fic. 6. NEAR-SIDE OF MACHINE. 


THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 416.) 

WE now give summaries of some of the papers 
presented in Section XXVII of the Conference at 
Berlin, the subjects relating to power supply on ships. 
The papers read contained more exact data and less 
speculation than in many other sections. 


it, as seen in Fig. 3, and its periphery is graduated with 
the necessary setting marks. Once the die head has 
been set to a given size, it can always be brought to 
the same position by pulling down the die lever to the 
locking position. The fulcrum of the lever is carried 
on a micrometer adjustment mounted on a bracket 
attached to the fixed part of the die head. The 
cutting lubricant is delivered to a chamber in the 
die head, from which it is distributed on to the 
cutting edges in six jets arranged in three groups of | 
two. | 
The die head described above and illustrated in the | 
figures is the standard type operated by the lever at the 
top and having wider chasers, but the machine is also 
made with a semi-automatic form known as the receding 
head. In this type narrow chasers are used, and a 
full thread of any length may be cut, terminating in a 
vanishing thread, of any desired taper. A slotted 
bar, which may be adjusted horizontally or at any 
angle, is carried on brackets above the slides on the 
bed. The slot engages with a pin on a link mechanism 
connected to the cam disc, this mechanism being 
attached to the saddle. If the slotted bar is horizontal, 
no movement of the cam disc occurs and the full 
thread is cut, but, with the bar tilted upwards, the 
cam dise is caused to rotate as the saddle is advanced, 
and gradually withdraws the chasers from the work. 
A stop on the rod carrying the slotted bar determines 
the period at which the cam-disc is operated. 

The lubricating system consists of a rotary pump, 
which is reversible, and is gear-driven from the main 
spindle of the gear-box. The oil is delivered to a 
three-way valve on the die-head, permitting ready 
regulation, through a flexible hose, from which valve 
it is distributed as already described. An adjustable 
relief valve is provided on the system. A general 
view of the machine is given in Fig. 6. In this the 
twin control levers are very noticeable as are also 
the gear-changing levers. Near the front control 
lever is seen the control for the electric motor. This 
consists of three push-buttons for forward and reverse 





MarinE Power PLants. 


The Schiffbautechnische Gesellschaft, enumerating, in 
** Energiewirtschaft auf deutschen Schiffen,” the 
advances made by German designers, naturally gave 
pride of place to the Bremen and Europa, which with 
** Germany-Navy ”’ boilers at 330 lb. and 350 deg. C., 
and feed temperature of 130 deg. C. obtained by bleed- 
ing, crossed the Atlantic in 116 hours, developing 
105,000 shaft horse-power with an oil consumption for 
all purposes of 0-32 kg. per shaft horse-power-hour. 
By running at 130,000 shaft horse-power the crossing 
could be reduced by four hours at an increased fuel 
cost of 25 per cent. The machinery as made, was 
designed as much for simplicity and reliability as for 
economy, since no higher fuel costs were shown by the 
preliminary studies of Diesel and turbo-electric designs. 
Useful results had been obtained by several conver- 
sions. Among these were the Cap Polonio, whose 
reciprocating engines were replaced by geared turbines, 
which with water-tube boilers showed a fuel saving of 24 
per cent. ; and the Columbus, originally of 30,000 h.p. 
reciprocating, was fitted, in the same space, with 
turbines and extra boilers, increasing the power by 
50 per cent. Similarly, four ships of the “ Albert 
Ballin ” class were re-turbined at 28,000 h.p. (as against 
13,000) by increasing the pressure from 230 |b. to 460 Ib. 
in boilers of the unusual size for marine work of 1,150 
sq. metres heating surface. Experiments with pulver- 
ised fuel had been financially disappointing but were 
still proceeding, and the ag a seg boiler germ 
motions and stop respectively, the motor being | sufficiently promising to justify the CORMETORE CF & 
reversible to seal left-hand aareda to be cut. The | Schmidt boiler for 1,850 kg. of steam per hour at 
machine is also made suitable for countershaft and | 960 Ib. Pressures of 500 lb. with steam temperature 
belt drive. | 400 deg. C. were expected to become usual, while 100 
—— * ee ie ag —— rag oe a 
Expansion Switcu.—An expansion switch, i mi % a BOS ee — 
the are is quenched by water or canes pew, is trata | of B auer-Wach combinations. Internal-co mbustion 
by Mr. F. Kesselring in the Elektrotechnische Zeitschrift. | Ones were in course of construction for 55 per cent. 
A pressure of several atmospheres is maintained in the | a8 to power and 45 per cent. as to number of the ships 
space in which the are occurs, the base of the switch | building, and in the last 6 years the indicated horse- 
being fitted with a valve, the area of which is large | power per gross ton had risen from 0-5 to 0-8 as the 
ae = the tube —<— hen ——- weight-power ratio had been steadily reduced. Several 
8 our-generating chamber, en |; ‘ ‘ ‘ ; 
the switch is broken ti wats ssc, Be that the vapour ee pov Sie pan reg a, eae 
ex ; it idi a , 
pands adiabatically with great rapidity and extin horse-power. The bewildering variety of types and 


guishes the arc. Switches of this type, said to be maha bones 
capable of carrying 2,000 amperes at 100 kv., have been | power-limits placed on these types indicated the amount 


made. of experiment yet to be done, and the progress to be 

















anticipated, but it appeared that the economic limit for 
single-acting four-stroke engines was about 4,300 h.p., 
when supercharged, which process saved from 20-30 
per cent. in weight and space, raising the mean effective 
pressure to about 125 Ib. per square inch. Anticipated 
developments would bring speeds of 500 r.p.m. for large 
geared engines and 1,000 r.p.m. for smaller sizes, while 
the raising of from } to } of a lb. of steam per shaft 
horse-power at from 90 to 120 lb. per square inch by 
means of exhaust-heated water-tube boilers would 
make this power more suitable for passenger liners, in 
which double-acting supercharged two-stroke engines 
might bring the weight down to less than 20 lb. per 
shaft horse-power and fuel consumption below 0-2 kg. 
per shaft horse-power-hour. For auxiliaries, even 
steam-driven ships were generally employing a Diesel- 
driven power plant, reaching as much as 1,000 h.p. 
supplying a ring main at usually 110 or 220 volts, while 
the design of motors and controllers for the arduous 
conditions imposed by deck machinery, capstans, &c., 
had now become standardised throughout the world. 
In these auxiliary as well as main engines, solid- 
injection was recommended only where uniform quality 
of oil, free from asphalt, could be ensured. 

Sir Charles Parsons and Messrs. R. J. Walker and 
8. S. Cook, in ‘‘ Further Development in the Application 
of High-pressure Steam to Navigation ”’ showed how the 
attainment of increased expansion ratios by improve- 
ments in engines, per se, had inevitably induced parallel 
improvement in boilers, auxiliaries, feed-heating, &c., 
and stressed the view that those who hoped for practical 
advantage from mere increase in temperature range 
alone, were doomed to disappointment. The major 
portion of heat reception, that needed for evaporation, 
occurred at a higher temperature level the higher the 
working pressure. By increasing saturated pressure 
from 200 lb. and 381-8 deg. F. to 600 lb. and 488-3 
deg. F. the available heat drop was increased by 18 per 
cent. and the heat input by 1-7 per cent. with a net gain 
in efficiency of 16 per cent.; while retaining the 200 lb. 
pressure, and increasing the temperature alone to 
488-3 deg. F., raised the heat drop by 6-6 per cent., 
the input by 5 per cent., and the efficiency by only 
1-3 per cent. This was the basis of regenerative 
feed-heating. Materials were being carefully investi- 
gated, but satisfactory results in superheater tubes of 
the usual quality had been obtained with temperatures 
up to 800 deg. F., while the condensers of King George 
V, tubed with brass, monel metal, and cupro-nickel 
had shown no variation or troubles in four years’ 
service, although other ships had found cupro-nickel 
tubes to stand where brass had failed. It was estimated 
that a projected set of 160,000 shaft horse-power, with 
four shafts each with four turbines, and boiler-pressure 
600 lb., temperature 750 deg. F., the overall oil-fuel 
consumption would be 0-54 lb. per shaft horse-power- 
hour. The authors forecast early consumption figures 
of less than 0-5 lb. of oil, or 0-7 Ib. of coal, and 
remarked that when prices at which the two fuels were 
procurable were considered, the latter would show cost 
figures unbeatable by those of any other fuel-produced 
power. 

Engineer Rear Admiral W. M. Whayman’s paper on 
** Prospects of Pulverised Coal Firing and Development 
of Mechanical Stokers in Ships’”’ dealt first with the 
experiments still in progress at Renfrew on Babcock and 
Willcox marine boilers, and summarised the author’s 
paper of October 1929 before the Institute of Fuel. 
The new high-pressure superheated, air preheated unit 
was not completed when this paper was written, but 
it embodied the recommendations of the earlier paper, 
i.e., a high-speed ball type of crusher and a short-flame 
turbulent burner. The trials of the American tug 
Dwight F. Davis showed the need for dry coal, since 
she could only maintain 220 Ib. in her boilers when 
supplied with ‘‘ dripping wet” coal, instead of her 
usual 280 Ib. Further American trials, on the Ber- 
windglen with Scotch boilers, and the Berwindvale 
with B. & W. boilers were described in detail. These 
were sisters of the British-built Berwindlea described 
in our columns, and in each case each of the two boilers 
had its own pulverising unit, the mills being driven by 
20-h.p. turbines, the induced draught fans by 8-h.p. 
turbines and the raw coal feeders by }-h.p. direct- 
current motors. To raise steam at 250 lb. superheated 
to 647 deg. F., the Scotch boilers consumed 55 per cent. 
more coal. The pulverising was such that 88 to 93 per 
cent. passed a 200 mesh. A large amount of data from 
the 30 ships of the Dutch Royal Packet Company fitted 
with Babcock boilers fired by Underfeed stokers, led the 
author to conclude that forced draught stokers could 
handle a wide variety of coals with a gain in efficiency 
of, say, 10 per cent. over average hand-firing, and 
consumed no more than 1 h.p. for operation, while the 
flexibility for marine purposes was at least as great as 
that found in land practice, ashes could be disposed of 
simply and by mechanical means, and, even where the 
coal-saving might be small, the reduction in personnel, 
and lightening of labour of the remaining firemen 
justified their adoption. 
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Professor A. L. Mellanby subdivided his report on 
*“The Present Position of the Heavy Marine Oil- 
Engine Industry in Great Britain ’’ according to types. 
Recent Lloyds returns showed 101 motorships of 
652,000 gross tons under construction in the British 
Isles, while of the last year’s world output of 159 vessels 
of 786,000 tons, our share was 71, with 334,000 tons. 

Burmeister and Wain engines numbering 75, of 
265,000 indicated horse-power, were built in this country 
last year, among them those for the Britannic developing 
1,000 brake horse-power per cylinder at mean effective 
pressure of about 70 lb., and 105 r.p.m., four-stroke 
double-acting, while Sulzer two-stroke engines of 
980 brake horse-power per cylinder at mean effective 
pressure of 67-3 Ib. and 88 r.p.m. were also built for 
Rangitiki. The Doxford engines now in use totalled 
400,000 h.p. and their reputation for freedom from 
vibration, due to the balance of the inertia forces by 
unequal strokes of the opposed pistons stood high. 

The makers offered 2,400 h.p. per cylinder; and by 
reducing excess scavenge air to 20 per cent. raised about 
1 lb. of steam per brake horse-power in waste-heat 
boilers, the normal mean effective pressure being about 
95-100 Ib. Two-stroke double-acting M.A.N. type 
engines in H.M.S. Medway developed 1,000 brake horse- 
power per cylinder at a mean effective pressure of 
61 lb. and 115 r.p.m. The author confidently antici- 
pated the cost of Diesel plants would become lower 
than those of steam plants, thanks to supercharging, 
heat-recovery, and solid injection. 

Dealing with ‘‘The Trend in Design of Double- 
acting Two-stroke Oil Engines,’ Mr. W. S. Burn 
showed that experience had now crystallised into 
practice in many items, such as long through bolts 
from cylinder to bedplate to relieve the columns of 
any tensile stresses, avoidance of the fallacy of 
turbulence during scavenging, box bedplates and 
columns, simple cylinder heads, high cooling water 
speeds, cooled fuel valve nozzles, oil-cooled pistons, 
and a certain standardisation of ‘“ high-speed” and 
‘* slow-speed ”’ engines. The largest made developed 
about 1,650 brake horse-power per cylinder (33 in. dia. 
by 60-in. stroke) at 94 r.p.m., while the smallest gave 
250 brake horse-power, with 15 in. diameter by 18} in. 
stroke, at 300 r.p.m., but for ordinary marine practice 
a bore of about 26} in. was usual, the stroke being 
such as to give a piston speed of about 1,000 ft. per 
minute. No uniformity had yet appeared in liner 
design—half-length liners fixed at both ends, single 
liners fixed at one end, and single liners fixed in the 
centre being equally used as the various firms’ practice 
regarding cooling and scavenging might dictate. The 
least attention had possibly been given to scavenge 
pumps, but that was being remedied, and the author 
believed that the design of balanced opposed pistons 
would prove to be the most satisfactory and quietest 
in operation, while ths method of admitting scavenge 
air by nozzle passages round half the mid-belt, in 
such manner that the path was inclined at only a 
very small angle to the cylinder axis, and the air thus 
swept up one side and down the other to the exhaust 
ports, used minimum power, ensured the greatest degree 
of stratification and made for simplest construction, 
as compared with the alternatives described. The 
anticipated difficulties with the underside combustion 
space which led to attempts to fit fuel valves to suit 
the space, in contrast to the earlier usage of making 
the space suit the valves, having been shown to be 
mostly imaginary, experience had indicated that a 
compro mise, making no effort to keep the spray clear 
of the piston rod, and using identical top and bottom 
arrangements was thoroughly sound, any attempt at 
‘‘shaping ’’ being made by separate insulator rings 
held in place by the liners. The author condemned 
the crude parallel spray holes, miscalled nozzles, 
usual in fuel valves, and advocated concentrated 
investigation on the use and manufacture of true 
nozzles. He believed also that there remained much 
work to be done in settling the questions of fuel 
pump design and location, particularly with regard 
to the alternatives of automatic versus mechanical 
suction valves, and the desirability or otherwise of 
the automatic valve, spring-loaded, for fuel admission. 
The future, however, he viewed optimistically, believing 
that it lay entirely with this cype which was still 
capable of much simplification, and which for weight, 
economy, and reliability had nothing to fear from 
other types of engine. 

On the other hand, Mr. R. W. Allen, for ‘‘ Diesel 
Auxiliary Generating Machinery,” preferred four-stroke 
single-acting engines of 100 h.p. to 700 h.p., in sets 
of two, three or four, as needed, and remarked that 
the whole course of development had been in matters 
and materials of mechanical construction, not in 
thermodynamic principles. True balance was an 





unattainable ideal in small Diesel engines, so it was 
fortunate that the absolute forces set up had shown 
themselves unimportant, even when resonance occurred 
with the natural frequency of the ship, but in the 
torsional vibrations serious results might be shown 





in the electrical distribution system, hence considerable 
attention had been given to these, and their magnitude 
reduced by such measures as bolting the armature 
spider direct on to the overhung flywheel, thus raising 
the frequency well beyond the running range. It was 
often overlooked, however, that the damping effect 
of friction in journals and pistons was reduced as the 
engine was run-in, so that an engine which behaved 
well on the test bed might later give trouble in service. 
Possibly the greatest individual contributions to 
success had been the introduction of Perlit castings 
which have proved highly successful under the 
combinations of thermal and mechanical stresses 
peculiar to this class of work, and the evolution of 
satisfactory valve steels. The author dealt in turn 
with every leading detail of engine and dynamo, 
and noted with especial satisfaction the completeness 
of the victory over prejudice, of chain drives for 
camshaft and governor. 

Mr. L. Roesler in “ Die Verbrennungskraftmaschine 
im Dienste der oesterreichischen Schiffahrt ”’ pointed 
out that the widest application of internal combustion 
marine engines was the traffic on the Danube, where in 
the 1,000 mile run that was the regular business of a very 
large number of passenger and freight boats the instant 
readiness, absence of standby costs, small personnel] and 
low fuel costs, of such engines were essential features. 
The earlier boats were engined with hot-bulb engines, 
several typical units being described whose average 
weight per shaft horse-power was about 45 kg., while the 
fuel consumption was 0-23 kg. per shaft horse-power 
per hour, with about the same weight of injection water. 
Later ships nearly all had Diesel engines, averaging 
about the same weight per shaft horse-power, with a fuel 
consumption of only 0-175 kg., or roughly 30 per cent. 
less than that of the steam engines which many of 
them had replaced. Very great success had attended 
the operations of the triple-screw tug Amsterdam 
whose engines, each of 400 shaft horse-power, at 340 
r.p.m., drove tunnel-screws on account of the water- 
level fluctuations of the Danube. The thrust exerted 
was 5 tons on the centre screw and 4} tons on each outer 
screw, and 2,640 tons were hauled at 4 km. per hour, 
with a fuel consumption of 0-179 kg. per shaft horse- 
power per hour, drawing only 1-1 m. Two-stroke engines 
had not yet made so much headway in this market. 

The improvements which had resulted from various 
modifications and developments in the ships of the 
Compagnie Générale Transatlantique were described 
by Mr. M. H. Brillie in “‘ Quelques perfectionnements 
relatifs 4 l’amélioration desrendements pour les appareils 
moteurs des navires,’”’ which described oil-firing as not 
an improvement but a necessity, since, had their latest 
vessels been coal-fired, the stokeholds would have 
required 237 men as against the actual 82. That meant 
a reduction of 100,000 francs in wages per round trip, 
while instead of completing 15 or 16 passages a year, 
as now, they could not have been turned round more 
than 12 times. Pulverised fuel had not made much 
headway in French ships, but the Gosselin firing system, 
particularly with the volatile coals bunkered around 
the Mexican Gulf, had given good results. This consisted 
of a combination of throttle valve in the air trunk with 
a signal system in the stokehold, the whole actuated 
regularly from the governor of the fan engine, so that 
the signal for firing a given boiler was accompanied by 
increase in air supply to that boiler. The air pressure 
raised to 22 mm. water column after a charge, fell to 
2 mm., as the fuel was burnt when another signal was 
given, Trials showed 15 per cent. CO,, 400 deg. C. at 
smoke box, 260 deg. in the stack, and air at the fires at 
130 deg. to 150 deg. C. The company still favoured 
cylindrical boilers for their volume and adaptability to 
bad water, and did not regard increase of pressure beyond 
18 atmospheres as likely to offer great advantage, nor 
had they experienced anything but disappointment in 
their experiments with superheating, and did not pro- 
pose to carry these further except in high-speed geared- 
turbine sets. A greater optimism however, marked 
the author’s comments on certain other developments, 
in which, as in those already mentioned, marine practice 
had usually followed the successful application of new 
ideas in land power stations. Steam collectors with 
nozzle-shaped holes pointing to the interior of the pipe, 
and of a total area of 7 per cent. of the collector pipe, 
ensured dry steam, slightly wire-drawn, and for this, 
as for the other developments enumerated, the follow- 
ing table showed the economies realised on test. The 
installation on which the comparisons were based had 
a ‘‘ basic’? fuel consumption of 0:46 kg. per shaft 
horse-power per hour, with a boiler pressure of 14:5 
atmospheres :— 


Economy. 

Per cent. 
Ihooris collector pipes ... fee 5 7 
Bauer-Wach turbines ... Ae 20 
Howden air pre-heaters nts ey: 8 
Regenerative feed-heating... si 8 
Electrification of auxiliaries ... ae 10 
Oil-film lubrication (Michell) ... a 8 


Various combinations of these were considered in 





connection with proposed ships, and it was shown that 
figures very near those of the best land practice were 
to be hoped for in their new ships. 


(To be continued.) 








CATALOGUES. 


Locomotives.—A description of locomotives built for 
the Argentine railways is given in the bulletin issued 
by Messrs. Société Alsacienne de C. M., 32, Rue de 
Lisbonne, Paris. 

A lators.—Messrs. The Chloride Electrical Storage 
Company, Limited, Clifton Junction, near Manchester, 
publish a journal The Chloride Chronicle, in which 
they give particulars of some of the more interesting 
installations in which their products form a part. 

Oil-Refining Plant.—A_ two-stage, atmospheric and 
vacuum, plant for distilling 5,000 barrels a day of 
crude oil, is described, with illustrations, in Messrs. 
Foster Wheeler Corporation’s house journal, Heat 
Engineering. The publication was forwarded by 
Messrs. Foster Wheeler, Limited, Aldwych House, 
London, W.C.2. 

General Engineering.—In the lastest number of the 
technical bulletin issued by Messrs. Savigliano Company, 
Turin, Italy, the principal products described include 
heavy girders, steel construction, railway turntables, 
large toothed gears, alternators, heavy flywheels, &c. 
An excellent illustration is given of the roof of a central 
station under construction at Milan. 


Steam Wagons.—A description of steam wagons for 
spraying roads with tanks to carry 1,000 to 2,000 gallons 
are described in the journal Zransport News, issued 
by Messrs. The Sentinel Waggon Works, Limited, 
Shrewsbury. There are also some notes on roads, 
and a list of second-hand reconditioned steam wagons 
in stock ready for immediate delivery. 

Electrical Machinery.—Messrs, Crompton Parkinson, 
Limited, Guiseley, Leeds, have issued a number of new 
editions of their catalogues dealing with marine electric 
motors for pumps, fans, hoists, steering gear, &c., and 
generating sets; also squirrel-cage induction motors 
of 1 h.p. to 300 h.p., switchboards, and transformers. 
In all cases useful technical and practical information 
is given, with ample illustrations. 


Steel Plate Work.—Messrs. G. A. Harvey and Company 
(London), Limited, Woolwich-road, London, S.E.7, 
have sent us a catalogue of riveted and welded steel- 
plate work, including cement kilns, large storage tanks, 
pressure and mixing vessels, vulcanising pans, trans- 
former tanks and similar constructions. These represent 
work done and in service, though most of the examples 
are standard articles in constant demand. 


Clutches.—A circular describing the Benn friction 
clutch is to hand from the makers, Messrs. The Cooper 
Roller Bearings Company, Limited, King’s Lynn, who 
draw special attention to the safety ensured by the 
absence of projecting rotating parts. The clutch is 
made in a standard type for general purposes and in 
three’ special types for very frequent engagement, high 
speeds and large powers up to 6,000 h.p. 


Electric Motors.—The latest issue of the review 
published by Messrs. Brown-Boveri, 56, Victoria-street, 
London, 8.W.1, contains descriptions of motors specially 
designed for planing machines, a lifting bridge, and 
wool-preparing machines—all cases in which the load 
is subject to considerable variation with frequent starts 
or reversals. There is also a description of the Con- 
center power station, Genoa, Italy, this being of the 
cases in which an auxiliary steam plant is more economi- 
cal than a further development of the hydro-electric 
plant. 

Aut tic Substations.—We have received a catalogue 
of automatic motor-converter sub-station equipment 
from Messrs. A. Reyrolle and Company, Tanited, 
Hebburn-on-Tyne, relating to equipment of this type 
developed in collaboration with Messrs. Bruce Peebles 
and Company, Limited, of Edinburgh. Five types of 
equipment are described generally, the controls and the 
motor converters are then dealt with, followed by 
accounts of traction, light and power substations now in 
operation at Bradford, Brighton, and Leith. The cata- 
logue is of practical interest in relation to the extension 
of electric supply systems, 

Steel_—Messrs. The United Steel Companies, Limited, 
17, Westbourne-road, Sheffield, have issued a pamphlet 
explaining the organisation of the firms in this combine, 
giving lists of the constituent companies and of their 
various products, including chemical by-products, and 
of their branch offices and overseas agents. We have 
also received a pamphlet illustrating forgings produced 
by Messrs. Daniel Doncaster and Sons, Limited, Sheffield, 
one of the associated firms. This deals particularly with 
locomotive connecting and coupling rods, shafts for 
shears and presses with cams, axles, crane posts and 
several flanged and tapered parts. 

Petrol and Paraffin Engines.—Messrs. The Parsons Oil 
Engine Company, Limited, Southampton, have issued 
a catalogue of a new series of engines ranging from 60 h.p. 
to 200 h.p. for running on either petrol or paraffin fuel. 
The cylinders are of 7-in. bore, as compared with 6}-in. 
bore in the earlier series, but the same general lines have 
been followed, the engines being in three sets of 4, 6, or 
8 cylinders and in two types for marine and land service. 
The marine engines have reversing gear and all parts 
necessary for fitting on board, while the stationary engines 
are suitable for driving electric generators as well as for 
general work. The specification is in ample detail and 
dimensions, weights and prices are stated. 
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DEFECTS OF HOBBED GEARS. 
By I. B. Mammano. 


Tue defects of the present hobbing process of 
producing gear wheels may be divided into two 
classes, viz. :—(1) Absolutely unavoidable defects ; 
that is, those defects which would occur even if the 
geometrical and kinematical elements of the hob 
and of the machine were absolutely perfect.. It is 
clear that, inasmuch as this perfection is unobtain- 
able, the defects of this class will be increased by the 
geometrical and kinematical imperfections of the 
hob and of the machine. (2) Defects which are 
unavoidable or avoidable only with difficulty, 
owing to the characteristics of the machine. It 
is the elimination or diminution of this class of 
errors that tests the skill of the gear maker. 

Taking first the case of absolutely unavoidable 
errors, it must be noted that the tooth profiles 
which are obtained by the hobbing process, even 
should the hob be correct and the operation 
carefully performed, are neither involute curves 
nor similar curves, so that the play between one 
profile and its opposite is discontinuous, the varia- 
tion, amounting at times to over one-tenth of a 
millimetre. 

One zone of the tooth profiles, viz. that near to 
the pitch circle, is machined accurately, whereas the 
zone adjacent to the addendum or dedendum of 
the tooth is inaccurate. The accurate portions of 
the profiles are consequently subjected to pressures 
which are twice or three times as much as the 
nominal, thus causing the distortion of the whole 
profile of the tooth. 


Fig. 1. 
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These unavoidable errors 
of the hobbing operation 
are, in a general way, known 
to gear experts, but ap- 
parently have not hitherto been subjected to 
detailed and precise analysis. The author has 
accordingly investigated the matter mathemati- 
cally, and, as one result, is able to assert that the 
various corrections to the hob, which have from 
time to time been proposed with the object of 
eliminating or diminishing these errors, are useless, 
since the defects in question are implicit in the hob- 
bing process and are thus inevitable. 

The hobbing process is based on the assumption 
that the hob is capable of generating accurately 
the teeth of a rack, and that the shaping of the 
teeth is independent of the feed. The rate of 
feed, however, is narrowly restricted by the large 
cutting perimeter of a portion of the hob teeth, 
so that in certain positions the hob has to remove 
much less than one-tenth of a millimetre. But 
it is well known that the cutting edge of any tool, 
especially if rotating, fails to “ bite” with such 
shallow depths, and in consequence, only acts on 
the material at the second or third traverse; that 
is to say, when the depth of the cut becomes 
sufficient. For the accurate generation of the teeth, 
however, the cutting action should be continuous, 
but for the reason just given this end is not secured, 
and the actual profile consists of a series of segments 
enveloping the intended profile of the gear. Errors 
thus arising are additional to those already noted, 
as inherent in the hobbing process. Both these 
types of error are unavoidable, but hobbed gears 
are also apt to suffer from other defects due to 
errors in workmanship and the like. Thus, in hob- 
bing helical gears, two independent motions have 
to be accurately combined, in order to secure 
the desired helical angle. An error in either 
motion, even if it corresponds to only one minute 
of arc, will have a disastrous effect on the meshing 
of the gears. In fact, since the gears have to pair 
with absolute symmetry, errors of inclination, in- 
stead of compensating one another, are doubled, 
and, as already noted, the required angle has to be 
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obtained by a combination of motions, i.e., by giving 
a certain horizontal displacement whilst another 
vertical displacement is being accomplished. The 
accuracy of so delicate an operation depends sub- 
stantially on the entire absence of play in the 
various organs controlling such motions, and this 
it is impossible to secure. 

Unfortunately, this defect does not appear to 
have received sufficient consideration on the part 
of designers, although errors of inclination of the 
teeth are fatal to the good working of the gears. 

From the technological point of view, each hob 
may be regarded as a tap; that is to say, it cuts, 
on both its flanks, the blank, which moves in a 
direction nearly normal to the cut. It follows, 
therefore, that the blank goes to meet the cutting 
edge of the hob on one flank, whilst it escapes on 
the other flank. The cutting angles on the two 
flanks must be different, and, in any case, for good 
work, one flank should be cut at a time. This, 
however, would render still more difficult the con- 
struction of the hob. 

This defect is made manifest by the fact that 
one flank of the tooth is smooth, whilst the other 
flank is irregular, as are also the chips taken off 
by the hob. The only way to reduce this defect 
is to operate with small feeds, which, however, 
would lengthen considerably the machining time. 

Further, this defect, in its turn, is aggravated by 
the excessive cutting perimeter of the hob. Every 
hob is composed of several helices of cutting teeth, 
of which only one, or, at most, two, are engaged 
during the whole machining of a gear, in cutting 
from the blank the tooth in its entire depth and 





The other helices have, in fact, very 
Of course, it is necessary to 


width. 
little work to do. 
proportion the load to the endurance of the 
cutting teeth of the hob, but in any case the cutting 
perimeter is excessive, and the system does not 


permit of reducing it. As one result, the shape 
of the hob is apt to be spoiled and to differ between 
one flank and another and between one tooth and 
another. 

During the process, the hob has to move, and this 
motion has the double task, in the case of helical 
gears, of providing a component of the inclina- 
tion of the teeth and of creating the working feed. 
The motion is controlled by a screw, and high 
accuracy is required, but the hob is subjected to 
considerable stresses of a vibratory and hammering 
nature. All of these fall on the feed screw, 
whilst in other types of machine tool, the cutting 
forces are taken mainly by guides, which save the 
screw from excessive wear. In practice, accordingly, 
the feed screw of a hobbing machine, after being 
in operation for a short time, develops play which 
affects both the feed and, what is more important 
still, the accuracy of the helical angle. 

Gears are extremely sensitive to errors of pitch, 
and the whole of a large class of gear-cutting 
machines, in every other respect perfect (machines 
of the indexing type), are, the author believes, 
doomed to disappear owing to the impossibility of 
obtaining absolutely accurate indexing. 

Where gears are cut without indexing, the errors 
of division are due to the master gear. In the 
hobbing process, however, there exists another 
cause of error, and that is in the pitch of the hob 
itself. In fact, errors always exist, both in the 
division of the master gear and in the pitch of the 
hob. However, when there is only one cause 
for error, it is possible to trace the errors and 
to correct them, taking advantage, above all, of 
their periodicity. But the matter becomes enor- 
mously more difficult and practically impossible 


when there are two causes of error, as in the 
hobbing process. 

Several hours of continuous operation are required 
for cutting ‘a gear. The hob advances little by little 
as the operation proceeds, so that between the first 
and final cut taken on one and the same tooth 
several hours have elapsed, during which time the 
hob may undergo alterations owing to inevitable 
wear, heating, &c. Hence the tooth errors will 
not be the same at the start as at the finish of th 
operation. 

Another drawback to the hobbing process is 
that, although hobs can be made of the high speed 
steels, -this material is expensive, and there is 
excessive risk in the hardening. 

In order to demonstrate qualitatively and 
quantitatively the errors implicit in the hobbing 
process, we may consider the cutting of spur wheels, 
referring to Fig. 1. 

The hob axis must stand obliquely to the. axis 
of the blank, in such a way that the tangent to 
the middle helix of the screw F is parallel to 
the axis of the wheel R. The whole of the teeth 
are cut simultaneously, and not finished one by 
one as in some other methods of gear production, 
The working motions consist of the rotation of the 
hob, whilst the blank turns as though engaging with 
the hob. At the outset, the hob touches the blank 
along only the circular edge of one of its flanks 
and initiates the cutting of all the teeth, afterwards 
proceeding to shape them out, the hob moves in a 
direction parallel to the axis of the blank, until it 
passes through to the other edge of the blank, 
whereby the whole of the tooth is completed. 
The hob F, in its rotation, is equivalent to the 
hypothetical rack D, Fig. 2, which, evidently 
must be assumed to be endowed with a uniform 
translatory motion along its own axis in the 
direction of the arrow. In fact, when the trapezoi- 
dal-shaped teeth of the hob reach the plane normal to 
the axis of the blank at which the distance between 
the axes of the hob and of the blank is a minimum, 
they occupy precisely the position of the teeth 
of the imaginary rack, which, as has been said, 
must be regarded as endowed with a translatory 
motion. 

Between the rotations of the hob and of the blank 
there exist, of course, well determined relations, 
which, for our present purpose will be assumed 
to be known, and, further, that there is no fault of 
construction in the hob or in the assembly, and 
that the teeth of the hob coincide perfectly with 
those of the hypothetical rack at the above-men- 
tioned plane. 

It does not follow, however, that the teeth of the 
hob are exactly equivalent to those of the rack in 
positions adjacent to that specified above. Indeed, 
at other points the correspondence fails, and the 
hob accordingly removes more metal from the 
blank than it should. Moreover, the errors thus 
arising are, as demonstrated below, implicit in 
the process, and thus without remedy. 

An investigation of the kind in view can be made 
only by the methods of analytical geometry. The 
argument will be based on the typical case of a 
rack, and the departures from the true trapezoidal 
form calculated. , 

The principle of the investigation is the following : 
Having expressed in terms of co-ordinate geometry 
the equation to the plane of a flank of the rack a 6, 
Fig. 2, which is regarded as endowed with a 
uniform and definite translatory motion to the 
right, and also the equation to the straight line 
which generates the cone of rotation of the cutting 
profile c d of the hob tooth, the angle between the 
straight line and the plane above mentioned can 
then be expressed as a function of known terms. 

Then, by means of the above-mentioned angle 
the normal distance of any point of the cutting 
profile from the plane of the rack can be found. 
The value thus obtained may be either positive or 
negative, according as the points in question lie on 
one side or the other of the plane referred to. It is 
then easy to see which are the harmful errors, 
i.e., those that cut into the tooth form required 
and not merely in the space between two successive 
teeth. 

Having found the general expression for the 





distance of a point of the cutting -profile from the 
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plane of the rack, it is easy to determine graphic- 
ally, or by computation, the position and the 
magnitude of the cutting errors. 

Referring to Figs. 2 and 3, and bearing in mind 
that the axis of the hob F is oblique to the axis of 
the blank R, let us select as our origin of co-ordinates 
the point of intersection of the cutting profile c d 
with the axis of the hob. Further, let us take the 
axis of the hob as the axis of z and in the plane | 
normal to the axis of the blank R the axis y. Let | 
us call y the opening of the cone of rotation of the | 
cutting profile c d. 

The equation of the said cone is, obviously, 

a? + y? = k*2*, where k = tan ¢ (1) | 

Let us assume that the profile c d coincides with | 





the flank of the rack, both when it reaches the plane | 
which is normal to the axis of the blank R and | 
which contains the perpendicular to the axes of | 
the blank R and of the hob F. In this position, | 
the plane of which the trace is ab must pass through | 
the origin of the axes, and hence will have for its | 
equation the expression 
az+By+yz=0. , » (2) | 
Let 8, Fig. 3, be the angle which the axis of z| 
makes with the normal r to the straight line of | 
intersection m n of the plane represented by equa- | 
tion (2) with the plane y = 0. 
Let ¢ be the angle that the plane (2) forms with | | 
the plane y = 0. Assuming that the positive direc- | 
tion of the normal of the plane (2) is on the side | | 
opposed to that in which is found the axis y, we | 
shall have | 
a = singsin $ | 

B= — cos (3) 

y = sin g cos 

This being premised, the straight line containing 
the profile c d must pass through the origin of the 


axes, whence its equation is— 
x y 2 


“ar a (4) 
where 4, #, v are the direction cosines of the straight 
line, and therefore 

A+ w+ P= 1 
This line is, however, also a generator of the cone 
representing the hob, and hence, we must have 


(5) 


v 


vy = cos & 
whence 


| sino = 





At + pw? = 1 — v? = sin? % 

The straight line in question must also lie in the | 

plane (2), so that we must also have 

aA+PBut+yv=0 (6) | 

which is the condition of orthogonality he een 

two straight lines and, in our case, between “4 

line represented by (4) and the normal to the | 
plane (2). 

This line must also lie in the plane (z, y), as only | 
in this position can it also lie in the plane (2) owing | 
to the conditions explained above, hence | 

A=0 (7) 
We thus get from si 


sin | 
Substituting in (6) the values given in equations | 
(3) and (5), we have 
— cos ¢ sin % + sin gcos dcos % = 0 
or 
tan y =ocosdtany . (8) 

The plane moves parallel to itself with a speed 
V; in the direction of the straight line cd. We 
determine the speed of this motion in the direction r. 

Let R denote the inner radius of hob which 
rolls in the primitive plane of the rack D with the 
primitive cylinder of the blank. To an angular 
velocity © of the latter corresponds a_ helical 
translational velocity Vy along the axis of the hob 
given by the relation 


f_ Rtand 


The component of Vy along the straight line r is 
vp = Vecos8 = R wsind 
and this is the velocity sought. 
Its component along the direction normal to 
the plane (2) is, taking into account the definition 
of the angle ¢, 


v = R wsin 6 sin ¢. 





(9) 


he plane (2) displacing itself with this velocity 
has for its equation 
az+By+y:=vut 





. (10) 


The straight line represented by (4) when it turns 
around the z axis with angular velocity ~ has 
for its equations of motion 
za=kzsinwt 
= kzcos wt 
or introducing the direction cosines of the straight 
line, there results 








x y . # 
k sin wt k cos wt 1 
Jl + A J/1 + 


The angle o which this straight line makes with 
| the plane (10) is given, therefore, by 


q *sin wt 


+ 
fic: i+h 


k cos” wt 


JI+e 


y 





J t 


J/1 i+ 
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| or 


(asin wt + fev at) wt) + a a 
JT+@ 
sin Y (asin wt + ‘ios =f + ycos yy. (12) 
The co-ordinates of a generating point A of the 
cutting profile, in the position of its coincidence | 
with the plane (2) corresponds to the initial instant, | 
i.e., ¢ = 0, and it then lies in the zy plane. Its | 
co-ordinates are 
z= 0 y=csing 2z=ccos y, 
where by c is denoted the distance from the origin. 
At the moment of cutting, the co-ordinates of 
the point A are 


ms 


= csin #sin wt 


= csin #cos wt 


nl @] &l 


=ccos ¢. . . (13) 
The distance of A from the om (10) is then 
A=azr+By- . (14) 
Comparing this equation with (12) we get 
= csing — vt, 
which is the normal sought. 
But from (8) we have 
sin Y cos @ = sin ¢ cos § cos yf, 
whilst equations (12), (8), and (9) give us 
R = csin % 


= c [sin Yasin ¢ sin Ssin wt — sin 4 cos g cos wt 


+yz—vt. 


A 
+ cos #sin ¢ cos 8] — R wt sind sing 
= sin ¢ sin 8 x 


[e (sin y%sin wt + cos % cot § (1 — cos w t)) — Rwt] 
- (16) 


Before taking a practical amet of ihe calcu- | 


lation of the errors, a little subsidiary investigation 


is necessary in order to define the field of varia- | 


bility of the angle ?¢, inasmuch as we are interested 


only in exploring the position of the cutting profile 
where it enters the blank. 

Let wv, Fig. 4, represent the trace of a plane 
normal to the plane of the drawing, and let cd be, 
as before, the cutting profile movable around the 
axis 0z. The plane wv is the plane tangent to 
the outer periphery of the wheel blank, and is 
parallel to the axis of the helical cutter o z. 

Our problem is to determine by how much the 
generator od must rotate around the axis z in each 
side of the plane of the diagram so that no point 
of the segment cd touches the plane wv. Assume 
oc = p, and referring to Fig. 4, the equation of the 
plane wu v is 

z= psiny <¢%?) 
The equation for the cone described by the cutting 
profile C D is 
a + y®? = kez . (18) 
where, 





k = tan y. 


Fig. 5. 
Mig 
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+4 
| (21696) 
|The intersection of the plane (17) with the cone 
(18) is given by 
y? = kh? — p® sin? 
which represents an hyperbola. 
Let us consider now the trace of the plane On 
on the (x, y) plane; we have 
y= xtane. 
The intersection of this plane with the hyperbola 
| (19) is given by 


tan? o. p*. sin? fy = k* 2? — p* sin’ y, 
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(19) 


whence 
pcos o ; ; 
= ——, = ti » = . 
ri y=ptanosiny, z= psin¢ 
and the distance from the origin is 
din, ee 
cos 0 
or 
cosg = f ’ 


This defines the semi-angle through which the 
‘cutting profile must rotate whilst it acts on the 
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material of the blank. The significant values wt) so-called phase of recess). It follows that the 
are therefore comprised between 0° and 6, and are| distance A of a generating point of the cutting 
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profile from the plane (2) has two different values 


taken in the one case as positive (in the so-called 
for the same value of @ t, according to whether it is 


phase of access) and in the other as negative (in the 


a question of the access phase or of the recess phase, 
and we thus get 
Aa=singsin 8[ (sin sin wt + cos gcot 8 
(1 — cos w t)) -—R wt] 
Ar = sin ¢ sin 8 [R wt— c (sin %sin wt — 

cos % cot § (1 — cos w t)) | 
where by A, Ay is denoted the said distances, 
respectively, in the phases of access and recess. 
We have also to determine the criterion for fixing 
the value of C, i.e., for C two values are introduced, 
viz. : 


Cin: = —f_, and Cmax. = pr 


It is evident that for ot = o we have 
Cmin. = Cmax, * 
We have now all the elements for calculating a 


practical example. 
In fact, let, as in an ordinary hob, 


> = 75 deg. e = 28 mm. 
5 = 15 deg. = 25 mm. 
and p = 23 mm. 
We obtain 
23 : 
cosg = 53 = 0-821; o = 34 deg. 50 minutes 
sin @ sin 6 = 0-25 = Zi tan y = 0-966 x 3-732 


yy = 74 deg. 30 min. and cos cot § = 0-267 x 3-732 = 1 


The last four columns in the Table on this page 
give the distances sought, those having a negative 
sign constituting the errors. 

These have been plotted in Fig. 5, but the scale 
has been exaggerated so as to render them more 
distinct. Hence, for the absolute values it is 
necessary to refer to the table. In the example 
calculated, the error approaches 1/20 mm., but in 
some other cases it may even be nearly 1/10 mm. 
The errors are more serious at the bottom of the 
tooth of the rack, i.e., at the top of the gear tooth. 
They affect almost the whole profile of the tooth, 
but are smallest near the pitch line. The conse- 
quences of these errors may be easily inferred. 
The problem thus arises of studying the conditions 
(inclination of the teeth, angle of the hob helix, 
&c.) which will diminish the magnitude of these 
errors. The author’s own studies indicate that 
the possibility of any considerable reduction is 
very problematical. 
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In this article we propose to deal with the approach 
walls to the locks, and describe the construction of 
the harbour breakwaters. For the protection of 
the locks and their gates, approach walls of con- 
siderable length have been provided wherever pos- 
sible. These extend commonly to lengths in the 
neighbourhood of 700 ft., so that they are long 
enough to allow vessels to pull up alongside well 
ahead of the locks proper. Except where they take 
the form of facing walls against rock, such walls are 
of gravity section, ending in a wing wall of diminish- 
ing section running into the bank. The angle of 
flare of the latter is about 30 deg. varying slightly 
with different sites. The drawings reproduced in 
Figs. 602 to 610, on this page, are typical of 
these walls. For the straight run the walls have 
a vertical face; the wing wall face is battered to 
1 in 6. The minimum thickness at the top is 
6 ft. 6 in., the back being vertical for the top 
12 ft., after which it is stepped out as required to 
give theynecessary gravity section. On the upper 
sites it has been possible to found the walls on 
rock, in which case the toe has been carried down 
into a trench 12 in. below the normal level. In 
all cases the whole structure is carried down low 
enough to permit deepening the canal in the future 
by 5 ft. should this be decided upon. The normal 
unit of construction was a monolith 50 ft. long, 
the ends being interlocked by vertical keys or 
checks 8 in. deep and 2 ft. or so wide. 

In the case of walls where rock was poor, or at 
too low a level, the monoliths were founded on 
piling. In these walls a row of close piles was 
driven along the line of the toe to act as a diaphragm 
to resist the thrust of the wall when back-filled, and 











four other rows behind, at distances 3 ft., 4 ft. and 
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5 ft. apart. In the latter the piles were spaced 
3 ft. apart, except for the back row of all, in which 
the spacing was 6 ft. A view of the piling for the 
upper west walls of Lock No. 2 is given in Fig. 611, 
annexed. The wing walls of both types of wall 
were on pile foundation, the top remaining at coping 
level and the section diminishing from the bottom 
up. Piling was driven to suit the diminishing 
sections, ending in a single line of spaced piles under 
the toe, for the smallest monoliths. 

The wall faces are finished to the standard coping 
illustrated in connection with the lock structures, 
and at intervals of 98 ft. or so standard heavy- 
type mooring posts are built into the back face. 

The walls described above as founded on piles 
have in some cases given a good deal of trouble, 
and afford striking proof of the difficulty of securing 
structural stability under such conditions. All the 
upper approach walls at Locks Nos. 1, 2 and 3 are 
of this type, as is also the north wall of the Gate Dock, 
to be described later. In the case of the upper west 
approach wall at Locks Nos. 1 and 3, and in the 
case also of the Gate Dock wall, a considerable 
amount of movement has occurred. Although little 
has so far been observed in the upper west approach 
wall at Lock No. 2, it is not expected that this will 
be immune; conditions, when the Canal is emptied 
each autumn for the painting of gates, &c., will 
certainly tend to develop it. 

In the case of the upper approach wall of Lock 
No. 1, a gradual movement extended over a period 
of about ten years, and became so pronounced in 
the spring of 1929 that steps were taken to stop it. 
To this end trenches 4 ft. wide and as much deep 
were cut at right angles to the wall face opposite 
the joints between the monoliths, and extending 
from the wall to the centre line of the canal. These 
trenches were filled with concrete and acted as 
struts. The space between these struts was exca- 
vated for a depth of 2 ft. and filled with concrete, 
this 2-ft. slab of concrete being carried also right 
across the canal to the front face of the east approach 
wall. At the extreme south end, where the west 
wall extends further than the east wall, the 2-ft. 
slab was only carried out for a width of about 
65 ft. in front of the wall face. 

In addition to this, before the slab was completed, 
additional support was provided for the toe of 


the wall. A trench 4 ft. wide and deep was cut |- 


along the wall, and the tops of the original row of 
close piles cut off at the trench bottom. A new 
row was then driven in front, and the trench and | 
undercut portion of the wall filled in. The view 
reproduced in Fig. 612 shows the nature of this 
failure at Lock No. 1. The piles, when opened up, 
were found to be leaning forward at about 15 deg., 
and many of the tops were broken off. 

At the upper approach wall of Lock No. 3 a very 
considerable movement occurred in a period of four 
years. The worst stage followed the completion of 
back-filling in the summer of 1927. The wall was 
dealt with on lines similar to those just described in 
connection with the upper west wall at Lock No. 1, 
except that the alignment had become so bad that 
it was decided to build the face out to a new line. 
The new face ran from a short curve at the south 
end of the lock chamber to a point 9 ft. in front of 
the original line at the southernmost extremity of 
the wall. This gave an additional thickness to 
the wall varying from nothing at the north end to 
from 2 ft. to 4 ft. at the centre and southend. From 
the account given earlier of this wall (see ENar- 
NEERING, vol. cxxvii, page 539) it will be remem- 
bered that it was built in sections over a period of 
years, partly owing to the fact that it crossed the 
navigation channel of the third canal. This fact 
facilitated the adoption of the new alignment, the 
upper 25 ft. of the wall having been left until the 
winter of 1929-30. Between September, 1929, and 
April, 1930, the wall was completed to the full height 
and new alignment. Two rows of new piles were 
driven in the trench cut along the toe of the wall 
to take the added width of concrete. The original 
piles under the toe were not cut off in this case. 
The new concrete was bonded to the old by means 
of bent anchor rods of the kind already described as 
being used for concrete facing on rock. Checks 
6 in. deep and 3 ft. high were also cut in the old 





face, as shown in Fig. 613. 
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Fia. 611. Pirtrine ror Upper West ApproacH WALL oF Loox No. 2. 





Fie. 612. Farture or Prine; West Approach Watt or Lock No. 1. 


A special form of reinforced concrete counterfort ane 

wall was adopted on the long approach to Lock — Cut out 
No. 1, stretching for a distance of some 1,680 ft. | UPPER WESTENTRANCE ;. Andhor Rods 
practically from the end of the crib work to the WALL. LOCK N°9. ‘ 

lock structure. This wall is shown in Figs. 614 to 628, 
Plates XXXII and X XXIII, and page 483. It has a | 
height of 41 ft. 6in., not including a toe at the front 
and back 12 in. deep. The width of the deck is 
8ft.6in., and at the base 25 ft. The wall thickness is 
27 in. at the base and 21 in. at the top, while the coping 
or deck slab is 16 in. thick and the floor slab 2 ft. 6 in, 
The counterforts, 18 in. thick, were at 12 ft. spacing, 
and the wall was built in lengths of 102 ft. 6 in. with f 
interlocking ends. The horizontal reinforcement ps of this\|row of 
was of round bar, $ in. in diameter in the upper part, | y= = 3 U 

and increasing in section to § in. towards the foot. 
The vertical bars in the counterforts were % in. in 













diameter near the wall face, increasing to 14 in. in i ‘ae 

diameter at much closer spacing at the back toe. | 

The counterforts were further stiffened by frames au es oe oa 
‘<< oa. a 
| 


of 3-in. by 2}-in. by }-in. angles, shown in Fig. 615, 
and in detail in Figs. 620 to 623. The frames are E 

alzo well seen in Fig. 625, Plate XX XIII, showing, | “V677,2°""9S 
with Fig. 626, this wall under construction. The 
frame consisted of four vertical angles at the Tee, 
and four corresponding horizontal angles in the (2z1a.m) \i 
floor, with two inclined angles down the counterfort. 
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PLATE XXXIi 














COUNTERFORT RETAINING WALL; 


Fig.6144. SECTIONAL ELEVATION BETWEEN 
COUNTERFORTS. 
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(For Description, see Page 481.) 


Fig. 615. ELEVATION OF COUNTERFORT. 


SECTION H-H. 





WELLAND SHIP CANAL. 


Fig. 616. REAR ELEVATION OF WALL. 
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COUNTERFORT RETAINING WALL: WELLAND SHIP CANAL: 


(For Description, see Page 481.) 
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Fic. 626. CouNTERFORT CONSIRUCTION (tN PROGRESS. Fic. 627. BackFiLLInG CoUNTERFORT WALL. 
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Fig. 628. ApproacH to Lock No. 1; Norta West SIDE. 


The latter were braced to the verticals by means of 
three sets of diagonals, as will be clear from Fig. 621. 
The spacing of the floor reinforcement was 9 in. 
in the centre, and 6 in. at the back and front for 
the longitudinal bars. For the back portion of the 
slab these were $ in. in diameter, running straight 
along close to the top and bottom faces. Near the 
front toe the bars started near the bottom face, 
and passed diagonally upwards and along the top 
side, the diagonal being located between the counter- 
forts to oppose shear. Alternate bars were sloped 
in opposite directions. 

Bridles were provided in the front wall, and the 
bottom slab, the ends extending 6 ft. to 8 ft. into 
adjacent counterforts. They were of % in. bar, 
bent so that, starting close to one outside face of 
a counterfort, they passed into the front wall or 
floor and along its outer face, and then round into 
the next counterfort towards its outer face. In this 
way the bridle bars from adjacent panels crossed 
in each counterfort. Diagonal rods extended across 
the back of the front toe. The top of this wall is 
shown in the foreground in Fig. 628. This view also 
shows, incidentally, the pump-house at the lower 
end of Lock No. 1, and the flights of steps to the 
upper level. 

A somewhat similar type of wall was adopted 
for a stretch of 300 ft. in the upper west entrance 
wall of Lock No. 1, the remainder of which was of 
mass concrete. This was, however, only 36 ft. high, 
with base width of 21 ft. 6 in. In this wall the face 
was 22 in. thick and the floor 27 in. thick. The coun- 
terforts were 18 in. thick and spaced 12 ft. cr. to cr. 
The reinforcement was on the same lines as that in the 
higher wall illustrated above. The view reproduced 
in Fig. 625, showing the reinforcing frames and bridles 
is actually of this south-west wall. The vertical 
bridle rods running from counterfort to counterfort 
through the bottom slab are particularly well shown 
in this figure. The upper part of this wall differed 
somewhat from that illustrated in Figs. 614 to 623. 
In the latter the facing wall was carried to full 
height and the top was finished with a deck slab. 
The upper part of the wall to the South of the lock 
was, however, finished with a heavier mass of 
concrete. From a line 10 ft. below coping level the 
back face of the front wall was sloped back at 45 
deg., meeting the vertical back edge of the deck 
8 ft. 6 in. away from the face, at a depth of 3 ft. 6 in. 
below coping level. This solid mass of concrete 
was reinforced with bars beneath the several faces. 


(Zo be continued.) 








British Empire Exursition, BuENos AIRES, 1931.— 

he new Government of the Argentine Republic have 
consented to issue an official decree giving protection 
to all patents, trade marks, &c., unregistered in the 
Argentine, for a period of six months and covering the 
period of the British Empire Trade Exhibition, to be 
held in Buenos Aires in 1931. 





AERONAUTICAL RESEARCH. 


AERONAUTICS is unusual among engineering 
sciences in the degree to which its practice has 
been developed in conjunction with experimental 
research. The aeroplane had the good fortune to 
be born at a time when the value of a sound scien- 
tific basis for all branches of engineering was already 
well recognised, and it is a commonplace to observe 
that the rapidity with which aeronautics has been 
developed during the present century is attribut- 
able in no small measure to the vigorous and 
deliberate manner in which the problem of aero- 
nautics, as they have arisen and, not infrequently, 
as they have been foreseen, have been attacked, 
rather than left for haphazard and _ inefficient 
solution. It is to be expected, therefore, that the 
magnitude of the work carried out year by year 
under the guidance of the Aeronautical Research 
Committee will exhibit a continuous increase with 
the steady expansion of activities in aeronautics 
throughout the world. The Report of the Com- 
mittee for 1929-30, recently published by His 
Majesty’s Stationery Office (price 1s. 6d. net) 
makes it abundantly clear that, not only is there 
no lack of problems awaiting solution, but that the 
growth of aviation calls for an ever-increasing 
diversity of research. Thus, whilst aerodynamics 
is still the chief concern of aeronautical research, 
the Report shows the: importance of the contribu- 
tions made by metallurgy, structural and internal- 
combustion. engineering, meteorology, and pure 
physics, to the improvement of aviation; as well 
as, parenthetically, the lines along which these 
branches of science are being fostered and en- 
couraged by aeronautics. From the large volume 
of published technical reports itis evident that 
our aeronautical laboratories have been fully 
occupied during the year. An increasing activity 
and interest in aeronautical research at Universi- 
ties are also gladly recorded by the Committee, 
with the comment that appreciable scope exists for 
first-class men to undertake such research either 
as graduates at the Universities or as workers in 
Government Establishments. 

During the year airships R 100 and R 101 under- 
went tests, and although, as a result of the loss of 
R 101, the subject of airship development is at 
a standstill, the problems of their construction 
will, in time, come up again. As regards heavier- 
than-air-craft, increases of size and speed, as 
exemplified by the devélopment of the multi- 
engined machine and the successful performances 
of the British competitors in the 1929 Schneider 
Trophy Contest, call for extensions of experimental 
research beyond the scope of existing aerodynamic 
equipment. These requirements are being met, 
at least in part, by the erection, at Teddington, 
of a compressed-air tunnel in which it will be 
possible to carry out model experiments under 





conditions approximating more closely to those 
of the full scale than is possible with wind 
tunnels operating at atmospheric pressure. A 
description of this tunnel appeared in ENGINEERING 
for June 20, 1930, page 808. In addition, the re- 
placement of a low-speed 7-ft. tunnel at the 
National Physical Laboratory by two 8-ft. open-jet 
tunnels is contemplated, with the object of accelerat- 
ing the progress of research. At the Royal Aircraft 
Establishment, the provision of a tunnel having a 
24-ft. diameter jet is recommended for experi- 
ments on full-size aeroplane bodies, engines and 
airscrews. 

The marked inferiority, from the point of view 
of air resistance, of typical heavier-than-air craft 
as compared with the best-known airship bodies 
has led, of late, to investigations ot the character 
ot the motion in the immediate neighbourhood of 
surfaces exposed to a fluid stream, and of the 
conditions existing at the boundary which determine 
the occurrence of laminar or turbulent flow. Know- 
ledge in these fundamental matters is as difficult 
of attainment as are the interpretation of observa- 
tions. Definite advance may, however, be recorded 
during the past year as a result of visual experiments 
to exhibit the onset of turbulence, and studies of 
bodies of simple geometrical form with varying 
degrees of surface roughness. Research on the 
mutual interference of the various components of 
an aeroplane has been productive of valuable results, 
notably in connection with the relative efficiencies 
of tractor and pusher airscrews, and the reduction 
of the drag of radial air-cooled engines. In con- 
nection with the performance of aeroplanes, a 
series of full-scale tests suggests that the range of 
an aircraft is increased by high-altitude flying. 
With a view to the general improvement of fuel 
consumption, this investigation is being extended 
to include the effects of adjustments of ignition 
and mixture strength. A matter of general interest 
to designers is an analysis of the small and large- 
scale experiments made on the machines which were 
entered for the 1929 Schneider Trophy race. Wind 
tunnel and water tank researches exerted a material 
influence on the design of these machines, and 
suggested the remarkable conclusion that the 
criterion of speed limitation in racing aircraft is 
the surface area available for cooling purposes. 
The relative results, together with a discussion of 
the technique of racing flight and the use of devices 
for cooling water and oil, are to be collected and 
published in monograph form. 

Two important sources of danger in aviation, 
flutter and spinning, continue to demand attention 
after some years of uninterrupted research. As 
regards the former the Committee consider that 
the main practical issues of the subject of wing 
flutter have been put on a satisfactory basis, and 
that, from a purely practical standpoint, there 
does not seem any need to pursue the theory further. 
During the year attention has been directed at the 
N.P.L. to flutter of aeroplane tails, and it has been 
possible to indicate a number of preventive measures. 
Following this work, an attack is now in progress 
on the flutter of air screws. The analysis of spinning 
is, by contrast, even more difficult as a result of 
the abnormal flying attitudes of spinning machines. 
Despite the publication of a few recommendations 
of a very general and tentative character, existing 
knowledge is insufficient to prevent the occasional 
design of aeroplanes in which it is impossible or 
extremely difficult to recover from a fully developed 
spin. The large proportion of accidents which are 
known to have resulted from spinning has no doubt 
influenced the Research Committee in its decision 
to give priority to the many problems in this subject 
still awaiting solution. Wind tunnel analyses of 
auto-rotation and control under conditions of stalled 
flight are being pursued contemporaneously with 
cinematograph studies of model aeroplanes released 
from a height in spinning attitudes. 

Airship research during the year under discussion 
was devoted, in the main, to trials of R 100 and 
R101. Work which had been projected in the 
future was to take the form of attempts to 
attain minimum resistance for power expenditure 
and improvements in control and economic opera- 
tion. At the same time investigations of wind 
structure, which bear closely on the design and 
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manoeuvring of airships, were being made at Card- in Great Britain. These parts of electrical technology 
: nd ¥ LITERATURE. are dealt with by the authors in other volumes, 


ington. It was hoped to obtain information of 
great value, from the flights of R 101, in connec- 
tion with the development of heavy-oil engines 
for aircraft purposes. The attention of the 
Committee has been particularly directed to the 
technical problems presented by engines of the com- 
pression ignition and the single sleeve valve types. 
Progress in the reduction of the weight/horse-power 
ratio of the former type has been marked, whilst 
the proved capacity of the latter type to withstand 
heavy supercharging without overheating and loss 
of power due to pre-ignition has led to the conclusion 
that the single sleeve valve engine now offers the 
greatest scope for advance in the production of 
engines of low weight per horse-power. 

The increasing use of metals in aircraft construc- 
tion raises a succession of problems for metallurgical 
investigation. Particularly important is the question 
of corrosion in aluminium alloys, and various 
means of avoiding that condition have received 
attention. The Committee have also considered the 
uses of magnesium alloys and beryllium for aircraft 
purposes. Whilst, however, these materials present 
certain attractive features, their general inferiority 
to the aluminium alloys renders their extensive 
employment improbable in the near future, more 
especially in view of the improvement of aluminium 
alloy castings recently effected by grain refinements 
and the removal of gas from the melts. The use of 
titanium tetrachloride in this process has given very 
satisfactory results. 

Among the more interesting research activities 
of the past year, and one likely to have an important 
influence on the popularity of air-passenger trans- 
port, is an attempt to reduce noise in aeroplanes. 
At present, the noise in an aeroplane cabin is about 
a thousand times as intense as that in a railway 
train. Two aspects of the problem are being con- 
sidered: first, the reduction of the sound at its 
sources in the airscrew and engine; and, second, 
the improvement of the passengers’ comfort by the 
provision of more sound-proof cabin walls than are 
at present commonly employed. Whilst it is yet 
too early to expect any marked amelioration of the 
noise nuisance, satisfactory progress has been made 
on the one hand, in the design of portable instru- 
ments for the analysis and measurement of sounds 
in aircraft under actual flying conditions and, on 
the other, in the investigation of the sound excluding 
properties of materials suitable for the construction 
of aircraft cabins. The exclusion of noise from the 
cabin is a more difficult problem than appears at 
first sight, since it has been established, by an ex- 
tensive series of transmission experiments, that 
weight is the predominant factor, the sound exclu- 
sion increasing steadily with the weight of the wall 
material. Other factors in the problem, such as the 
situation of the passenger accommodation with 
respect to the airscrews, are being actively investi- 
gated, and there is little doubt that the near future 
will see important modifications of aircraft designed 
to meet the universal demand for quieter machines. 

It will be evident from the present very cursory 
account of last year’s research that substantial and 
continuous progress is being made towards the per- 
fection of aeronautics. Very gratifying, also, is the 
Committee’s reference to the co-operation, as exem- 
plified by the exchange of technical publications, 
which exists between British aeronautical research 
laboratories, and those on the Continent and in 
America. The completion of the new variable 
density tunnel at the National Physical Laboratory 
will materially enhance the British contribution to 
aeronautical science, and enable the present high 
standard of research to be adequately maintained. 
A full appreciation of that research and of the 
beneficial direction of the Aeronautical Research 
Committee can be gained only from the Report, 
which indicates in concise and very readable style 
the present position and the trend of aeronautical 
development. 








Canapian ASBESTOS PRODUCTION.—According to a 
report on the Canadian asbestos mining industry recently 
issued by the Dominion Bureau of Statistics at Ottawa, 
a new high record in production was set up in 1929, 
deliveries amounting to 306,055 tons, valued at 13,172,581 
dols. These figures represent an increase of 12-1 per 
cent. in quantity, and of 17-2 per cent. in value, as 
compared with the production for the previous year. 





Principles of Electrical Engineering. By W. H. Trmsie 
and V. Busx. Second Edition. London: Chapman 
and Hall. [Price 22s. 6d. net.] 

Tue authors are professors of electrical engineering 

and industrial practice, and of electric power trans- 

mission, respectively, in the Massachusetts Institute 
of Technology, and their book was originally 
presented as representative of the experience gained 
in teaching fundamental principles to electrical 
engineering students. Seven years have elapsed 
since the appearance of the first edition of this 
book in 1922, and for this new edition the work 
has been completely re-written. Many recent ad- 
vances in electrical engineering are, however, not 
dealt with, as the text is almost entirely concerned 
with the direct-current circuit and electro-magnetism, 
except for a chapter on thermionic conduction and 
dielectrics. 

As a text-book upon general principles of electrical 
theory the several chapters possess unequal merit. 


general are developed fully, but the information on 
electric units is comparatively meagre and the 
treatment less scientific. Little more will be found 
here than simple statements of the legal definitions 
(by Act of Congress) of the units of current and of 
voltage, their relationship given by Ohm’s law, 
together with simple calculations based upon this 
law. The absolute system of electro-magnetic units 
and its connection with the practical units is 
dismissed in one paragraph. In connection with 
units, the following appears in Chapter III on 
electric power and energy : “ A current of electricity 
flowing along a conductor has been likened to a 
current of water flowing in a pipe. The analogy is 
so close that we may use the same method to 
compute the power required to maintain either a 
current of water or a current of electricity.” The 
relationship between units of power and energy in 
the mechanical and electrical systems is not worked 
out, and the student is apparently only expected 


= 1 h.p. and 1 ft.-lb. is 1-356 watt-seconds. 
thing more precise than an analogy is required in 
a book which claims to be a rigid presentation of 
basic principles. Of all basic principles in electrical 
engineering, surely those which involve the units 
of energy and power deserve the most careful 
exposition on the part of the teacher. 


electrolytic conduction follows upon familiar lines 
in the two succeeding chapters. Separate chapters 
are entitled and deal with the magnetic circuit, 
the magnetic field, magnetic properties of iron and 
steel, induced electromotive forces, generated 
electromotive forces, and the force on a conductor. 
The distinction between an “induced” e.m.f. as 
one which is produced by a change in the ampere- 
turns of an exciting coil, and a “‘ generated ”’ e.m.f., 
as one induced when there is a change of flux linkages 


apportioning separate chapters for explanation and 
calculation. The distinction is artificial, and is 


underlying principles of electromagnetic machinery 


all teachers. About 300 pages are given to electro- 


introduced only for the purpose of illustrating 
principles and for “ rendering them real and alive 
to the student.”’ 

It will be seen that the title “ Principles of 
Electrical Engineering’? is rather misleading to 





readers in this country, where instruction follows 
widely different lines from those indicated in this 
book. A course in electrical engineering so over- 
weighted with magnetic theory, and without the 
elements of alternating-current working, and at 
least an elementary account of electrical measure- 





ments and machinery, could probably not be found 


About 600 problems are presented. Except in 
the more elementary portions of the book, few are 
worked out, and no answers to the others are given. 
The answers are available, however, in a separate 
volume, and, in view of the really advanced stage 
of many of the questions, students would be well 
advised to supplement their reading with the 
additional volume. 





Wasserkraftwerke — Entwurf, 
By Ing. Dr. TEcHN 
[Price 


Druckrohrleitungen der 
Berechnung, Bau, und Betrieb. 
Artur Hruscuxka. Vienna: Julius Springer. 
23 marks. ] 

A POPULAR epigram says that “A specialist is a 

man who knows more and more about less and less,” 

which has, of course, that elusive amount of illusive 
half-truth which is necessary to ensure success. 

The book now under notice is admittedly and 
evidently a specialist treatise, and its author, in 
his capacity of Adviser in Hydro-Electric matters 
to the Austrian Government, has possibly examined 





The magnetic circuit and electromagnetism in | 


to note the tabulated values, such as 746 watts | 
Some- | 


The work on the calculation of resistance and | 


the projects and construction plans of as many 
| varieties of pipe-line as any engineer in the world. 
| Consequently, in his case, the “more and more” 
is obvious, while the doubtfulness of the “less and 
less” strikes one upon comparing the cost and 
| importance of the pipe-line with those of any other 
‘single portion of a power development, or even of 
|the scheme as a whole, and the book may confi- 
| dently be regarded as encyclopedic. 

Dr. Hruschka’s method will commend itself 
particularly to the reader who has already gone 
fairly deeply into the subject, since, in each section, 
‘he gives first an analysis of the problem in hand, 
frequently by means which have originated with 
him; then he gives a resumé of alternative in- 
'structive treatments by acknowledged authorities, 
‘and rounds the matter off nicely by condensed 
worked-out examples which illustrate the latitude 
which must be permitted in nearly all calculations 
| on this complex subject. 
| General notes on “ Definitions ” open the volume. 
These, which embody certain suggestions which we 
commend to all hydraulic engineers, are followed 
by detailed consideration of the losses through 
pipes of all types, bends, branches, valves, &c., &c., 
in which practically everything of value yet known 
is summarised; then follows a treatment of the 
general water-hammer problem, mainly devoted to 
simplifying Allievi, but also including Kreitner’s 
graphical method and Durand’s proposals to allow 
for pipe friction. 

The next section, nearly half the whole book, is 
largely an amplification of the work which has 
already brought the author into prominence, viz., 
his famous “ 37 stresses,” to which a pipe line 
may be, either independently or together, subjected 
during erection, test and operation. Valuable and 
extensive notes on materials, types, sub-division, 


‘manufacture, erection, testing, upkeep and opera- 
; : | tion, together with investigations of anchorages and 
brought about by relative motion between the coil | yalyes, all copiously illustrated from the author’s 
and the magnetic field, is carried to the extent of | experience, complete the text, and the book is 


brought to a close by tables giving particulars of 
most of the outstanding water-power plants of the 


probably a hindrance to an appreciation of the | world, and a bibliography of some 300 references. 


We note that while some 70 pages are devoted 


when introduced in this fashion. The sequence | to surge pressures, a bare two pages is deemed to 
adopted here of dealing completely with electro-| cover the question of partial-vacuum formation, 
magnetics before an introduction of electro-magnetic | due to such causes as, say, accidental blocking of 
induction of e.m.f., and the omission of a proper | an intake while the pipe is still discharging; we 
account of the measurement of magnetic properties | shall perhaps be criticised for suggesting that there 
of materials would not meet with the approval of is, universally, a tendency to attach too much 
| importance to the calculations of pressure surges 
magnetics : applications to electrical machinery are | in power plants, where, owing to the high quality 
‘of both materials and workmanship we can say, 


with exactitude, just what internal pressure 1s 
likely to be dangerous, and where an ample factor 
of safety is always used. ; 
We do not believe that the most enthusiastic 
admirers of Allievi’s work (among whom we name 
ourselves) would contend that the six prime assump- 
tions which he employs to idealise his pipe for 
purposes of analysis leave us with a line which 
really represents a normal power pipe line, since, 
to mention only a few items, bends, changes of slope, 








cross-connections, and variable friction conditions 
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are ignored, and he himself shows conclusively, 
that in the limiting case when T = = Joukowsky’s 


elementary formula should hold good, as it does, 
given a simple straight pipe. 

Then, in a normal pipe layout we must accept 
the (linear) fall in maximum surge pressures from 
the nozzle to the inlet, and since pipe thickness 
and static head decrease in the same direction, we 
would anticipate that the “ danger-zone”’ would 
be some way removed from the nozzle, possibly in 
the almost horizontal upper penstock, which is 
also precisely the range of large diameters and 
small thicknesses, incapable of withstanding exter- 
nal pressures, and it is for this reason that, while it 
would be foolish to suggest that surge pressure 
calculations should be omitted, we would have 
liked to see the author deal more extensively with 
the sub-pressures which, whether periodic or not, 
we believe to constitute a danger to which a 
normal pipe line is exposed. 

Among the examples given of pipe bursts is one 
in which faulty governing resulted in a surge of 
only 33 per cent., with a periodicity of about 14 
seconds, and eventually burst the pipe. -Another 
mentions a faulty weld which burst and caused a 
surge of 70 per cent., thus extending the burst. 
Others mention internal fracture of valves, faulty 
filling of mains, &c., but practically none show 
definitely any confirmation of either the theories 
of pressure-surges, or of the practical value of lengthy 
calculations which, in the present state of our know- 
ledge cannot be more than sketchy guides for 
further investigation to confirm. 

Of materials, methods of manufacture, and 
erection, there does not appear to be a wide variety, 
and the hints given cover the ground very thoroughly 
and agree very closely with the best practice in this 
country. 

We would express particular appreciation of the 
meticulous care with which the author seeks out 
practical illustrations drawn from widely-varying 
plants, whenever his own method of analysis gives 
results which do not agree closely with those of 
other authorities, and we believe that this, together 
with the wealth of details pictured and tabulated, 
will make the reader loth to permit the book to stray 
far from his side when he is engaged upon a pipe line 
problem. It may well be described as a sober 
responsible guide, useful to even the most experi- 
enced designer. 








Heat Power. By Earte B. Norris and Eric THERKEL- 
SEN. London: McGraw-Hill Publishing Company, 
Limited. [Price 17s. 6d. net.] 

THE authors, who are professors of engineering 

at American colleges, state that it has been their 

intention to provide an introductory course in the 
principles of heat power for engineering students. 









This they have done in a fairly comprehensive 
manner, dealing with internal-combustion engines 
as well as with steam plant. Emphasis has been 
placed on fundamental principles, but there is also 
a considerable amount of descriptive matter of a 
general nature, which, however, is not out of place. 
The outlook is naturally an American one, there 
being, for instance, no mention of Cornish and 
Lancashire boilers, although illustrations are given 
of a number of fire-tube and water-tube boilers, 
including those with water walls to the combustion 
chamber and pulverised fuel firing. Internal-com- 
bustion engines are introduced by descriptions of a 
number of gas and oil engines and a chapter giving a 
few details of carburettors, ignition and valves. The 
different types of fuel available and the principles 
of combustion are then discussed shortly. The 
chapters dealing with the measurement of power and 
heat are clearly written and should be easily under- 
stood, although a considerable amount of informa- 
tion can only be obtained from a study of the 
numerical examples which are provided as exer- 
cises at the ends of the chapters. The latter are 
a feature of the whole volume, the authors believing 
that the solution of problems both aids and measures 
the student’s mastery of a subject, but there is 
always a risk that such exercises may be over- 
looked and it would have added to the value of 
the book if some of the particulars given had been 
brought into the definitely reading matter. The 
Otto and Diesel cycles are described with the 
necessary mathematical analysis, and particulars 
given of the actual performances of internal-com- 
bustion engines. 

The properties of steam are dealt with in some 
detail, use being made of the new A.S.M.E. tables 
which are carried up to a pressure of 3,226 Ib. per 
square inch absolute, while the properties of super- 
heated steam are given up to a pressure of 1,800 Ib. 
per square inch, with a steam temperature of 
800 deg. F. The Rankine cycle is given as a standard 
of comparison for steam engine performance, and 
attention called to the departure of the curve of 
steam consumption from the Willan’s line when 
variable cut-off is employed. The losses in engines 
are briefly examined, with the methods to be adopted 
to reduce them, followed by some details of 
engine mechanism, turbine construction, and 
condensing equipment. The subjects of boiler 
fuels and furnaces are dealt with more thoroughly 
than other portions of the book, the treatment of 
chimney design, although quite short, being especi- 
ally clear in calling attention to the points at which 
the available draught is utilised. The concluding 
chapters are devoted to boiler accessories and 
auxiliaries, and to boiler performance. Owing to 
the large amount of ground covered the treatment 
is necessarily somewhat incomplete, but not more 





so than might reasonably be expected in a book of 
this type, the whole being distinctly useful, par- 
ticularly when the information given in the exer- 
cises, already referred to, is realised and properly 
utilised. 


THE BAUER-WACH MACHINERY OF 
THE S.S. “ST. CLAIR.”’ 
(Concluded from page 420.) 

As already noted, means are provided by which 
the turbine is automatically cut out of action 
whenever the engines are reversed, and moreover, 
the valves controlling the steam supply to the 
turbine and the charging and draining of the 
coupling are all actuated by oil pressure, and are 
so interlocked that they can only be opened or 
closed in due sequence. It will be convenient to 
describe the system generally with the aid-of the 
key diagram, Fig. 16, before explaining in detail 
the construction and arrangement of the con- 
stituent elements. 

Referring to this figure, the engine is supposed 
to be running ahead. A crank keyed to the weigh- 
shaft of the link motion is coupled by the slotted 
bar shown to one arm of a three-cranked lever. 
Of the remaining arms, one is linked to the hand 
lever O, by which, if the engine is in ahead gear, 
the turbine can be cut in or out as desired, and the 
other to the regulating valve P, shown below. This 
valve controls the distribution of the pressure oil 
to the various servo-motors used to open or close 
the steam valves of the turbine and the charging 
and draining valves of the hydraulic coupling. 
In the position shown in the figure the turbine 
would be taking steam from the L.P. cylinder 
and the Féttinger coupling would be fully charged. 

Suppose, however, that we start with the turbine 
cut out, and that it is desired to switch it in. The 
hand lever O would be moved from the “ out ” posi- 
tion to the “‘in” position, shown in the diagram. This 
would move the valve P to the lowest point of its 
travel, thus allowing oil to pass from the pressure 
main z through the pipe y to the relay , controlling 
the supply of oil to the hydraulic coupling, which 
on starting up as assumed, would be uncharged. 
By this admission of pressure oil the relay piston 
is moved from right to left into the position shown. 

During this motion of the piston the oil ex- 
pelled behind it escapes by the pipe w to the 
switch-cock v, which in “the turbine stopped ” 
position provides a clear path between w and 
u and ultimately to the drain through the upper 
part of the valve P. When the piston of the 
relay x moves over as described, it, in the 
first place, closes, by means of the rack and seg- 
ment shown (this sketch, it must be remembered, 
is diagrammatic), the valves, through which the 
coupling was emptied the last time the turbine was 
stopped. Secondly, this motion of the relay allows 
pressure oil to pass through the pipe ¢ to the 
coupling, and when this is full, but not before, oil 
also passes on through the non-return valve ¢ to 
the servo-motor Q shown. This is of the oscillating- 
vane type, and is mounted on the same shaft as the 
switch-cock v and the change-over valve R, which 
in one position passes the low-pressure exhaust 
steam directly into the condenser, and in the 
other closes this passage and opens another leading 
to the turbine. As the vane of the relay Q turns, 
it simultaneously moves the change-over valve, 
thus admitting steam to the turbine, and also 
rotates the switch-cock v into the position shown in 
the diagram, in which there is direct communication 
between the pressure pipes r and q, the latter of 
which forms a branch from the pump delivery main. 

On reversing the main engines the weigh bar as it 
moves to the astern position forces down the left- 
hand arm of the three-throw lever, thus raising the 
valve P to the position indicated by the dotted 
lines. Oil can then drain away from the pipe p 
to the tank, but as y is fitted with a non-return valve 
there is no back flow through it. At the same time 
the motion of the valve P couples up wu with the 
pump delivery, and oil is thus admitted to the servo- 
motor Q, which moves round carrying with it the 
switch-cock v and the change-over valve R. By 
this operation the exhaust from the low-pressure 
cylinder is turned direct into the condenser, the 
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switch-cock v being moved into a position such that 
communication is established between the pipes u 
and: w. Pressure oil is thus admitted, through w, to 
the servo-motor 2, the piston of which moves accord- 
ingly to the right, and in so doing opens by means of 
the rack and segment the cocks through which the 
hydraulic coupling is emptied. It will be noted that 
no pressure oil reaches the pipe w leading to the servo- 
motor until the switch-cock v has been turned 
through a right angle, and the cock moves with the 
change-over valve R. Hence, the coupling cannot 
even begin to empty until the supply of steam to the 
turbine has ceased. 

Two non-return valves have been mentioned, 
one's, and the other on the pipe y. These are 
flap valves each pierced by a small hole, through 
which back-flow may occur. ‘n'the case of s, the 
existence of this hole ensures that the coupling will 
be emptied very slowly when the hand lever O is 
moved to the stopping position. Hence the steam 
supply to the turbine is always fully cut off before 
the servo-motor x opens the coupling drain valves. 
In the case of the valve on the pipe y the hole 
ensures that the pipes leading to the servo-motor 
which operates the change-over valve are drained 
when the turbine is stopped. They cannot then 
refill on starting up again until the coupling is fully 
charged. 

Provision is also made for automatically cutting 
out the turbine in the case of overspeed. The tur- 
bine governor is indicated in the diagram by S, 
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and when it is tripped it opens a valve which connects | off to the oil pump suction. As shown to the left 
one side of the servo-motor Q to the drain. The | of Fig. 17 and also in Fig. 18, above, a hand lever is 
shaft of the relay is then pulled round by the spring | fitted by which the freedom of the relay piston can 
indicated diagrammatically at T, carrying with it in- be tested from time to time. The spring shown 
to the “ turbine cut-out ” position the switch-cock v | ensures that the relay piston is always in a definite 
and the change-over valve R. | position when there is no pressure in the oil mains. 
It will be obvious that the same result will follow; Details of the valve changing relay are represented 
should the oil pressure fail through an accident toa in Figs. 22 to 29, page 487, showing also the 
pipe or valve and the turbine will then also be|spring by which the turbine is cut out when its 
automatically closed down. In the case of either of | emergency governor is tripped. As has already been 
these emergency stops, however, the coupling is not | noted this relay is of the oscillating vane type. The 
emptied automatically, but to effect this it is neces- | Switch-cock », shown in the key plan, Fig. 16, page 
sary to move the lever O to the out position. | 485, is fitted into the cover of the relay cylinder. A 
Details of the relay which controls the charging | cross section through its four ports is shown in 
and emptying of the coupling are represented in| Fig. 25, whilst Fig. 29 shows how the whole is 
Figs. 17 and 21, above. In the position shown, oil | coupled tip to the oil mains. This is, however, still 
from the pressure main can enter at the bottom by | more clearly set out in the key diagram, Fig. 16. 
the branch represented by the dotted lines, and can | An example of the application of the Bauer-Wach 
find its way into the coupling through the ports /| system to an existing vessel is illustrated in Figs. 30 
and k. It can also pass to the change-over valve | and 31, Plate XXXIV, which are reproductions of 
servo-motor by the branch 7. Coupled to the relay | photographs of the plant supplied to the S.S. Port 
piston is a crosshead i, which, as is perhaps best | Hardy, a twin-screw vessel belonging to the Common- 
seen in Fig. 9, Plate XXVII ante, is housed in a| wealth and Dominion Line, Limited. , 
recess bored in the end of the coupling shaft. The! The S.S. Saint Clair has now been in service for 
cross-head has bolted to it a rack which gears with | several months, and her logs show a consumption of 
the pinion on the shaft 4. This shaft has at both | 1-24 lb. of average coal per equivalent indicated 
ends a valve or cock g, which is opened or closed by | horse-power-hour. In order to obtain a good 
the motion of the relay piston. Sections through one | working skin on the high-pressure valve and cylinder 
of these drain valves are reproduced in Figs. 21, and | liners, the superheat was intentionally restricted to 
13 and 14, page 420, ante. The oil which escapes falls | less than 100 deg. F., and the above figure was 
to the bottom of the gear box casing and is drained | obtained with the machinery running at much 
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Fic. 30. TurBINE AND GEAR Box As ERECTED IN THE BUILDERS’ Works. 














Fic. 31. Gear Box witH Covers REMOVED. 
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below its designed economical output, the total 
power developed by the engine and _ turbine 
together being only 1,350 equivalent indicated 
horse-power. When the full superheat is admitted 
and the power developed is approximately that for 
which the machinery is designed, it is fully expected 
that the consumption will be reduced to about 
1-15 lb. of coal per indicated horse-power per 
hour. 

The popularity of this system can be gauged by 
the fact that up till the present Bauer-Wach 
machinery has been ordered for more than 170 
ships, of which approximately 45 per cent. is for 
new ships. 

Among new vessels, Bauer-Wach machinery was 
decided upon before the ships were built in the 
case of four steamers constructed by Messrs. John 
Readhead and Sons for Messrs. Frank C. Strick 
and Company, while in the case of one vessel 
built by Messrs. R. and W. Hawthorn, Leslie and 
Company, and of a second, the City of Dieppe, 
by Messrs. Wm. Gray, the decision was arrived 
at only after the ships had been commenced. In 
the case of seven ships of the Commonwealth and 
Dominion Line the vessels already existed, and were 
converted to the Bauer-Wach system by Messrs. 
Swan, Hunter and Wigham Richardson, with the 
object of attaining increased speed. Four other 


existing ships have been converted by Messrs. Green | 








| and Silley Weir, at Falmouth. Messrs. Swan, Hunter 
‘ have also built and supplied the Bauer-Wach ma- 
| chinery for the Fjordheim. In the latter the ex- 
| haust turbine develops 500 shaft horse-power ; the 

largest exhaust unit, that of the City of Dieppe, 

develops 2,400 shaft horse-power. All the above 
| vessels are now in regular service, while three more 
| installations are in hand at the Neptune Works. 
| No mechanical troubles have developed. 

In the case of the ships of the Commonwealth 
and Dominion Line, a guarantee was given by the 
firm for an extra three-quarters of a knot speed after 
conversion. Tests at the Teddington tank showed 
that for this to be realised an increase of power of 
24 per cent. would be necessary. Very careful 
tests were made of the Port Hardy with and without 
the auxiliary plant in use, and revealed an increase 
of speed of rather more than 1 knot, with a slightly 
lower steam consumption. On voyages between 
London and Australia, this steamer made a speed 
in her original state on one occasion of 12-01 knots, 
with a coal consumption of 88-1 tons per day, and on 
another a speed of 12-10 knots, with a consumption 
of 86-3 tons. After the Bauer-Wach equipment 
had been fitted a speed of 12-95 knots was made 
on a coal consumption of 82-7 tons of coal per 
day. In the case of the first three vessels built 
by Messrs. John Readhead for Messrs. Frank C. 
Strick and Company, the fuel oil for all purposes 











has worked out between 0-78 lb. and 0-80 lb. per 
i.h.p.-hour, the boilers not being fitted with super- 
heaters, This is at least 20 per cent. better than 
any plain triple-expansion sets of which Messrs. 
Swan, Hunter have knowledge. 








ESPARTO GRASS MECHANICAL 
HANDLING PLANT. 

TuHat the economy and certainty of mechanical 
methods of handling the raw materials of industry are 
being increasingly recognised cannot fail to come under 
the notice of the visitor to almost any kind of modern 
plant. Many such methods, though efficient, are 
somewhat stereotyped, due to the fact that the materials 
dealt with are generally either in a compact form, i.e., 
in boxes, or, if in bulk, are capable of flowing. A 
problem of a different and much more difficult kind 
was, however, presented to Messrs. Spencer (Melksham) 
Limited, Melksham, in the handling of that very un- 
manageable material raw esparto grass, and we think a 
short description of the method developed by this firm 
for the paper mills of Messrs. John Dickinson and Com- 
pany, Limited, Croxley Green, Watford, will prove of 
interest. The description is illustrated by Figs. 1 to 
4 on Plate XXXV. Esparto grass, it may be noted, is 
a native of the Mediterranean littoral, though now also 
cultivated elsewhere, and is imported into this country 
in large quantities for the purpose of making paper 
as it contains a large percentage of cellulose of high 
quality. It arrives in bales tightly banded with ropes 
of the grass, or with iron bands, the bales weighing 
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about 4 cwt. each. The grass resembles hay in appear- 
ance, but is much tougher and more wiry. 

The bales are, of course, broken up before anything 
further is done, and the grass then consists of a mass of 
small sheaves, which interlock with one another, and 
render it quite impossible to store the material in a 
large bin and draw it off through a door at the bottom. 
The rate of consumption is about 12 tons per hour; that 
is, the grass is required to be fed to any one of four 
boilers, each with a capacity of about 8} tons, in which it 
undergoes the first process of reduction. In the passage 
from the bin to the boilers, the grass has to be weighed, 
and the dust and foreign bodies in it removed, and the 
whole process must be continuous to avoid any delay in 
charging the boilers. As any attempt to withdraw 
a portion of the grass from a large mass involved 
a possible delay and then the disengagement of an 
inconveniently large portion, it was decided to keep the 
whole of a day’s supply, some 70 tons, in continuous 
motion towards a delivery point, the speed being such 
as to enable the required capacity to be obtained. The 
bin is accordingly made in the form of an open hopper, 
about 80 ft. long and 12 ft. deep, with sloping sides. A 
view of the interior of this hopper is given in Fig. 1. 
It is filled from the top by hand labour. The bottom 
consists, as will be clear from the figure, of a slat con- 
veyor. This is fitted at intervals with long flat steel 
teeth which, projecting into the grass, have a sufficiently 
firm grip to cause the whole mass to travel along the 
hopper. The conveyor travels at a slow rate, which 
can be varied between 6 in. and 9 in. per minute. 

The hopper is open at the end towards which the 
conveyor travels, and there terminates in an inclined 
chute or hopper. This is shown in Fig. 3. The drive 
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Messrs. Crosby Lockwood and Son act, in this case, as 
publishing trade agents. The price is 3ls. 6d. net, 
and the format remains as before, though the book is 
somewhat more manageable as regards size than it 
had of late become. This reduction in bulk has not 
involved the sacrifice of important matter; on the 
contrary, a good deal has been added, room for which 
has been found by excising the former long Section I. 
The matter in this section could well be dispensed with. 
To avoid a re-arrangement in the numbering of all 
the sections, only one other section has been displaced, 
viz., XLIII, which includes data on lengths, surfaces, 
weights, capacities, &c. This matter now forms 
Section I, and the present Section XLIII deals with an 
entirely new subject, viz., ‘‘ Radio Communication.” 
From a rapid examination of the book’s 3,043 pages, 
it would appear that many of the sections have been 
judiciously added to; thus, we find that the table of 
recent locomotives has been brought up to date, and 
fresh matter appears on articulated locomotives and 
American railway practice. The data on steam at 
very high pressures are enriched by some of the late 
Professor Calendar’s steam tables, and some new forms 
of boilers, superheaters, and feed regulators are 
described. It can be safely said that, as a work of 
general utility to every practising engineer, the present 
issue of the Year-Book has no superior. 





| A pamphlet, of 88 pages, on Strimungswiderstand wnd 
Warmeiibergang in Rohren (Leipzig: Akademische 
Verlagsgesellschaft m.b.H., price 7-80 marks) contains 
accounts of two independent, though interconnected, 
researches conducted in the department for applied 
mechanics and thermodynamics of the Physical 





for, and a portion of, the slat conveyor can be made out 
on the left, while on the right is an inclined belt elevator. 
The function of the hopper and elevator is to deliver 
the necessary quantity at a regular rate to the boilers. 
The grass moves in a compact mass along the hopper 
and the end of this mass eventually overhangs the 
delivery hopper until a portion, which may be as much 
as 2 tons in weight, falls off into the hopper, and, in 
doing so, breaks up. The grass is then picked up, in 
the state shown in Fig. 4, by the delivery elevator, which 
is provided with a comb near the top to effect a further 
separation. From the head of the delivery elevator, 
the grass is discharged on to a belt conveyor and 
is passed over a continuous weighing machine. The 
weight is registered on a 12-in. dial near the machine, 
and simultaneously on a similar dial on the boiler 
feeding floor, this second dial being conveniently situ- 
ated near the boiler attendant. 

The next process is to break up the grass still further 
and remove any dust or foreign matter. Two“ duster” 
machines, not supplied by Messrs. Spencer, are provided 
for this purpose, as the amount of material passing 
through is too great to be dealt with effectively by a 
single machine, and each has its own elevator picking up 


Institute, University of Leipzig. The authors are 
Dr. R. Hermann and Dr. Th. Burbach. The former 
| investigated the resistance to flow of fluids through 
‘ pipes, with particular reference to the work of Stanton 
| and Pannell (Philosophical Transactions, 1914), of 
Jakob and Erk, 1924, and of Professor L. Schiller 
(Leipzig), 1923, who has written an introduction to 
the volume. The apparatus consisted of a boiler, 
from which a horizontal pipe, made in three sec- 
tions, of weldless drawn brass or copper, 6-8 or 5-cm. 
internal diameter, 15 m. long, carefully smoothed 
inside, was carried outwards over adjustable bearings, 
consisting of steel discs carried on the pipes. The 
boiler was provided with a lateral flange, and the 
pipe was so carried through this flange and a rubber 
membrane closing it that the boiler and pipe, which 
had a trumpet-shaped inlet inside the boiler, were 
nowhere in metallic contact. The results are stated 
to be in good agreement with those of Stanton and 
Pannell, within their Reynolds’ number R range. 
This range is, however, erroneously stated to have 














| been limited to R = 215,000 (Stanton went up to 
| R = 400,000), whilst Hermann reached R values of 
| 950,000, Hermann’s resistances are slightly higher. 


from the belt conveyor. As it is not possible to ensure | The high: Reynolds’ numbers, and ithe large distances 


correct longitudinal division of the stream of material, 
the whole feed is diverted by a mechanically-operated 
flap valve, first to one elevator and then to the other 
every few seconds. After leaving the “duster” 





| gation. 
| pipe radius, and the resistance to flow was found to de- 


between the inlet and the section at which the measure- 
ments were taken, are the chief features of the investi- 
This distance amounted to 600 times the 


machines, the cleaned grass is lifted up a distance of | crease with greater distance, particularly at high values 
50 ft. to the top of the boiler-house and delivered to a| of R, but did not change much after the distance ex- 


horizontal conveyor. 


This carries it about 65 ft. and | ceeded 200 times the radius. Dr. Burbach’s experiments 


finally delivers it down chutes leading directly into the | were concerned with the measurement of heat trans- 


boilers. 
vision for a fifth. One of the chutes is shown in opera- 
tion in the foreground of Fig. 2. It is hinged so as to 


There are four of these, at present, with pro- | mission from hot water through the walls of pipes of 


brass or copper kept in ice water. The pipe was 5 mm. 


| internal diameter, and 1 mm. thick, and was directly 


fold up out of the way when not in use, in which position | fixed into the boiler flange, which itself formed a funnel- 


the three other chutes are shown in the background. 
The plant as described seems simple, and indeed is so, 
but those who have had to deal with material of this 
kind will recognise that the final result has involved 
many difficulties on the successful solution of which 
Messrs. Spencer are to be congratulated. 








NOTES ON NEW BOOKS. | 


THE attempt to keep abreast of the general trend of | 
engineering practice involves the accumulation of a} 
fairly extensive library, the units of which are often | 
too full of detail for ready reference. Further, such 
special text-books, unless frequent editions make their 
appearance, may not always cover latest practice. The 
annual publication of Kempe’s Engineer's Year-Book 
ensures the removal of this last difficulty and, to a 
large extent, of the other two, for practically the whole 
tield of engineering is covered in its forty-seven sections. 
In commenting on the 37th edition of the work, t.e., 
the issue for 1930, it may be pointed out that changes 
have taken place in its production. Formerly edited 
by Mr. H. R. Kempe, its original compiler, and Mr. W. 
Hanneford Smith, the book has now been revised 
under the direction of the editor of our contemporary, 
The Engineer, a choice which will re-assure those who 
might otherwise have regretted the change. It is 


i 


published by the proprietors of that journal, Messrs. 
Morgan Brothers (Publishers), Limited, for whom 


shaped inlet. Varying the boiler temperature up to 
118 deg. C., the rate of water flow (1 to 5 m. per 
second), and the distance from the inlet, Burbach 
supports Nusselt’s theory, and the formula of Prandtl 
for heat transmission with turbulent flow. He also 
deduces a simple formula on the similarity prin- 
ciple for the phenomena at considerable inlet distances 
(200 to 400 times the radius). His heat-transmission 
coefficients are higher than those of Stanton of 1897, 
but Stanton’s experiments of that year were made with 
ordinary pipes, and a comprehensive account of his 
later work has not yet been published. 





The nineteenth edition of Kelly's Directory of the 
Engineering, Hardware, Metal and Motor Trades is, 
like its predecessors, designed to give lists of those 
engaged in the trades mentioned and in other trades 
and occupations allied thereto. As those who have 
used previous issues are well aware, it has admirably 
fulfilled this purpose, and there is no reason to suppose 
that the latest edition will fall short of the high standard 
that has been set up. It may be added that the 
Directory embraces England, Scotland and Wales, 
and contains the names for each county arranged 
alphabetically under towns and villages. There is a 
similar alphabetical classification for the London 
Postal District, the names being arranged by trades, 
while this trade arrangement is also provided for the rest 
of the three countries as a whole. Special sections give 
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the names of some 10,000 branded articles with an indi- 
cation of their manufacturers, while the makers of iron 
and steel sections and the brands, which appear on iron 
and'steel work, are also set out. It will, therefore, be 
seen that the whole field is well covered and that a 
great deal of useful, and even necessary, information is 
comprised in the volume. The Directory is published 
by Kelly’s Directories, Limited, 186, Strand, London, 
W.C.2, at the price of 45s., post free. 


Readers of German technical publications will have 
noticed references to TWL. The letters stand for 
the Technisch-Wissenschaftliche Lehrmittelzentrale, of 
Berlin, N.W.7, Dorotheenstr 32, an institute estab- 
lished in 1921 at the instigation of the late chief 
engineer of the A.E.G., Dr.-Ing. Oskar Lasche. The 
purpose of the institute is to facilitate instruction in 
technical science in the lecture room and office, &c., 
by means of drawings, photographs, films, slides, 
models, projection apparatus, illustrated tables, &c. 
The institute is supported by the Deutsche Verband 
Technisch - Wissenschaftlicher Vereine, which com- 
prises the leading societies of engineers, physicists 
and chemists. The TWL prepares the material on 
the advice of expert committees or to the order of 
applicants, and lends or sells the copies and apparatus, 
&c., in single sheets, folders or cases. The present 
director of the TWL, Professor Georg von Hanffstengel, 
has recently drawn up an illustrated pamphlet, of 
113 pages, entitled Das Technische Lichtbild (Berlin, 
N.W.7, V.D.I.-Verlag, G.m.b.H.; price 5 marks), in 
which he explains the preparation and use of what 
may briefly be called slides, and deals with other 
activities of the TWL. He points out that many 
slides have the objections that they are not self- 
explanatory and are overladen with details, and that 
the type is too small. White letters on black ground 
are often preferable to black letters on white ground. 
Kinematograph films are improved by placing the 
longitudinal axis along, and not across, the film, 
and by utilising the full width to the edges. 
When authenticated, the name and date of the 
inventor or originator of a device, and not of the 
author of the book from which the illustration is 
taken, should be given. The use of colours is recom- 
mended. Correct constructions should be marked in 
red and incorrect designs in green, because the red 
is more striking. Red is, on the whole, preferable 
for giving prominence. A device due to Professor 
Zenneck, of Munich, is very convenient for lec- 
turers. He has a transparency in front of him on 
his desk. This slide is illuminated from below, and 
the light is reflected back from above, there being 
two plane parallel inclined mirrors, one below and 
one above the desk. As the lecturer proceeds with 
his description of an instrument, he adds new details 
to the slide, which appear on the screen. Travelling 
representatives of firms are supplied, not only with 
printed catalogues, but also with catalogues consisting 
of folders of exchangeable diagrams. A good deal can 
undoubtedly be done in improving the projection and 
display of illustrations. 





HicH-Powrer Broapcastine STATION FOR THE IRISH 
Free State.—An order has been placed with Messrs. 
Marconi’s Wireless Telegraph Company, Limited, 
Marconi House, Strand, London, W.C.2, for a high- 
power broadcasting transmitter to be erected in a 
central position in the Irish Free State, in order to serve 
the whole country. The power of the new transmitter, 
which it is expected will be ready for operation by the 
end of next year, will be 60 kw., but arrangements have 
been made for the aerial energy to be doubled at a later 
date, if desired. It is understood that the wave-length 
used will be 413 metres. 

BritIsH STANDARD CLASSIFICATION OF SYMMETRICAL 
Licut DisTRIBUTION FROM LicHTING Frirtines.—The 
British Engineering Standards Association have issued a 
specification, No. 398-1930, by the aid of which it is hoped 
to secure a common terminology for describing and 
comparing the characteristics of lighting fittings. Light 
distribution is first classified by reference to the class of 
lighting for which a fitting is intended, and secondly by 
the character of the light distribution curve. In its 
present form the method is only applicable to lighting 
fittings which have a symmetrical light distribution. 
The specification first defines the polar curve of light 
distribution, the solid of light distribution and sym- 
metrical and asymmetrical light distributions. Sym- 
metrical distributions are then classified as direct general 
semi-indirect and direct, while the further classification, 
which is necessary to obtain the general character of the 
light distribution, makes use of the ratio between the 
width and height of a rectangle, which just encloses the 
polar curve in the hemisphere containing the major 
portion of the flux. Finally, this ratio, which is known 
as the frame-ratio, is used to define five classes ranging 
from extra narrow to extra wide. The method ot 
arriving at the frame ratio is dealt with in detail in an 
appendix. Copies of this specification can be obtained 
from the British Engineering Standards Association, 
Publications Department, 28, Victoria-street, London, 





S.W., price 2s, 2d., post free. 
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THE LATE DR. DANIEL ADAMSON. 


Ir is with very deep regret, and a real sense of 
the loss of a forceful personality to the engineering 
world, that we record the death, following an 
operation, of Dr. Daniel Adamson, head of Messrs, 
Joseph Adamson and Company, Hyde, on Saturday. 
October 11. The loss is the more marked as Dr. 
Adamson, though he had already contributed to his 
profession to a degree which would have satisfied 
many other men, might, from the vigour of his 
character, have been relied upon to continue his 
activities for many years 
beyond the age of 61 at 
which his labours have 
been so suddenly term- 
inated. Bearing a name 
notable in the earlier 
days of engineering, Dr. 
Adamson was _ justly 
proud to be able to refer 
to the achievements of 
his forebears during the 
past century. He would 
point out that a great- 
grandfather had built 
the first railway station 
in the world, and that 
the first locomotive- 
hauled passenger train 
had started from the 
same ancestor’s house 
some five years before 
the Rocket ran in the 
famous trials. A great- 
uncle, whose name he 
bore, had been the pioneer 
of the Manchester Ship 
Canal. His father, Mr. 
Joseph Adamson, had 
been largely concerned 
with the introduction of 
steel plates in the boiler- 
making industry, and had 
initiated the practice of 
flanging boiler ends by 
the hydraulic press. 

Born at Newton Moor 
on August 26, 1869, Dr. 
Adamson received his 
early education at a 
private school at Hyde, 
and then, following the 
family tradition, com- 
menced, at the age of 
sixteen, an apprentice- 
ship to engineering, first 
with Messrs. Scott and 
Hodgson, Guide Bridge, 
and then with Messrs. 


Joseph Adamson and 
Company, Hyde. This 
period terminated in 


1899, and during it, like 
so many of the engineers 
of the day, his technical 
education was carried on 
simultaneously with his 
practical training, in 
evening classes at the 
Manchester Technical 
School and Owens Col- 
lege, Manchester. The 
year 1890, found Mr. Adamson, as he then 
was, foreman of the turning, fitting and pattern 
shops of Messrs. Joseph Adamson, and, in 1893, 
promotion to the post of works manager followed. 
In that year, too, he paid a visit to the United 
States to study the development of electric trans- 
mission, a venture which bore practical fruit in 
the following year in the production, by Messrs. 
Adamson, of the first electric three-motor overhead 
travelling crane, and later in the installation of 
electric cranes. and other electrical equipment in 
the works at Hyde. A paper entitled ‘‘ Electrical 
Power Transmission,” giving the results of tests on 
these cranes, read in 1895 before the Manchester 
\ssociation of Engineers, may be said to be Dr, 
Adamson’s first contribution of importance to 


the Manchester Association was close and continuous, 
while the development of the works with which he 
was connected was also energetically carried on. 
Thus, in 1900, he was responsible for the erection 
of a new power station there, while 1907 saw the 
installation of a hydraulic 1,000-ton flanging press, 
with tables 14 ft. in diameter. 

Meanwhile, in 1902, Mr. Joseph Adamson had 
taken Dr. Adamson and a younger brother into 
partnership, and Dr. Adamson’s connection with 
technical societies had increased by his becoming 








technical societies. Thereafter, his connection with 


a member of the Institution of Mechanical Engineers 
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Tur Late Dr. DanreEL ADAMSON. 


in 1897. His activities were by no means confined 
to the study of electrical transmission, for he took 
up the question of high-speed tool steels after a 
visit to the Paris Exhibition of 1900, and served 
on the committee of the Manchester Association of 
Engineers appointed to investigate this subject. A 
paper on “ Wire Ropes,” read before the Institu- 
tion of Mechanical Engineers in 1912, revealed 
also his close attention to this important matter. 
This was followed, in 1916, by a paper on another 
subject, viz., ‘“‘ Spur-Gearing,” also read before the 
Institution, for which the author was awarded the 
Thomas Hawkesley Gold Medal in 1917. The 
Constantine Gold Medal of the Manchester Associa- 
tion of Engineers was awarded Dr. Adamson in 
1926, for a paper on “ Electric Cranes.” In this 


mics of Engineering” to the Institution of Mech- 
anical Engineers. 

By this time, his whole-hearted interest in the latter 
Institution had been recognised by, first, his election 
as a Member of Council in 1918, and secondly to the 
office of Vice-President, in 1924. Five years later, 
in 1929, Dr. Adamson occupied the presidential 
chair, and his address in that capacity showed how 
thoroughly he had grasped the aims, advantages 
and importance of the Institution to mechanical 
engineering. Its summer meeting, during his 





presidency, was held in his native city, Manchester, 
and the record atten- 
dance and crowded func- 
tions gauged the extent 
of his popularity. It 
was at this meeting that 
the University of Man- 
chester bestowed, with 
laudatory comment, the 
well-deserved honorary 
degree of Doctor of 
Science on the President. 
Dr. Adamson was chair- 
man of the Wire Ropes 
Research Committee of 
the Institution, and was 
also a member of the 
Cutting Tools Research 
Committee. He was 
President of the Man- 
chester Association of 
Engineers in the year 
1922, and had also oc- 
cupied the chair of the 
Manchester and District 
Association of the Insti- 
tution of Civil Engineers, 
of which Institution he 
had been elected a full 
member in 1914. He 
became a full member 
of the Institution of 
Electrical Engineers in 
1912, and belonged to 
the North East Coast 
Institution of Engineers 
and Shipbuilders. As 
late as this year he was 
elected a member of the 
Iron and Steel Institute, 
and attended its summer 
meeting at Prague. As 
he had just previously 
attended the correspond- 
ing meetings of the 
Institution of Mechanical 
Engineers and the Insti- 
tution of Electrical En- 
gineers at Bristol and 
Belfast, respectively, and 
had then shown little sign 
of ill-health, the news 
of Dr. Adamson’s death 
has been particularly 
distressing to those mem- 
bers who had met him on 
those occasions. His con- 
nection with the United 
States was strengthened 
by his membership of the 
American Society of Me- 
chanical Engineers, the 
American Institute of Electrical Engineers, the 
American Welding Society, and the Association of 
Tron and Steel Electrical Engineers, U.S.A. Other 
interests which claimed his attention were the 
Newcomen Society, and the Literary and Philos- 
ophical Society of Manchester. 

From 1920, following the death of Mr. Joseph 
Adamson, the business was carried on by the two 
sons, but in 1925, upon the dissolution of their 
partnership, Dr. Adamson became the sole pro- 
prietor of the firm, which still retains the name of 
Messrs. Joseph Adamson and Company, and 
devoted a good deal of attention to waste heat 
recovery in connection with boiler plant, though 
for some years before that he had been respon- 
sible for many successful installations. The work 





year, also, he contributed a paper on the ‘‘ Econo- 


of electric crane making was, of course, carried on 
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simultaneously with that of the older activity of 
the firm, boilermaking. In the latter connection, 
it may be said that Dr. Adamson, with a charac- 
teristic contempt for pretension, often referred to 
himself, in public, as a boilermaker, thereby identify- 
ing himself with a branch of engineering which has, 
for some reason or other, been treated with wholly 
undeserved neglect, but which requires a great 
amount of both theoretical and practical skill and 
knowledge. Of Dr. Adamson’s personality little 
need be said, as he was so well known in engineering 
circles, and there are many who appreciate at its 
true worth his outspoken sincerity and _ single- 
mindedness. Under an apparently brusque manner 


he bore a real kindliness, and with a somewhat dry | 


humour and sound common sense would strip a 
doubtful argument of its rhetoric and illuminate 
the subject in an incisive way. Above all, he 
possessed that faculty, all too rare nowadays, of 
never being afraid of finding himself in a minority. 
His thought for the younger generation was shown 
in the warm interest he took in the subject of educa- 
tion, both inside and outside the Institution of 
Mechanical Engineers. 








THE BRYANT SYSTEM OF FRAMING 
FOR SHIP CONSTRUCTION. 


Tue tendency in modern ship design is towards the 
elimination of redundant structures and the re- 
distribution of material to secure homogeneity of 
strength and minimum first cost. In the case of oil 
tankers, in particular, the manner in which the cargo 
and bunkers are distributed, in a fully-laden vessel 
with the engines aft, usually results in the maximum 
bending moment occurring in the sagging condition ; 
the deck and bottom plating, with their supporting 
longitudinal framework and transverse bulkhead 
bracket connections, being in compression and tension 
respectively. These stresses would be considerably 
reduced if the construction of the longitudinals were 
continuous, thus contributing effectively to the longi- 
tudinal strength of the ship as a whole. 

In the ordinary longitudinal system of framing, the 
ends of the longitudinals are attached to transverse 
bulkheads by means of comparatively large plate 
brackets, which are intended to give some degree of 
constraint to the ends of the longitudinals and to 
produce continuity of frame strength. The extent to 
which the strength of the ship is impaired owing to the 
frames being cut and bracketed to the transverse 
bulkheads cannot be mathematically determined, but 
it will be realised that the abrupt ending of all such 
longitudinals supporting the ship’s bottom, sides, decks, 
and so on, at each bulkhead, is by no means an ideal 
arrangement. In addition to this, the strength of the 
ship is further reduced at the transverse bulkheads 
by the closely-pitched riveting through the shell plating 
and bulkhead boundary bars. Trouble is often 
experienced with overstressed and leaky shell rivets 
in the ends of the bottom longitudinals, and back bars 
are frequently fitted to effect an improvement. The 
unsupported portions of shell plating extending between 
the outer row of rivets in the bulkhead boundary bars 
and the end rivet in the shell flanges of the longitudinal 
frames frequently fracture, the fractures often eman- 
ating from the end rivet hole in either the shell flange 
of the longitudinal or its associated back bar, and 
usually extending in a transverse direction. Such failures 
appear to be due principally to the alternating stresses 
set up in the shell plating by the push and pull of the 
bulkhead brackets, and vy the ripping effect of the 
rigid ends of the longitudinals. Similar trouble is also 
experienced in the upper deck plating, but to a lesser 
degree. Past experience with brackets has, in fact, 
not been encouraging, the rivets at the ends of the arms 
and at the heel often giving trouble through overstrain 
and slackness, followed by a progressive destruction of 
adjacent rivets and opening out of the caulking down the 
heel of the bulkhead attachment lugs. Attempts have 
been made to remedy these defects, in connection with 
side stringers and keelsons, by increasing the size of the 
brackets and the number of rivets in the arms, but the 
results have not been satisfactory, and it was not until 
the brackets were replaced by short lugs that the trouble 
was overcome. Some interesting facts regarding the 
efficiency of brackets, as compared with lug connections, 
are contained in the report of the Departmental Com- 
mittee on Bulkheads and Watertight Compartments. 
This report states that, as a result of actual tests on 
experimental bulkheads, it was found that the rivets 
in the heel brackets of bulkhead vertical stiffeners gave 
trouble, while stiffeners of theoretically equivalent 
strength having lug attachments held satisfactorily. 

A system of continuous framing based on the above 
considerations has been devised by Mr. H. C. T. Bryant, 
8. Dudley Road, Wimbledon, S.W.19, and 
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application to the bottom {longitudinal [framing 
is illustrated in Figs.:l1 and 2, annexed. It will 

seen that it comprises flanged doublers, as shown in 
Fig. 2, and tee-section bulkheads lugs, as shown in 
Fig. 1, fitted in conjunction with the usual bottom 
longitudinals. Bulb angles with the bulb sheared off, 
or channel bar sections with one flange removed, make 
suitable doublers for large vessels. It will be noticed 
from the figures that a small portion of the standing 
flange of the doubler has been removed at the centre 
to allow the wider horizontal flange to be sandwiched 
between, and riveted to, the shell plating and bulkhead 
boundary bar. The remaining portions of the standing 
flange are strongly riveted to the ends of the aligned 
longitudinal frame on either side of the bulkhead. It 
will also be seen that the flanged doublers effectively 
replace the adjacent lengths of bottom longitudinal 
shell flanges and back bars. The arrangement permits 
of the flanged doublers being caulked all round, to 
prevent seepage of cargo oil between the faying surfaces 
from one compartment to another. The width of the 
flanged doublers may be gradually reduced from a 
maximum at the bulkhead to the width of the longi- 
tudinal frame shell flange, as shown, in order to obtain 
a uniformly flexible structure and reduced weight. 

To minimise linering and joggling of bulkhead 
boundary bars, the thickness of flanged doublers 
situated on raised strakes of shell plating would be 
made equal to that of the adjoining sunken shell plates, 
and, where practicable, all other flanged doublers on the 
ship’s bottom would be identical for the sake of uni- 
formity. Bulkhead boundary bars may be either 
joggled over the shell flanges of doublers located on 
sunken strakes or slip liners fitted, while parallel plate 
liners would be fitted between the bulkhead boundary 
bar and raised strakes of plating in accordance with 
existing practice. To avoid unnecessary three-ply 
riveting, shell plating butts would be kept well clear of 
the flanged doublers. 

The designer of the system claims that the additional 
strength imparted to the vessel as a whole should permit 
of a substantial reduction in the thickness of shell 
plating adjacent to the longitudinals, and that the 
arrangement will prevent the development of local 
fractures in the shell plating, and eliminate overstressed 
and leaky shell rivets in the ends of the longitudinals. 
Among other advantages put forward is that the 
rivets in the heel of the bulkhead lugs will be protected 
from damage when the longitudinals are in tension. The 
tensile strength of the flanged doubler alone is intended 
to be not less than that of the complete longitudinal 
frame to which it is attached. The lugs completely 
bridge the gap between the upper portion of the ends of 
aligned longitudinals, and are intended to maintain the 
strength of the upper portion of the longitudinal frames 
through the bulkhead. They also provide local support 
for the bulkhead plating, and protect the caulking edges 
of the bulkhead boundary bars. While holding down 
the ends of the longitudinals, they are devised so as 
not to set up constraint that would be likely to throw 
heavy stresses on the bulkhead lug rivets. 








BRIDGE OVER THE MurRRAY RIvER.—It is reported that 
the bridge over the Murray River above the Hume Dam, 
at Bethanga, has been completed and brought into 
service. It is situated two miles above the dam, and 
replaces connections with Albury from the Victoria side, 
destroyed by the flooding of the country. 





THE UNION-CASTLE MOTORSHIP 
‘*WINCHESTER CASTLE.”’: ~ 


Or the four motorships ordered by Messrs. The 
Union-Castle Mail Steamship Company, Limited, from 
Messrs. Harland and Wolff, Limited, Belfast, in the 
spring of 1928, three have now been completed, viz., 
the Llangibby Castle, the Dunbar Castle and the 
Winchester Castle, while the work on the fourth, the 
Warwick Castle, has reached an advanced stage. The 
Llangibby Castle and Dunbar Castle are of the inter- 
mediate class, and are now in service on the owners’ 
East Coast route. The former, which was completed 
in November, 1929, is of 11,951 gross tons, and was 
described in ENGINEERING, vol. cxxviii, page 715 
(1929). Particulars of the Dunbar Castle, which is 
rather smaller than the Llangibby Castle, having a 
gross tonnage of 10,002, will be found in vol. cxxix, 
page 697 (1930). The Winchester Castle, which will 
be employed on the South African mail service of the 
Union-Castle Line, has just been delivered to her 
owners, and will commence her maiden voyage from 
Southampton to Cape Town on the 24th instant. 

-The following are the main dimensions of the 
Winchester Castle: Length between perpendiculars, 
630 ft.; breadth, moulded, 75 ft. ; and depth, moulded, 
44 ft. 6 in.; while her gross tonnage is 20,109, and her 
service speed 15} knots. Her appearance is shown 
by the photograph reproduced in Fig. 1 opposite, 
from which it will be seen that her general design 
follows modern practice. She has the usual straight 
stem and cruiser stern, and is provided with two low 
funnels, of which the forward one isa dummy. Accom- 
modation is provided for 259 first-class, 243 second- 
class, and 254 third-class passengers, 756 in all. The 
public rooms are generally decorated in the Cape 
Colonial style, and of these the most imposing is the 
lounge, a photograph of which is reproduced in Fig. 2 
opposite. This is a lofty apartment, with walls of 
plain rough plaster and deeply recessed bays, high 
mullioned windows, and heavy oak beams and joists 
for the ceiling. At the after end is a large fireplace, 
shown in Fig. 2, and over this is a colonnade of twisted 
columns and a wide gallery with wrought-iron and 
bronze balconies, from which a view of the whole of the 
lounge is obtained. The main staircase is located near 
the forward end of the lounge, and is finished in dark 
oak panelling, while on each side of the staircase wide 
passages give access to the library at the extreme 
forward end. An electric passenger elevator, adjoining 
the staircase, operates between the lounge on the 
promenade deck and the dining saloon on the main 
deck. Another staircase is provided aft of the lounge, 
and corridors on each side of this lead to the smoking 
room. The hoists and ventilating trunks which pass up 
through this apartment have been utilised to form a 
Dutch angle fireplace and arched recesses, one of which 
contains a reproduction of King Arthur’s round table, 
the original of which is preserved in Winchester Castle. 

Aft of the first-class smoking room, in separate 
erections, are the first-class verandah and second-class 
smoking room. The second-class lounge and verandah 
and the third-class smoking room and lounge are 
located on the bridge deck, ample promenading space 
being provided around them for each class of passenger. 
The only public room on the upper deck is the third- 
class dining saloon, which is located aft and has seating 
accommodation for 236 persons. The first-class dining 
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saloon, a photograph of which is reproduced in Fig. 3 
annexed, is located just forward of amidships on the 
main deck. It has seating accommodation for 250 
persons, and the general colour scheme is carried out 
in light green, the walls being relieved with pale amber- 
glass bowl lights and old-gold curtains. The dining 
saloon is approached from the main forward staircase 
through a lofty lobby, separated from the saloon by a 
glazed screen fitted with glazed doors. From the 
lobby, a minor staircase leads to the swimming bath on 
the lower deck, a raised gallery being prov ided on one 
side of the bath for spectators. There is also a gymna- 
sium, which is entered from the gallery. A second- 
class dining saloon, seating 222 persons, is located on 
the main deck towards the after end. 

The first-class accommodation on the bridge deck 
includes suite rooms on the starboard side and a 
number of two-berth cabines de luxe, each of which is 
provided with a bath-room. Other first-class passengers 
are carried in single-, two- and three-berth cabins on 
the bridge deck, upper deck, and main deck. The 
second- and third-class cabins are on the upper and 
| main decks, and the accommodation provided in both 
cases is fully up to the standard attained in modern liners. 
| The propelling machinery consists of two sets of 
| eight- -cylinder, double-acting, four-stroke cycle Diesel 
engines of the Harland-B. and W. type, driving two 
oe and developing together about 13,800 shaft 
| horse-power at 98 r.p.m. On the trials, a mean speed 
| of 17-3 knots was obtained with the engines running 
| at 101 r.p.m. The cylinders are 840 mm. (33 in.) in 
| diameter, and the piston stroke 1,600 mm. (63 in.). 
| Blast air is supplied by twin three-stage compressors 
| mounted on the engine bed-plates at the forward end 
and driven from the crankshaft. The air required 
for starting and manceuvring is supplied by the com- 
| pressors of the auxiliary engines, which are of sufficient 
| capacity for the purpose, and is stored in riveted-steel 
| reservoirs located on each side of the main engine- 
| room. Fresh water is used for cooling the covers 
| and jackets of the main engines, and the pistons are 
| oil-cooled. Monitor indicators are prov ided in the 
| circulating-water systems and also in the lubricating- 
| oil system. 
| Four 350-kw., 220-volt, direct-current generating 
| sets are located in an auxiliary engine room forward 
of the main engine room. The generators are each 
| driven by a six-cylinder, single-acting, trunk-type Diesel 
| engine of the Harland-B. and W. type, with cylinders 
| of 450 mm. (17? in.) bore and a piston stroke of 750 mm. 
(29 in.). The circulating and cooling systems of the 
| auxiliary engines are similar to those of the main engines. 
| Electrical energy, controlled from a switchboard at 

the after end of the auxiliary engine room, is used for 
driving the whole of the auxiliaries, and also, to a large 
extent, for heating and cooking ; it is, of course, exclu- 
| sively employed for lighting. An emergency oil- 
| engine driven generator is located aft, above the margin 
line. Fuel for the main and auxiliary engines is carried 
|in bunkers forward of the auxiliary engine room, the 
| bunker capacity being 2,869 tons. Settling tanks, each 
| capable of supplying the main engines for 12 hours, are 
located on each side of the auxiliary engine-room, one 
| being allowed to stand while the other is supplying the 
; engines. The exhaust from all four auxiliary engines is 
| passed through a single Clarkson waste-heat boiler, 
with an evaporative capacity of 1,700 1b. per hour, and 
two other boilers of the same type are heated by the 
exhaust from the main engines. The latter boilers each 
| have an evaporative capacity of 4,000-5,000 lb. per 
hour, and are fitted with Clyde low- pressure oil-fuel 
| burners for use in port. 
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For the carriage of fruit and other perishable cargo, 
fourteen insulated chambers, with a total capacity of 
216,190 cub. ft., are provided. All these chambers are 
arranged with cold-air circulation, by means of air- 
cooling batteries and electrically-driven fans, to enable 
a temperature of 30 deg. F. to be maintained in the 
tropics. In addition to the air cooling, three of the 
chambers are fitted with brine grids, which enable a 
temperature of 18 deg. F. to be maintained, so that 
chilled meat can be carried in these chambers, when 
required. The refrigerating installation was designed 
and constructed by Messrs. J. and E. Hall, of Dartford, 
in collaboration with Mr. J. Robinson, the superin- 
tendent engineer of the Union-Castle Liner. The plant 
comprises two CO, compressors, each having four single- 
acting cylinders of 33-in. bore and a piston stroke of 
7in. They are each driven by a 165-h.p. motor, running 
at 375 r.p.m. In addition to the spaces previously 
mentioned, the plant is of sufficient capacity to cool 
the ship’s provision chambers, which have a capa- 
city of 21,140 cub. ft., as well as various larders, cold 
cupboards, wine coolers, water coolers, ice-cream 
machines, ice tanks, &c. 

The vessel is efficiently ventilated by about 50 
electrically-driven pressure fans, of which the largest 
is 45 in. in diameter, and, in addition, a system of 
punkah-louvre ventilation is installed throughout the 
passenger accommodation, the amount of air delivered 
to the cabins being under the control of the individual 
passengers. The passenger accommodation is heated, 
when required, by 265 electric heaters of the builder’s 
own design and construction. 

The wireless equipment includes long and_ short- 
wave transmitting and receiving apparatus and 
direction-finding gear, supplied by Messrs. Radio 
Communication Company, Limited. There is also a 
band-repeater installation, by which the orchestra 
playing in the first-class accommodation can be heard 
m the second- and third-class public rooms. The 
navigating appliances include echo-sounding equip- 
ment, by Messrs. Henry Hughes and Son, Limited, 
fitted with a recording device by means of which a 
continuous record of the depth is obtained on a chart. 
With regard to the life-saving equipment, we may 
mention that the boats are carried in a new form of 
gravity davit, with electrically-operated hoisting 
winches, the whole equipment having been supplied 
by Messrs. Barclay Davit Company, Limited, City 
Chambers, Railway Place, Fenchurch-street, E.C.3. 
We hope to deal with these davits more fully in a sub- 
sequent issue of ENGINEERING. The watertight doors, 
which are electrically operated from the bridge, are of 
the builders’ own design and construction. Cargo 
is handled by derricks and electric winches, and the 
deck auxiliaries, all of which are electrically operated, 
include two capstans, one windlass, and a warping 
winch, in addition to the cargo and boat winches. The 
steering gear is also electrically operated and pro- 
vided with the Ward-Leonard control system, which has 
been previously described in our columns. 

The owners took delivery of the Winchester Castle 
in Belfast Lough on Saturday, October 11, and sub- 
sequently the vessel proceeded to Southampton where 
she arrived in the early hours of Monday last. The 
weather conditions on this trip were not such as to 
subject the vessel to any serious test as regards 
sea-worthiness, but the machinery appeared to func- 
tion perfectly in all respects, and there was a marked 
absence of vibration. As Mr. Walter Runciman M.P., 
remarked, at a dinner on board, the South African 
trade, at present, hardly justifies the expenditure on 
a vessel of the class and size of the Winchester Castle, 
but the owners, he said, were looking ahead and 
felt confident of a future expansion of traffic on all 
the great trade routes. At the present time, we may 
add, economy in operation is at least as important as 
considerations of first cost, and in this respect we believe 
the owners’ policy of employing in their fleet the latest 
products of the shipbuilder and marine engineer will 
be fully justified by the results obtained under normal 
service conditions. 








Motor VEHICLES IN TURKEY.--A report has been 
received from H.M. Embassy at Istanbul on the market 
for motor vehicles in Turkey, and ‘an be seen on appli- 
cation to the Department of Overseas Trade, 35, Old 
Queen-street, S.W.1, Ref. No. A.X. 10,257, should be 
quoted when making application. 


Tue Lystitution oF Crvit ENGINEERS.—The Council 
of the Institution of Civil Engineers has awarded, in 
connection with last session, the Indian Premium to 
Mr. B. B. Haskew; a Webb Prize to Mr. A. E. L. 
Chorlton; Telford Premiums to Dr. A. H. Gibson, 
Dr. F. W. Carter, Mr. P. N. Fawcett, Dr. H. Mawson, 
and Mr. H. F, Molony. The Forrest Medal and a Miller 
Prize has been awarded to Mr. J. R. A. Kenyon; the 
James Prescott Joule Medal and a Miller Prize to Mr. 
H. A. Sieveking; and Miller prizes to Messrs. C. F. 
Marshall, J. Paris, A. H. Kennard, H. F. H. Jones, 
R. H. Lee, J. L. L. North, H. A. P. Hetherington, 
P. A. Seott, J. P. Bamber, and J. N. Crichton. 





TENDERS. 


WE have received from the Department of Oversea’ | 


Trade, 35, Old Queen-street, London, 8.W.1, particulars | 
of tenders invited by various bodies in the British | 
possessions and in foreign countries. The closing date | 
of each tender is stated below. Details may be obtained | 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Railway Rolling-Stock Tyres.—The supply of 360 
locomotive, tender, and wagon tyres. The Direction 
General of State Railways and Ports, Istanbul, Turkey ; | 
November 3 (Ref. No. A.X. 10,349). 

Motor Lorry.—The supply of one 24$-ton motor lorry. 
The City of Johannesburg, South Africa; November 1 
(Ref. No. A.X. 10,345). 

Shunting Locomotives.—On page 766 of our issue of 
June 13 last we referred to a call for tenders, on the 
part of the Board of the Port and Railways of Lourengo 
Marques, for two shunting locomotives. We now learn 
that the closing date of this tender has been advanced 
from November 3 to November 28 (Ref. No. A. 10,359). 


Quarry Crane.—The supply, delivery and erection of | 
one 20-ton portable steam quarry crane or, alternatively, 
one 20-ton electrically-operated crane. The Greymouth 
Harbour Board, New Zealand; January 16, 1931 (Ref. 
No. A.X. 10,358). 

Stone-Crushing Plant.—The supply and delivery of a | 
belt-driven stationary stone-crushing plant for crushing | 
clean sea-beach shingle. The Greymouth Borough 
Council, New Zealand; December 15 (Ref. No. A.X. 
10,368). 

Incinerators, &c.—The supply of 12 incinerators of a , 
capacity of 10 gallons, 10 portable disinfecting machines, 
and 7 fixed disinfecting machines. Egyptian Ministry | 
of the Interior, Department of Public Health ; December | 
13 (Ref. No. A.X. 10,367). 

Road-Making Plant.—On page 362 ante we gave some | 
particulars of a tender for heavy-type motor rollers, | 
stone crushers, &c., invited by the Latvian Roads Admini- | 
stration, Riga. We now learn that the closing date | 
for the receipt of tenders has been extended from October | 
1 to December 1, and that “all terms of delivery are 
prolonged by 15 days.” (Ref. No. A. 10,374.) | 


Rolling Lift Bridge.-—The supply and delivery of one | 
45-ft. clear-span rolling lift bridge, complete with tracks 
and electrically-driven operating machinery. The Auck- | 
land Harbour Board, New Zealand; “December 9. | 
(Ref. No, A.X. 10,376.) 

Pneumatic Sewage Ejector—The supply and _ free 
delivery of a pneumatic automatic sewage ejector plant | 
for Workmen’s Lines, Military Engineer Services, Isha- | 
pore. The Indian Stores Department (Engineering | 
Branch), Delhi; October 28. (Ref. No. A.X. 10,380.) | 

| 
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| 
Minutes of Proceedings of the Institution of Civil Engineers. | 
Vol. 228, 1928-29. Part 2. Edited by H. H. Jerrcort. 
London : Offices of the Institution. 
Minutes of Proceedings of the Punjab Engineering Con- | 


| 
| 











gress, Lahore. Vol. XVIII. 1930. Lahore: Punjab | 
Engineering Congress. | 
Mercury Arc Power Rectifiers. Theory and Practice. | 


By Orumar K. Marti and Harotp WinoGRAD. Lon- | 
don: McGraw-Hill Publishing Company, | 
[Price 30s. net. ] 
Alternating Current Bridge Methods. By B. HaaukE. } 
Second edition, revised and enlarged. London: Sir | 
Isaac Pitman and Sons, Limited. [Price 15s. net.] | 
United States Geological Survey. Bulletin No. 818—A. | 
Mineral Industry of Alaska in 1928 and Administrative | 
Report. By P. 8. Smirx. [Price 15 cents.] No. 814. | 
Geology and Ore Deposits of the Wood River Region, | 
Idaho. By J. B. Umptesy and Others. With a} 
Description of the Minnie Moore and Near-by Mines. | 
By D. F. Hewrrr. [Price 90 cents.] Washington : | 
Government Printing Office. | 
Tafeln der Besselschen, Theta-, Kugel- und anderer Funk- | 
tionen. By Keicur HaAyaAsui. Berlin: Julius | 
Springer. [Price 24 marks. ] } 
Builders’ Materials. By R. F. B. Grunpy. London: | 
Longmans, Green and Company. [Price 5s. net.] 
The Evolution of Industrial Organisation. By B. F. | 
SHIeELbs. Second edition. London: Sir Isaac Pit- | 
man and Sons, Limited. [Price 10s. 6d. net.] } 
Machine Design Problems. By S. J. Berarp and E. C, | 


Waters. London: Blackie and Son, Limited. | 
[Price 8s. 6d. net. ]} | 
A Handbook of English in Engineering Usage. By A. C. | 


Howett. New York: John Wiley and Sons, Ine. | 
London : Chapman and Hall, Limited. [Price 12s. 6d. | 
net. 

Department of Scientific and Industrial Research: Building | 
Research. Technical Papers Nos. 10, 11, 12. Studies | 
in Reinforced Concrete. I. Bonded Resistance. [Price 
9d. net.] Il. Shrinkage Stresses. [Price ls. net.] ITI. | 
The Creep or Flow of Concrete under Load. [Price 1s. 
net.] London: His Majesty’s Stationery Office. 





H.M.SS. “ BoapicEa”’ AnD “ BLANCHE”: ERRATUM. 
-——When mentioning the two torpedo-boat destroyers, 
Boadicea and Blanche, in our issue of October 3, page 430 
ante, it was stated that the main sets of machinery for 
both these destroyers were being built at Portsmouth. 
As a matter of fact, the builders, Messrs. R. & W. Haw- 
thorn, Leslie and Company, Limited, have the machinery | 
also in hand, as well as the two sets of main machinery for 
two torpedo-boat destroyers at present under construc- 
tion at Portsmouth Dockyard. | 





| Continental iron. 


|in which progress is being made. 


|NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Fixed minimum values of 
Cleveland pig-iron are upheld, and the restricted make is 


| fully absorbed, while the light stocks at makers’ yards are 


more likely to be reduced than otherwise. The volume 
of trade passing, however, is on a very disappointing scale. 
Second hands are doing a little business, but transactions 
are chiefly the result of makers’ direct negotiations with 
home consumers. A little iron has been sold to Scotland 
at prices not stated, but believed to be low. Export 
demand is quite trifling. Belgian iron is arriving 
steadily for consumption on Tees-side, and Midland pig 
is still being used to some extent in this district. No. | 
Cleveland pig is 66s.; No. 3 g.m.b., 638. 6d.; No. 4 
foundry, 62s. 6d.; and No. 4 forge, 62s. 


Hematite.—Business in East Coast hematite pig is 
mostly with home customers, and includes sales to con- 
sumers in the Sheffield area, but both makers and second 
hands report occasional transactions with overseas 
firms notwithstanding the comparative cheapness of 
The restricted make of East Coast 
hematite is inadequate for the requirements, and the 
heavy stocks at the blast furnaces are slowly but steadily 
decreasing. Ordinary qualities remain at 71s. ; and No. | 
is selling at 71s. 6d. 

Blast-Furnace Coke.--With supply plentiful and de- 
mand light, furnace coke prices are weak. There are 
sellers of good average qualities at 17s. for early delivery 
to local users. 

Foreign Ore.—Business in foreign ore is difficult to 
put through. Best rubio is no more than 17s. c.i.f. 
Tees, 

Ironstone Miners’ Wages Reduced.—At a conference of 
Cleveland Ironstone Mineowners and miners’ repre- 
sentatives, held this week, it was pointed out that, having 
regard alone to the fall in the average net selling price 
of Cleveland pig iron last quarter, the owners were 
entitled to a reduction of 4-40 per cent. in employces’ 
wages. The spokesman for the men intimated that he 


| quite recognised all the difficulties with which the 


employers were contending at the present time, but 
pleaded that the reduction should be eased if at all 
possible. Ultimately it was agreed that the reduction 
should be 4 per cent., to come into operation on the 27th 
inst. 

Manufactured Iron and Steel.—Nearly all descriptions 
of manufactured iron and steel are slow of sale, and 
with contracts on hand fast expiring, the near future 
is viewed with grave concern. Producers of railway 
material and of constructional steel are:still turning out 
a fair amount of tonnage, but are urgently in need of 
new work. Deliveries of shipbuilding requisites have 
shrunk considerably, and sheet makers, while still 
moderately well employed, report orders coming forward 
more slowly. Doubt is expressed as to whether reduc- 
tion of quotations would induce buying of moment. At 
the time of writing principal market quotations stand :—- 
Common iron bars, 101. 15s. ; best bars, 117. 5s. ; double 
best bars, 11/. 15s.; treble best bars, 12/. 5s.; iron 
rivets, lll. 10s.; packing (parallel), 8/.; packing 
(tapered), 101. ; steel billets (soft), 67. 10s. ; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 87. 2s. 6d. ; 
steel rivets, 117. 5s.; steel ship plates, 8/. 15s.; steel 
angles, 8/. 7s. 6d.; steel joists, 8/. 10s. ; heavy sections 


Limited. | of ‘steel rails, 82. 10s. for parcels of 500 tons and over, 
|and 9/. for smaller lots; fish plates, 127. 10s.; black 


sheets (No. 24 gauge), 9/.; and galvanised corrugated 
sheets (No. 24 gauge), 11/. 12s. 6d 

Scrap.—There is a little business passing in heavy 
steel scrap, the quotation for which is 47s. 6d., but most 
other descriptions of scrap are almost unsaleable. Borings 
are 30s.; turnings, 37s. 6d.; ordinary cast-iron, 54s. ; 
and heavy machinery metal, 56s. 








UTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A divergence of conditions continues 
to exist in the local staple trades. While some sections 


NOTES FROM SO 


| are making headway, the majority are suffering acutely 


from the prolonged depression. Difficulty is being 
experienced in maintaining outputs of iron and steel and 
related products. While it is true that inquiries are 
more numerous than for some time past, orders are not 
coming to hand at anything like the rate desired. In 
the raw and semi-finished steel trade order books present 
a neglected appearance. Buying is on a hand-to-mouth 
basis and hardly any forward business is being transacted. 
The activity in stainless steel is responsible for a steady 
consumption of ferro-chrome, though other steel alloys 
are depressed. Latest quotations :—Siemens acid billets, 
91. 10s. ; hard basic-steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; 
medium hard basic-steel billets, 77. 12s. 6d. to 81. 2s. 6d. : 
soft basic billets, 62. 5s. to 6. 10s. ; Derbyshire foundry 
pig-iron, 68s. 6d. ; Derbyshire forge iron, 64s. 6d. ; crown 
iron bars, 10/. 5s. ; iron hoops, 12/. ; steel hoops, 10/. to 
101. 58. ; basic-steel scrap, 49s. to 50s. The heavy engi- 
neering trades are a shade more busy. Though shipyards 
are reported to be doing better, local makers of marine 
forgings and castings have so far failed to receive any 
benefit. A few orders are-in circulation on home account 
for railway rolling-stock, but overseas requirements do 
not reach the dimensions of those of a year ago. The 
electrical industries are taking increased quantities ot 
locally produced steel. This is one of the few sections 

Another department 
where a fair level of activity-is maintained is that devoted 
to the production of motor-car steel and fittings. Makers 
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of agricultural machinery are experiencing a fairly slack 
time. There is a steady call for crushing, grinding, and 
cement-making equipment, but the call from the coal 
trade for a various assortment of plant does not afford 
much satisfaction. Mixed conditions prevail in the 
tool trades. Makers of engineers’ tools are feeling the 
effect of the general depression, while files, saws, and 
plantation tools are unable to make progress. Farm 
and garden implements are similarly affected. There 
is a fair export business in scythes, sickles, hooks, and 
other small farming appliances. 

South Yorkshire Coal Trade.—Business in the majority 
of fuels has undergone little change. Export require- 
ments have not been maintained, and, in some grades, a 
slump has been experienced. Great difficulty continues 
to be met in disposing of industrial fuel. It is felt that 
no improvement will be seen until the iron and steel 
trades are working at increased capacity. Recent 
improvement in the demand for domestic coal has been 
maintained. Business on winter stocking account has 
helped the position somewhat. The coke market is 
fairly erratic. Coke for central heating is slow. Foundry 
and furnace sorts are not in such good request, but 
gas-coke is fairly firm at 21s. to 25s. Latest quotations :— 
Best hand-picked branch, 25s. 6d. to 27s. ; Derbyshire 
best bright house, 20s. to 22s. 6d.; best house coal, 
19s. 6d. to 20s. 6d. ; screened house coal, 17s. 6d. to 19s. ; 
screened house nuts, 14s. 6d. to 16s. 6d. ; Yorkshire hards, 
l4s. to 15s. 6d.; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 5s. 6d. to 
7s. 6d. ; smalls, 3s. to 5s. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade there 
are no signs of any improvement yet, and a dull state is all 
too prevalent. Specifications are not coming in with 
any regularity, and tonnages are so poor that it is rather 
difficult to arrange matters at the works. Seldom can 
more than a day or two ahead be seen, but hopes are being 
entertained that recent inquiries may be turned into 
orders before long. The demand from the shipyards 
continues poor, and other consumers are also ordering 
sparingly. In the black-sheet trade a quiet tone prevails, 
and business has fallen off to a certain extent. Gal- 
vanised sheets are particularly dull, and up till the present 
there has been little result from the recent reduction in 
prices. The following are the current market quotations : 
Boiler plates, 107. 10s. per ton; ship plates, 87. 15s. per 
ton; sections, 81. 7s. 6d. per ton; black steel sheets, 
}in., 82. 15s. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 111. 17s. 6d. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland have not altered, and 
business is lifeless. Orders are very scarce and inquiries 
hold out little encouragement to producers. The re- 
rollers of steel bars are finding it difficult to keep moving 
owing to the severity of the present-day competition, 
and export quotations, in particular, are barely steady. 
The following are the current prices :—‘‘ Crown ”’ bars, 
101. 5s. per ton for home delivery, and 9/. 15s. per ton for 
export; and re-rolled steel bars, 7/. 7s. 6d. per ton for 
home delivery and 7/. 5s. per ton for export. 

Scottish Pig-Iron T'rade.—The consumption of Scottish 
pig iron is still of small proportions and, owing to the poor 
demand, production has again been reduced—-only ten 
furnaces being now in blast. Orders from home buyers 
are scarce and the overseas demand continues on small 
lines. The imports from Indian and English ports are 
far from welcome by producers. Market quotations are 
as follow :—Hematite, 77s. per ton delivered at the steel 
works: foundry iron No. I, 79s. per ton, and No. 3, 
76s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-lron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending last 
Saturday, October 11, amounted to 312 tons. Of that 
total 230 tons went overseas and 82 tons coastwise. 
During the corresponding week of last year the figures 
were 536 tons overseas and 60 tons coastwise, making a 
total shipment of 596 tons. 








PusBtic Works Coneress, 1931.—The Organising 
Committee of the Public Works, Roads and Transport 
Congress and Exhibition has found it possible to 
increase the value of awards made for papers in connec- 
tion with the next congress, which will be held in 1931. 
The first award will be increased from 50 guineas to 
100 guineas, in addition to the gold medal. The second 
award, a silver medal and 25 guineas, will be increased 
by 25 guineas. There will also be a third prize of a bronze 
medal and 15 guineas, and a fourth of 10 guineas. Papers 
should be sent in addressed to the Secretary of the 
Congress, 84, Eccleston-square, S.W.1, by December 31 
of this year. 


PeRSONAL.—Messrs. Scott Machine Tool Company, 
\lbion Works, Dalton Lane, Keighley, have opened 
new showrooms and offices at 67, Pellon-lane, Halifax. 
"he firm is now in a position to offer the complete range 
of Scott machine tools formerly built by Messrs. Scott 
Brothers (Halifax), Limited.—Messrs. Associated Trans- 
missions Limited, 40, Grosvenor-gardens, London, 
S.W.1, have taken over the business of Messrs. Humfrey- 
Sandberg (Sales), Limited, Transport House, Smith- 
square, London, 8.W.1.—Mr. E. C. Gowing is no longer 
«ssociated with Messrs, John Bellamy, Limited, Millwall, 
und has commenced business on his own account at 
Columbia Works, 235, Star-lane, Canning Town, London, 
\“,16.—The address of the offices and works of Messrs. 
British Dardelet 'Threadlock, Limited, is now, Chase 
Works, London, N.W.10. 











CarpirF, Wednesday. 

The Coal Trade.—The only bright feature in the Welsh 
coal trade is the fact that the demand for sized coals 
exceeds the supply, with the result that stemming has 
become difficult with prices advanced for peas, beans 
and nuts. Bituminous peas now command 17s., beans 
17s. 6d., and nuts 18s., while washed dry nuts range 
from 208. to 22s. The scarcity of these classes is, how- 
ever, chiefly due to the poor demand for large coal, and 
the consequent stoppages at the collieries resulting in a 
lessened make of sized varieties. Supplies of large 
and small, however, remain plentiful to meet a limited 
demand, and all classes can be secured at schedule prices. 
The position of the Welsh coal trade may be gathered 
from the fact that foreign cargo shipments last week 
amounted to only 397,130 tons, or 88,370 tons less than 
was handled in the previous week. Last week’s total, 
except for holiday periods, was, in fact, the smallest 
for the year, Cardiff shipping only 215,570 tons, Newport 
80,870 tons, Swansea 58,640 tons, Port Talbot 35,750 tons, 
and Llanelly 6,300 tons. The revolution in Brazil has 
caused some concern to Welsh coal exporters and colliery 
owners, because the bulk of British coal shipped to Brazil 
is sent from South Wales. The interest of Welsh shippers 
has, however, been diminished for the time being, by 
the fact that the Germans recently captured the Central 
Brazilian Railway’s order for 200,000 tons of coal to be 
shipped over the last four months of this year. Welsh 
coal is, however, still being loaded for the great Brazilian 
port of Rio de Janeiro, and the Brazilian Consul continues 
to clear vessels for the principal seaports. In connection 
with contract business for next year, the French Etat 
Railway has bought 80,000 tons of Welsh coal, and the 
Paris-Orleans Railway has contracted for 25,000 tons 
of Welsh patent fuel. Contract business remains quiet, 
largely on account of the fact that consumers still have 
heavy balances to take on account of orders placed at 
the end of 1929 and early this year. 


Coalfield Agreement.—The committee appointed by the 
coalowners and miners’ organisations met at Cardiff 
yesterday to consider the question of a new Conciliation 
Board Agreement to operate from December 1. After 
a frank discussion of the position the meeting was 
adjourned for a week. 

Iron and Steel.—Exports of iron and steel goods from 
the South Wales ports last week totalled 13,017 tons, 
which was 4,000 tons less than in the preceding week. 
Shipments of tin-plates and terne-plates were raised from 
6,921 tons to 10,533 tons, but of black-plates and black- 
sheets lowered, from 1,810 tons to 395 tons, of galvanised 
sheets, from 1,532 tons to 896 tons, and of other iron 


a 


and steel goods, from 6,932 tons to 1,194 tons. 











Busk STUDENTSHIP IN AERONAUTICS.—The Busk 
Studentship in Aeronautics for 1930-1931, has been 
awarded to Mr. Robert Hugh Francis, B.Se., of Univer- 
sity College of North Wales, Bangor. 





ConTrRActs.——Messrs. Clarke, Chapman and Company, 
Limited, Victoria Works, Gateshead-on-Tyne, have 
secured a large portion of the contract for the steam 
generating plant at the Dunston ‘“‘B”’ power station 
of the Newcastle-upon-Tyne Electric Supply Company, 
Limited. The installation will comprise 12 water-tube 
boilers, of which 4 are to be fired by pulverised fuel. 
The total evaporative capacity is 1,686,000 lb. of water 
per hour. Messrs. Clarke, Chapman are to erect six 
of these boilers and Messrs. Babcock and Wilcox, Limited, 
the remainder. The first-named firm has also secured 
the contract for the whole of the pulverised-fuel milling 
plant. This will mean that 562,000 lb. of steam will be 
raised by the agency of their Resolutor pulverisers.— 
Recent contracts received by Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, for Fullagar opposed-piston oil-engine sets, 
include orders from the Admiralty, and from power 
companies and firms in Karachi, Delhi, Dubbo (Australia), 
Zanzibar, Bermuda, and the Sudan.—The Great Western 
Railway Company has placed a contract with Messrs. 
Vickers-Armstrongs Limited, for the supply and erection 
of 13 coal hoists at Barry Docks.—Messrs. Newall’s 
Insulation Company, Limited, Washington Station, 
Durham, are to supply, to an American firm, sufficient 
of their 85 per cent. magnesia heat insulation to cover 
150 miles of steam piping. A further order from Canada 
calls for the supply of 22 miles of pipe insulation. The 
two orders will absorb 10,000 tons of raw material.— 
The two Stirling boilers which are now being erected 
at Newton Abbot power station, Torquay, are to be fitted 
with Hagan automatic combustion control. This 
system will automatically regulate the speed of the 
stokers and the supply of air from the forced and the 
suction of the induced-draught fans. This equipment 
is being supplied by Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, London, W.C.2.— 
Messrs. Mirrlees, Bickerton and Day, Limited, Stockport, 
have just received an order for a five-cylinder Mirrlees- 
Diesel engine of 833 b.h.p., running at 215 r.p.m., and 
coupled to a General Electric Company’s dynamo of 
500-510 volts. This engine will be the fourth Mirrlees- 
Diesel engine to be installed in the Government railway 
workshops at Port Sudan. Other recent orders of this 
type of engine include one 1,000 b.h.p., six-cylinder engine 
for Ahmedabad, and four 1,333 b.h.p., eight-cylinder 
engines for Australia.—Messrs. Escher Wyss and Com- 
pany, Ziirich, Switzerland, have secured the contract 
covering the hydraulic equipment, comprising 3 Kaplan, 
vertical-shaft turbines, each of 33,700 h.p. output, for 
the Albbruck-Dogern hydro-electric power station on 
the Rhine. 
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NOTICES OF MEETINGS. 

Puysicat Socrety.—-To-night, 5 p.m., Imperial Col- 
lege of Science, South Kensington, 8.W.7. ‘* A Simple 
Approximate Theory of the Pressure between Two 
Bodies in Contact,’”’ by Mr. J. P. Andrews. ‘‘ Experi- 
ments on Impact,” by Mr. J. P. Andrews. ‘ Observa- 
tions on Percussion Figures,’”” by Mr. J. P. Andrews. 
** Some Physical Radiometric Investigations of Technical 
Interest,” by Dr. R. Hase. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Presidential Address by 
Mr. L. St. L. Pendred. Graduates’ Section, London : 
Monday, October 20, 6.45 p.m. ‘‘ Mass Production of 
Tin Containers,” by Mr. A. E. Hamblin. Hast Midlands 
Branch: Thursday, October 23, 6 p.m., University 
Buildings, University Park, Nottingham. Address on 
“The Training of an Engineer.”’ by Mr. G. W. Woollis- 
croft. Midland Branch: Thursday, October 23, 
6.30 p.m., Queen’s Hotel, Birmingham. ‘‘ Modern 
Lighthouse Apparatus and Fog Signals,” by Mr. W. F. A. 
Richey. London: Friday, October 24, 7 p.m., Storey’s- 
gate, S.W.1. Informal Meeting. Discussion on ‘ What 
are the Desirable Objectives of the Age of Power?” 
Introduced by Mr. J. L. Hodgson. 

Junior INstTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ The London Auto- 
matic Telephone System,” by Mr. T. H. Flowers. Friday, 
October 24, 7.30 p.m. ‘ Bitumen Emulsions, with 
Particular Reference to their Use on Indian Roads,” 
by Mr. A. P. Morris. 

InsTITUTION OF ELectRICAL ENGINEERS.—Mersey 
and North Wales (Liverpool) Centre : Monday, October 20, 
7 p.m., The University, Brownlow-street, Liverpool. 
Chairman’s Address. ‘‘ The Development of the Telephone 
System,” by Mr. A. J. Pratt. London: Thursday, 
October 23, 6 p.m., Victoria-embankment, W.C.2. 
Presidential Address by Mr. C. C. Paterson. 

BRADFORD ENGINEERING Socrety.—Monday, October 
20, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘The Application of Electro-deposited 
Metals to Engineering,’ by Mr. C. H. Faris. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday:> 
October 20, 7.45 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘‘The Future of Indus- 
trialism,” by Professor F. W. Burstall. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, October 21, 7.15 p.m., Junior Institution of 
Engineers, 39, Victoria-street, S.W.1. Presidential 
Address. ‘‘Some Notes on the Second World Power 
Conference,”’ by Mr. 8S. B. Donkin. 

SHEFFIELD METALLURGICAL ASSOcIATION.—Tuesday, 
October 21, 7.30 p.m., 198, West-street, Sheffield. 
Discussion on ‘‘ Forging Troubles of Special Steels,”’ 
by Mr. H. Etchells. 

INSTITUTE OF FuUEL.—Wednesday, October ll a.m., 
Incorporated Accountants’ Hall, Victoria-embankment, 
W.C.2. Presidential Address by Sir D. Milne-Watson. 
At 2.15 p.m., ‘The Industrial Uses of Fuel Oil,’ by 
Mr. J. Lubbock. ‘‘ The Use of Coke Breeze for Industrial 
Purposes,” by Dr. E. W. Smith. At 7 p.m., Annual 
Dinner, Connaught Rooms, Great Queen-street, W.C.2. 
Thursday, October 23, 10.45 a.m., Incorporated Accoun- 
tants’ Hall, Victoria-embankment, W.C.2. Symposium 
on ‘‘ Fuel Problems in the Mercantile Marine.” 

Nortu-East Coast INstiruTiIon oF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 24, 6 p.m., Bolbec 
Hall, Newcastle-upon-Tyne. Annual General Meeting. 
Presidential Address, by Mr. J. McGovern. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.— Manchester 
Centre : Friday, October 24, 7 p.m., Manchester Literary 
and Philosophical Society, 36, George-street, Manchester. 
Presidential Address. ‘‘ The Effect of Road Upon Rail 
Transport and its Influence on Locomotive Design,’’ by 
Mr. H. K. Bamber. 

MANCHESTER ASSOCIATION OF ENGINEERS.——Friday, 
October 24, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ Stored Energy,” by Mr. J. Frith and 
Mr. F. Buckingham. 
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Tue Late Captain C. O. DAHLBECK.—We regret to 
note the death on October 11, at Gothenburg, Sweden, of 
Captain Carl Olof Dahlbeck, managing director of 
Messrs. The Skefko Ball Bearing Company, Limited, 
Luton. Captain Dahlbeck, who was only 46 years of 
age, left Luton about a fortnight ago for one of his 
frequent visits to Sweden; he contracted a severe chill 
while travelling, and passed away after a week’s illness. 
Captain Dahlbeck became joint managing director of the 
Company in January, 1927, following a long period in 
Sweden as chief of publicity for the organisation. Upon 
the death, not quite two years ago, of Mr. J. M. Jolly, 
joint managing director, he was placed in sole charge of 
the Company’s affairs. His association with England 
dates back many years; in 1911, when 27 years of 
age, he came to Hendon as an officer of the Swedish 
Navy, to qualify for his air pilot’s certificate. Returning 
to his native land, he became the third Swede to obtain 
a pilot’s certificate, and much of his subsequent naval 
career was devoted to flying, about which he wrote and 
published several books. He resigned his commission in 
order to accept an offer on the part of the Lithuanian 
Government to organise the air defence of that country. 
This commission took eight months, at the end of which 
he had established a corps comprising eight pilots and 
a school of flying accommodating 40 pupils, there being 
19 machines on the establishment. Captain Dahlbeck 
was a member of the council of the Swedish Chamber of 
Commerce in London, and was also a prominent member 
of the Anglo-Swedish Society. He became a member of 





the Institute of Metals in 1929. 
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EXHIBITS AT THE MOTOR SHOW AT OLYMPIA. 


(For Description, see Page 497.) 



































Fic. 1. Car witn 12-H.P. Four-CyLinpER Two-StrokE ENGINE ; Mgssrs. 
TROJAN, LIMITED. 
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Fie. 4. Gear Box anp CLUTCH OF ARMSTRONG 
SIDDELEY Car. 
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Fie. 3. “Snort 15” Car with PRE-SELECTIVE GEARING ; MESSRS. Fic. 5. Four-Sprep Grar Box witH CovER REMOVED ; 
ARMSTRONG SIDDELEY Morors, LImIrep. ARMSTRONG SIDDELEY Car. 
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CONVENTIONALITY IN CAR DESIGN. 


THE development of the touring car may be said 
to have commenced about 1880, when the petrol 
engine first became a commercial success, although 
it was not until after the repeal of the Locomotives 
on Highways Act in 1896 that the construction of 
such cars was taken up seriously in England. Some 
of the earlier cars had the major components 
arranged in the sequence :—radiator, engine, clutch, 
gear box, propeller shaft, and rear axle, the final 
transmission and the differential both being of the 
bevel type. The gear box incorporated two or three 
ratios with clash engagement ; Ackermann steering 
was employed, and the chassis was carried on semi- 
elliptic springs fore and aft. It is decidedly striking 
that this layout has withstood the test of time so 
successfully that the details given would serve as an 
outline specification for the majority of modern 
cars. In his Presidential Address to the Institution 
of Automobile Engineers last week, Sir Herbert 
Austin enumerated a number of additional features 
which have characterised design during the past 
thirty-five years, and suggested that the adherence 
of modern manufacturers to the conventional layout 
given above was due to stabilisation of design, made 
necessary by, or consequent upon, mass production 
to obtain a low manufacturing cost. 

It may be pointed out, however, that the influence 
of this factor has only become preponderant in 
the last few years, and that there has consequently 
been a considerable period in which designers had 
freedom to develop unconventional arrangements. 
This freedom has, in fact, been exercised from time 
to time, but with one or two striking exceptions, a 
return has always been made to the conventional 
layout. It therefore appears rather more likely 
that the pioneers were gifted with very considerable 
acumen, and that the arrangement adopted by them 
is, upon the whole, the best that can be devised 
for a vehicle to meet the needs of the ordinary 
individual. Such a vehicle is essentially a com- 








promise between first cost, running costs, and 
accessibility, and it need not be suggested that the 
conventional arrangement is necessarily the best 
if some unusual feature, such as ability to negotiate 
rough ground, is to preponderate. Another factor 
which it is impossible to neglect, but equally impos- 
sible to evaluate, is that of fashion, and it must be 
admitted that dislike of the unknown on the part 
of the public has resulted in the disappearance of 
many promising designs. 

The most striking departure that could well be 
suggested from the conventional layout is to locate 
the engine at the back, and Sir Herbert Austin 
pointed out in the address referred to that such an 
arrangement admits of a lower chgssis and overall 
height of body, together with better riding qualities. 
It may be added that it would simplify construc- 
tion by reducing the number of parts, and that 
the difficulty of keeping the fumes and heat of 
the engine from the interior of the car would be 
eliminated. So far as we know, this position for the 
engine has only been adopted by some half-dozen 
makers, the best-known cars employing the arrange- 
ment being the G.W.K., Trojan, Rumpler, and, a 
very recent example, the Burney. With the excep- 
tion of the latter, all these cars were designed for 
the light-car market, and all incorporated a number 
of unusual features apart from the engine position. 
With the possible exception of the G.W.K., it 
cannot be said that any of them have been in use 
sufficiently long to try out thoroughly the rear- 
engine position, and it is significant that the makers 
of the G.W.K. adopted the conventional layout 
after a few years’ experience with the engine at the 
back. The suggestion has been made in what is 
usually a well-informed quarter that the rear 
location for the engine should give an improved 
performance owing to the more effective use of the 
available power, and that for a given wheelbase, 
a much better load distribution and considerably 
greater platform space may be provided. There 
can be little gain in the mechanical efficiency of the 
transmission, as the same units are employed, and 
the gain due to the possibly greater stiffness of the 
gear box and differential assembly must be too 
small to be of any importance. On the other hand, 
the rear engine position simplifies the problem of 
streamlining the car, and it is presumably with this 
point in view that an improved performance is 
suggested. We cannot see that a better load 
distribution is offered by the arrangement, but, on 
the other hand, would suggest that the concentration 
of almost the entire weight of the power unit and 
transmission over the rear axle is a decided dis- 
advantage. In existing rear-engined cars, about 
two-thirds of the total weight is taken by the rear 
axle, and the arrangement appears to involve a 
considerable overhang of heavy parts. Both these 
factors will lead to a very appreciable reduction in 
adhesion of the front wheels, the overhang intro- 
ducing a tendency to rocking about the rear axle, 
and in addition, a very strong frame is clearly 
necessary to resist the stresses set up by the 
pendulum motion of the overhung portion. 

The normal layout as at present adopted has 
the disadvantage that it tends to throw the rear 
passengers over the back axle, with the result that 
the rear seats are less comfortable than those in the 
forward position. There is no doubt that the 
advanced position of the rear seats resulting from 
the rear position of the engine makes for greater 
comfort, and this may perhaps be regarded as the 
most important advantage resulting from the 
change. Against this must be set the reduced 
front wheel adhesion and greater frame stresses 
to which reference has been made ; further dis- 
advantages of the rear arrangement appear to 
be that the engine is in a more vulnerable position 
in case of collision, and that the problem of evolving 
a satisfactory coupling between the sprung engine, 
gear box and differential unit, and the unsprung 
wheels, is intensified owing to the short length of 
the transmission shafts. These would of necessity 
be very stiff, and would, therefore, not serve like the 
present long propeller shaft to absorb sudden torque 
variations, while it would be difficult to afford effective 
protection to the four universal joints owing to their 
large working angle. If the engine be of the four or 
six-cylinder line-ahead type, now almost universal 
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for medium-powered cars, it is too long to mount 
athwart the chassis, and the overhang with the 
engine located longitudinally behind the axle must 
present an exceedingly difficult problem. Finally, 
it is hardly possible to render the engine and trans- 
mission as accessible as in the usual position. We 
make no claim to the gift of prophecy, but it would 
certainly appear that these objections, in conjunction 
with the difficulty of overcoming popular prejudice, 
will ensure that the conventional layout will survive 
for medium-powered cars for many years to come. 

Assuming that the engine is retained in the 
forward position, the gear box may constitute a 
separate unit, or be incorporated with either the 
engine or the back axle. The combined gear box 
and back axle has enjoyed a certain popularity, but 
the fact that no British car now embodies this 
feature suggests that such advantages as it may 
possess from a construction point of view have 
been found to be outweighed by the addition to the 
unsprung weight. Unit construction for the engine 
and gear box is now almost universal on touring 
cars, and it may safely be assumed that this arrange- 
ment represents a definite advance on the older 
practice of providing a separate box, although it 
renders the clutch rather more inaccessible. 

In his address, Sir Herbert Austin made a strong 
plea for a reduction in the number of parts by 
simplification of design, and although the soundness 
of this proposal was doubted by one or two speakers 
in the discussion on the paper, we believe that 
engineers as a body are in entire sympathy with 
his views. At the moment, there is a marked 
tendency to complicate the construction of the 
gear box, with a view to obtaining quieter running 
on the indirect gears, and easier changes. It is 
now several years since we expressed the opinion 
that excessive noise when running on the lower 
gears was possibly the greatest defect of the modern 
car, but it is only in the last year or two that makers, 
with a few honourable exceptions, have given any 
serious attention to the point. Even now it is 
doubtful whether the problem is being approached 
from the right aspect. Epicyclic gearing, while 
giving both quieter running on the indirect gears 
and an easy change, adds very appreciably both 
to the complication and cost of the car, while the 
provision of two silent gears by obtaining the 
second ratio in a three-speed box, or the third ratio 
in a four-speed box, through gears in continuous 
mesh only offers a partial solution of the problem. 
Certain of the leading makers of high-class cars have 
proved that it is not impossible to obtain reasonably 
quiet running on the indirect gears, without sacri- 
ficing simplicity, by careful design of the box, and 
it is difficult to believe that the methods employed 
by these makers are entirely inapplicable to the 
cheaper cars. As regards easier gear changing, we 
see no reason to depart from the attitude that we 
have previously taken up that a gear box of con- 
ventional design can be made to fulfil all reasonable 
requirements in this respect, and we note with 
interest that Sir Herbert Austin holds the same view. 
A further direction in which an effort has been 
made to simplify gear changing is the provision of a 
free wheel. Although such a device has certain 
advantages, apart from facilitating an easy change, 
it represents a definite complication, with a corres- 
ponding increase in cost and liability to breakdown, 
and has made little progress since its re-introduction 
about three years ago. 

Perhaps the most interesting part of Sir Herbert's 
address was that dealing with weight reduction. 
It was suggested that the road vehicle of the future 
will have many less parts, ano although automobile 
engineers will be in general agreement that this 


is an ideal to be aimed at, it is difficult to foresee | 


how it can be achieved. The chief point made by 
Sir Herbert was that the construction of the body 
and chassis as practically independent units resulted 
in redundant parts and needless weight, but this 
point has certainly not been overlooked by manu- 
facturers, and the fact that little has 
been achieved is sufficient indication that the 
problem is very difficult of solution. 
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difficulty in designing a frame which shall serve to 
house both the body and chassis components is 
presented by the break in continuity represented 
by the doors, but the loss of accessibility is also | 


The greatest | 


likely to be serious. It is only necessary to imagine 
the inconvenience of undertaking a chassis overhaul 
without taking off the body to appreciate the 
difficulty that the designer would have to overcome. 
As regards weight reduction in other directions, 
we have previously expressed the view that chassis 
frames could be made very appreciably lighter at 
only a slight increase in cost by employing open 
side members, that is, members of greater depth 
with the majority of the web punched out, leaving 
only isolated bridges between the top and bottom 
flanges. Weight reduction by the employment of 
wire wheels, high-speed engines, steel stampings, 
and light aluminium alloys, has been practised to a 
greater or lesser extent for many years, and it is not 
easy to see that the application of such devices on a 
greatly increased scale is possible without an increase 
in cost, which, when all is said and done, is the 
controlling factor in designing for a large market. 


INDIAN RAILWAY PROGRESS. 

Tue Report by the Railway Board on Indian 
Railways for 1928-29 [Calcutta: Government of 
India Central Publication Branch, vol. i, 9s. 3d., 
vol. ii, 6s. 6d.] shows that in that country 
development is taking place at a_ satisfactory 
rate, even if financially the results are not all that 
could be wished. This is equally true whether we 
consider the efforts that are being made to increase 
the mileage, or those that are being adopted to 
improve the facilities for handling passengers and 
goods. The total route mileage at the end of the 
twelve months was 40,950, of which 1,238 were 
added during the year. Of the new mileage the 
most important was the Kazipet-Balharshah 
section of the Nizam’s Guaranteed State Railways, 
which reduces the distance between Delhi and 
Madras from 1,569 to 1,361 miles, while the system 
of the Burma Railways Company comprising some 
2,000 miles of metre gauge was taken over by the 
State. About 2,896 miles are under construction 
and a further 653 miles have been authorised, while 
the proposed purchase of the Southern Punjab 
Railway on December 31, 1929 is also noted. 

As regards financial] results the gross earnings were 
Rs. 104 crores, or equal to the record results of the 
previous year, but the net receipts fell from Rs. 38°9 
to Rs. 37-5 crores. These figures represent values 
amounting to 78,000,000/., 29,170,000/., and 
28,125,000/. respectively. This virtual stagnation 
was due to a falling off in the passenger traffic, the 
receipts from which decreased from Rs. 39-18 crores 
to Rs. 38-24 crores, owing to the number carried 
being reduced from 623,114,600 to 620,110,100. 
Nevertheless the average distance travelled per pass- 
enger was greater, owing probably to the reduction 
in fares. The freight traffic showed a slight improve- 
ment, the total tonnage carried increasing from 89-8 
million tons to 90-8 million tons, while the revenue 
under this heading advanced from Rs. 69-4 crores to 
Rs. 71-15 crores. Working expenses increased from 
Rs. 53-86 crores to Rs. 54-82 crores, owing to the 
opening of new lines and additions to wages, while 
the net gain on total revenue and expenditure was 
Rs. 7-81 crores, of which Rs. 2-58 crores were trans- 
ferred to the reserve. The former figure was some 
Rs. 3 crores less than in the previous year, a result 
which is ascribed to higher interest charges. As an 
offset: to this somewhat sombre picture it may be 
noted that the Madras and Southern Mahratta 
Railway secured record receipts, owing to a 
superabundant ground nut crop, while a satisfac- 
tory increase in amount of general merchandise 
|carried was shown by the Bombay, Baroda and 
| Central Indian Railway. 

Besides reduced fares, the facilities offered to 
| passengers included better accommodation on the 
| weekly relief train to the Imperial Indian Mail 
| between Bombay and Calcutta, a weekly service 
between Bombay and Peshawar in connection 
| with the incoming mail steamers, and a through 
| passenger service between Mangalore and Peshawar, 
|a distance of 2,495 miles, which is thus one of the 
longest through runs in the world. The connections 
on many of the other railways were also improved, 
both for long and short distance traffic, the standard 
of the internal tittings of the carriages was raised, 
and attention was given to the supply of drinking 














water, both on the trains and at the stations, and to 
the provision of better waiting and refreshment 
room accommodation. Steps have also been taken, 
by altering the services, the use of rail motor cars 
and the modification of fares, to counteract 
omnibus competition, which in some parts of the 
country is very severe. It is to be hoped that these 
efforts on the part of the Railway Administration will 
be appreciated by those for whose benefit they are 
designed, and that that appreciation will be shown 
in one practical, though simple, way ; for it appears 
that the habit of travelling without tickets is still 
very prevalent. On the Great Indian Peninsula 
Railway, for instance, 380,488 persons were detected 
in the attempt to commit this offence, and on the 
other systems the practice was correspondingly 
widespread. Efforts are being made, with some 
success, to check it by the employment of travelling 
ticket examiners, and in Burma some Buddhist 
priests have been preaching that to travel without a 
ticket is a breach of the five precepts, which every 
Burman Buddhist is enjoined to observe. This is 
a form of propaganda which might well be developed, 
especially as it appears from the number of inter- 
pellations in the Legislative Assembly and the 
Council of State that considerable interest is evinced 
in the work of the Railway Department. 

On the engineering side there are several matters 
which are worthy of mention. Investigations into 
the feasibility of electrifying the lines in the neigh- 
bourhood of Calcutta have shown that this course 
would not be financially successful, unless passengers 
can be deposited near to their places of business. 
It has therefore been decided to re-examine an 
old scheme for connecting the suburban systems 
of the East Indian and Eastern Bengal Railways 
by a tube railway, both from the engineering and 
traffic points of view. During the year four further 
suburban sections of the Great Indian Peninsula 
Railway were electrified and opened for traffic, 
and the main-line electrifications on that railway 
and on the Bombay, Baroda and Central India 
Railway were also nearing completion. A heavy 
programme of re-sleepering was undertaken on 
the Bengal-Nagpur Railway. This took the form 
of substituting metal sleepers, consisting of steel 
troughs reinforced with saddle plates, or of cast-iron 
sleepers of the universal type, for the earlier pat- 
terns. Satisfactory progress was made with the 
work of providing a central station in Bombay, 
a number of other stations were remodelled and 
several bridges were strengthened, among them 
the one carrying the up track over the Jumna River 
at Allahabad, which was erected in 1865, and the 
Lower Sone Bridge, which dates back to 1862. 
To deal with the difficulties experienced on the 
Bengal rivers, owing to their ill-defined banks and 
easily erodible beds, steps have been taken to 
compile a life history of each ghat, so as to obtain 
data which will enable the necessary engineering 
works to be designed with the least possible outlay. 
For the same reason aerial surveys of certain of the 
rivers have also been made. 

At the close of the year under review, about 150 
of the new Indian Standard locomotives were at 
work, the results being in general satisfactory, 
while 146 broad gauge and 111 metre gauge standard 
locomotives representing about 85 per cent. of the 
total requirements for 1929-30 were on order. Three 
different makes of electric locomotive were tested 
and the most suitable was selected as standard. 
The British Engineering Standards Association’s 
unilateral gauging system has been adopted, and 
all locomotives in future will be built to the toler- 
ances stipulated under its provisions. Considerable 
progress has also been made in the preparation of 
standard designs for broad and metre gauge types 
of coaching underframes and wagons. In addition, 
132 standard specifications covering a large pro- 
portion of the items in common use on the railways 
have also been issued, and efforts are being made to 
increase the supply of rails, fishplates and sleepers 
from indigenous sources, both by giving orders to 
native firms and by investigating the properties of 
various classes of timber. Considerable attention 
is also being given to the subject of fuel economy. 
The work of standardisation is supervised by three 
committees which deal with the track, bridges and 
signalling and interlocking respectively. 
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During the year under review the staff increased 
from 802,209 to 807,866, the percentage of Indians 
filling gazetted posts rising from 31-51 to 32-71 
per cent. Nine officers were recruited to the Indian 
Railway Service of Engineers and seven to the Trans- 
portation (Traffic) and Commercial Departments 
by competitive examination in India. Excellent 
educational facilities for all ranks are being provided 
at various transportation schools, and the Railway 
Staff College at Dehra Dun is now in operation. 
In addition, an excellent institute for the 
European and Anglo-Indian staff was provided at 
Golden Rock on the South Indian Railway. During 
the year the damage caused by floods was less 
serious than usual, the worst occurrence being 
on the Madras and Southern Mahratta Railway, 
where a series of breaches resulted in two trains 
being marooned for several days and three railway 
officials drowned. In all, 418 passengers were 
killed, 390 of these fatalities being due to accidents 
caused by movements other than train accidents, 
while 1,368 were injured. In addition, 411 railway 
servants were killed and 4,864 injured, the corres- 
ponding figures for other persons (not being passen- 
gers) being 3,358 and 7,187, respectively. The 
greater number of the accidents, 41 per cent., were 
caused by running over cattle, while derailments 
not involving passenger trains accounted for 
20 per cent. One accident, which resulted in the 
death of nineteen persons, was due to the malicious 
removal of rails, while two others, though not so 
serious, arose from similar causes. 








NOTES. 


THE WoRLD’S SHIPBUILDING AND MARINE 
ENGINEERING. 


THE shipbuilding returns of Lloyd’s Register for 
the quarter ending September 30, 1930, which have 
just been published, show that the tonnage of 
merchant shipping under construction in Great 
Britain and Ireland, namely 1,116,746, is not only 
275,317 tons less than that in hand at the end of 
the previous quarter, but is 331,609 tons less than 
that under construction on September 30, 1929. 
It is, however, some slight consolation to find that 
the tonnage under construction in foreign countries 
on September 30 last—namely; 1,452,290—has also 
declined by some 213,000 tons, as compared with 
the total at the end of the previous quarter. The 
totals for all foreign shipbuilding countries, with 
the exception of those for France and Italy, show 
more or less substantial declines. A disturbing 
feature connected with British shipbuilding, how- 
ever, is that heavy decreases occurred, during the 
quarter under review, in the total tonnages of 
shipping commenced and of vessels launched. Ships 
to the total of 160,714 tons were commenced, as 
compared with 230,406 tons in the June quarter, 
and vessels aggregating 378,585 tons were launched, 
as against 468,023 tons in the previous three months. 
The ships under construction in British shipyards 
at the close of the quarter ending September 30 
last numbered 258; 148 of these were steamships, 
98 were motorships, and 12 were sailing ships and 
barges. It may be of interest to note, in passing, 
that 99 of these vessels, aggregating 447,799 tons, 
were for owners in the British Dominions and in 
foreign countries, as many as 29, making together 
218,258 tons, having been ordered from Norway. 
Turning now to the principal foreign shipbuilding 
countries, we find that the United States retains 
her leading position, but with the reduced total of 
212,974 tons, France moves up from fourth to 
second place, with 209,307 tons, while Germany 
now comes third with the relatively small total of 
194,200 tons. Italy and Holland occupy fourth 
and fifth places, with the respective totals of 188,384 
tons and 184,920 tons. The continued progress 
made in the adoption of the internal-combustion 
engine for marine propelling machinery is indicated 
by the fact that, while 78 motorships, of between 
8.000 tons and 15,000 tons each, are now in hand 
in the world’s shipyards, only 17 steamers of equiva- 
lent size are under construction. As regards vessels 
of over 15,000 tons, however, the totals comprise 
15 steamers and seven motorships. The total 
horse-power of marine engines, either under con- 
struction or being installed on board vessels at the 








end of September, 1930, was 2,322,788. This was 
made up of 365,885 i.h.p., the total for reciprocating 
steam engines, 757,315 s.h.p., representing steam 
turbines, and 1,199,588 i.h.p., the aggregate for oil 
engines. Great Britain and Ireland occupied first 
place with 775,225 h.p., Italy moved up to second 
place with 315,940 h.p., the United States was third 
with 242,514 h.p., Germany fourth with 241,895 
h.p., and France fifth with 151,200 h.p. Denmark 
and Sweden each contributed upwards of 100,000 
h.p. In conclusion, it should be pointed out that 
the tonnage figures quoted above are gross tons, 
and that no account has been taken in the returns 
of vessels of less than 100 tons gross. 


THE Toms oF Henry BELL. 


The erection of suitable memorials to eminent 
engineers, inventors and discoverers is but one way 
of paying tribute to genius. It is an acknowledg- 
ment of the importance of great achievements by 
those fitted to appreciate them, while the memorials 
serve as a reminder of the debts we owe to the men 
commemorated. From time to time, monuments 
are raised by international or public subscription, 
or by private associations or individuals, but 
whereas considerable sums of money are provided 
for the immediate purpose, seldom, if ever, are 
arrangements made for the upkeep of the memorials. 
Only recently in these columns, reference was 
made to the deplorable state of the Winsor monu- 
ment in Kensal Green cemetery, while a few years 
ago we recorded the sale for scrap of the iron 
obelisk erected to the memory of the famous iron- 
master, John Wilkinson. In this case, immediate 
steps were taken to repurchase the monument, and 
it is now under the care of the Lindale Parish 
Council. Last year, attention was called to the 
state of the tomb of Davy, in the old cemetery 
of Plainpalais in Geneva, which was sadly in need 
of repair, but which, happily, through the action 
of the Royal Institution, has now been restored. 
Another case, recently brought to our notice, is 
that of the monument over the grave of Henry 
Bell, the pioneer of the steamboat, in the church- 
yard at Rhu, near Helensburgh. This monument, 
which was erected in 1872 by the eminent ship- 
builder and marine engineer, Robert Napier, con- 
sists of a stone pedestal supporting a seated figure 
of Bell, and is surrounded by an iron railing which 
has been patched. The stone, though in a fair 
state of preservation, needs cleaning, while the 
railing needs further repair and repainting. On 
November 14, occurs the centenary of the death 
of Bell, and we trust that before then both the 
memorial we have referred to and also the obelisk 
to Bell at Bowling on the banks of the Clyde will 
receive attention. While, in this specific case, no 
society, perhaps, is in a better position to take 
action than the Institution of Engineers and 
Shipbuilders in Scotland, there appears to be need 
for the formation of a list of such memorials with 
a view to their preservation, and such a task, we 
think, might well be undertaken by the Council 
of the Newcomen Society. The members of the 
Society are far more concerned with historical 
matters than those of other technical institutions ; 
there are probably few memorials with which some 
member is unacquainted, and the publication of 
short descriptions of the memorials of engineering 
interest would be of considerable utility. 


announced that there are likely to be more than a 
hundred new exhibitors at the Birmingham Section of 
the British Industries Fair. These will be representatives 
of various trades, including the steel and iron industry, 
machine tools, engineering, heavy and light electrical 
engineering, foundry trades, motor vehicles, gas, &c. 
The heavy section promises to show a further considerable 
advance, especially in connection with electrical work. 


Evecrricitry Surety In Great Brirat.—In the first 
eight months of 1930, each month showed an increase in 
the units of electricity generated, compared with the 
corresponding period of 1929. The differences, according 
to figures published by the Electricity Commissioners, 
varied greatly. For instance, the months of June and 
August, 1930, both showed only an increase of 15,000,000 
units over the output for the same period of last year, 
whereas the difference between July, 1930, and July, 
1929, amounted to 54,000,000 units. The greatest 
divergence occurred in March, when 90,000,000 more 
units were generated this year than last. 


THE MOTOR EXHIBITION AT 
OLYMPIA. 


Ir is probable that, when the full returns for the 
year are available, a reduction in the number of new 
cars registered will be shown, as compared with last 
year. The registrations for the first six months of 
the year were only 91,460, as compared with 99,822 
for the corresponding period in 1929, and it has been 
suggested in some quarters that these figures indicate 
that the British market is approaching the satura- 
tion point. A more obvious explanation, however, 
is that the majority of potential purchasers are 
affected by the severe period of trade depression 
through which the country is passing. It might, in 
fact, have been anticipated that a much heavier 
drop in the sales of new cars would occur than that 
shown by the figures available to date, and it is 
certainly fortunate for the manufacturers that such 
a large number of people appear to regard a new 
car as one of the most-easily justified items in their 
expenditure. If the exceptional rate of depreciation 
on cars is considered, as compared with the majority 
of other products, it is really surprising that so 
many new cars are to be seen on the road, and the 
number of persons who spend about one-sixth of 
their income on their car must be very considerable. 
The depressing September general trade figures 
suggest that the country has by no means reached 
the bottom of the downward path, and although the 
motor industry is one of the last to be affected, a 
further drop in home sales may reasonably be 
anticipated. 

In these circumstances, motor manufacturers 
must look to the export trade for a larger proportion 
of their turnover, if they are not to share the fate 
of so many firms in other branches of industry, and 
it is satisfactory to note that a number of the leading 
makers are fully alive to this fact. The exports for 
the first seven months of the year, excluding motor- 
cycles, were valued at 5,175,276l., the highest figure 
ever recorded for a corresponding period, and con- 
sideration should be given to the fact that the 
figure would have been still higher had not a number 
of cars of British origin been manufactured abroad. 
We understand that the Austin-Seven factory 
in America, although only starting production in 
May, has been turning out 200 cars a day, and 
that it is anticipated that an output of 500 cars a 
day will be reached in the near future. The increase 
in exports has been brought about, in part, by im- 
provements in roads abroad, making them more 
suitable for our standard products, in part by 
British makers designing cars more suited to typical 
colonial conditions, and, in part, by instilling more 
vigour into the sales organisations representing 
home firms in the foreign markets themselves. It is 
not too much to hope that these factors, continuing 
to operate in our favour, will double or treble our 
exports in the next few years. 

No British manufacturer is at present in a position 
to build a model exclusively for the foreign market, 
but the potential sales of a vehicle which, without 
being unsuitable for the home market, is yet capable 
of withstanding the rougher service associated with 
colonial use, are undoubtedly considerable. The 
chief difference between such a car and its foreign 
competitors lies in the cylinder dimensions, and in 
this connection, it is greatly to our advantage that 
the decrease in running costs obtainable from the 
engine of British type is being more and more 
appreciated abroad. I[t is as weli to realise, how- 
ever, that there are still a number of markets for 
which engines of American type are considered to 
be essential, and it is somewhat a waste of time 
to try to push engines having a long stroke and 
small bore in such markets. The development 
of what may be termed semi-colonial models was 
initiated by Messrs. Morris Motors (1926), Limited, 
in 1926, when they produced their first so-called 
colonial model. This car was described in ENGINEER- 
ING, vol. exxii, page 564 (1926). Since that date, 
Messrs. Morris, and also several other firms, have 
produced models even more suitable for use in many 
countries abroad, and a number of these models 
may be viewed at the Motor Exhibition, which 
opened at Olympia yesterday. 

At the time of the last exhibition, the extensions 
at Olympia had not been completed, so that this is 
the first occasion on which the increased floor space, 
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rendered available by the opening of the new hall 
adjoining Hammersmith-road, has been utilised for 
this exhibition. Since the new building has several 
floors, the total floor space has been practically 
doubled, and it has, therefore, not only been possible 
to show the cars to greater advantage, but also to 
devote part of the extra space to an exhibition of 
motor-boats and engines. We shall refer to this por- 
tion of the exhibits in more detail later. As regards 
the cars, it is no discredit to the makers concerned 
that the great majority of the models exhibited 
differ from their predecessors only in minor points 
of detail, as the majority of cars turned out in the 
last few years fulfil the functions for which they were 
designed in a manner which leaves little to be 
desired. In spite of this fact, however, there is a 
tendency to strive for even greater comfort, or a 
further lowering of cost, by wide departures from 
accepted practice. The possibilities in this direction 
are discussed elsewhere in this issue, and we may 
therefore proceed at once to a description of some of 
the more interesting of the cars exhibited. 

In designing the Trojan car, little or no considera- 
tion was given to established conventions of design, 
and the car certainly affords an indication that there 
is a satisfactory sale for an unconventional vehicle, 
provided that the public are convinced that it 
possesses advantages over alternative cars at about 
the same price. The Trojan is eminently a car 
suitable for the not inconsiderable number of 
people who possess little or no mechanical sense, 
since it is quite exceptionally easy to drive and 
maintain. In our opinion, however, the car has 
hitherto been unnecessarily handicapped by includ- 
ing the appearance among the unconventional 
features, and we believe that the makers have made 
a wise decision in redesigning the car more in 
accordance with accepted ideas on this point. As 
will be seen from Fig. 1, page 494, the new model 
is conventional in its external lines, but it retains 
all the special features which have hitherto placed 
it in a class by itself. We described the earlier 
model in ENGINEERING, vol. cxxii, page 504 (1926), 
and mentioned that it was manufactured by Messrs. 
Leyland Motors, Limited. Since that date, how- 
ever, the manufacture of the car has been taken over 
by Messrs. Trojan, Limited, Purley Way, Croydon, 
and it has been entirely redesigned. As will be 
seen from Fig. 2, on the same page, the engine is 
now mounted vertically at the rear of the car, but 
in other respects is generally similar to that fitted 
in the earlier models. The epicyclic gear has been 
retained, but now provides three forward speeds. 
The forward ratios are 3-5, 6, and 11-5 to 1, while 
the reverse ratio is 16 to 1. The engine and gear 
box form a single unit, mounted athwart the chassis, 
the gear box being visible to the left in Fig. 2. 
The engine crankshaft is extended through the box, 
and carries the concentric sleeves on which the sun 
wheels and clutch drums are mounted, and the 
general construction of the box is similar to that 
of the earlier model, with the exception that a third 
gear is incorporated, as mentioned. The axis of the 
power unit is behind the rear axle, to which the 
drive is taken by chain. The engine and gear-box 
are mounted on a sub frame, and the whole unit 
can be removed from the chassis frame for examina- 
tion or overhaul. The power unit is encased in a 
metal box, which, as seen from Fig. 1, has very 
much the appearance of a large suit case. The 
rear panel is removable, while the upper panel is 
hinged at the back, and, when a hinged bridge piece 
carrying the spare wheel at the back has been 
swung out of the way, the engine can readily be 
reached for making minor adjustments. 

The engine has a cylindet bore of 2} in., and a 
piston stroke of 4% in., giving a capacity of 90} 
cub. in. (1,488 ¢.c.). Pump circulation is provided 
for the cooling water, the radiator being in the con- 
ventional position at the front of the car. A 
differential is incorporated in the transmission, and 
this is automatically cut out of action when the 
foot brake is applied, thus reducing the danger of 
skidding if the brake is applied suddenly. The 
differential can also be locked independently of the 
foot brake. The front wheels are not provided with 
brakes, but, in addition to the rear-wheel brakes, 
there is a hand-operated transmission brake. Long 
cantilever springs have been retained for the front 
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axle, but the rear axle is now mounted on springs of 
the semi-elliptic type. The wheel base is 8 ft. 6 in., 
the track 4 ft. 9 in., and the ground clearance 
84 in. The overall length is 13 ft. 6 in., and the 
overall height 5 ft. 4in. The body is fabric covered, 
and will seat five adults comfortably, while leaving 
ample room for luggage at the front. 
The advantage of the epicyclic gear as applied 
to car transmissions was realised at an early date in 
the history of the industry, but, unfortunately, the 
majority of the earlier gears were made with 
inadequate friction surfaces, with the result that 
prejudice arose against the system, on the grounds 
that the control bands required relatively frequent 
replacement. Perhaps the most successful applica- 
tion of this type of gearing was in the Ford Model-T 
car, but, as is well known, only two forward 
speeds were provided in this case, so that the gear 
box was relatively simple. It is admitted, even by 
its strongest advocates, that, when applied to a 
three-speed box, the gear becomes decidedly compli- 
cated, and, as a result, it must always be relatively 
costly. On the other hand, it greatly simplifies 
gear changing, even without the semi-automatic 
changing device with which it is often now fitted, 
and there is no doubt that many motorists are 
prepared to accept the greater complexity and price 
of the epicyclic box in order to secure this advantage. 
We have no doubt, for example, that the Trojan 
car, already described, owes much of its popularity 
to the ease and certainty with which a gear change 
can be made by an entirely unskilled driver, and the 
same factor must account for the increasing use of 
epicyclic gears on more expensive cars. It is no 
doubt desirable that potential owners who have a 
preference for this form of transmission should be 
catered for, and, apart from the Trojan, Messrs. 
Armstrong can now supply all their models, ranging 
from 12 to 30 h.p., fitted with the gear, while, if a 
car in the luxury class is required, the same gear is 
incorporated in the 30-40 h.p. double-six Daimler. 
The gear as fitted to the cars manufactured by 
Messrs. Armstrong Siddeley Motors, Limited, of 
Coventry, is illustrated in Figs. 3 to 5, page 494, 
Fig. 3 showing the short 15-h.p. chassis, Fig. 4 the 
general appearance of the gear box and clutch, and 
Fig. 5, the gear box, with the top removed, as fitted 
to the new 20-h.p. model. The box is based on 
the designs of Mr. W. G. Wilson, and is arranged 
to give four forward and one reverse ratio, on all 
models except the 12-h.p. and short 15-h.p. cars, 
on which a box is fitted having three forward and 
one reverse speeds. In every case, the gear is 
supplemented by a pre-selective control mounted on 
a dial near to the steering wheel. The gear cannot 
be described adequately without drawings, which 
are, unfortunately, not, at present, available, but, to 
those who are familiar with epicyclic gears generally, 





it may be stated that it is generally in accordance 





Fig. 6. 


with the usual arrangements for this type of gearing. 
There are four sets of sun and planet wheels side 
by side in the four-speed box, the outer gear rings 
and planet spiders being inter-connected in the 
usual way, and the different gears being obtained 
by holding one or other of the rings by means of 
brake bands. The top forward gear is obtained by a 
direct through drive, with all gears locked in the 
usual way. The four locking bands can be seen in 
Fig. 5, which also shows part of the semi-automatic 
control gear. The pre-selective device consists of 
an arrangement whereby the gear-control lever can 
be set for any gear, but the selected gear will not 
actually be engaged until a pedal is depressed. 
Many drivers find this arrangement an advantage, 
as they can set the control at their leisure and make 
the actual change, when required, very rapidly and 
in the simplest possible way. 

To follow the pre-selective mechanism, it is only 
necessary to consider one of the gears. The upper 
end of the brake band is anchored to a pivoted link, 
and one corner of a triangular bracket is also 
pivoted to the same point on the brake band. The 
bracket is roughly of the form of a 60-degree set 
square, with the longest side at the bottom, and the 
apex corner is connected by a link to the lower end 
of the brake band. A swinging rod hangs down from 
the third corner of the bracket, and, when the end 
of this rod is in a certain position, it engages with a 
notch in a horizontal lever connected to the change 
gear pedal. Assuming engagement to occur, an 
upward movement of the horizontal lever will thrust 
up the rod, swing over the triangular bracket, and 
engage the gear. The arrangement is thus some- 
what similar to that employed in “ hit-and-mis ” 
governing. The rod is located in the correct position 
for engagement by contact with a selector link, 
which is pivoted at the top, and is pressed against 
a cam by a spring near its centre. There is one 
cam for each gear, all mounted on a common 
shaft coupled to the pre-selector lever, and the 
cams are located on the shaft in such a position that 
only one of the four swinging rods can be in the 
correct position for engagement with one of the 
four levers connected to the pedal. 

The leading features of the Armstrong-Siddeley 
cars are well known, and the new “short 15” 
model, illustrated in Fig. 3, follows the same 
general lines. The engine is a six-cylinder unit, 
with a cylinder bore of 2} in., and a piston stroke 
of 4 in., giving a capacity of 118 cub. in. (1,900 c.c.) 
and an R.A.C. rating of 15 h.p. Ignition is by 
magneto, with automatic control, and cooling is by 
pump and the maker’s well-known flywheel fan 
arrangement. Side-by-side valves are fitted, and 
the cylinder head is detachable. The gear box has 
already been described, but it may be noted, on 
reference to Figs. 3 and 4, that it is by no means 
excessively large. The final drive is by spiral bevel, 
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as a coach-built saloon with a fabric-covered roof. 
The engine, which is shown in section in Figs. 7 and 
8, and in end elevation in Fig. 9, page 499, has a 
cylinder bore of 56-5 mm. (2} in.) and a piston stroke 
of 80 mm. (3.4, in.), giving a capacity of 1,202 c.c. 
(73 cub. in.) and a Treasury rating of 11-85 h.p. 
As shown in Fig. 7, the six cylinders form a monobloc 
casting, in one piece with the crankcase, which is 
provided with a detachable sump in the form of a 
steel pressing. The joint is considerably below the 
axis of the crankshaft, as shown in the figures. The 
shaft is carried in four bearings, and passes through 
the end walls of the casing at each end, as shown 
in Fig. 7. In order that the shaft may be with- 
drawn, the portion of the end wall below each 
bearing is a separate piece, forming, in effect, a 
rectangular bearing cap fitted into a corresponding 
recess in the wall, and held in position by two bolts, 
of which the heads are recessed into the cap. The 
crankcase is sealed by cover plates at each end, 
and similar plates are provided on the water jacket. 
The cylinder head is detachable, and is sufficiently 
light to be handled without difficulty when decar- 
bonising. The valves are of the side-by-side type, 
with a throat diameter of { in. The form of the 
combustion head, and also the arrangement of 
the valve tappets, is shown in Fig. 8. The tappets 
operate in an oil mist, the chamber being provided 
with the usual detachable cover. It will be noticed 
from Figs. 7 and 8 that the tappet guides are mounted 
in groups of four in blocks bolted to the face of the 
cylinder wal]. The camshaft is of alloy steel, and 
is carried in four bearings. It is operated by a 
triangular chain drive at the front of the engine, 
as indicated by dotted lines in Fig. 9. The chain 
casing is shown in section in Fig. 7. A skew gear 
wheel is formed integral with the shaft near the 
centre, and this wheel meshes with a corresponding 
wheel on a vertical shaft driving the oil pump, as 
shown in Fig. 8. The camshaft-driving chain is 
of the roller type, and the third sprocket in the 
triangular drive is coupled to the dynamo. The 
chain can be adjusted for tension by swinging over 
the dynamo. 

The connecting rods are H section Duralumin 
forgings, with white-metal big-end bearings run 
direct in the rods. The gudgeon pin is clamped in 
the small end, as shown in Fig. 8, so that the bearings 
are in the piston. The latter are of heat-treated | 
aluminium alloy, and are provided with four rings 
above the gudgeon pin, the lowest ring acting as a 
scraper. The piston skirts are of the open type, 
and are slotted to eliminate piston slap, as shown 
in Fig. 7. The lubricating pump is of the gear type, 
and supplies oil under pressure to the main and big- 
end bearings, the camshaft bearings and the timing 


impregnated thrust block requiring no lubrication. 
The gear-box is provided with three forward and 
one reverse gears, and the propeller shaft is fitted 
with a central bearing and universal joint. The 
forward end of the propeller shaft is of the open 
type, as shown in Fig. 6, but the rear end is 
encased in a torque tube supported on a Silentbloc 
shackle at the front end, thus eliminating any 
tendency to rattle, and avoiding the necessity for 
lubricating this bearing. The final transmission is 
shown in Figs. 12 to 14, and it will be noticed that 
an underslung worm drive is employed, in conjunc- 
tion with a bevel differential. The worm and propel- 
ler shaft housing can be removed in one piece 
from the axle casing to which it is bolted, so that 
the parts can be dismantled, and adjustments made, 
on the bench. The axle shafts, which have splined 
inner ends, are independently withdrawable through 
the axle casing, which is of the usual banjo pattern. 
The driving hubs are tapered and keyed to the shafts, 
and are held in position by a nut, the wire wheels 
being held by the usual bolts through the nave 
plate. The worm and axle shafts are fitted with 
ball bearings throughout. A speedometer drive 
is provided at the front end of the worm shaft, 
as shown in Figs. 12 and 13. 

As in the case of the earlier 7-9 h.p. car, Lockheed 
hydraulic four-wheel brakes are fitted, of which 
details are given in Figs. 15 to 17. These brakes 
were fully described in the article on the 7-9 h.p. 
car, already referred to. In addition to the hy- 
draulic brakes, there is a hand transmission brake 
operating on a drum at the rear of the gear-box. 
This brake is of the internal-expanding type, 
with aluminium shoes lined with friction material. 
The side-frame members taper towards the front, 
and are upswept over the rear axle, as shown in 
Fig. 6. There are three cross members, of channel 
section, and a single tubular cross member support- 
ing the torque tube and the front ends of the rear 
springs. The springs are of semi-elliptic type at 
the front, and of quarter-elliptic type at the rear. 
The track is 3 ft. 6 in., and the wheel base 7 ft. 
2}in. The ground clearance is 8 in., and the chassis 
weight approximately 10 cwt. 


(To be continued.) 








ENGINEERING TRAINING AND 
EDUCATION. 


Advanced Lectures in Engineering.—Two courses of 
special advanced lectures will be given in the Faculty 
of Engineering of University of London, King’s College, 
Strand, W.C.2. The first course, comprising three 
lectures, is entitled ‘‘ Management,” the lecturer being 
Mr. T. G. Rose. The lectures will be delivered at 
5.30 p.m., on Tuesdays, October 21 and 28, and 





chain. The lubricating system is provided with a 
by-pass valve for regulating the pressure, and is | 
connected to an oil indicator on the dashboard. | 
The oil-release valve is shown in Figs. 10 and 11. | 
The water for the cooling system is circulated by | 
means of an impeller mounted on the fan shaft, as | 
shown in Fig. 7, both units therefore being driven | 
by a common belt from the crankshaft. The fan | 
pulley is adjustable for width. The radiator is | 
provided with thermostatically-controlled shutters. | 
Careful attention has been given to eliminate bends, | 
so far as possible, in both the inlet and exhaust | 
systems, and the inlet manifold is designed to give | 
an even mixture distribution to all six cylinders. | 
The manifolds are square in section, and are com- | 
bined in one casting as shown in Fig. 8, a hot spot | 
being provided on the inlet manifold opposite | 
to the uptake from the carburettor. Coil ignition | 
is employed, the contact maker and distributor | 
being mounted directly above, and driven from, 
the vertical lubricating-pump shaft. It is well 
above the level of the cylinder head, in a particularly 
accessible position. 

Turning now to the transmission system, unit 


November 4. The second course, which also consists 
of three lectures, will deal with ‘‘ Modern Road Con- 
struction.”” The lecturer, Colonel C. H. Bressey, will 
deliver the lectures at 5.30 p.m. on Tuesdays, November 
11, 18, and 25. The courses are free to regular students 
of the College Faculty of Engineering. For others, 
the fee for each course is 10s. 6d. Students of other 
colleges and technical institutions and students or 
graduates of professional institutions are admitted 
at one-half the above fee. 








CentTRAL Evectriciry Boarp.—Sir James Lithgow, 
Bart., who was one of the original members of the 
Central Electricity Board appointed in 1927, has resigned 
from the Board on account of the pressure of his other 
duties. The Minister of Transport has appointed, in 
his place, Sir Ralph L. Wedgwood, chief general manager, 
London and North Eastern Railway Company. It will 
be recalled that the Central Electricity Board was consti- 
tuted under the provisions of Section I of the Electricity 
(Supply) Act, 1926, and comprises a chairman and 
seven other members appointed by the Minister of 
Transport. 

Launouw or H.M.S. “ Britwrant.’’—The first of two 
torpedo-boat destroyers of the “ B” class, under con- 
struction at the Wallsend shipyard of Messrs. Swan, 





construction is employed for the engine and gear Navy, was launched on October 9. This vessel, H.M.S. 


box, and in other respects the general layout is 


very similar to that of the 7-9 h.p. four-cylinder | the Wallsend yard of the builders. The propelling 


Triumph car, described in ENGINEERING, vol. cxxiv, 
page 477 (1927). The engine and gear-box unit is 
carried on four-point suspension, the bearer arms 
being fitted with Silentbloc bushes. The clutch is 
of the single dry-plate type, and is held in engage- 
ment by eight springs. It is operated by a graphite- 


Hunter, and Wigham Richardson, Limited, for H.M. 
Brilliant, is the thirty-ninth destroyer launched from 


machinery has been constructed by Messrs. The Wallsend 
Slipway and Engineering Company, Limited, and 


comprises geared turbines driving two propellers, steam 
being supplied by oil-fired water-tube boilers. An 
unusual feature is that the vessel’s engines and boilers 
were all installed aboard before the launch. The 
Brilliant will shortly proceed to sea to undergo a series 
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LAUNCHES AND TRIAL TRIPS. 

* Etsa.”—Single-screw cargo steamer ; Lentz engine. 
Trial trip, September 2. Main dimensions, length 
between perpendiculars, 252 ft. ; breadth moulded, 39 ft. ; 


depth, 17 ft. 8in. Built by Messrs. Nakskov Skibsverft, 
Nakskov, Denmark, for Mr. S. Lauritzen, Copenhagen. 


‘* PEIK.’’—Single-screw motor tank ship ; six-cylinder 
Armstrong-Diesel single-acting two-cycle engine. Trial 
trip, September 22. Main dimensions: length overall, 
408 ft.; breadth moulded, 54 ft. 9 in.; draught, 26 ft. 
Built by Messrs. Sir W. G. Armstrong-Whitworth and 
Company (Shipbuilders), Limited, Walker Shipyard, 
for Messrs. Jens J. Salvesens Rederi. Engined by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Engineers), Limited, Scotswood. 


“REINA DEL Pacrrico.”’—Quadruple-screw motor 
passenger ship; main engines, four 12-cylinder trunk 
type Harland-B. and W. Diesel engines. Launched, 
September 23. Main dimensions: length between per- 
pendiculars, 550 ft.; breadth, 76 ft.; depth moulded, 
44 ft. Built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the Pacific Steam Navigation 
Company. 

‘** ATHELBEACH.”’—Single-screw motor tank ship ; 
six-cylinder, single-acting four cycle Diesel engine. 
Launched, September 24. Main dimensions: length 
between perpendiculars, 425 ft.; breadth, 55 ft. 9 in. ; 
depth, 32 ft. 3in. Built by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for the United Molasses 
Company, Limited. Main engines by Messrs. J. G. 
Kincaid and Company, Limited, Greenock. 


‘* NorBRIS.”-—Single-secrew motor tank ship; six- 
cylinder Wallsend-Sulzer two stroke cycle engine. 
| Launched September 24. Main dimensions: length, 
474 ft.; beam, 594 ft. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
for Hvalfanger A/S Sydhavet, Sandefjord, Norway. 
Engines by Messrs. Wallsend Slipway Company. 

“* San Antonio.”’—-Single-screw cargo steamer. Four- 
cylinder, triple expansion engine. Trial trip, September 
24. Main dimensions: length between perpendiculars, 
430 ft.; breadth, 57 ft.; depth moulded, 37 ft. 6 in. 
Built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for La Compagnie Générale Trans- 
atlantique, Paris. 

“ Dirto.’’—Steel screw tug. Launched, September 25. 
Main dimensions: length between perpendiculars, 77 ft. 
6in.; breadth, 21 ft. 6in.; depth moulded, 12 ft. 6 in. 
Built by Messrs. Cochrane & Sons, Limited, Selby. 








“Sea VENTURE.’’—Single-screw steamer; _ triple- 
expansion engines. Trial trip, September 28. Main 
dimensions: length between perpendiculars, 290 ft. ; 


breadth, 43 ft.; depth, 20 ft. 10 in.. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Sunderland, for 
the Dover Navigation Company, Limited. Main engines 
by the North Eastern Marine Company, Limited, Sunder- 
land. 


‘* TWEEDBANK.”’—Twin-screw cargo motorship ; five - 
cylinder Sulzer-type engines. Trial trip, October 1. 
Main dimensions, 440 ft. by 57 ft. by 38 ft. 7 in. Built by 
Messrs. Workman Clark (1928) Limited, Belfast, for 
Messrs. Andrew Weir and Company, London. 


‘** InprIA.’’—-Twin-screw passenger and cargo motorship 
for the Far Eastern Service ; four-cycle Burmeister and 
Wain Diesel engines. Launch, October 4. Main 
dimensions, 488 ft. by 63 ft. 6 in. by 40 ft. 3in. Built 
by Messrs. Nakskov Shipyard, Limited, Nakskov, 
Denmark, for Messrs. The East Asiatic Company, Limited, 
Copenhagen. 








Tue Institution or PETROLEUM TECHNOLOGISTS,— 
The twelfth annual dinner of the Institution of Petro- 
leum Technologists was held at the Connaught Rooms, 
Great Queen-street, London, W.C.2, on Friday, October 
10. The President of the Institution, Dr. A. E. Dunstan, 
in responding to the toast of the Institution of Petroleum 
Technologists, proposed by Dr. H. Levinstein, appealed 
to the members to extend the importance and influence 
of the Institution by bringing forward new members. 
While, however, no serious effort had been made to 
increase the membership, continued Dr. Dunstan, this 
had gone forward from strength to strength year by 
year. Nevertheless, the policy of letting the aspirant 
to membership come forward on his own initiative was 
hardly a good one. Surely it should be the aim of all 
members to make their Institution the one petroleum 
technical organisation in the world. It was gratifying 
to note that the membership of the branches in Persia, 
Roumania, South Wales, and Trinidad was steadily 
increasing. Regular meetings were held at which papers 
were read and discussed. These branches were doing 
work of immense service to the Institution. During the 
past year much progress had been made with the central 
housing scheme. Recently, a Trust, licensed by the 
Board of Trade, had been formed to take over the 
executive duties of putting the scheme into effect. 
In his opinion, the central library was one of the chief 
features of the scheme; it would occupy one complete 
floor throughout the whole building. It would comprise 
the libraries already in the possession of the constituent 
societies, and would contain, at the commencement, 
some 70,000 volumes, exclusive of pamphlets. The 
toast to applied science and the technical societies was 
proposed by Sir W. J. Larke, and was replied to by 
Colonel the Master of Sempill, while that to the guests 
was proposed by Sir T. H. Holland, F.R.S., the response 
being made by Professor J. F. Thorpe. The dinner, 
like its predecessors, proved to be a highly successful and 








of power and speed trials. 


well-attended function. 








Tue leading editorial note in the October issue of the 
Amalgamated Engineering Union’s Monthly Journal 
is ‘‘ a warning ” on the subject of speed. ‘‘ The growing 
need to increase production and lower costs,” the 
writer says, ‘is creating a mad desire for speeding up 
in the workshop; various systems are being intro- 
duced of piecework and speed work, with payment 
based on the time and number of movements of the 
hands to perform a given job. Such a system might 
be helpful in costing repetition work, but if the operative 
engineer is to have his wages based on such a mech- 
anical, robotised system, he will quickly lose that 
delicacy of touch and refinement of skill that plays 
so big a part in British engineering perfection. It is 
just that extra touch of the file on a bearing or moving 
part, that extra turn, tap or alignment that will be 
lost by the misplaced desire for speed, and with it the 
loss of our greatest engineering asset. The result of 
the different speeding up systems that have been intro- 
duced so far has been to kill the human interest of 
the man in his work, with a consequent deterioration 
in the quality of the article. Experience and interest 
are being sacrificed to an over-rated efficiency that 
takes no account of the human element and tempera- 
ment of the individual; this is bad psychology—and 
bad business. Let us have progress, speed and effici- 
ency, but not at the expense of quality.” 





During October, the home branch membership of 
the Amalgamated Engineering Union decreased from 
195,089 to 194,676, and the colonial branch member- 
ship from 26,823 to 26,743. The number of members 
in receipt of sick benefit increased from 4,882 to 4,955, 
the number in receipt of superannuation benefit from 
10,888 to 10,950, and the number in receipt of donation 
benefit from 20,371 to 22,710. The totel number of 
unemployed members increased from 26,017 to 28,578. 





The following resolution on the subject of unemploy- 
ment was adopted by a large majority at the Llandudno 
conference of the Labour Party :—‘‘ Tais conference 
views with deep concern the increasing gravity of the 
unemployment problem, intensified 2s it has been by 
the world economic situation, and reaffirms its convic- 
tion that the complete solution of the problem can only 
be accomplished by the application of definite Socialist 
principles, so as to secure the reorganisation of industry 
and the land in the interest of the people and a more 
equitable distribution of the nation’s wealth. Whilst 
mindful of the difficulties of the minority Government, 
and welcoming the efforts made by the Government to 
deal with unemployment by way of organised schemes 
of work of national and local utility, the conference 
urges the Government to facilitate schemes of nationali- 
sation, including the electrification of the whole 
country, the development of more extensive trade 
both within the British Commonwealth of Nations and 
with all other countries, and the vigorous application 
of all other proposals embodied in ‘ Labour and the 
Nation ’.” eres 

An Independent Labour Party amendment, which 
was defeated, on a card vote, by 1,803,000 to 334,000, 
was in the following terms :—-“ This conference views 
with alarm the failure of the Government to apply the 
bold unemployment policy outlined in ‘ Labour and 
the Nation.’ It believes this failure to be due to the 
Government’s timidity and vacillation in refusing to 
apply Socialist remedies to a capitalist basis, instead 
of which it has attempted to alleviate the unemploy- 
ment situation by the expedient of competition with 
other manufacturing nations for foreign markets, 
which, as Socialists, we believe to be not only anti- 
Socialist in principle, but also utterly impracticable of 
attainment. This conference, believing that a state of 
national emergency now exists, instructs the Govern- 
ment to use all its powers towards increasing the pur- 
chasing power of the workers, reducing workers’ hours, 
initiating a national housing programme, extending 
credits to Russia and other countries, and, above all, 
socialising the basic industries and services, using the 
provision of work or adequate maintenance as its first 
basic principle, and, if necessary, to make an appeal 
to the people.” : 

Mr. E. Marklow, representing the Social Democratic 
Federation, moved :—** That, in order to secure, as far 
as possible, common action in national and international 
Socialist economic policy, it is essential that a searching 
inquiry into the post-war structure of capitalism in 
the great industrial countries of the world shall be set 
on foot by the parties of the Labour and Socialist 
International. Recognising the urgent need for 
inquiry, to be followed by prompt action, especially in 
view of the appalling increase of unemployment and the 
necessity to finance public works of relief, this confer- 
ence urges the Labour Party executive to press upon 
the Government the need to take from the Bank of 
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England the privilege of exploiting the national credit 
and to use that credit itself for national needs and 
social purposes.”” The resolution was agreed to. 





A resolution on the snbject of rationalisation was in 
the following terms :—‘‘ This conference views with 
grave concern the displacement of old and faithful 
employees through the operation of rationalisation and 
trustification. Having noted the fact that directors 
invariably receive compensation for loss of office 
through amalgamation of firms, this conference con- 
siders that the same principle should operate in the 
case of employees suffering loss of employment. This 
conference further urges upon the Government the 
desirability of legislation safeguarding the position of 
such displaced employees by adequate compensation, 
and also that any State assistance in rationalisation 
schemes shall only be granted where this condition is 
observed, also upon a revaluation of capital assets, 
which would cut out the deadwood of obsolete plant 
and inflated capital values, upon which the workers 
are to-day expected to produce a profit.” It was 


agreed to. 


In the course of his presidential address at the 
opening on Saturday last of the new session of the 
Glasgow and West of Scotland Association of Foremen 
Engineers and Draughtsmen, Mr. Thomas Lawson said 
that, whereas in pre-war days there was some approxi- 
mation to a standard basis for a job requiring a given 
amount of skill, that was no longer the case. The 
British skilled engineer, who with a wage of 57s. for a 
47-hour week was struggling to maintain an export 
trade against the German engineer with 40s. for a 
52-hour week, was hampered in the struggle by high 
local rates and high wages obtaining in the sheltered 
trades. Since the boom in 1920, which we should have 
known would be followed by severe depression, the 
wages of employees in sheltered occupations, like 
railway services, municipal services, &c., had not been 
adjusted to correspond with the reductions necessitated 
in trades which were in competition with other coun- 
tries having a lower standard of living. The result 
was that the wages of those employed in the unsheltered 
trades or industries were thereby lowered to enable 
the British manufacturer to face the fact that under 
direct competition conditions his exports would be 
replaced by foreign exports through his inability to 
compete in costs. 








‘*In the unsheltered trades,” Mr. Lawson declared, 
** management and labour must explore together every 
means of getting rid of obstacles to efficiency in order 
that they may regain as much as possible of their trade, 
and so raise their wage levels. On the other hand, 
the sheltered trades must recognise that if any trade 
cannot render its services, or supply its goods, at 
prices which correspond to the current purchasing 
power of the markets, it will sooner or later suffer, 
either because the demand will fall or because alterna- 
tive methods will come into existence. This is already 
happening in some degree in the case of the railways.” 





Of the 43 students who took up residence at Ruskin 
College, Oxford, on October 6, the beginning of the 
College Year, six hold Trades Union Congress scholar- 
ships ; three are Egyptians, three Chinese, two Norwe- 
gians, and two Indians. One of the Indians is Mr. 
M. U. Rajab, Vice-President of the Bombay Textile 
Labour Union. This year there is an increase of eight 
in the number of students. 





Some time ago, the employers in the Berlin metal 
trades proposed a wages reduction of 15 per cent., and 
the trade unions rejoined by demanding retention of 
the current rates and the introduction of short-time 
working. In due course, the matter was referred to 
the arbitration of Herr Steggerwald, the Minister of 
Labour, whose award was to the effect that reductions 
of from 6 per cent. to 8 per cent. were justified by 
the state of trade. According to The Times’ corre- 
spondent, the trade union officials decided to recommend 
members to reject the award, and a partial strike 
has now begun. What the employers intend to do 
is not quite clear, but if both sides decline to abide 
by the decision, Herr Steggerwald will be obliged to 
exercise his authority and declare the award binding. 
“Tt will probably be found,” the correspondent adds, 
“that in some industries, which do not work for export, 
opportunities will be found for the Socialists’ remedy 
for unemployment—short time—to be tried out. The 
remedy is regarded as impossible in the export indus- 
tries, because Germany’s success in export markets is 
held to be due to prompt deliveries.” 





Information Circular No. 6339, issued by the United 
States Bureau of Mines, states that at its annual 
meeting, on March 5, 1928, in Washington D.C., the 





Joseph A. Holmes Safety Association gave to the 
Ford Collieries Company, Curtisville, Pa., a certificate 
of honour for “ having worked 922,628 underground 
man shifts from August 14, 1920, to December 31, 1926, 
producing 5,755,669 short tons }of coal !without a 
fatality.” So remarkable a record, it is stated, cer- 
tainly deserved recognition. Moreover, as the company’s 
freedom from fatalities continued until October 2, 1929, 
the full period during which no underground fatalities 
occurred was from August 14, 1920, to October 2, 1929, 
or 9 years 1 month and 18 days, the total tonnage being 
over 7,700,000. The principal factors contributing to 
these excellent results are stated to be (1) the attitude 
of the management; (2) the supervision exercised ; 
(3) the discipline maintained ; (4) the good timbering 
standards followed; (5) careful blasting practices ; 
(6) the maintenance of good clearance ; (7) the func- 
tioning of a good safety organisation. 





The September issue of The Guaranty Survey, which 
is published by the Guaranty Trust Company of New 
York, contains an interesting note on the subject of 
wages. ‘‘ One very important factor,” it says, ‘in 
the present situation must not be overlooked. This is 
the stability of wage rates. With a few exceptions, it 
may be said that, as far as factory labour is concerned, 
whatever reduction in purchasing power has occurred 
during the present depression, is due to the cutting 
down of operating forces and to part-time operations 


'—not to the lowering of wages. Early in the summer, 


when wage reductions began to appear here and there, 
and it was feared that the movement might become 
widespread, the country’s largest producer of steel 
issued a statement of policy indicating that, whatever 
means might be taken to maintain earnings, the reduc- 
tion of costs through wage-cutting would not be one of 
them. Many other branches of industry have, appa- 
rently, taken a similar attitude.” 





“Tt is gratifying to observe,” the writer goes on 
to say, “that a year of swift and almost continuous 
recession in business activity and earnings has not 
shattered the faith of employers in the altered labour 
policies that have been followed in recent years. Wage 
payments are no longer regarded merely as elements 
of cost; they are recognised as important determin- 
ants of demand. If the influences in the present 
situation making for lower wages continue to be success- 
fully resisted, the effect will hasten business recovery 
and provide a firm basis for future prosperity.” 





At the end of September, 1,966,000 persons were 
receiving unemployment relief in Germany. This was 
19,000 more than at the end of August, and 1,055,000 
more than at the end of September, 1929. The total 
of 1,966,000 includes 1,494,000 in receipt of relief from 
the Unemployment Insurance Fund, which draws con- 
tributions from employers and employed, and 472,000 
in receipt of “ crisis relief,” which is supported by public 
funds. The Berlin correspondent of The Times says 
that ‘‘ the returns now regularly give a total of ‘ dis- 
posable unemployed,’ and the figure stated for the 
end of September is 3,030,000 for Germany, with its 
population of about 63,000,000. It is not clear what 
categories of unemployed are included in the 1,074,000 
extra persons recorded as ‘ disposable,’ but not receiving 
unemployment or crisis relief.” 





On October 6, the numbers of persons on the registers 
of employment exchanges in Great Britain were 
1,474,670 wholly unemployed, 598,479 temporarily 
stopped, and 103,042 normally in casual employment, 
making a total of 2,176,191. This was 14,502 more 
than a week before, and 968,955 more than a year ago. 
Of the total number, 1,555,242 were men, 59,712 boys, 
508,058 women, and 53,179 girls. 





On Monday, the Unemployment Grants Committee 
approved for Government grant schemes of works sub- 
mitted by local authorities and other statutory bodies, 
estimated to cost 406,000/., and to provide employ- 
ment for approximately 1,700 men. Schemes before 
the committee for approval which are now the subject 
of enquiry number 1,131, and are estimated to cost 
19,400,000. 


Under an agreement arrived at by the Italian 
Commissariat for Internal Migration and the Director- 
General of Italians Abroad, the recruiting of Italian 
workers for employment abroad will, in future, be 
undertaken by the workers’ organisations, and the 
placing of the workers by the Commissariat. Requests 
for Italian labour from undertakings situated abroad 
must be made to the Director-General of Italians 
Abroad, who will approve the conditions of labour 
and the contracts of employment. The Commissariat 
for Internal Migration has already placed Italian 
workers abroad, mainly in France and Belgium. 
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Fia. 1. 


THE WHIDBOURNE AIR-DRIVEN 
STROBOSCOPE. 


THE value of the stroboscopic method of examining 
the motion of rotating or vibrating parts in high-speed 
machinery and apparatus has long been appreciated, 
but it is probable that the application of the method 
has been, to some extent, restricted by the relatively 
high cost and complication of the necessary apparatus. 
A simple, light and comparatively inexpensive form 
of stroboscope has, however, recently been invented 
by Messrs. H. Whidbourne and Bartrum, of the Air 
Ministry, and is now being manufactured by Messrs. 
Baird and Tatlock (London), Limited, 14-17, Cross- | 
street, Hatton-garden, London, E.C.1. 


The instrument, in its simplest form, is illustrated in | 





shown, so that it can be turned down in the direction 
of the arrow. With the mirrors in the positions shown 
in the figure, the observer will see the moving object 
10 times during a single revolution of the stroboscope 
cylinder, the light travelling by way of the mirrors 
M, and M, through the slots BB, in the outer tube, 
and through the 10 slots in the stroboscope cylinder 
as each pair of slots comes into the position cd in line 
with the slots BB,. It should, perhaps, be pointed out 
that, since two mirrors are employed, so that the light 
suffers a double reflection, the image is not inverted, 
but is seen in the erect position. 

When, however, the mirror M, is turned down, the 
observer sees the object directly through the outer 
slots AA, and a pair of slots ab in the stroboscope 
cylinder, which only come into line with the slots AA, 





Fig. 1, on this page, and consists of a metal tube} once during a revolution. The moving object thus 
24 in. in diameter and 44 in. long, to one side of which | appears to be stationary when the speed of rotation of 
an eye shield, similar to that of a stereoscope, is| the stroboscope cylinder coincides with that of the 
attached, as shown. In the part of the tube covered | rotating body being observed, or with the frequency 
by the eye shield two narrow longitudinal slots are cut, | of a vibrating body. When the mirrors are in use, 
so that one comes in front of each eye, and opposite | the stationary effect is obtained when the speed of the 





them two wider openings are formed, as shown in Fig. 1. | 
Inside the tube, a light metal cylinder is mounted on 

pivot bearings at each end, so that it can rotate at od 
high speed, and two pairs of narrow longitudinal slots 

are cut in the wall of the cylinder, the slots of each pair | 
being diametrically opposite each other. Two of the} 
slots in the inner cylinder can be seen through the | 
openings in the outer tube in Fig. 1. The longitudinal | 
position of each pair of slots is such that they pass | 
between the slots in the outer tube as the cylinder | 
rotates, and it will be clear that, with this arrangement, 

an observer looking through the outer slots will see | 
an object with both eyes twice during each revolution 
of the cylinder for the extremely brief interval during 
which the slots areinline. The rotation of the cylinder 
is effected by a simple form of turbine fitted on one end 
and supplied with air in a series of puffs from a rubber 
bulb. By regulating the frequency and magnitude of 
the puffs, the speed of rotation can be varied or kept 
constant at will, and the ease and accuracy of the control 
obtainable in the way is, at first, rather surprising. 
A speed of about 5,000 r.p.m. can be attained in a few 
seconds, and as the moving object is viewed twice in 
each revolution, parts rotating at 10,000 r.p.m. or'| 
vibrating with a frequency of 10,000 cycles per minute, 
can be made to appear stationary. By slightly reducing 
the speed of rotation of the cylinder, the parts can be 
made to appear to be moving slowly, any abnormal 
characteristics of the motion then being readily 
detected. 

A form of instrument having a wider speed range, 
and also suitable for measuring the speed or frequency 
of rotating or vibrating bodies, is shown by the section 
reproduced in Fig. 2.. In this instrument, the outer 
tube is provided with two sets of slots, AA, and BB,, 
opposite each eye, and the inner cylinder has 11 slots, 
10 of which are joined by dotted chords in the figure, 





cylinder is one-tenth of that of the moving body. 

To enable the instrument to be used for measuring 
speeds and frequencies, it is fitted with a Hasler revolu- 
tion indicator, which is driven from an extension of the 
spindle on which the cylinder is mounted. The indicator, 
it should be explained, is started by pressing a button 
and runs for a definite period of three seconds, which 
is controlled by clockwork, the pointer then coming 
to rest and indicating the speed in revolutions per 
minute; the pointer is subsequently returned to zero 
by pressing a second button. Assuming that the 
observer has some idea of the speed to be determined, 
as would generally be the case, he first observes the 
moving part through the stroboscope, running the 
latter at a speed rather higher than that of the part, 
and then allows the stroboscope speed to fall until the 
moving part appears to be stationary. Maintaining 


| this speed constant by suitable operation of the bulb, 


he starts the indicator, allows it to run for a period 
slightly exceeding three seconds, and then takes the 
reading. The reading, which must be multiplied by 
10 if the mirrors have been used, can, of course, be 
taken at any time after the observation, since, as 
already explained, the pointer remains stationary at 


| the speed indicated until it is returned to the zero. 


Normally the instrument is used without the mirrors 
for speeds ranging from about 150 r.p.m. to 4,000 r.p.m., 
but, with the mirrors, it is suitable for speeds up to 
40,000 r.p.m. 

The weight of the simple form of instrument shown 
in Fig. 1, which is used for visual observations only, is 
about 14 oz., complete with the bulb and tubing, while 
the instrument fitted with the speed indicator weighs 
less than 2 1b. Either type can thus be used for long 
periods without fatigue, and it is claimed that any 
number of consecutive speed determinations can be 
made by ordinary observers with an error of less than 








the eleventh slot being distinguished by the letter a.| 0-2 per cent. We understand that the instrument has 
On the side of the tube nearest the observer’s eye,| been used for investigating aero-engine valve gears, 
two mirrors M, and M, are mounted at an angle of | cams and springs, and for calibrating revolution indi- 
45 deg., one of the mirrors ,M,, being hinged, as|cators by observing the propellers from a distance. 
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Propeller speeds of aeroplanes in flight have also been 
determined by an observer on the ground. Many other 
possible applications will doubtless occur to our readers, 
such, for example, as the determination of the speed 
and the investigating the motion of cotton-spinning 
and other textile machinery. 








THE WORLD POWER CONFERENCE, 
BERLIN. 
(Continued from page 478.) 


Summariss relating to papers of two further sec- 
tions of the recent World Power Conference at Berlin 
are given below. Section II, taken first, dealt with 
electricity in crafts and industries, while Section XIX 
was concerned with switchgear and control apparatus, 


ELEctTRiIocrry IN InpDusTRY. 


In Section II, Dr. H. Nathusius and colleagues 
read a paper on “ Anwendung der Elektrowairme in 
der Industrie,” in which he dealt with heating by 
arc and resistance separately or in combination, and 
by induction, and with arc and resistance welding. 
The many characteristic advantages of arc furnaces 
had already led to their adoption for a variety of 
purposes. Above all, such furnaces permitted the use 
of purifying slag, and enabled satisfactory results to 
be obtained from scrap and other cheap materials. 
The constant readiness of the furnace for work, the 
absence of necessity to keep it heated when not in 
use, the economy with which, in foundries, moulding 
could be done during the day and melting carried 
out by cheap current at night, were among the 
advantages commending it for use in place of crucible 
and open-hearth furnaces, cupolas and converters, 
especially in foundries, and among them, particularly 
in steel foundries. Recent experience had shown, 
moreover, that by superheating molten cupola cast- 
iron in an arc furnace and allowing it to stand 
under a neutral slag, a metal consisting almost en- 
tirely of pearlite could be obtained, with a tensile 
strength of 25 kg. to 30 kg. per square millimetre. 
Such superheat could, moreover, be applied to improve 
the structure of cast-iron in other ways, and enabled 
metal of a definite composition and definite quality 
to be obtained with a previously-unattainable certainty. 
The arc furnace could also be used for producing 
from steel scrap and coal a synthetic gray cast-iron 
with a tensile strength of 30 kg. to 35 kg. per square 
millimetre. For non-ferrous metals, the use of small 
are furnaces, especially on three-phase currents, had 
proved highly satisfactory, and they were being used 
in large numbers. ‘ Considerable development had been 
made in recent years, especially in Germany, in the 
application of combined arc and resistance heating, 
especially for electro-thermic reduction processes and 
for electro-chemical thermal reactions. Such furnaces 
had been applied, in particular, to processes for obtain- 
ing iron direct from the ore, and for preparing ferro 
alloys with silicon, manganese, chromium, tungsten and 
molybdenum, the manufacture of calcium carbide, 
artificial corundum, ciment fondu, calcium cyanamide, 
carborundum, and graphitised electrodes. The use of 
resistance heating had extended in recent years in a large 
number of directions, not only for all kinds of heat 
treatment of steel, as well as of non-ferrous metals, and 
for melting non-ferrous metals with relatively low melt- 
ing point, but also for: purposes such as enamelling, and 
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even drying. As providing a non-inductive load these 
heating processes were of considerable value in improv- 
ing the power factor of a station, and the accuracy 
with which the heating could be done, as, for example, 
in core drying, was an additional recommendation. 
The increase in the use of electrical resistance heating 
was the more remarkable because of the considerable 
improvements which had been made in the economy 
of gas and similar services. Experience had shown the 
excellent quality of material obtained with induction 
furnaces for high and low frequencies, and, with 
expected improvements in the materials of their 
construction, their already considerable use was likely 
to be extended. The convenience of arc and resistance 
welding had led to a steady increase in their employ- 
ment, which, in the case of arc welding, was likely 
to become still greater when tests for its efficiency 
had been improved, and existing restrictions on its 
adoption for certain purposes, such for instance as 
shipbuilding, had been removed. With resistance 
welding, a remarkable increase had been found in its 
application to purely manufacturing purposes, as, for 
example, in the substitution of spot welding for rivet- 
ing throughout the enamelled-iron trade. 

‘In a paper on “Neue Wege zur Verwertung 
iiberschiissiger elektrischer Energie,” Dr. F. Berger, 
after indicating the principal directions in which 
it had been sought generally to apply superfluous 
electrical energy, drew attention to several that had 
recently become prominent. In the most important 
group of these processes, current was applied to 
operations that could proceed without attention in 
the period between peak loads. Almost all drying 
processes could so be dealt with, and automatic 
control could give as much certainty of operation 
as could be expected from manual attendance. Heat 
treatment processes in the iron and metal indus- 
tries, and the operation of furnaces in the pottery 
and glass industries, were other examples in which 
intermittent use could be made of current between 
peak loads. Although in the chemical industry most 
processes, to be economical, had to be continuous, 
inquiry on the part of generating stations should dis- 
cover individual processes which might be conducted 
intermittently. Some use had also been made of the 
storage of electrical energy as heat, in the form both 
of hot water and of steam. It had also been applied 
to the storage of heat in solid materials, which had 
worked well for the purpose of bakeries, and were 
being tried experimentally in other applications. It 
was pointed out that the absence of induction in 
almost all methods of transforming electrical energy 
into heat furnished a special inducement to generating 
stations to use electrical heating in their own work, 
as far as practicable. To a similar effect, Mr. R. 
Kratochwil (Austria) read a paper on ‘‘ Die Anwendung 
der Elektrowirme in der Industrie.” 

In a paper on “ Factors Affecting the Economics of 
Industrial Electric Heating,’ Mr. N. R. Stansel 
analysed the economical considerations affecting the 
use of electrical heating, and gave some examples 
from American experience. Electric heat was used 
largely for melting type metal, even when it cost 
more than heat obtained by combustion, as it some- 
times did, because of the advantages in working 
conditions. Electric energy was used largely for melt- 
ing brass, because, among other things, of the reduc- 
tion in loss of metal and the greater certainty of 
composition. It was suggested that its use in making 
oil-sand cores for foundry work had not been studied 
as fully as it should have been. For making steel 
castings, improved cast iron and ferro-alloys, electric 
energy was in the running, and its use was increasing 
in its application to welding both for structural and 
for manufacturing purposes. The capacity of electric 
furnaces installed in the United States for heat treat- 
ment was over thirty times as great as it was ten years 
ago. Other indications were given of the likelihood 
that electric heating would continue to extend, and it 
was suggested that, apart from its technical advan- 
tages, its use seemed to stimulate the general improve- 
ment of plant operation. 

In a paper on “ Progress and Problems in the Appli- 
cation of Electric Power to Structural Engineering,” 
Mr. W. C. Carl noted a tendency to introduce alter- 
nating-current motors in place of continuous, to 
correspond with the practice of supply companies. 
Mr. ank P. McKibben, dealing with ‘‘ Welded 
Steel Buildings and Bridges in the United States,” re- 
corded that, in nearly a hundred bridges and buildings 
in the United States, some or all of the members con- 
stituting the steel framework had been connected by 
welding, either electrical or oxy-acetylene, and the 
process had been used successfully in strengthening or 
repairing existing structures. By heating a new 
member to a definite extent, it had been found possible 
to ensure that, on cooling, it would be loaded with what- 
ever stress it was intended to carry. With single- 
storey buildings, the use of welding instead of riveting 
resulted in a considerable saving in weight for the same 





load capacity. A direction in which further improve- 
ment might be possible was the application of atomic- 
hydrogen welding, by passing hydrogen into an arc 
between two tungsten-wire electrodes, which produced 
a temperature exceeding that of the arc itself. The 
method had been used very successfully in welding 
non-ferrous metals or very thin steel parts, but as 
yet had not been tried to any extent on thicker struc- 
tures. 

A paper, by Mr. W. Geyer and Professor W. Philippi 
and other colleagues, on ‘‘ Elektromotorische Antriebe 
in der Industrie und ihre Wirtschaftlichkeit,” dealt 
with electric drives in a number of industries, noting 
a general tendency to a more liberal allowance for over- 
loads, when the time for which they were permitted 
was restricted, and an increasing tendency to build the 
motor in one with the driven machine, while designing 
the control gear in closer accordance with the require- 
ments of the motor. As a striking example of the 
value of electric drives involving otherwise difficult 
problems, their use in the design of dredgers and 
conveyors for lignite mines was quoted. 

Mr. L. Schneider, in a paper on ‘“‘ Produktionssteig- 
erung durch zweckmissige Ausgestaltung der elektri- 
schen Beleuchtung,” quoted a number of results 
obtained in Germany, as well as those published by 
the Industrial Health Research Board of Great 
Britain, to show that the use of improved lighting led 
to increases in both the quantity and the quality of 
output, which more than corresponded with the 
cost. From a paper by Professor S. O. Maisel, on 
‘“* Die Entwickelung der Beleuchtungstechnik in der 
U.d.S.8.R., insbesondere vom Standpunkt des Ar- 
beitsschutzes,” it appeared that the same subject 
was engaging the attention of the Russian authorities. 
In setting up a standard for their Leningrad lamp 
factory, English models were copied in the first instance. 
Work was put in hand, which is still in progress, for 
standardising the illumination of factories, which at 
present appears to be in a rudimentary condition. 

Professor V. Engelhardt and others, in a paper on 
“Die elektrolytischen Industrien Deutschlands,” re- 
viewed each of the electrolytic industries of Germany, 
which, in all, consumed some 1,700,000,000 kw.-hours 
per annum, nearly half of which was used in the 
manufacture of aluminium. It was estimated that the 
electro-thermal processes of the chemical industry 
probably used a somewhat greater quantity of energy. 
This demand was considered to be likely to increase, 
and some of the processes which at present only took 
a small amount of energy, such, for example, as 
the preparation of beryllium, might have a technical 
and economical importance out of proportion to their 
current consumption. Mr. G. Scharowsky, in an 
appendix to this paper, pointed out that electrical 
machinery had already reached the limit of size that 
could be carried on German railways. Mr. P. S 
Brallier, in a paper on “‘ The Economic Relation of 
Power to the Manufacture of Electrochemicals,” 
pointed out that the cost of electric energy was 
increasing owing to the increased demand, while the 
prices of electro-chemical products were diminish- 
ing. This had accentuated the efforts made to utilise 
by-products, as, for example, in the oxidation of 
carbon-monoxide from electro-metallurgical and cal- 
cium-carbide furnaces to carbon dioxide for produc- 
ing “dry ice,” or solid carbon-dioxide. A further 
need for such economy in the industries in question 
was the rapidity with which technical and _ scientific 
advances were made and existing equipment became 
obsolete. 

A paper, by Dr. R. Seeliger and his colleague, on 
“Elektrische Gasreinigung und Filterung,” drew atten- 
tion to the considerable and growing practical applica- 
tions of the electrical purification of air. They were 
being used partly for purifying the atmosphere, but also 
largely for recovering dusts which had a considerable 
economical value. One firm in Germany, which, up till 
1923, had erected plant for, in all, some 100,000 cubic 
metres of air per hour, had, by 1929, erected plants with 
a total capacity of 22,000,000 cub. m. per hour, and 
another firm, which, up till 1914, had only erected a few 
individual plants, had some 600 working by 1929. The 
very small consumption of energy, wear, and resistance 
to the flow of gases, coupled with the high degree of 
purification and the value of the recovered products, 
made the process extremely efficient, and considerable 
extension of its use was expected. 


SwITCHGEAR AND AvuToMATIC ConTROL APPARATUS. 


The subject dealt with in Section XIX was ‘‘ Switch- 
gear, including Automatic Control Apparatus for Power 
Stations and Remote Metering and Signalling Appa- 
ratus.” Twelve papers were presented, which included 
one entitled ‘‘ Modern British Practice in High Power 
Switching,” by Messrs. R. W. Gregory and F. C. Win- 
field. The authors stated that the development of the 
high and medium pressure network in Great Britain, 
known as the grid, had necessitated the construction 
of switchgear capable of handling very large currents 





at pressures of 132, 66 and 33 kv. The rupturing 
capacity of the largest units so far produced was 
1,500,000 kv.-a., but no difficulty was anticipated in 
increasing this to 2,500,000 kv.-a., especially at very 
high pressures. The design of the switches themselves 
and their control gear was similar to that used on the 
Continent, the steel covers being constructed to with- 
stand pressures of 350 to 800 lb. per square inch up to 
33 kv. and 150 to 200 lb. per square inch above that 
figure. For rupturing capacities above 1,000,000 kv-a., 
two to six breaks per pole were preferred on each phase. 

Tronclad switchgear, which was suitable for pressures 
up to 66 kv., was being made, and its use on 132-kv. 
circuits was being considered. It was either of the 
horizontal or vertical draw-out type, and oil was now 
being used, instead of compound, as an insulating 
medium. Even with this equipment, it was considered 
advisable to separate the sections by partitions. The 
use of the cubicle system indoors was becoming less 
frequent and, when employed, it was advisable to 
place the oil switches outside the buildings, the portion 
inside being arranged on the “hall” system. The 
majority of the 132-kv. grid substations were out-of- 
doors and the same practice had been adopted to a less 
extent for lower voltage equipment. New types of 
insulator, to prevent the reduction of the factor of 
safety due to the deposit of dirt, had been evolved. 
The latest stage in English development was ironclad 
outdoor gear. This type of installation would have an 
extended application in the future, though ironclad 
equipment placed indoors might be preferred as the 
reliability of the oil switches increased. Duplicate 
*bus bars were employed on all important installations, 
with two oil switches per generator. This duplication 
was not, however, recommended for feeders, owing to 
its cost. 

Mr. J. B. McNeill presented a paper on “ Modern 
American Circuit-Breaker Practice for Alternating 
Current High Power Service,” in which he said that 
American practice had been influenced by the increase 
in rupturing capacity, the design of « oil-less ’’ switches, 
and the reduction of the time required for breaking 
the circuit. The first factor had led to the construction 
of switches with rupturing capacities of 350,000 kv.-a. 
at 15 kv. and of 2,500,000 kv.-a. at 25 kv., and upwards, 
respectively. In these units, explosion pots and double 
breaks were employed, attention was paid to the venti- 
lation of the air-space, and the amount of oil thrown out 
had been materially reduced. The reduction of the 
total time required for breaking the circuit at medium 
pressures enabled the inductive effects to be diminished, 
while at extra high tensions its object was to avoid 
disturbance of sound transmission line sections. To 
fulfil the latter condition, two forms of quick-break 
switch had been designed: one, in which the arc was 
extinguished by a current of oil gas, and the other in 


_| which a special explosion chamber was used. With both 


types, a short-circuit could be cleared in eight periods, 
including the time required for the relay to act. - 
In a paper on “ Neuzeitliche Schaltanlagen fir 
Grossleistungen unter besonderer Beriicksichtigung 
der Kostenfrage,” Professor Dr.-Ing. W. Petersen said 
that the most important problems in the design of switch 
gear to-day were the replacement of oil circuit-breakers 
by those of the expansion type or by patterns in which 
compressed gas was used. In the former, the electrons 
in the break were converted into nuclei for conden- 
sation and the arc was thus prevented from re-striking. 
In the latter, the arc was extinguished by a rapidly 
introduced jet of un-ionised gas. The advantage 
of these switches was that they reduced the fire risk. 
As regards the construction of isolating switches, 
bakelite was being less and less used for the supports, 
owing to the increasing employment of outdoor stations. 
Its place had been taken by porcelain or by siluminite 
at pressures above 220 kv. Leading-in insulators were 
usually of bakelite or some ceramic material, and in the 
former case were of the condenser-bushing type. The 
employment of oil or compound-filled insulators had 
been almost entirely abandoned. In Germany, choke 
coils were’ often used to reduce the short-circuit forces. 
These were of the air-dielectric type, no iron or oil being 
employed.  Oil-immersed instrument transformers 
were generally preferred and, owing to the risk of 
fire, were usually enclosed in protective covers. The 
double ’bus-bar system was almost universal, though 
the provision of two circuit-breakers on each circuit 
was exceptional, and in only one German installation 
had the practice of phase separation been adopted 
Outdoor installations were extensively employed. 
It was common practice for the various elements of 
the switchgear to be separated in a vertical plane, the 
isolating links being operated by a rod from the oil- 
switch level. This provided greater safety and facili- 
tated interlocking. Considerable attention had been 
paid to the design of the control boards, the measuring 
instruments being arranged on vertical panels and the 
operating and regulating levers on a desk. Generally 
speaking, there was no great difference between German 
and foreign switchgear practice. Great Britain, with 
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its numerous iron-clad installations, however, formed 
an exception to that rule. 

A paper on “ Neuzeitliche grosse Schaltanlagen in 
der Tschechoslowakei,” was presented by Dr.-Ing. 
J. Reznicek and F. Vanek. In this, it was stated 
that indoor installations were almost exclusively 
employed in that country. The switchgear was 
usually arranged on two storeys, the ’bus bars being in 
duplicate, while the isolating links were visible from 
the oil-switch gangway. The cubicles were generally 
built of Duro or concrete. On the other hand, the 
equipment at the Prag-Sud substation was arranged 
on one floor and was really an outdoor installation 
inside a concrete shelter. The transformers for this 
station were in the open and had a short-circuit voltage 
of 11 per cent. Capacity transformers were used 
in connection with the 110-kv. voltmeters, while oil- 
filled instrument transformers were never employed. 
The 60-kv. and 100-kv. systems in Czechoslovakia 
were operated with an earthed neutral, the power 
transformers being delta-wound. 

Mr. C. Cippitelli presented a paper on “ Gekapselte 
Schaltanlagen fiir Hochspannung,” in which he pointed 
out that high-tension ironclad switchgear of the 
truck, pillar and box types had been in use in Germany 
for many years. Generally the ’bus-bar chambers in 
this equipment were not compound-filled, an excep- 
tion being the units employed in mines. Truck-type 
gear was to be found in the substations of large 
towns and pillar equipment in private industrial 
plants, especially for the control of high-tension 
motors. Since 1927, ironclad gear of the Reyrolle 
type had been installed on many distribution networks, 
owing to the space it saved, but the normal ’bus-bar 
sectioning switches had been replaced by devices of 
the Fergusson-Pailin type with double-pole oil-im- 
mersed switches. The same gear was often used as a 
substitute for outdoor equipment, the latter offering 
no advantages at pressures of less than 30 kv. 

In a paper on “Selbsttaitige und ferngesteuerte 
Kraft- und Nebenwerke, sowie Einrichtungen un 
Anordungen der Nachrichteniibermittelungen der 
Fernmessung und der Fernsteuerung in Elektrizitits- 
Versorgungsbetrieben,” Dr.-Ing. M. Schleicher pointed 
out that the recent intensive development of power 
demands and the interchange of energy between 
networks had resulted in the development of resources 
which, by reason of their size or situation, it would not 
otherwise have been economical to exploit. The 
first condition had led to the extended employment of 
remote controlled signalling, measuring and operating 
devices, so that the whole system could be controlled 
from a central point or points. For instance, the 
32 mercury-rectifier substations on the Berlin suburban 
railways, each of which contained two rectifiers, 
were controlled from four points, about 400 switches 
being operated over distances up to 15 km., while 
600 switches and devices were controlled. Similar 
arrangements were in use on the system of the Bayern- 
werke at Karlsfeld, near Munich, and on that of the 
Preussische Kraftwerke, near Kassel. The operation 
of such systems was facilitated by the use of illuminated 
diagrams, and tests had also been made with the 
remote control of the effective and wattless power, 
the pressure and the frequency. The advantages of 
such arrangements were reliability and speed, owing 
to the switch movements being positively operated, 
while considerable savings on the buildings and 
personnel could also be affected. 

Automatic and semi-automatic hydro-electric sta- 
tions and phase regulators were being increasingly em- 
ployed, both synchronous and asynchronous machines 
being used. Generally speaking, remote control was 
essential for the development of rural districts, whether 
the stations were automatic or not. As regards the 
technics of remote control and communication arising 
out of the necessity of a centralised load distribution in 
coupled feeder systems, the following methods might 
be employed: Remote control for the purpose of 
operating distant switches from a central point, dis- 
tance indicators for automatically repeating the posi- 
tions of important switches at a central point, remote 
control for operating the regulators, and communication 
by telephone or telegraph. The devices required for 
all these purposes were worked either by signal currents 
or impulses, which were transmitted through special 
conductors or over the Post Office or high-tension 
lines. It was often possible to employ one conductor 
to carry a number of currents, either by transmitting 
the latter at intervals at one frequency or simultane- 
ously at different frequencies. 

Messrs. C. Lichtenberg and R. J. Wensley presented 
& paper on “ Automatic Stations and their Remote 
Supervision,” in which they stated that this type of 
plant had been in use for fifteen years in America. 
In 1929, just over. 1,000,000 kw. of synchronous- 
converter plant and about 370,000 kw. of motor- 
generators were controlled in this way, while the 
output of the automatic hydro-electric generators in 
use was 650,000 kv.-a. The corresponding figures 





for mercury-arc rectifiers, transformers and synchronous 
condensers were 170,000 kw., and 670,000 kv.-a. and 
180,000 kv.-a., respectively. A number of the auto- 
matic traction substations were of the portable type, 
and this system of control had also been successfully 
applied to generators driven by internal-combustion 
engines. On lighting distribution systems, a large 
number of automatic protectors were in use, which 
served to disconnect the transformers from a faulty 
section and to switch them in again when conditions 
became normal. Self-synchronising apparatus was 
generally employed in hydro-electric stations, the 
method employed being to run the generator up to 
about 90 per cent. of its synchronous speed, to connect 
it to the network and bring its excitation up to 
normal. Many oil switches for the largest outputs 
and pressures were equipped with devices, so that they 
could be automatically re-connected to the supply. 
In a paper on “ Die Bedeutung der Automatisierung 
von Wasserkraftwerken fiir die schwedische elektrische 
Energieerzeugung,” Mr. C. Kiessling inted out 
that the conditions under which a supply of energy 
was at present given from hydro-electric stations in 
Sweden made the problem of the automatic operation 
of small and medium-sized plants important, especially 
as the capacity of 38 per cent. of the stations was 
5,000 h.p. or less. Complete automatic working 
would enable the personnel to be reduced by about 
75 per cent., and would allow the use of a large number 
of falls the exploitation of which would otherwise 
be uneconomic. Other advantages were a better 
utilisation of the water available and the limitation 
of the peak output by the purchase of energy from 
other sources. The employment of automatic control 
and measuring devices also enabled widespread 
networks to be fed from stations operated in this 
way. Essential features in the necessary equipment 
were reliability, simplicity, and a design which would 
allow its easy incorporation into power-station practice, 
so that existing plants could be converted without 


d| difficulty. 


“* Automatic Hydro-Electric Stations in Australia ” 
was the title of a paper presented by Mr. H. D. Cook. 
The Sugarloaf-Rubicon hydro-electric development in 
Victoria, Australia, consisted, he said, of four stations 
with an aggregate output of 373,800 h.p., while the 
addition of two further stations with a combined 
capacity of 5,600 h.p. was contemplated. All the 
stations were controlled from a centrally-situated 
substation, through an oil pump driven by a Pelton 
wheel, which provided the pressure oil for the governor 
and other auxiliary devices. At the largest of the 
stations, exact synchronisation was effected when 
the phase relations were correct, in order to prevent 
excessive disturbance, but at the others the synchron- 
isation was only rough and the machines were pulled 
into step without the use of a choking coil. Only the 
starting and stopping operations were carried out by 
remote control, the remaining operations, excepting 
load regulation, being fully automatic. one case, 
the remote control was effected by selective apparatus 
which only necessitated three conductors between 
the control station and the power plant. In the 
others, polarised relays and multi-core cables were 


In a paper on “ Remote Metering,” by Mr. F. H. 
Clough, the author said that the functions of a load 
distributor in respect to remote supervision were now 
fully appreciated both in England and elsewhere. 
Distance indications of the effective and wattless out- 
puts of important generating stations, as well as the 
direction of the power and reactive loads at important 
distributing points, was desirable. It was also neces- 
sary that the positions of the more important switches 
should be indicated at the distant control centres. 
The methods used for obtaining continuous distance 
measurement included that due to Midworth, in which 
a movement of the initiating index caused a change in 
the current passing through the control and repeating 
instruments; the system devised by Everett-Edg- 
cumbe, in which a varying direct-current was generated 
by a static rectifier; and that invented by the author, 
which comprised a synchronous motor driving two 
separate commutators, the direct-current voltages 
across which were proportional to the effective and 
wattless outputs, respectively. There were numerous 
methods of obtaining indications of the switch 
positions, of transmitting the load-meter ings, 
and of establishing telephone communication, all 
of which aimed at the use of as few conductors as 
possible. The apparatus employed for the selection 
of the various metering and indication devices was 
generally similar to that used in automatic telephony. 
One system required only three conductors, and 
enabled telephonic communication to be established 
between the various stations, repeater signals enabling 
the position of the switches to be transmitted and the 
effective and wattless outputs and other aggregate 
measurements to be indicated periodically. 

Dipl.-Ing. W. Janicki presented a paper entitled 





“Die elektrische Fernmessung unter besonderer Be- 
riicksichtigung der Summenfernmessung und ihre Be- 
deutung fiir die Elektrizitatswirtschaft,” in which he 
said that the chief advantages of direct-current for this 
purpose were the facility with which the values could 
be integrated and the absence of any lag in transmission. 
The disadvantages were that it could not be superposed 
on other low-tension lines, and that its proper function- 
ing was, to some extent, dependent on the condition of 
the insulation. For distance measurements, the im- 
pulse method offered the greatest prospect of future 
development, as it allowed both simultaneous and 
periodical transmission. 

“La Centralisation des Commandes” was dealt 
with in a paper by M. M. Dessus, who said that a 
central control system for the boilers and their auxilia- 
Ties had been installed in the extension to the Issy-les- 
Moulineaux station of La Compagnie Parisienne de 
Distribution d’Electricité. This extension comprised 
six pulverised-fuel fired boilers, each generating 120 tons 
of steam per hour. The various factors making up the 
combustion process in each boiler were indicated on a 
panel in a central control room, while the — of the 
different motors was regulated by a double booster set, 
one-half of which controlled the fuel and the other the 
air supply. The excitation of this set was, in turn, 
adjusted by a master controller through a 60-step 
rheostat. The installation was completed by hydraulic 
equipment for adjusting the dampers, and enabled the 
whole of the steam-raising to be controlled from one 
central point. It was doubtful whether automatic 
working would provide any material advantage over 
such a system. 

(T'o be continued.) 








THE ENCO OIL-BURNING SYSTEM. 


Some types of oil-burning apparatus used in the 
United States, but differing from British practice in 
several particulars, are illustrated by Figs. 1 to 5 on 

ge 506. All the apparatus described is made by 
i The Engineer Company, 17, Battery-place, 
New York, from the title of which its trade name Enco 
is derived, and it embraces not only the steam-jet 
and pressure-jet type of burner, but a combination 
burner in which either oil or natural gas may be 
used. It is generally accepted that a whirling motion 
of the secondary air supplied to an oil burner is 
necessary to ensure effective combustion, but it is not 
an easy matter to cause such air to impinge directly 
upon the cone of burning oil, many burners being 
provided only with deflectors and dampers which, 
while ensuring regulation of the supply, direct it in a 

rallel stream. The air regulator fitted by The 

ngineer Company has the characteristic of directing 
the secondary air in a diminishing cone on to the 
expanding cone of the oil. This regulator, as will be 
gathered from Figs. 1 and 2, consists of two partially 
spherical casings, between which the secondary air 
flows, and a central conical one admitting the primary 
air through radial slots. The latter supply is con- 
trolled by a conical louvre and the air is carried 
directly on to the oil cone in an enveloping direction. 
The secondary-air supply is controlled by a number of 
sector-shaped dampers, the axes of which are arranged 
radially. The air is directed by these dampers in an 
oblique direction and, due to this and to the spherical 
shape of the passage, impinges upon the oil cone at 
right angles to its surface, and with a rotary motion. 
The degree of deflection of the dampers for purposes 
of regulation is obtained by a ring attached to the 
inner edge of the projecting portions exterior to the 
air passage, rotation of the ring being effected by means 
of a short internally-toothed rack, meshing with a 
small pinion on the regulating handle. This handle is 
seen at the top of the radiation plate in both figures. 

The steam-jet type of burner is shown in Fig. 1, and 
the pressure-jet type in Fig. 2. The former shows the 
most novel method of construction, and is given in 
section in Fig. 5. The particular example here shown 
has a capacity ranging from 15 gallons to 200 gallons 
of oil per hour, but the burner is made in different 
sizes, with respective minimum and maximum capacities 
of 4 gallon and 1,000 gallons per hour. Steam is 
admitted at A and passes through the Venturi nozzle 
C, at the outlet of which it meets the oil supply intro- 
duced at B. The combined resultant jet is met, 
farther along the burner, by a number of tangential 
jets of steam from a series of holes D, communicating 
with the steam inlet, and emerges into the mixing 
chamber E, with a strongly rotating motion which it 
retains while passing through the nozzle F. The tip 
of this nozzle is made either with a ring of small orifices, 
as shown in the figure, or with a narrow circular slot 
situated immediately behind a divergent conical 
projection, the result, in either case, being the produc- 
tion of a hollow rotating cone of oil. This gives a short 
and bushy flame, the shape of which, however, can be 
controlled within wide limits by the dampers previously 
referred to. The pressure-jet burner does not differ 
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THE ENCO OIL-BURNING SYSTEM. 


CONSTRUCTED BY MESSRS. THE ENGINEER COMPANY, NEW YORK, U.S.A. 
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widely from some British patterns, rotation being given 
to the issuing oil by tangential grooves cut in an internal 
disc. The method of securing the burner is neat and 








9.5 STEAM ATOMIZER TYPE 400 


NY 
tu \ 





ste : A : : B Od Inlet 
simple, as it is held in place by a hinged stirrup having A KC ¢ Verntari.Nozle 
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removed for disc changing, &c., without disturbing the 
supply connections. The pressure-jet burner is made 
in sizes having minimum and maximum capacities of 
20 gallons and 5,000 gallons of cil per hour, respectively. 

The burners already described are shown for use 
with natural draught. The arrangement adopted for 
forced draught is shown in Figs. 3 and 4. Here the 
secondary-air supply is admitted through a ring of | 
small butterfly dampers arranged with their axes | 
parallel to that of the burner. This, however, is | 
necessitated by the particular type of apparatus used, | horizontal movement for the regulation of the flame, 
as it is intended for burning either oil or natural gas, | and to permit of this the connection to the gas-supply 
according to the supplies available. The curved | pipe on the front of the casing is made with a hinged 
passage type of furnace front can be adapted for forced | flexible pipe, while the central tube passes through a 
draught with oil only. In the example shown in Figs. | stuffing box. When used for gas only, the central 
3 and 4, the oil burner, which may be either of the steam- | tube can be covered with a cap. This apparatus has 
jet or pressure jet type, is inserted through a central | not long been developed but, we understand, has been 
tube, while the gas is distributed from a ring-shaped | very successful, not only from the high rate of efficiency 
perforated burner round it. This burner is capable of | obtained, but on account of the relatively low-pressure 
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draught required. It is stated that, with a pressure of 
5 in. of water only, an output of 2,500 h.p. has been 
obtained, which, using the American convention of 
10 sq. ft. of heating surface per horse-power, means that 
a single burner, under these draught conditions, proved 
sufficient for the firing of a boiler having 25,000 sq. ft. 
of heating surface. The nearest approach to this figure 
in the United States, using a single burner, is believed to 
have been obtained in some tests made by the U.S. 
Navy, where a rate of 1,500 h.p. was obtained in a closed 
stokehold having a pressure of about 10 in. of water. 
In addition to the above types, The Engineer Com- 
pany manufacture a furnace front with fixed vanes 
for furnaces which are exposed to considerable heat, 
and which are subjected to rough handling. In this 
case, while the bowl-shaped form is retained for the 
external walls of the secondary-air passage, the inner 
wall is made cylindrical and the primary-air cone 18 
movable in a horizontal position to regulate its position 
relative to the burner — “ee er in aa 
secondary-air passage are set obliquely, as before, bu 
are <sahintagaie with the inner and outer walls. The 
air supply is regulated by moving the radiation plate 
inwards or outwards, as desired. The different types 
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of burners and fronts can be made with acid-resisting 
metals for use under oil stills where residues, acid 
sludge or stripped still gas are used as fuel. They are 
also constructed, when required, with all exposed parts 
of heat-resisting metal suitable for a temperature of 
1,800 deg. F. 








THE EFFECT OF ATMOSPHERIC 





EXPOSURE ON HARD-DRAWN NON- 
FERROUS METALS.* 
By J. C. Hupson, D.So. 


Tis paper embodies the results of a subsidiary 
research undertaken in connection with the field | 
tests on the atmospheric corrosion of non-ferrous | 
metals and alloys conducted by the Atmospheric | 
Corrosion Committee of the British Non-Ferrous | 
Metals Research Association. Since, for many practical | 
purposes the important point is the effect of corrosion | 
on the mechanical properties of the materials under | 
investigation, an effect that is not always legitimately | 
deducible from observations of loss in weight or 
other tests, it was thought desirable to make a) 
direct determination of the effects of atmospheric | 
corrosion on the tensile strength of a number of | 
typical non-ferrous products, by determining the | 
breaking load of suitable specimens before and after 
exposure to the atmosphere for a definite period. 
The results obtained after two years’ exposure are 
reported here. 

The tests were made on 20 different materials, 
including H.C. copper, cadmium copper (Cd = 0-96 
per cent.), silicon copper (Si = 0-76 per cent.), two 
Post Office bronzes, 70:30 brass, four copper-nickel 
alloys, nickel, zinc, and galvanised iron. With the 
exception of two samples of H.C. copper and 70 : 30 
brass strip, 0-5 in. by 0-02 in. thick, all the materials 
were exposed in the form of wire. In the majority 
of cases the wire was 0-066 in. in diameter, the 
gauge of a 70 lb. to the mile telegraph wire. The 
samples of H.C. copper, cadmium copper, Post Office 
bronze, and galvanised high-purity iron line wire were 
intended to meet the British Engineering Standards 
Association specifications, and are therefore repre- 
sentative of the materials used in telegraphy and 
telephony. 

Sufficient specimens (75 to 80) were prepared for 
all the requirements of the experiment by cutting 
the wire or strip into 8-in. lengths, which were 
straightened by hand when necessary. The specimens 
of each material were thoroughly mixed -together, 
and test pieces were picked at random from the 
collection as required, so as to eliminate the effect 
of any possible variation in gauge. 

After the initial breaking load of the specimens 
had been determined in November, 1927, two complete 
sets of 12 specimens of each material were exposed on 
the roof of the Science Museum at South Kensington. 
The method of exposure was as follows. The specimens 
were inserted into grooves cut in pieces of wooden 
channel and secured by screwing down a wooden 
key piece. The pieces of channel were securely 
fastened to light wooden frames. Exposure was begun 
on December 22, 1927, and discontinued in the case 
of the present specimens (the first complete set) on 
December 21, 1929. The specimens were examined 
and their breaking load was determined, similar 
determinations being made at the same time of the 
breaking load of other specimens that had been 
stored in the laboratory during the intervening 
period. 

When removed after two years’ exposure all the 
specimens had a sooty appearance. The coppers and 
Post Office bronzes were covered with a smooth, 
tenacious, slate-grey film, with a very slight tendency 
to green. Arsenical copper appeared to be slightly 
darker than the others. The corrosion products on 
nickel and the copper-nickel alloys were very easily 
detached and, in general, came cleanly away from the 
metal on gentle rubbing. Visible exfoliation was 
occurring in the case of the 80 : 20, 55 : 45, and 30: 70 
copper-nickel alloys; the corrosion product on the 
85: 15 and 80: 20 alloys was distinctly green. 70:30 
brass had practically the same appearance as the 
copper group, save that the scale showed a tendency 
to flake off locally, especially on the lower side of the 
strip specimens. Zinc was covered with a smooth, 
dark brown film. The galvanised iron had a smooth 
surface, practically black with a few white streaks, 
and showed no sign of rust. 

The mean values of the breaking load of the 
materials, as determined prior to exposure and after 
two years’ storage and exposure, respectively, are 
given in Table II. The figures are mean values for 
from 10 to 12 specimens in the case of the initial 
measurements, and of 12 specimens in both the other 
cases, save for the omission of one or two obviously 








* Paper read before the Institute of Metals, at Southamp- 
ton, on Thursday, September 11, 1930. Abridged. 


erratic results. In general, all duplicates gave results 
within a pound or two of the mean value. Rather 
better agreement was obtained in the case of the 
copper group than in that of the nickel-bearing 
materials. It will be seen from Table II that, in 
several cases, the change in the breaking load of the 
specimens on storage is of the same order of magnitude 
as that due to corrosion. For example, most of the 
unexposed copper-nickel wires have increased in 
strength. The most pronounced increase is, however, 
shown by the 70:30 brass wire, the breaking load of 
which has increased from 295-6 to 303-2 lb., or by 
2-6 per cent. 70: 30 brass strip, silicon copper, nickel, 


| and zine also show slight increases in breaking load 


after two years’ storage. The strength of the other 
materials has fallen, the decrease being most pronounced 
for H.C. copper and cadmium copper. The 70 Ib. to 
the mile H.C. copper has decreased in strength by 
3-0 per cent., from 243-3 Ib. to 236-0 Ib. 

As a result of these changes in the unexposed 
materials, it is difficult to decide how far the observed 
decrease in the breaking load of the exposed specimens 
is legitimately attributable to corrosion. The assump- 
tion that the difference between the breaking load of 
the stored and the exposed specimens represents the 
change due to corrosion is probably only an approxi- 
mation to the truth, since it is by no means certain 
that the ageing effect in a specimen stored in the 
laboratory would be exactly equivalent to that in a 
similar wire exposed outdoors. From a practical 
standpoint the combined effect of ageing and corrosion 
might be considered the important factor. In this 
case the breaking loads of the exposed materials should 
be compared with the initial values at the commence- 
ment of the experiment. 


TABLE II.—Summary of Results. 



































Breaking Load (Ib.). 
Material. Unexposed. 
Exposed, 
Jan., 
c., | Jan., |Change.| 1930. 
1927. | 1930. 
80 : 20 copper-nickel ..| 205-1 | 293-3 | —1:8 | 286-8 
H.C. copper, 100 Ib. (0-080 
im)... x sia ..| 885-0 | 8329-9 | —5-1 | 323-8 
Post Office bronze (tin plus 
zinc) “ sf ..| 827-5 | 326-7 | —0-8 318-9 
85 : 15 copper-nickel 270-9 | 271-8 0-9 | 265-2 
H.C. copper, 70 Ib. .. 243-3 | 236-0 | —7-3 | 230-2 
Silicon copper ..| 807-8 | 309-7 1-9 | 301-7 
Cadmium copper... ..| 855-2 | 347-8 | —7-4 338-8 
H.C. copper, 150 Ib. (0-097 
ee ss ye ..| 495-8 | 494-1 | —1-7 | 484-8 
H.C. copper strip (0-5in. x | 
0-02in.) .. ae ..| 640-8 | 638-8 | —2-0 | 608-3 
H.C. copper, 200 Ib. (0-112 | 
a ea ae ..| 653-0 | 643-8 | —9-2 632-8 
Post Office bronze (tin only) | 346-2 | 844-6 | —1-6 | 334-3 
Nickel copper Me ..| 289-5 | 289-1 | —0-4 | 280- 
Arsenical copper... | 270-0 | 269-0 | —1-0 | 260-3 
55 : 45 copper-nickel | 374-6 | 378-0 3-4 | 357-0 
70 : 30 nickel-copper 438-7 | 442-0 3-3 | 416-8 
Zinc, 0-063 in. a ..| 76-8 | 78-0 1-2 73-3 
Nickel, 0-065in. .. ..| 407-7 | 409-8 2-1 | 384-8 
70 : 30 brass strip (0-5in. x | 
0-02in.) .. ee ..| 902-6 | 908-3 5:7 | 787-9 
70:30 brass; |. ~—.| 295-6 | 308-2 | 7-6 | 254-6 
Galvanised H.P. iron wire ..| 218-3 | 214-6 | —3-7 | 213-6 








Correlation with the Results of Previous Tests.— | 


Although there must clearly be some uncertainty as 
to the relative corrosion resistance of the individual 
materials, the present direct determinations of the 


effect of atmospheric corrosion on the strength of | 


non-ferrous wires fully confirm the results of previous 
tests by other methods in so far as this effect is very 
small. The results show that, under the conditions 
of the experiment, all the materials tested, save 
70:30 brass, are very resistant to atmospheric 
corrosion. For instance in Table II, the breaking load 
of the 80 : 20 copper-nickel wire has only been reduced 
from 295-1 to 286-8 lb., or by 2-8 per cent., as a 
result of two years’ exposure to the London atmosphere. 
Most of the other materials give results of the same 
order of magnitude. This is a striking testimony to 
the high resistance to atmospheric corrosion of non- 
ferrous metals in general, when it is remembered that 
the wires are little more than yin. in diameter. 

It is also satisfactory to record that the absolute 
values for the corrosion deduced from the present 
experiments are of the same order of magnitude as 
those obtained in the main field tests conducted by 
the British Non-Ferrous Metals Research Association, in 
which specimens were tested by the loss-in-weight, 
weight-increment, and electrical resistance methods. In 
Table III the results of the present tests for some of 
the materials are compared with those of some earlier 
tests on the same materials by the electrical resistance 
method, also at South Kensington. It will be seen 
that the average thickness of the corroded layer 
deduced from the decrease in breaking-load deter- 


minations* is rather lower than that deduced from the 
electrical resistance tests. ‘Too much stress should 
not be laid on these numerical differences, since the 
tests were not contemporaneous. It is, however, 


TaBLe IIT.—Observed Rate of Corrosion in Millionths 
of an Inch per Annum. 














Electrical Breaking 
Material. Resistance Load 
| Method.* Method. 
(All specimens 
| ‘hard-drawn.) 
P.O. bronze (tin and zinc) ..| 264 ® | 195 
» »»  (tinonly) ..| 270(A) 245 
Cadmium copper .. —..| {398 (bars | 215 
H.C.copper.. .. —..| 4 257 (mp }284 | | bog 
| 226 $219 
| 240 
239 
80 : 20 copper-nickel 309 (a) 183 
Arsenical copper 327 (a) 266 
Nickel ha ts 546 (a) 496 
70 : 80 nickel-copper 712 (a) | 469 
70:30 brass .. ee 518 (a) | 663 


1,321 


| 





(A) Hard-drawn. (a) Annealed. 
* Trans. Faraday Soc., vol. xxv., page 479 (1929). 


reassuring that the direct determinations of the effect 
of corrosion on the strength of the materials should 
have given the lower values. It may also be concluded, 
from the small losses in strength observed, that the 
materials tested, with the exception of 70 : 30 brass, 
are immune from pitting under the conditions of the 
experiment. 

70: 30 brass shows a much greater rate of corrosion 
| by the breaking-load method than by the electrical 
| resistance method. The loss in strength of this alloy 
|is appreciably greater than in the case of the other 
| materials, owing to the weakening effects of copper 
| redeposition (a reaction wherein the uncorroded brass 
Fee ars: with the solution of corrosion products, con- 
| taining zinc and copper salts, and precipitates spongy 
| copper, which apparently replaces the original brass 
| crystals in situ). In view of the limited accuracy of 
| the results obtained by the breaking method, the agree- 





ment of the two series of tests is reasonably.good. In 
| both cases nickel, 70:30 nickel-copper, and 70 : 30 
| brass have corroded more than other materials, and 
| itis probable that, on the whole, wires with a high nickel 
| content are more liable to corrosion in a polluted 
atmosphere, such as that at South Kensington, than 
the softer materials richer in copper. In the present 
instance, this somewhat greater corrodibility has been 
largely offset for practical purposes by the fact that 
| the alloys with a high nickel content have not softened 
| on ageing, as in the case of the copper group. More- 
| over, it should be remembered that the comparison is 
| between two groups of relatively incorrodible materials. 
| The Atmospheric Corrosion of Copper-Nickel Alloys.— 
|The results of analyses of the corrosion products 
| adhering to the four copper-nickel alloys at the 
| conclusion of the tests are given in Table IV. These 


| 
| 


Taste IV. 





| 
| 














Composition of the | P 
| Corrosion Product. | Cngeseee 
| | Per cent. | : 
Alloy. | eeneeinl 
| Nickel | zeae | sateen: tae 
Copper. ickel. Sulphur oy. sion 
| | 8 804. | Product. 
r T 
85 : 15 copper- | | | 
nickel | 55 1-2 5°56 | 57 46-0 
80 : 20 “ | 64 1-0 7-0 4-0 54-0 
55: 45 bs | 50 4-0 | 14-0 | 1-29!] 12-5 
30: 70 we | 24 5-5 | 18-5 | 0-38 | 4-4 








results confirm the earlier observation that there is 
an accumulation of copper in the corrosion product 
formed on copper-nickel alloys, which occurs even at 
the nickel end of the series. It will be seen that 
the copper: nickel ratio in the corrosion product is 
throughout approximately tenfold that in the corre- 
sponding alloy. 

The conclusion that the nickel constituents of these 
corrosion products are much more soluble in rain- 
water than the accompanying copper compounds 





* The method of calculation is as follows :—The 
breaking load of the wire L = kr*, where r is the radius 
and k& a constant. By differentiation, dr/r = 4$dL/L. 
Hence the average thickness of the corroded layer per 

ee Loss in breaking load per cent. ° 
annum is given by 300 x 2 x radius. 


The figure 2 occurs in the denominator because the obser - 








vations refer to two years’ exposure. In the case of the 
strip specimens, the reduction in area was calculated 
from the decrease in breaking load and divided by the 
perimeter. 
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is supported by the fact that, in the main loss-in- 
weight tests conducted by the British Non-Ferrous 
Metals Research Association, it was roughly computed, 
from the average results after a year’s exposure at 
five experimental stations, that rather less than 
50 per cent. of the corroded metal had been removed 
from the specimens in the case of copper, whereas the 
corresponding figure for nickel was 95 per cent. This 
selective removal of the nickel salts in solution may be 
the explanation of the marked tendency to exfoliation 
shown by the corrosion products on copper-nickel 
alloys, which appears to reach a maximum in the 


middle of the s2ries, since it would tend to under- | 
mine the whole structure of the film and seriously | 


impair its mechanical properties. | 
The high sulphur content of the corrosion products | 
from the two alloys at the nickel end of the series re- 
vealed in Table IV, which increases to a marked extent 
with the nickel content, also confirms the conclusion | 
drawn from eariier work, namely that the presence of | 
sulphur compounds in the atmosphere is particularly 
injurious to nickel and its alloys. Thus, in the case of | 
tests in Stevenson screens, where the rain has no access 
to the specimens, the corrosion product formed on 
nickel, as shown in Table VI, consisted almost entirely of 
basic sulphate at Wakefield, where the sulphur content 
of the atmospheric pollution is abnormally high, and 
at South Kensington to contain appreciable amounts 
of sulphur, both as sulphate and sulphide. This 


TaBLe VI.—Analyses of Corrosion Products formed on 
Nickel in a Stevenson Screen. 








| 
| Wakefield. | South 
| | Kensington. 
| 
3 Months’ | 4 Months’ 
Exposure Exposure 
in Winter. in Winter. 
Nickel ..  .. | per cent. | 27-4 27-1 
SulphideasS .. | - Nil | 9-7 
Carbonate as COs | ys 0-3 4-4 
Sulphate as SO, - 24-8 8-2 


l 


deleterious effect of sulphur also holds true for indoor 
exposure, since Vernon reports that the tarnish film 
on a fogged nickel surface (indoor exposure at South- 
Kensington) consisted essentially of basic sulphate 
(21-7 per cent. SO,). 

The low sulphur content of the corrosion products 
from the alloys at the copper end of the series is 
confirmed by analyses of copper corrosion products, 
formed after a year’s complete exposure, given by 
Vernon and Whitby.* In this case the sulphate 
content (SO,) varied from 5-6 per cent. to 9-3 per 
cent. at five stations. It is probable, however, from 
the main analytical results of these authors, which 
refer to existing copper structures of much greater 
age, that the sulphate content of the copper corrosion 
product increases substantially with time, since they 
report a figure as high as 41-0 per cent. in one case, 
a dome of the Imperial Institute at South Kensington. 

Tests on H.C. Copper Wires of Different Gauges.— 
Four different gauges of H.C. copper wire were included 
in the present tests in order to ascertain whether the 
average thickness of the corroded layer was independent 
of the diameter of the wire.t The results obtained 
including those for the H.C. copper strip, are given 
in Table VII. The individual values for the average 


TaBLe VII.—Rate of Corrosion of H. C. Copper at South 





Kensington. 
Observed 
Rate of | Percentage 
| Corrosion. | Deviation 
Section. | Millionths from the 
| Ofaninch Mean Result. 
| per annum. 
70 Ib. per mile wire, 0-066 in. 204 — 6-9 
100 am am 0-080 ,, 186 —15:-1 
150 < 0-097 ,, 226 + 3-2 
200 a ae 0-112 , 240 + 9-6 
Strip 0-5 in. by 0-02 in. 239 + 9-1 
Mean .. 219 + 8:8 


thickness of the corroded laye> vary from 186 to 240 
millionths of an inch per annum, with a mean value 
of 219 and an average deviation from this mean of 
8-8 per cent. In view of the complications introduced 
by age softening, which are most pronounced in the 
case of these H.C. copper specimens, the agreement 
is reasonably good, and it may be concluded that for 
practical purposes the values given for the corrosion 
of copper may be considered to be independent of 
the thickness of the section. 





* See J. Inst. Metals, vol. xlii, page 194, 1929. 
t This relationship had already been found to hold 
true in the case of tests by the electrical resistance 


| Conclusions.—It will be seen from Table II that 


the addition of small quantities of cadmium, arsenic, 
silicon, nickel or tin to copper has had no appreciable 
effect on its corrosion under the conditions of ‘the 
experiment, and within the limited accuracy of the 
determinations. It is possible that sufficient time 
has not yet elapsed for the presence of these small 
| quantities of alloying elements to affect the results. | 
| The author has developed elsewhere the view that 
| the most probable mechanism by which the presence 
| of a small amount of alloying element can affect the 





| atmospheric corrosion of the basis metal is by modifying 
| the character of the corrosion film, a process that will 
probably be accompanied by an accumulation of the | 
added element of the corrosion product.* Definite | 
evidence of this has now been obtained in at least | 
two cases. In that of arsenical copper, which forms | 
a very tenacious black-leady film on exposure to the 
atmosphere, it was found that there had been an | 
appreciable accumulation of arsenic in the corrosion | 
film after a year’s exposure. Vernon and Whitby | 
have observed a similar accumulation in the case of | 
old arsenical copper roofs. An analogous explanation | 
of the reported effects of small copper additions on | 
the corrosion: of steel has recently been advanced | 
by Carius and Schulz, who have shown that a) 
copper/copper oxide layer is gradually built up on | 
the surface of copper-bearing steels during atmospheric | 
corrosion. | 

It is clear that this building up of the modified | 
film may take some time. The experiments of Vernon | 
and those of Friend, both of whom found that arsenic | 
and nickel exercise beneficial effects on the resistance | 
of copper to atmospheric corrosion, extended over | 
more prolonged periods, 44 and 7 years, respectively, | 
than the present investigation. Moreover, their tests | 





CATALOGUES. 


Switchgear.—We have received from Messrs. Delta 
Star Electric Company, 2,400, Fulton-street, Chicago, 
U.S.A., a copy of their periodical illustrating electric 
substations and switchgear. 

Ladders.—Messrs. Drew, Clark and Company, Lea 
Bridge-road, Leyton, London, E.10, have sent us a useful 
list of ladders, platform steps, scaffolding units, &c., with 
many fittings which promote safety and easy application 
to various purposes. 

Water-Turbine Governors.—The latest issue to hand 
of the technical journal published by Messrs. Escher 
Wyss and Company, Zurich, Switzerland, is devoted 
to a description of their governors for water turbines, 
and to technical information on this subject. 

General Machinery.—Messrs. The Savigliano Company, 
Turin, Italy, have sent us a bulletin illustrating and 
describing a large range of their heavy products, 
including bridges, railway roiling stock, electric gene- 
rators, motors, and ships. The text is in Italian. 

Electrical Machinery.—Two recent numbers of the 
technical bulletin issued by Messrs. Oerlikon, Limited, 
Victoria House, Southampton-row, London, W.C.1, 
are devoted to a description of steam turbines and 
methods of protecting generators and transformers. 

Feed-Water Treatment.—Messrs. The Liverpool Borax 
Company, Limited, St. Paul’s-square, Liverpool, issue 
a house journal Concord, containing information 
about their preparations for treating the feed water 
for stationary boilers, locomotives, road vehicles, &c. 

Electrical Machinery.—Messrs. British Brown-Boveri, 
Limited, 56, Victoria-street, London, S.W.1, have sent 
us @ copy of their review and other catglogue literature 
illustrating steam-turbine generating plant, transformers, 
railway rolling stock, and switchgear produced at their 
works in Switzerland. 

Graph Papers.—We have received from Messrs. Wight- 
man Mountain, Limited, Artillery House, Victoria-street, 
London, 8.W.1, a list of graph papers with sample 


ge conducted ae larger dat imens, a — t _ | prints of sections, particulars of sizes and prices. Log- 
an important factor, since it 1s possible that the | grithmic, circular, triangular and isometric rulings are 
presence of drops of rain-water would tend to disrupt | included, in addition to all the usual papers. 


is lew film in process of formation. In this case an adherent | padiators.—Messrs. The Spiral Tube and Components 


| film would be more likely to develop on a flat test piece, Company, Pembroke-street, London, N.1, have sent us 
| which did not remain in contact with water at the | a catalogue of spiral-tube radiators for use on rail cars, 
|end of every shower (with the possible exception of | road vehicles, auxiliary marine engines, railless cars, 
‘an isolated lower edge), than on a wire. This may be | tractors, etc. A number of special designs are illustrated, 


the explanation why, in the case of complete exposure | 
tests on wires for periods extending up to two years, | 
arsenical copper, in the author’s experience, has almost | 
invariably failed to show any superiority over H.C. | 
copper, whereas loss in weight tests on small plates 
at five localities showed, on the average, an advantage | 
of 12 per cent. in the case of arsenical copper, after | 
a year’s exposure. It may be significant, in connection | 
with the possible influence of raindrops, that in the | 
present tests on 70:30 brass, the corrosion of the | 
wire was approximately double that of the strip of | 
the same material, the figures being 1,321 and 663 | 
millionths of an inch per annum, respectively. In | 
the former case the raindrops would be commensurable | 
with the diameter of the wire, and the copper | 
re-deposition would probably bridge the whole | 
section ; but, in that of the strip, copper re -deposition | 
would occur more fortuitously and produce less | 
reduction in strength as a result. | 

It would clearly be unwise to attempt any further | 
differentiation between the various materials at the | 
present stage. Exposure of the second set of specimens | 
is being continued, and it may be found possible to draw | 
more definite conclusions when the corrosion is further | 
advanced. Meanwhile it is hoped that the present | 
results will provide useful information for practical | 
purposes as to the probable effects of atmospheric | 


exposure on the strength of the materials tested. 








Tue Rostov AGRICULTURAL MACHINERY WoRKS.— | 
Known as the Selmashstroy, these works, which were | 
completed in June last, have been designed for an annual 
output of 420,000 agricultural machines and, according 
to the Bank for Russian Trade Review, are the largest of 
their kind in Europe and the second largest in the world. 
The first place is occupied by the McCormick-Dearing 
Works of the International Harveston Company of the 
United States, the output of which is stated to be 
675,000 machines per annum. The buildings of the 
Selmashstroy cover 290 acres, and an additional area of 
370 acres is occupied by workers’ dwellings. The 
foundry alone, to quote from the above-mentioned 
source, covers an area of 7} acres and has an annual 
production capacity of 162,000 metric tons. The works 
were built entirely by Soviet engineers and architects, 
without foreign technical assistance, and about 45 per 
cent. of the equipment, mostly machine tools, was 
imported from Europe, the remainder being manufactured 
in the Soviet Union. The plant employs 9,250 workers 
and 705 engineers, and the manufacturing programme 
for 1930-31 includes the production of 100,000 peasants’ 
carts, 100,000 horse rakes, 15,000 tractor drills, 6,000 
attachments, 2,000 tractor disc harrows, 10,000 tractor 
ploughs, 10,000 tractor binders, and 6,750 tractor mowing 
machines, the aggregate value of which is given as about 
11,500,0007, It is stated that the plant will be working 
to its full capacity in 1932-33. 








method. 


| ship 


\ fi 





* Trans. Faraday Soc., vol. xxv, page 236 (1929). 


and price lists of spiral gilled tubing are given. 
Valves.—A new catalogue of reducing and surplus 
valves is to hand from Messrs. Hopkinsons, Limited, 
Huddersfield, showing a full range of sizes from the 
smallest up to 18 in. bore. There are types suitable for 
medium and high pressures, and the data of capacity and 
fitting requirements are fully and carefully stated. 
Mills.—A great variety of mills for grinding, pul- 
verising, drying, separating, &c., is shown in catalogues 
to hand from Messrs. British ‘‘ Rema ”’ Manufacturing 
Company, Limited, Halifax. These are suitable for 
dealing with stone, road materials, and coal for pulverised- 
fuel firing, in addition to the usual range of mill work. 
Air Compressors.—We have received a new catalogue 
of air compressors from Messrs. G. & J. Weir, Limited, 
Cathcart, Glasgow, showing types especially suitable for 
fuel injection, starting, manoeuvring, &c., on motor- 
ips. The sizes in the standard lists range from 40 b.h.p. 
to 360 b.h.p. A brief specification of parts is given. 
Taps.—A catalogue of taps with threads ground to a 
high degree of accuracy is to hand from Messrs. Lehmann 
Archer and Company, Limited, 5, Farringdon-road, 
London, E.C.1. The list includes hand and machine 
types in all the usual threads for diameters up to 2 in., 
and prices are stated. All the taps are of British manu- 
acture. 


Bearings.—Messrs. Fredk. Pollard and Company 


| (Bearings) Limited, Leicester, have issued a new priced 


list of ball bearings and roller bearings, with plummer 
blocks, hangers, and brackets, and a full range of the 
usual types of housings. The ball bearings are of the 
double-row self-aligning type, and the rollers are of the 
flexible type. 

Lubricants.—Two small pamphlets are to hand from 
Messrs. Prices Patent Candle Company, Limited, Batter- 
sea, London, 8.W.11, one dealing with the lubrication of 
marine motors and the other with the lubrication of 
gas and oil engines. The information given is of a 
practical nature and should prove useful to those in 
charge of such machinery. 

Electrical Machinery.—Messrs. A.E.G. Electric Com- 
pany, Limited, 131, Victoria-street, London, 8. 1, 
have sent us a copy of their Berlin house journal, with 
descriptions of a large synchronous condenser an 
of high-tension cables constructed by the company. 
We have also received a pamphlet describing several 
heavy machines produced during last year. 

Ship Reconstruction.—Messrs. United Dry Docks, Inc., 
1l, Broadway, New York, U.S.A., describe, in their 
monthly leaflet, the conversion of the coaling ship 
Ulysses of the United States Navy to an oil-tank ship. 
The reconstructed ship will be capable of carrying @ 
quantity of oil equal to 110,000 barrels, of discharging 
a full cargo in 15 hours, and of steaming at 15 knots. 

X-Ray Tubes.—Mr. Cuthbert Andrews, 47, Red Lion- 
street, London, W.C.1, has issued a descriptive catalogue 
of his “ Protexray”” X-ray tube. Five models are 
illustrated, with particulars of capacity, voltage and 
prices. In addition to general details of construction, 
the catalogue contains notes on the method of operation, 
and reports of tests on several tubes submitted to the 
National Physical Laboratory. 
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NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS.—II. 


By Franx W. Sxryner, M.Am.Soc.C.E. 


Preliminary Operations.—When undertaking the 
main trench excavation in New York subway 
construction, the preliminary work always involves 
the shifting or reconstruction and relocation of 
sewers and gas mains; the support, protection and 
sometimes temporary displacement of water pipes, 
steam pipes, pressure pipes, electric lines and 
conduits of various types, manholes and house con- 
nections ; and the general care of any subsurface 
structures which may be jeopardised. 


Fig.1._ 





(i9R 7A) 


operations have been developed. Some of these 
will be illustrated in the following descriptions 
of characteristic subway jobs in different parts 
of the city, where diverse requirements and conditions 
prevailed. 

Timber Decking and Bracing.—For timber bracing 
and decking it is often difficult to handle and install 
long vertical pieces, for which reason the street 
loads were usually supported on short vertical units 
seated on sills or cross-struts secured by longi- 
tudinal ties and braces. The most common method 
employed in all timber construction has been 
to support each successive position of the service 





tracks, decking and bracing timbers on temporary 


\ Street H 


caps posted down to the bottom of the lift. On the 
completion of the excavation of the first lift, about 
7 ft. to 10 ft. in depth, 12 in. by 12 in. horizontal 
beams, were placed on the bottom, at intervals 
of about 10 ft., clearing the positions of the 
permanent steel subway bents. Full-length trans- 
verse beams were then made with pairs of 6 in. 
by 12 in. pieces, with staggered lap joints. The 
posting was transferred to these beams, under the 
centre of which was then placed a 12 in. by 14 in. 
beam about 16 ft. long, with the ends bevelled 
to receive rakers, which formed with it a three- 
segment arch with a clear span of about 20 ft. 
On the bottom of the next lift horizontal beams 
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The underpinning and protection of adjacent 
buildings has to be taken in hand, and also the 
support and safeguarding of surface and elevated 
railroad tracks, and existing subways which may 
be intersected. Sewers are usually temporarily 
by-passed and re-located outside the subway 
limits, their flow during operations being often 
carried through wood stave or spiral riveted pipes. 
Gas mains up to 8 in. in diameter are generally 
laid alongside the kerb adjacent to the subway 
excavation ; greater diameters are carried above 
street level on wood or steel towers, which provide 
sufficient clearance at street crossings. Great care 
is taken to secure, brace and properly protect high- 
pressure water pipes. Electric duct banks are 
supported in mass whenever possible. 

Although the details of the work are always 
determined by the local conditions and require- 
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posts and rakers until the corresponding timbers 
could be placed in the lift below it, and the upper 
framework posted down to it, and so on. 

A contracting firm responsible for many sections 
of the subway developed a system of timbering 
for deep wide cuts which proved simple, flexible, 
strong and well braced. It employed standard 
sizes and commercial lengths of timber, provided 
secure support for the street traffic and for the under- 
ground structures, ample clearance for standard 
service tracks to handle spoil and materials, and 
afforded substantial bracing for the trench sheeting, 
as well as giving ample longitudinal rigidity to the 
entire framework. The system is illustrated in 
Fig. 1. 

The old pavement was replaced by a wooden 
deck with numerous small openings covered by 
removable hatches, supported on _ longitudinal 
beams. The latter were carried by short transverse 
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were put in the same planes as those already set, 
and the latter were posted to them. Vertical 
sheeting was driven from the ground water level, 
which was usually near the bottom of this lift, 
and a third set of compound transverse beams was 
installed in the plane of each bent, and received 
the feet of the rakers engaging the 16-ft. crown 
pieces already mentioned. The necessary number 
of successive lifts of excavation were then made 
down to subgrade, one or more additional sets of 
transverse struts and vertical posts were installed, 
and, when necessary, steel pipes were driven from 
subgrade with pneumatic hammers or with drop 
hammers, to support the vertical posts where the 
ground was too soft or treacherous for a simple sill. 

To provide for longer clearances in the bottom of 
the trench, pairs of rolled or built-up steel longitu- 
dinal girders were set 7 ft. each side of the centre 
line and the ends of the centre arch segments were 
posted from them, thus supporting the upper half 
of the timbering on long spans, which provided extra 
longitudinal transverse and vertical clearances 
below them. 

The old timber deck was replaced by transverse 
| hardwood planks 2 in. thick, spiked to longitudinal 

beams, each of which consisted of a 6-in. I-beam 
fitted to a companion timber 6 in. deep which 
gave it a broader base, and received the floor 
spikes. These beams rested on the top flanges of 
similar transverse beams in turn supported on 
12 in. by 12 in. longitudinal timbers 22 ft. long, 
with their ends overlapping 1 ft. where they rested 
on the main transverse bents 10 ft. apart. On 
alternate sides of the street, trap doors 20 ft. apart 
were left in the decking, and provided for the 
hoisting and lowering of materials. It was con- 
sidered that the additional cost of this I-beam 
grillage was justified by the increased salvage, and 
by the increased durability of the hardwood floor 
planks. The deck system illustrated in Fig. 1 is a 
modification employed at Park Place where traffic 
is heavy. 

Four-Track Subway Built in Partly-Open and 
Partly-Covered Trench.—Section 6 of route No. 102, 
which is adjacent to the west side of Central Park 
and about one-half mile long, was built by Messrs. 
Frederick L. Cranford-Charles H. Locher, Inc., for a 
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contract price of about 5,900,000 dollars. The princi- 
pal quantities involved were about 140,000 yards of 
earth excavation, 224,000 yards of rock excavation, 
9,000 yards of concrete, and 5,700 tons of structural 
steel. The major part of this section was con- 
structed in a trench from 40 ft. to 80 ft. wide, and 
from 30 ft. to 40 ft. deep, excavated through from 
10 ft. to 30 ft. of earth, clay and underlying rock to 
a maximum depth of 40ft. Variations in the width 





and depth of the trench were necessitated by the 
varying relative positions of the four tracks. These | 
were all on the same level at the station at one end of | 
the section, but changed to a double-deck structure | 
requiring single and double crossovers between the | 
express and local tracks, besides passing under the | 
existing four-track Interborough subway, and | 
making a physical connection with its passenger | 
station. These changes necessitated the gradual | 
alteration of the track elevation and alignment and | 
required the use of 534 bents for the structural steel | 
framework, no two of which were duplicates. Two | 
typical sections are shown in Figs. 2 and 3, on| 
page 509, the former being typical of the general | 
run, and the latter typical of a section where the | 
tracks are changing level. 

The preliminary work included the temporary | 
overhead support of several large gas mains with | 
vertical clearances of 25 ft. to 35 ft. above the street. 
They were suspended by vertical hangers from 1} in. 
steel cable spans up to 93 ft. long, with steel towers | 
up to 60 ft. high. A typical gas main by-pass is | 
shown in Fig. 4. At one place 30 in. and 36 in. gas 
mains were replaced with 20 in. by 35 in. and 20 in. 
by 51 in. rectangular welded sheet-metal sections 
designed to allow maximum clearance above the 
subway roof. 

An old 30-in. water main within the limits of 
the new subway was entirely replaced by a parallel 
high level main installed under the adjacent pave- 
ment. For about 1,500 ft., a 48-in. water main 
adjacent to the subway was maintained in service 
without moving its position, although excavation 
in rock to a depth of 40 ft. was made alongside of 
it. It was protected from contact with the 1} 
yard grab buckets and 2 yard skips, by which the 
spoil was handled, by sheeting of 2-in. planks, 
by which it was enclosed. Where this water 
main made a short 90 degree bend to a cross 
street, and had formerly been supported on heavy 
concrete saddles, it was temporarily suspended 
from two plate girders, and the bend was streng- 
thened by four bent longitudinal 1}-in. tension 
rods with their nuts screwed up against outside 
collars that engaged the flanges at both sides of 
the bend, the rods themselves being closely wrapped 
with %-in. steel cables wound around the pipe. 
A 12-in. cast-iron water pipe in service was sus- 
pended from the decking by two 3-in. wire ropes 
and wedges every 12 ft. 

At another point, the subway was crossed by 
64 ducts containing 48 power cables. These were 
pulled into an equal number of temporary 34-in. 
screwed steel pipes, which protected them while 
the old ducts were removed and the subway 
structure built, after which the cables were trans- 
ferred to permanent ducts on the subway roof. 

The contractor installed three electrically-driven 
air compressors, each with a capacity of 1,250 ft. 
per minute, one machine being kept in reserve. 
These delivered air at 110 ib. pressure through 
mains 8 in. to 5 in. in diameter extending the 
length of the section, provided with 3-in. outlets 
90 ft. apart. Electric current for light and power 
was purchased from supply companies, and as 
far as possible all power machinery was operated 
by petrol, or compressed air, no steam plant being 
employed. This eliminated the employment of 
engineers and firemen and losses due to idle time. 
Excavating materials and buckets were handled by 
two stiff-leg derricks with 30 h.p. and 50 h.p. two- 
drum slewing engines, by two chain-track cranes, 
and two 6-ton universal cranes with 24-ft. booms, 
mounted on 10-ton motor chassis, the latter being 
used chiefly for yard service. 

Except at the station and crossing of the Inter- 
borough subway, where special methods were 
employed, the excavation was started with two 
trenches 10 ft. deep and 30 ft. wide, one on each 








side of the double-track surface railroad, which 
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was at first left undisturbed. The trench on the | 
east side (adjacent to Central Park) was left open | 


during construction, but the west side trench was 
immediately decked over for traffic, which, during 
the construction of the subway, was uninterrupted 
in the one-way street thus provided and on the 
electric car tracks. 

The east and west trenches were connected by 
4-ft. by 6-ft. transverse tunnels 20 ft. apart longi- 
tudinally. These were driven under the electric 
car tracks about 7 ft. clear of the street surface. 
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In Rock Excavation 


In each tunnel a truss 32 in. deep and 100 ft. long 
was assembled, and under each end of this truss 
a 4-ft. by 4-ft. pit was excavated and sheeted 
down to subgrade. In each pit a vertical tower 
was built, constructed of four 12-in. by 12-in. posts, 
latticed on all sides. The girders were seated on 
these towers. 

At night, sections of the pavement was removed, 
and longitudinal trenches excavated. In the latter 
five lines of longitudinal steel girders were installed 
with their ends spliced together to make them 
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continuous. These girders were posted up from 
the top flanges of the transverse girders, and carried | 
10-in. transverse I-beams 10 ft. apart, which passed 
through their webs and were blocked up from their 
lower flanges. They also carried the two trolley 
tracks directly. Longitudinal 8-in. by 10-in. 
timbers 5 ft. apart were set on the 10-in. I-beams 
and received the 5-in. transverse deck planks. The 
transverse girders and timbers were securely braced 
against the sheeting retaining the sides of the 
trench. Figs. 5 and 6, on page 510, show typical 
timbering arrangements in earth and rock respec- 
tively. Ground water was encountered from 14 ft. 
to 20 ft. below the street level, and was removed 
from the deeper places by eight electrically driven 
centrifugal pumps from 2} in. to 8 in. in diameter, 
with capacities up to 1,200 gallons per minute, and 
by two portable 3-in. petrol diaphragm pumps of | 
260 gallons capacity. 
The longitudinal and transverse girders were of | 
special design, 32 in. deep, weighing about 140 Ib. | 
per linear foot, and were assembled in position | 
with 6-in. by 8-in. by }-in. flange angles 20 ft., | 
30 ft. and 40 ft. long, and alternate short sections | 
of solid web and open web panels. Some of these 
girders will be seen marked L and G, respectively, 











transverse struts, and the towers were spaced to 
provide 40-ft. by 80-ft. clearances in the bottom of 
the trench for the operation of the power derricks 
and shovels. Figs. 8 and 10, on page 510, show the 
clearances obtained in this way. Fig. 11 illustrates 
the work at a point where the subway changes from 
single to double deck. Fig. 10 illustrates the use 
of timber-trussed girders L and T. The timber 
lattice towers are shown at V Figs. 9 and 11. 
Where a deep 30-ft. by 40-ft. bed of quicksand 
was encountered 18 ft. below the surface, a sump 
14 ft. in diameter was sheeted down to a depth of 
45 ft., i.e., 6 ft. below foundation level, with 6-ft. 
lengths of 2-in. tongue and groove vertical planks. 
Three days’ continuous pumping here drained the 
sand sufficiently to permit its excavation in 6-ft. 
lifts alternating with 24 hours’ pumping. In several 
other places where quicksand and a large amount 
of water were encountered, similar sumps were 
employed. At one point a subterranean stream 
with a large flow crossed the subway 15 ft. below 
the surface of the ground. This was carried perma- 
nently through the structure in a 20-in. pipe passing 
between the upper and lower decks of the subway | 
and delivering to a sewer manhole. 
Rock encountered was generally excavated in | 
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a 13-ft. gauge track in the street. The trolley track 
was 30 ft. above the street. Two travelling hoists 
transferred the loaded buckets from the points 
where they were hoisted, through the towers, to 
both ends of the telpher trusses, where the contents 
were dumped into lorries, a fleet of about 30 
5-ton machines being used. As the work pro- 
gressed the telphers were advanced by 20-ft. stages, 
so that their towers always rested on the transverse 
girders that were especially shored up to receive 
them. The telpher moved forward at the rate of 
from 80 ft. to 200 ft. per month, according to whether 
the excavation was in earth or in rock, 

The concrete required for this section was mixed 
at a central plant on the river bank, more than a 
mile from the job, having two l-yard mixers. The 
two machines, operating alternately and con- 
tinuously by a summer force of six men, established 
a record for 400 batches of concrete in one eight- 
hour shift. The plant was stopped for repairs 
only 24 hours in two years. In winter the mixing 
water was heated to 140 deg. in a 80-h.p. boiler, 
and aggregate was warmed by steam coils in the 
storage bin. This enabled the concrete to be 
placed in forms two miles away, at a temperature 
of 70 deg., with an outside temperature of zero. 


in the views reproduced in Figs. 8 and 9, on page 524. | full-width lifts from 6 ft. to 12 ft. deep. A battery | Concrete was transferred to the subway in lorries, 
The splices were bolted, and the combination of|of about 45 jackhammers, each averaging from | discharging into large hoppers, from which it was 


longitudinal and transverse girders provided a very | 
rigid framework with long spans, with high clear- | 
ances, for the operation of power equipment below | 
them. About 900 tons of these girders were used | 
over and over again on this section, and at the 
completion of the work represented 100 per cent. 
salvage. 

The upper part of the side trenches was excavated 
both by hand and orange-peel and clamshell buckets | 
operated by locomotive cranes delivering the spoil 
to lorries in the street. Below the first 10-ft. lift 
the remainder of the earth excavation was made 
with a 14-yard drag-line bucket operating across 
the subway axis and delivering to the east side 
of the trench, where the spoil was loaded to lorries 
by grabs operated by telpher hoists. One of the 
telpher plants is shown in Fig. 7 above. 

As the excavation progressed the vertical sides 
of the trench were lined with 2-in. square edge 
horizontal planks held in place by 6-in. by 6-in. 
verticals 5 ft. apart. Against these were set five 
tiers of 12-in. by 12-in. and 12-in. by 14-in. wales, 
braced by 12-in. by 12-in., horizontal transverse 
struts. The panels between towers were braced by 





70 to 120 linear ft. in a single nine-hour shift, 
drilled two lines of vertical 1}-in. holes 2 ft. apart 
and 5 ft. back from the face. Air for the hammers 
was heated in winter to a temperature of about 
160 deg. by passing it through coils of 2-in. or 4-in. 
pipe in stoves placed near the drills. 

The spoil was loaded up by two compressed- 
air shovels with 14-yard buckets and specially short 
bucket shafts, and delivering into 2-yard skips. 
The latter were run on narrow-gauge flat cars to the 
telpher hoists. It was estimated that a saving of 
30 per cent. of the cost of compressed air for the 
shovels was made by heating it in winter to 110 deg. 
in a 64-ft. coil of 4-in. pipe in a sheet-iron refuse- 
burning stove. The shovel was operated by one 
man and an oiler, and about 4,000 dols. worth of 
spare shovel parts were kept in stock for prompt 
replacement in case of breakage, thus eliminating 
delays and loss of time for the shovels. 

The 200-ton travelling steel telpher, 195 ft. long 
and 35 ft. high over all, shown in Fig. 7, had two 
main trusses 20 ft. deep, 14 ft. apart, and 15 ft. 
clear of the street. These were carried on two four- 
wheel towers 140 ft. apart in the clear, running on | 





distributed to the forms, usually within 20 minutes 
after mixing. The dumping of the concrete into 
the hoppers and discharging it again turned it 
over, and corrected segregation of the aggregates, 
which naturally occurred during transportation. 








Continuous SPeep REGULATION OF ELECTRIC 
MotTors.—The Allgemeine Elektrizitaéts Gesellschaft 
have developed a new mechanical speed reduction gearing 
which permits a smooth regulation within a 1: 3 ratio. 
The shaft of the motor is connected with a second, or 
driving, shaft through two cup-shaped shells between the 
ground surfaces, of which a number of disc-shaped 
pinions are held. These pinions transmit the torque 
and can be turned so that their planes change from a 
position parallel to the shafts to one where they are 
nearly at right angles to the latter. Thus, their contact 
points with the shells can be continuously varied from a 
position where the distances to the shafts are equal to a 
position where the distances differ by the diameter of the 
pinions. In the former case both shafts run at the same 
speed, while in the latter the speed reduction is as 1 : 3. 
The pinions are guided smoothly from one position to 
another and the force pressing them against the ground 
surfaces of the shell is always proportional to the torque. 
The efficiency is said to be 72 per cent. More space is 
occupied than by an ordinary gear. Regulation is effected 
when the motor is running. The gear is not suitable 
for machines run for long periods at the same speed. 
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THE INFLUENCE OF ENGINE CON- 
DITIONS ON THE ANTI-KNOCK 
RATING OF MOTOR FUELS. 

By R. Sransrietp, A.M.Inst.C.E., and F. B. 
THOLE, D.Sc., F.I.C. 
(Concluded from page 470.) 

Effects of Jacket Temperature.—In each case the 
sample was matched under standard conditions 
with a blend of Persian spirit and pure benzene, 
Fuel A being an approximate match for all the blends 
up to and including Fuel K. The bouncing-pin was 





used for these tests and the results are given in | 


Fig. 1, on the opposite page. An audibility curve 
is also given (dotted) for fuel K and is, within the 
limits of experimental error of the audibility method 
for single tests, in agreement w 
values. 

Audibility curves taken over a range of blends 
enable the errors of this method to be averaged out, 
and the two curves given for Fuel K show greater 
deviation between the alternative methods of test 
than was observed with any of the others in the 
series. The differences are negligible in practice. 

After each fuel had been rated under standard 
conditions, the jacket temperature was raised and 
the alteration required to the matching blend of 
8.P.S. and benzene was determined. 

Positive values indicate that the fuel tested 
improved as the jacket temperature was raised. 
Fuels B, C, D and J were unaffected, but in view of 
a communication from the Asiatic Petroleum Com- 
pany regarding some tests with blends of n-heptane 
in benzene, toluene and xylene, it was decided that 
insufficient evidence had been obtained relative 
to the behaviour of heptane bleads, and therefore 
fuels F, R, S, T and U were added to the series. 

Table II gives the blends of S.P.S. and pure 
benzene equivalent to the latter fuels at 120 deg. 
and 350 deg. F. jacket temperature. 


TABLE II.—Effect of Jacket Temperature on Anti-Knock 


Rating. 
Results are expressed in terms of percentage benzene 
required in a benzene-S.P.S. blend to equal the fuel 


under test. 
Per cent. Benzene in 
Equivalent Blend. 


Fuel. 


120 deg. | 350 deg. F. 


Per cent. | Per cent. 

P 56 per cent. benzene, 44 per cent. 

heptane... ae ve - 1-1 - 1:5* 
R 64 per cent. benzene, 36 per cent. 

heptane... ee - oe 26-7 24-7 
S 20 per cent. toluene, 80 per cent. 

8.P.S. ys is ay ee 28-7 27-4 
YT 19 per cent. xylene, 81 per cent. 

8.P.8. Re ee - acs 31-2 27-0 
U_ 15 per cent. solvent naphtha, 85 per 

cent. aviation spirit 6 ae 28-0 25-9 





* By extrapolation. 

It will be noticed that the change in rating of the 
heptane blends with jacket temperature decreases 
as the amount of heptane falls, and there is no 
detectable difference with a 73 per cent. benzene- 
27 per cent. heptane blend. This agrees with tests 
over a range of air-inlet temperatures described 
later. 

Toluene behaves in a similar manner to benzene 
while xylene shows some deviation. | 

The results from the ethyl fluid blends are of 
interest. They agree, in general nature, with those 
published by Bartholomew, and give additional | 
support to the opinion that ethyl fluid acts in virtue | 
of the decomposition products formed before com- 
bustion. 

Fuel K appears to be tov rich in ethyl fluid for full | 
advantage to be taken of the dope, except at the | 
highest temperatures. Fig. 2 shows the absolute value | 
of the compression ratio for standard pinking at | 
three jacket temperatures for benzene-Persian 
spirit blends and ethyl fluid-Persian spirit blends. 
In order to give a clearer representation of the 
benzene effect at the higher concentrations, a hori- 
zontal scale of parts of benzene added to 100 parts 
of pro-knock reference fuel is used, as suggested by 
Campbell, Lovell and Boyd.t A percentage benzene 


| 








t+ Standard Fuel for Anti-Knock Quality.” Cam 
bell, Lovell and Boyd. Oil and Gas Journal, 193 


vol. xxviii, page 42. | 


| 


| 


| 


scale is given for comparison. These curves are 
deduced from audibility values and differ slightly 
from bouncing-pin tests, as already mentioned. 

Fig. 3 (audibility tests) shows the relation between 
percentage benzene in §8.P.S. aad concentration of 
ethyl fluid in S8.P.S. to make a matching blend at 
each of a series of jacket temperatures. It should 
be noted that the temperature effect changes to a 
marked extent with the concentration of ethyl 
fluid (1 ¢.c. per litre is the maximum used in ordinary 
practice). 

Fig. 4 shows the concentration of ethyl fluid in 
8.P.S. required to match given benzene blends over 
a range of jacket temperatures. For comparison, the 
curves published by Bartholomew are reproduced 


™ 7 “| dotted. X represents blends of ethyl fluid in| '* 
ith bouncing-pin | Mid-Continent Aviation to match a 50 per cent./ 


per cent. benzene-Californian Aviation blend, 
and Y represents blends of ethyl fluid in Mid- 
Continent Aviation to match a 50 per cent./50 
per cent. benzene-Mid-Continent Aviation blend. 
The tendency of these curves is the same as that 
of the Persian spirit blends, but the absolute 
difference emphasises the risk of drawing specific 
conclusions from tests on a limited number of 
materials. 

Since the effect of benzene is increasing rapidly 
from a 50 per cent. concentration, and the effect of 
additional ethyl fluid in the matching blend is 
almost negligible, it is important to remember that 
small alterations of benzene content over this range 
will balance a large change of ethyl-fluid content. 
Thus, in the case of fuels A and K at 350 deg. F., 
9 per cent. of benzene must be added to A, making | 
a 59 per cent. benzene blend, to equal fuel K. If 
the converse method be adopted, and the amount of 
ethyl fluid be reduced until blend K equals blend A, 
the quantity of fluid required for the matching 
blend is 2 ¢.c. per litre. 

An increase of jacket temperature from 120 deg. F. 
to 350 deg. F. reduces the H.U.C.R. of the benzene 
blend (in the Armstrong engine) by 2-45 ratio and 
of the ethyl fluid blend by 2-15 ratio. The effect 
of a change of 2-45 to 2:15 = 0:30 ratic in an 
engine working at a high compression ratio would 
only be about 1 per cent. on indicated mean- 
effective pressure. 

Since pure benzene could be used at a ratio of 
8-1: 1 and at 750 r.p.m. with a jacket temperature 
of 350 deg. F. without pre-ignition, there is no 
evidence that this anti-knock loses its effect at high 
temperatures. At a higher engine speed (1,200 
r.p.m.) pure benzene pre-ignited occasionally with 








a jacket temperature of 350 deg. F. This will | 
occur in any engine at a point determined by the, 
‘nature of the fuel, and by the development of | 


| 
| 


local hot spots due to the steeper temperature 
gradients caused by greater heat transfer at high 
speeds. 

Examination of the curves connecting H.U.C.R. 
with percentage benzene in S.P.S. shows that the 
effect of small amounts of benzene on change of 
H.U.C.R. decreases with rise of jacket temperature, 
but that when the benzene content is above 60 per 
cent. of the blend its effect is greater at high than 
at low temperatures. If the volatility of a given 
basic spirit is increased by cutting to a lower end 
point, the anti-knock value improves, but usually 
the anti-knock effect of added benzene in small 
concentrations falls, while the effect of high concen- 
trations is unchanged. Fig. 5 shows the decrease 
of compression ratio with rise of jacket temperature 
for a series of benzene-S.P.S. and ethyl fluid- 





|S.P.S. blends. 


Effect of Inlet-Air Temperature.—The effect of | 
rise of inlet-air temperature from 120 deg. F. | 
(standard value) may reasonably be expected to 
follow that of jacket temperature, since rise of | 
jacket temperature necessarily increases air tem- 
perature at the point of closing of the inlet valve, 
except possibly with some of the alcohol blends. 
Below 120 deg., changes due to inlet temperature 
variation may be very marked. 

Fuels P, R, S, T and U were matched against | 
benzene-S.P.S. blends at 120 deg. F. inlet tem- ; 
perature, and then retested at 60 deg. and 180 deg. 


mometer in the direct air stream, but shielded by ' 


suitable pipe formation from carburettor blow- 
back and heater radiation. 
TaBLe IIl.—Effect of Air-lnlet Temperature and Low 
Choke Velocity on Anti-Knock Rating. 
Results are expressed in terms of percentage benzene 
required in a benzene-S.P.S. blend to equal the fuel 
under test. 





Per cent. Benzene in 
| Equivalent Blend. 
Fuel. 





| 60 deg. | 120 deg. me. 





| 

P 56 per cent. benzene, 44 per |Per cent.| Per cent.| Per cent , 

cent. heptane va --| 18-2 1-1 | 0-2 
R_ 64 per cent. benzene, 36 per | 

cent. heptane os --| 848 | 26-7 | 25-7 
$ 20 percent. toluene, 80 per cent. | | 

8.P.S. Se a es a a ee 
T 19 percent. xylene, 81 per cent. 

8.P.S. es ote .-| 30-7 31-3) | 30-8 
U_ 15 per cent. solvent naphtha, 85 | | 

per cent. aviation spirit 28-7 28-0 29-5 


| 
| | 





| 


It is clear from the figures in Table III, in con- 
junction with those obtained at high jacket tempe- 
ratures, that n-heptane is an abnormal fuel under 
the conditions of test. The increase in value of the 
heptane blends at 60 deg. F. disappears when the 
concentration of heptane is reduced to about 
25 per cent., agreeing with the observation that the 
73/27 per cent. benzene-heptane blend was un- 
affected by jacket temperature. There is no 
obvious relation between the vapour pressures or 
other physical properties of the components of the 
blends and the air or jacket temperature effects. 

The tests reported were made with an abnormally 
low air velocity through the choke tube. When the 
choke area was decreased to the minimum permis- 
sible without loss of power there was then no 
marked difference in rating over the 60-180 deg. 
air-temperature range. 

With reference to the purity of normal heptane, 
it should be mentioned that three separate consign- 
ments of this material from different years’ yields 
have all differed in rating over a range greater 
than the experimental error of audibility tests, 
and the most recent supply has shown traces of 
impurities some of which were removable by acid 
and permanganate treatment. In one case, the 
anti-knock value decreased by 12 per cent. benzene in 
Persian spirit after four months’ keeping from the 
date on which the container was opened. _Distilla- 
tion and fractionation into 25 to 50 per cent. residue 
restored the value in the first two fractions. The 
residue was bright yellow, smelled strongly of 
terpenes, and was 8 per cent. benzene in Persian 
spirit lower in rating than the other fractions. 
The original source of this sample is unknown. 

For accurate work, the least that can be done, 
at present, is to carry out the fractional distilla- 
tion of the heptane efficiently after treatment with 
sulphuric acid, reject the last 10 per cent. and use 
the product immediately. 

Effect of Throttling.—Throttling tests are used by 
some laboratories to avoid the need for a variable- 
compression engine. The engines on which this 
Taste IV.—Comparison Between Test Results of Typical 

Motor Fuels. 

Results are expressed in terms of percentage benzene 
in the blend of benzene and heptane required to match 
the sample. The reference fuels used were drawn from 
& common source. 








Full Throttle Method. 
Inlet Air 120 deg. F. 
Jacket Temperature 


Throttling Method. | 
| No Inlet Heating | 
Jacket Temperature 





Fuel No. 212 deg. F. 120 deg. F. 
Delco Engine. Armstrong Engine. 

Per cent. Per cent. 
1 56-2 57-7 
2 57-5 59-3 
3 60-3 61-2 
4 60-5 62-0 
5 60-7 61-4 
6 63-0 64-7 
7 63-0 65°5 
8 63-3 | 65-7 
9 63-5 | 65-9 





technique is adopted are fitted with high ratio heads, 
and the pinking is controlled by throttling until it 


| gives a definite intensity measured either by ear 
b | The air temperatures were measured by a ther-/or with the bouncing-pin. Table IV gives results, 


in terms of benzene-heptane blends, of a series of 
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tests on Commercial, No. 1, and Aviation spirits as 
determined by two engines, one working at full 
throttle with inlet-air heating and the other by the 
throttling method without inlet-air heating.* 

The bouncing-pin indicator was used with both 
engines for these tests. The closely linear relation 
between the values obtained shows clearly the 
accuracy of the bouncing-pin method, but the 
absolute difference between results is also significant. 
It will be observed that the deviation increases as the 
anti-knock value of the sample rises, i.e., as the 




























































































difference would increase as the anti-knock value 
of the sample increased, again decreasing with still 
higher anti-knock values where the benzene-heptane 
equivalent approached 75 to 25 per cent. Table IV 
confirms the occurrence of these differences over 
the range of spirits examined. 

Table V gives the results of tests on the Arm- 
strong engine of blends P, R and J in terms of the 
matching blends of benzene and S.P.S. determined 


alteration of ignition advance with a fixed ratio 
head to give equal degrees of pinking with different 
spirits is not an unusual method of test, and was 
used by the authors for some time with very satis- 
factory results. The material rated by this method 
was a blend of straight-run spirit and liquid phase 
cracked spirit used for making a commercial grade 
of petrol, and values obtained agreed to the equiv- 
alent of within + 0-03 of a compression ratio with 
those obtained from three different designs of 





at full throttle without inlet heating, with standard 
inlet heating, and with the ratio adjusted to 8-1: 1 
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~ i | | There is good general agreement between the 
= > F5z Wonsanto | various tests, and the results indicate that the 
. tien 657A ] | throttling method cannot be expected to give 
= ; iec* | Va |complete co-ordination with full-throttle working 
NX i, unless fuels unaffected by engine conditions are 
in tie ly, | being tested. In order to minimise the effects of 
15% A — ! x | throttling, it is suggested that a moderate degree of 
ae Y inlet-air heating should be applied. | 
TaBLE V.—Comparison between Tests by Throttling and 
at Full Throttle with and without Inlet-Air Heating. 























700 200 300 | 
25 0) Jacket Temp. Degrees Fahr. “excneerms” 
throttle is opened when testing by throttling: 
When the throttle is almost closed, the charge weight 
is small and the effect of inlet port and cylinder wall 
temperature should therefore be pronounced. -As 
the throttle is opened for the higher value blends, 
the charge weight increases, and the effect of after- 
heating becomes less. Considering these effects in 
terms of the experiments at full throttle and variable 
air temperature, it was anticipated that throttling 
would give slightly low benzene-equivalent values 
for low-grade spirits, as compared with the full 
throttle method with inlet heating, and that the 





. *“*Comparison of Anti-Knock Ratings determined 
in Different Laboratories.” Barton, Sprake and Stans- 
field. S.A.E. Journal, 1930, vol. xxvi. April, page 479. 





Results are expressed in terms of percentage benzene 
required in a benzene-S.P.S. blend to equal the fuel 
under test. 





ab ae 
Full Throttle. | Throttling. 
Fuel. —_— dat 
60 deg. 120 dee. 60 deg. F. 








P 56 per cent. benzene, 44 per 


cent. heptane .. oo .18+2 1-1 2-7 
R_ 64 per cent. benzene, 36 per | 
cent. heptane .. | 34:3 26-7 | 31-3 


J 73 per cent’ benzene, 27 per | 
cent. heptane ..| Approximately 50 per cent. for 
all tests. 





variable-compression engine. 
Jacket 
Temp. 
Fig. 3. __ 100 F. 
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A blend of standard materials was supplied, and 
the operator was required to make a blend of 
refineries products to match the standard blend. 
The essentials of the method were as follows :— 
The engine was first run on the standard blend 
and the ignition advanced until pinking became 
fairly heavy and of easily recognisable intensity. 
The precise advance required varied from day to 
day, according to the condition of the engine, 
barometric reading, &c. The values of the com- 
ponents of the blend required were known approxi- 
mately, and a suitable blend of these was made. 
If the estimate was accurate, change-over from 
the standard to the sample under test made no 
difference to the general intensity of pinking. Ifthe 
anti-knock value was too high, the ignition needed 
advance to give a match of pinking intensity, and 
vice versa. Blend adjustments were made until a 
correct match was obtained. After some months 
successful use of this method, inexplicable devia- 
tions between values from different engines were 
noticed from time to time, and led to a complete 
re-examination of the spark-advance method 
with entirely unexpected results. An examina- 
tion was first made of fuels L, M, N, O, P, Q 
and U (Table I), page 470, ante). P and U were 
the only ones unaffected. Fig. 6, on page 514, 
shows the change in rating in terms of change of 
percentage benzene in the matching blend of 
standards over a range of ignition advance from 
0 to 20 deg. static setting. The setting taken by 
neon tube was 1 deg. retarded from these values 
throughout the range. It will be noticed that 
retardation of ignition, in the case of vapour phase 
cracked spirit blends, increases the anti-knock 
value, while the ethyl fluid blends become lower in 
value. This is the opposite effect to that due to 
increase of jacket temperature. The alcohol blends 
improved with retardation of ignition, as well as with 
increase of jacket temperature. With the exception 
of these three blends, the deviation was unimportant. 

Since unrefined spirit with a gum content of nearly 
80 mg._per 100 c.c. (glass-dish test) was used for 
fuel L, it was decided to repeat the work with well- 
refined spirit from the same source. The results 
were of the same general order, but definite differ- 
ences in the slope of the curve were noted with 
different methods of refining. Repeat tests on 
different engines gave exactly the same effects, the 
alteration in rating depending on the number of 
degrees change of ignition setting, and were quite 





Effect of Ignition Advance.—Early tests with | 
alteration of ignition advance did not show any , 
difference in rating due to this variable ; in fact, ' 


-|independent of speed, or of whether the cylinder 


heads required a large or small advance for optimum 
power output. The extremes examined differed by 
nearly 30 deg. in the latter respect. 
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Behaviour of this type has a direct practical value, 
since fuels such as L and N show less drop in power 
output when ignition is retarded to prevent pinking 
on hills, or at low speeds, than is the case with 
straight-run spirits. 

Effect of Alteration of Plug-Point Gap and Plug 
Reach.—Fig. 7 shows the effect of alteration of plug- 
point gap on fuels L and N. The deviation is not 
large, and was not detectable with any other fuel. 
Alteration of plug reach up to ¥ in. from standard, 
and moderate opening out of the bore between the 
plug electrode and the cylinder had no measurable 
effect. 

Effect of Humidity.—Since fuel-testing engines in 
different laboratories may have to operate under 
widely different conditions of humidity, a series of 
tests was made to determine the deviations in terms 
of standard blends between dry inlet air heated to 
120 deg. F. and air saturated with water at 100 deg. 
F. and heated to 120 deg. F. In order to obtain 
the necessary humidity without risk of carry-over 
or condensation of small drops of water (which have 
a marked effect), a special humidifying apparatus 
was devised, consisting of a large steel barrel nearly 
filled with broken and washed coke. Hot water was 
sprayed over the coke and dripped to the bottom 
of the barrel, whence it was discharged through a 
water seal. Inlet air to the engine was drawn 
through a pipe entering the barrel just above the 
water line and upwards through the wetted coke, 
and then through two electrical heaters to the 
carburettor. 

Water vapour up to 50 per cent. of fuel weight 
had a much less effect on H.U.C.R. than if the 
water was added in liquid form, 50 per cent. of the 
fuel weight in water vapour raising the H.U.C.R. 
by 0-55 ratio as compared with dry air. 

The results of these tests are embodied in Table VI. 
The effect varies with the amount of water vapour 
added, and is unimportant up to saturation at 
65 deg. F. If the humidity is greater than this, a 
correction is necessary for certain fuels if results of 
a high order of accuracy are required. 

The change in anti-knock value is substantially in 
linear relation with the ratio of water-vapour weight 
to fuel weight. 


Taste VI.—Effect of Humidity on Rating of Fuels. 


Results are expressed in terms of percentage benzene 
required in blends of benzene-S.P.S. to equal the sample 
under test. 





Percentage of Water 
| Vapour present in Terms 
of Weight of Fuel Used. 


Fuel. tastiest Bi iatiats 


| Anti-Knock Value Ex- 
| pressed as per cent. Ben- 
zene. 


| 
12 per cent. | 47 per cent. 
L 40 per cent. vapour phase, 60 per 


cent. 8.P.S. es aad 25-7 28-1 
M 30 per cent. aromatic extract, 

70 percent. S.P.8. .. ae. 17-4 21-0 
N 7 per cent. P.M.S., 3 per cent. 

amyl acetate, 90 per cent. 

8.P.8. sie re 5 24-5 23-4 
O- S.P.S. + 2 ¢.c, Ethyl fluid per 

litre .. os oF a | 40-0 45-0 
Q 40 per cent. liquid phase cracked 

spirit, 60 per cent. S.P.8S.. 18-0 21-4 
R 


64 per cent. benzene, 36 per | 
cent. heptane on ne 26-7 

V 30 per cent natural gas gaso- 
line, 70 per cent. S.P.S. — 





CoNCLUSIONS. 


(1) Fuel-testing engines of different designs will 
give results which agree more or less closely, accord- 
ing to the technique adopted and the fuels used. 
The best agreement is obtained when the inlet air 
is heated to a moderate degree, say, 120 deg. to 
180 deg. F., and the jacket temperature maintained 
at, or a little below, the inlet-air temperature. Full 
throttle operation with variable compression reduces 
the deviations noticed with certain fuels, as com- 
pared with throttling methods. Ignition advance 
is critical in certain cases, and should preferably be 
fixed in a slightly over-advanced position. The air- 


fuel ratio must, in every case, be adjusted to that 
giving maximum pinking, and will vary with the fuel. 

(2) Fuels for air-cooled engines should be tested 
with a higher jacket temperature than fuels for use 


in water-cooled automobile engines. A jacket tem- 
perature of 275 deg. F. is suggested as one which 
will give results agreeing with average practice. 

(3) The selection of a standard design of fuel- 
testing plant is urgently required. Should either an 
existing design or a new type of engine be adopted 
for this purpose, it is probable that many existing 
designs could be calibrated to give agreement within 
the necessary limits for commercial accuracy by 
suitable modification of controllable variables. It is 
important that the plant selected as the reference 
standard should be suitable both for audibility and 
bouncing-pin tests, the latter method being particu- 
larly necessary for unskilled operators, and in labora- 
tories where more than one engine has to be used 
in the same engine house. In some instances, the 
higher accuracy given by the bouncing-pin is 
required on account of the high cost of the anti- 
knock materials used. 

Bouncing-pin tests have hitherto been slow, but 
the use of an instrument such as the damped 
ammeter described above increases the speed of 
test nearly to that of audibility tests, while retaining 
the advantages of a mechanical measuring device. 
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Any fuel-testing plant should be free from sus- 
picion of pre-ignition under normal operating condi- 
tions at either low or high jacket temperatures, 
even when the pinking is pronounced. This neces- 
sitates the use of a small cylinder with special care 
as regards cooling of valves, plug boss, and the 
boss for the bouncing-pin indicator. An L-head 
engine is simple to cool properly, but the maximum 
| compression ratio is limited to between 9 and 10: 1 
for use with the bouncing-pin. This ratio covers 
all pinking fuels in general use, and, with one or two 
exceptions, the range of racing and special spirits. 
These are generally used at high temperatures, 
and rise of jacket temperature in the spirit-testing 
plant increases its range. A further increase of 
range may be obtained by testing by audibility 
to the point of incipient pinking. 

(4) There is at present no really satisfactory pro- 
knock standard. n-Heptane is the best material 
available, but it requires special purification before 
use. Values obtained with this fuel are too depen- 
dent on the type of engine in which it is used, and 
in some circumstances it is too sensitive to very 
small changes of inlet-air temperature at the lower 
end of the scale for it to be regarded as an ideal 
standard. n-Hexane has too high an anti-knock 
value for many fuels, and is difficult to obtain in 
a state of purity approaching that of heptane. 

As regards anti-knock standards, benzene is easy 








to obtain in the pure state, and if values are expressed 
in terms of the parts of benzene added to a given 
number of parts of pro-knock standard, the most 
serious objection to its use is largely negatived. 

Cyclo-hexane has not a high enough anti-knock 
value to cover the racing-spirit range, and it is 
liable to pre-ignite in the higher concentrations in 
many engines. It probably auto-ignites in the 
unburnt portions of the mixture after the ignition 
spark passes, and it has been found to give different 
anti-knock values with different engines. 

(5) Humidity has an effect on the rating of 
certain fuels, and, if excessive, it is desirable that 
means should be adopted partly to dry the inlet 
air to the engine. 

(6) There appear to be three types of knock 
which can occur in a_ spark-ignition internal- 
combustion engine. 

True pinking is probably due to the spontaneous 
ignition of residual products after the flame has 
burnt the greater part of the mixture, and is the 
type usually met with.* 

In some cases, the advancing flame, compressing 
the unburnt mixture against local hot spots or 
even against a uniformly heated surface, appears 
to raise the unburnt portion to a temperature at 
which auto-ignition occurs. This may take place 
without the type of pinking referred to above, 
although the effect is the same.¢ It is, however, 
influenced to a pronounced extent by engine design. 
It may occur together with true pinking, but in 
such cases increase of engine speed will increase the 
intensity of audible knock.f 

The third type of knock is that caused by pre- 
ignition, and is due to auto-ignition of unburnt 
mixture either before the spark passes or, more 
usually, before more than a small part of the charge 
has burnt. This is characterised by shock-pressure 
rise, which causes the engine speed to fall suddenly 
and which may be destructive to engine parts. 
This type of knock increases with increase of speed, 
and its incidence is much more dependent than true 
pinking on details of engine design and working 
conditions. It may be induced by continuous 
pinking if the cylinder design is such as to promote 
the formation of local hot regions, and especially 
with a non-turbulent mixture. 

(7) Although the anti-knock rating of a spirit 
depends to some extent upon difference between 
engines, the uncontrollable nature of the important 
details of road tests, such as air temperature, jacket 
temperature, mixture strength, &c., and reliance 
only upon relatively crude audibility methods for 
estimating the extent of pinking, lead to much 
greater variations in anti-knock assessment than 
occurs with laboratory engines which can be con- 
trolled precisely during the test. It is probable, 
therefore, that almost any type of laboratory engine 
will give values which agree with road tests within 
the limits of experimental error of the latter. 

Air-cooled engines work under more extreme 
conditions, and laboratory tests should be adjusted 
to agree more closely with the working tempera- 
tures of aviation fuels. 

The authors wish to express their indebtedness 
to the directors of the Anglo-Persian Oil Company 
for permission to publish the results of this research, 
which was carried out in the engine-research labora- 
tory of the company, and also to thank Mr. J. G. 
Withers for his assistance and care in making the 
long series of tests necessary to establish the general 
conclusions reached. 





* “Flame Characteristics of ‘Pinking’ and ‘ Non- 
Pinking ’ Fuels.’’ Maxwell and Wheeler. Journal of The 
Institution of Petroleum Technologists, 1928, vol. xiv, 
page 175, and 1929, vol. xv, page 408. 

+ ‘Effect of Hot Surfaces on Flame and Pressure 
Propagation,” Souders and Brown. Industrial Engineer- 
ing Chemistry, 1929, vol. xxi, page 1261. : 

t Blends of S.P.S. and cyclohexene show this effect to 
a marked degree. Small concentrations of cyclohexene 
have an anti-knock value, and gue remains steady 
or decreases with increase of speed. As the concentration 
of cyclohexene is increased, the anti-knock value of the 
blend increases, but, at a certain concentration, whic! 
depends on the engine used and the speed, the anti- 
knock value ceases to rise and then begins to fall. Pink- 
ing increases with increase of speed when the blend is 
richer than the limiting concentration, but pre-ignition 
sufficient to affect the steady running of the engine does 
not develop until the blend contains 80 per cent. to 
100 per cent. of cyclohexene. 
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EXHIBITS AT LIEGE EXHIBITION. 


CONSTRUCTED BY MESSRS. 


SOCIETE ANONYME 


L. BRONNE ET CIE., LIEGE. 




















Fig. 34. 


Ligut PLaTE-STRAIGHTENING MACHINE. 














Fic. 35. Ligut Pirate GuILLoTiIne. 


THE LIEGE EXHIBITION. 
(Concluded from page 357.) 


WE cannot conclude our account of the engi- 
neering display at Liége without some reference 
to the imposing exhibit of Messrs. Société Anonyme 
John Cockerill, which is situated in the centre of 
the main machinery hall and extends right across it. 
This well-known firm, in showing representative 
examples of its manufactures, does not include any 
distinct novelties, but the display is instructive from 
the scale of some of the parts, the average engineer 
probably being but little familiar with the large gas- 
engine practice of the Continent. One of the exhibits 
consists of a two-crank balanced-web crankshaft 
weighing 110 tons, and made for a gas engine of 
10,000 h.p., the whole being forged and machined at 
the Seraing works. Examples of a gas-engine cylin- 
der, a connecting rod and a crosshead of equally large 
dimensions, show the same high degree of workman- 
ship. Another exhibit of distinct interest is a hori- 
zontal centrifugal blower, for steel works, running at 
3,000 r.p.m. This is driven by a 5,000-h.p. motor 
through helical single-reduction gear, and delivers the 
air at a pressure of about 35-5 lb. per square inch. 
Two guns are also shown, of which a 75-mm. field 
gun is notable in possessing an ingenious correcting 





movement for any inclination of the carriage axle, so 
that it may be accurately aimed on irregular ground. 

The firm of Messrs. Société Anonyme L. Bronne 
et Cie., Liége, which specialises in machines for the 
handling of thin plates, exhibit three examples, two 
of them being guillotines, and the third the simply 
designed straightening rolls which is illustrated in 
Fig. 34, above. This will straighten plates from 
3 mm. (0-118 in.) to 40 mm. (1-57 in.) thick and 
1,200 mm. (47:24 in.) wide. There are nine rolls, 
of which the four lower and three centre upper ones 
are 60 mm. (2-36 in.) in diameter and the two outer 
upper ones are 75 mm. (2-95 in.) in diameter. The 
thrust rollers are bedded on thin liners to permit 
adjustment. The top girder is cast in one with 
that portion of the end pieces carrying the bearings 
for the centre upper rolls, an arrangement ensuring 
great rigidity. The large hand wheel sets all the 
upper rolls, and separate adjustment of the two 
outer upper rolls is effected by the two smaller 
hand-wheels beneath it. The drive is by an electric 
motor carried on the same bed as the main housings. 
It operates through double reduction gear, the 
second driving shaft actuating a series of pinions. 
These transmit the motion to the rolls through 
flexible couplings. All the pinions are of steel with 
machine-cut teeth. 





One of the two guillotines is illustrated in Fig. 35, 
annexed. It is designed for dealing with large 
quantities of thin sheets, of a maximum thickness of 
4 mm. (0-157 in.) and a width of 2 m. (78-75 in.) 
The machine is arranged for a belt drive on the 
flywheel, which rotates the shaft, on which the 
operating eccentrics are mounted, through single- 
reduction gear. The knife is attached to the top 
girder, which travels in substantial slides on the 
main frame. This girder itself carries slides in 
which the ends of the holding-down bar are guided, 
As will be seen, this bar is connected by a volute 
spring at each end to a cross-bar joining the end 
frames, and is so adjusted that it comes into contact 
with the plate to be cut just before the knife begins 
to cut, thus holding the former firmly in place. 
Continued movement of the knife results in increased 
compression of the springs, and the pressure is 
entirely relieved when the knife has completed the 
return stroke. Control is effected by the long pedal 
arranged in front of the base of the machine, as 
shown in Fig. 35. 

An ingenious epicyclic speed-reducing gear for 
electric travelling cranes is exhibited by Messrs. 
Ateliers René Henin, Haine-Saint-Paul, Belgium. 
It is claimed that the invention enables a wide 
variation of speed to be obtained using a single drum, 
with a considerable saving of operating current, as 
it does not necessitate the use of a motor, powerful 
enough for heavy loads, in lifting the usually more 
frequent lighter loads. Although there is only one 
winch drum, there are two motors, either of which 
may be used alone, or both together. The reducing 
gear is common to both motors, and the machinery 
is stated to occupy less space than other methods 
of obtaining a wide range of speed. The reduc- 
ing gear, which is totally enclosed so that it works 
in an oil bath, is shown in Fig. 36, on page 516. The 
driving motors, which are coupled to the shafts 
carrying the pinions A and G, may be of equal or 
unequal power and are fitted with electric brakes. 
When that driving A is working alone, the power 
is transmitted to the shaft E through the planetary 
pinions B and C and the internally toothed spur 
wheel D. The connection with the winch drum 
consists of a pinion on E and a spur wheel on the 
drum, not shown in the figure. The internally 
toothed ring F on which the planetary pinions B 
revolve is kept fixed by the pinion G, gearing with 
teeth on its outer periphery, which is kept from 
revolving by the brake on its motor shaft. When 
the motor actuating A is not working, but that 
actuating G is, power is transmitted to E through 
the rotation of the ring F, and B, C, and D, a 
different speed ratio being obtained. When both 
motors are working, the power is, of course increased, 
but the ring F, being in rotation, a different speed 
ratio is obtainable, which can be further varied by 
running one motor in a different direction from the 
other. With variable speed motors a very wide 
speed variation is obtainable, and it is, in fact, 
possible to hold the load stationary with both motors 
running at suitable speeds. 

Messrs. Etablissements Francois 8S. A. Bressoux- 
les-Liege show a number of different types of air 
compressor, including a large electrically-driven 
one intended for a colliery. This is of a favourite 
type in Belgium, and is of the horizontal class. It 
is two-stage, and has a delivery capacity of 2,855 
cub. ft. of free air per minute at a pressure of 
100 lb. per square inch, with a speed of 214 r.p.m. 
The cylinders are 16-33 in. and 27-36in. in dia- 
meter, respectively, with a stroke of 19-68 in. The 
driving motor, which is of 500 h.p., is situated 
in the centre of the crankshaft, to which its rotor 
is keyed, and the pistons are driven from over- 
hanging cranks. All the moving parts are enclosed 
by detachable casings. The intercooler spans the 
space between the cylinders and the arrangement 
of the suction and delivery valves, inclined radially, 
provides ready access to them. It is the construc- 
tion and operation of the valves that, perhaps, forms 
the most interesting part of the design. A suction 
valve is shown in detail in Fig. 37, page 517, and a 
delivery valve in Fig. 38 ; in both cases it will be seen 
how closely they approach the cylinder bore, thereby 
reducing the clearance space. The valves themselves 
are light plain discs, of a special heat and shock- 
resisting steel. In the delivery valves they are 
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arranged in three concentric rings, which are held 
down by light helical springs situated in concentric 
grooves in the guard. It should be noted that these 
springs are not small ones pitched round the groove, 
as might be inferred from the figure, but are coiled 
round the groove ; that is, the cross sections shown 
im any one groove are those of the same spring at 
opposite sides of the diameter of the same groove. 
The valve seat and guard are held in place by a 
screw through the centre of the cover. 

The suction valve discs are in one piece centred 
by guide rods in the guard. The seats are held down 
by screws round the circumference of the cover, 
as the centre is occupied by a device for lifting the 
valve from its seat. This device forms the auto- 
matic pressure regulator. As shown in Fig. 37, 
the valve cover contains a small piston, to which 
is attached a number of radiating and bent fingers. 
These are inserted through the holes of the valve 
seat, and their ends are, in normal working, kept 
just clear of the valve disc by a helical compression 
spring on the seat. When the pressure in the 
reservoir has reached the required point, air from 
it is admitted behind the piston, and, overcoming 
the resistance of the spring, pushes the valve disc 
off its seat. No compression, therefore, takes 
place in the cylinder, the air being merely drawn 
in and expelled again through the same opening, 
an operation which has the effect of cooling the 
cylinder walls during this no-load period. As long 
as actuating pressure is available, this device can 
also be used for starting up on no-load. The 
automatic regulating valve is seen at the bottom 
of the figure. This consists of a small lift valve with 
a piston valve above it, the former controlling the 
flow of air from the receiver, the latter making 
connection between the air flow and the piston 
in the valve cover, or, alternatively, between the 
piston and the atmosphere. The piston valve occu- 
pies the latter position in the figure, being kept in 
it by a weighted lever and holding down the lift 
valve beneath it. The suction valve is shown in 
its working position in the figure, and the small 
control valve is held down by the lever, while there 
is a free passage to atmosphere through the re- 
duced portion of the piston valve. A somewhat 
similar device, on the top of the first-stage cylinder, 
automatically cuts out this cvlinder, when the com- 
pressor is working at half-load. 

The intercooler contains a nest of brass tubes 
with a floating tube plate at the circulating water 
inlet end, which is situated near the air inlet 
of the second stage cylinder, so that the coldest 
water meets the coolest air. The air passes over the 
tubes in an undulating fashion due to a number of 
partial transverse baffles. The condensed moisture 
is trapped in the bottom of the cooler. Both the 


cylinders and covers are water-cooled, the latter 
being very deep and projecting into the cylinders 
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in Fig. 38. Lubrica- —(2/36.4.) 
tion is effected auto- 

matically. Of the other exhibits on the stand, 
the most recent development is a very neat 
and compact design of a vertical single-acting 
single-stage compressor for direct motor or belt 
drive. This is notable for the lightness of its 
moving parts, as the speed is high, being 1,000 
r.p.m. in the smallest size and 750 r.p.m. in the 
larger sizes. It is fitted with the same type of 
valves and automatic regulator as the large com- 
pressor just described, and is made in four sizes, 
with cylinders ranging from 5 in. to 9} in. in 
diameter. 

Another firm with an attractive display of air- 
compressing and exhausting plant, is Messrs. 
Société Anonyme Des Moteurs, Sclessin, Liege. 

For some years past, portable transformer sub- 
stations have been utilised on the Italian State 
Railways to ensure continuity of service in the 
event of a breakdown in the normal supply stations, 
and to supplement the output of the ordinary sub- 
stations during certain periods of the year, in which 
the traffic density increases to such an extent as to 
render the normal supply inadequate. We described 
a portable sub-station constructed by the Societa 
Nazionale delle Officine di Savigliano in ENGINEER- 
ING, vol. cxx, page 213 (1925). The sub-station was 
designed to operate at a 16-7 period frequency, and 
its use was thus limited to lines on which this fre- 
quency wasemployed. There are, however, a number 
of lines in Italy operated at an industrial frequency 
of 42 periods, such as the Rome-Avezzano line, 
and. six portable transformer sub-stations capable 
of operating at either frequency have recently 
been constructed by the Stabilimenti Elettrotecnici 
Ansaldo, of Genova-Cornigliano. One of these 
stations is exhibited in the Italian pavilion at 
the Liége exhibition, and is illustrated in Figs. 
39 and 40, on page 517. The plant is carried 
on a railway bogie-wagon frame, having two six- 
wheeled bogies, and can, of course, be coupled up 
to a locomotive or ordinary train and conveyed to 
any desired point on the system. The total length 
between buffers is 13,800 mm. (45 ft. 3 in.), the 
maximum breadth is 3,000 mm. (9 ft. 10 in.), and 
the maximum height 4,300 mm. (14 ft. 1 in.). 
The total weight in service condition is 84,700 kg. 
(83 tons), and the sub-station has an output of 
2,500 kv.-a. at 16-7 periods, or 2,900 kv.-a. at 42 
periods. The design of a portable station is compli- 
cated by the limitations imposed upon the size and 
weight, and by the fact that the various units of 
which it is composed must be dimensioned to handle 
excess voltages, large overloads and short circuits, 
such as are liable to occur on traction networks 
with some frequency. Some of the Ansaldo 
sub-stations, have, however, already been in service 
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for a sufficient length of time to establish their 
complete reliability. The acceptance tests were of a 
severe nature, the stations being designed to stand 
up to a pressure of 190,000 volts for one minute, 
and of 130,000 volts for one hour. The normal 
primary voltages in use are 59,300 at a frequency of 
16-7, and 66,000 volts at a frequency of 42. 

The design of the wagon hardly calls for comment 
beyond stating that the State railways imposed the 
condition that the load on any one axle should not 
exceed 15 tons, and to ensure this. the suspension 
springs are linked by balance arms with the object 
of obtaining a uniform distribution of load on the 
three axles of each bogie. The main frame members 
are constructed to allow the transformer to be 
located at the lowest possible level, as it was neces- 
sary to take full advantage of the maximum height 
available in designing the transformer. There is a 
cabin at the left-hand end of the wagon, as viewed 
in the figure, in which the low-tension apparatus is 
located, while the high-tension isolating switches 
are mounted at the opposite end, and the oil switches 
between these and the main transformer. The low- 
tension oil switches are located in the corresponding 
position between the cabin and the transformer. 
There is a hand brake at each end of the wagon, and 
the upper surface is covered in with chequer plate 
to form a platform. 

The main three-phase transformer has been 
designed to operate in the open, with oil cooling on 
the thermo-syphon system. In order to confine its 
dimensions within the gauge limits, the ends of the 
windings were located on one end of the casing, 
instead of being brought on to the cover in the usual 
way. The low-tension windings terminate in special 
horizontal insulators at the other end of the 
casing. The continuous service rating for a 
frequency of 16-7 periods is 2,500 kv.-a., and the 
transformer is arranged for a supply pressure of 
59,300 volts with star connection. The arrangements 
allow of secondary voltages of 4,200, 4,060, 3,930, 
3,780 and 3,640. The service rating at 42 periods is 
2,900 kv.-a., the supply pressure being 66,000 volts 
with star connection. Secondary voltages are then 
obtainable of 6.600 6,200, 6,000, 5,800, 5,600 and 
5,310. The change over from one voltage to another, 
whether at 16-7 or 42 periods, is made by means of a 
change-over switch mounted under the casing, and 
operated by a handwheel mounted on the casing. 
The switch operates simultaneously on all three 
phases, and is capable of carrying a current of 200 
amps. 

There are two interesting little belt sanders 
exhibited in the Swiss pavilion. These are intended 
for cabinet making, small patterns, &c., and are 
made by Messrs. Société Suisse Industrie Emeri et 
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Fig. 40. TRANSFORMER REMOVED FROM TANK. 


Abrasifs, 110, Bahnhofstr., Zurich. One of them is|the belt, the abrasive spindle, and below it a belt 
illustrated in Fig. 41 on page 518. This is a machine | pulley driving the exhausting fan. Below the motor 
with a horizontal belt passing over three pulleys and | the shaft is continued into a box containing the oscil- 
set on edge. The belt has a vertical oscillating | lating mechanism. The dust-collecting hood at the 
movement, which is communicted to a vertical | right is connected to the exhausting fan by a flexible 
abrasive-covered spindle carried above a small cir-| pipe. The main belt is backed by a flat support for 
cular table at the top of the machine, which is motor- | use when flat surfaces are being finished, and the 
operated, the driving pulley for the belt being | table is continued round at the side of the machine 
mounted on the motor shaft, whichalsocarries, above | so that curved surfaces may be finished either on the 








large or small idle pulley, the course of the belt being 
| triangular in plan. The table can be elevated or 
|lowered at will by the large handwheel in front 
jand clamped rigidly in the desired position. The 
two small handwheels on the left hand are for 
|tensioning the belt and adjusting the truth of 
|the axis of the pulley respectively. The small 
|circular table under the abrasive spindle can be 
|inclined at any angle and the spindle itself is 
|detachable so that different diameters may be 
used. Another display of wood-working machinery 
that deserves mention is to be found in the 
machine tool hall on the stand of Messrs. J. and 
Ch. Van Den Abeele, 239 Rue Moorslede, Brussels. 
A good and representative collection is well set out. 
A machine which attracted our attention was a large 
band-saw running at a high speed, with the moving 
parts so well balanced that it had not been found 
necessary to attach the machine to the floor. 

| An interesting screw-cutting machine is exhibited 
| by Messrs. Wanderer-Werke A.G., Schénau bei 
‘Chemnitz, by which not only ordinary threads of 
a fraction of a millimetre pitch can be cut, but also 
extended pitch threads for the helices of screw 
conveyors, single and double helical grooved cam- 
shafts, worm-shafts, and even helical springs. The 
machine has some general resemblance to a lathe 
in that there is a fixed headstock with a travelling 
saddle and an adjustable tail-stock on a long bed, 
but the saddle carries a rotating milling cutter 
instead of a fixed tool. The cutter is adjustable at 
any angle and is, of course, changed for the par- 
ticular work in hand. The work is supported 
opposite to it by a vertical semicircular bearing. 
The tail-stock is also different from the usual type, 
as nearly one-half of it is cut away vertically to 
enable the cut to be started, when small work is 
being treated, close to the tailstock centre. The 
| machine has a total of 54 feed rates obtained by a 
| gear-box and change wheels, and is notable for the 
| very complete table of rates attached to it, the 
| 








changes necessary for different threads, different 
|materials and different diameter of work being 
concisely stated. 

Another machine tool of interesting design is a 
neat short-bed lathe made by Messrs. Lorch, Schmidt 
and Company, Frankfurt, and shown on the stand 
of their Belgian agents, Messrs. E. Paul et Cie., 
Brussels. The first-named firm is well known as 
makers of Jathes for watches, instruments, and 
similar work requiring a high degree of precision, 
but not of large dimensions. The particular feature 
of the lathe above referred to, which is intended 
for use on the bench, is that the base casting 
has a single foot only, situated directly below the 








518 


ENGINEERING. 


[OcT. 24, 1930. 








headstock, the bed being carried on a substantial 
overhanging extension. The slides are consequently 
open-ended, and it is an easy matter to slip into 
place and clamp, as required, various tool carriers. 
These may consist of a capstan slide rest, a swivelling 
tailstock carrying two drills, a cutting-off slide rest, 
a compound slide rest, &c. 

The display of English machine tools is not exten- 
sive, and, in the main, consists of standard models. 
This is not surprising. In view of manufacturing 
costs in this country, it is reasonable to expect 
that standard machines are more likely to create 
business on the Continent than specialised expensive 
tools. It is pleasant to be able to record that the 
English firms concerned have provided an adequate 
demonstration staff from the works. As an example 
of one of these displays, the stand of Messrs. Alex. 
Vanhoff Ainé, 52, Rue Bara, Brussels, may be noted 
as containing, amongst a wide variety of machines 
from other sources, a selection of drilling and other 
machines manufactured by Messrs. William Asquith, 
Limited, Halifax. Several of the more important 
exhibits have already been described in Enat- 
NEERING; for example, a girder radial drilling 
machine with six speeds and three feeds, and a 
high-speed radial drilling, boring, tapping and 
studding machine with direct motor drive to the 
spindle, an illustrated account of which will be 
found in vol. cxxvi, page 283 (1928). The Smith 
and Coventry key-seating and morticing machine, 
now manufactured by Messrs. William Asquith, is 
also shown. Another exhibit on Messrs. Alex. 


Vanhoff’s stand is a hydraulically operated Maxicut | 


multiple-tool rapid-production lathe made by 
Messrs. Drummond Brothers, Limited, Guildford. 
This was also described in ENGINEERING, vol. 
exxvi, page 350 (1928), though the example at Liége 
embodies some later refinements. 

Another exhibit of British manufacture which is 
given prominence in the exhibition, in this case in 
the pavilion of the gas and chemical industries in 
connection with dyeing, is that of Messrs. Submerged 
Combustion, Limited, 28, Victoria-street, London, 
S.W.1. This consists of a Hammond Vortex dyeing 
drum, in which the burning of oil in the dyeing 
liquor produces, in addition to the heating effect, 
a continuous rotary motion of the whole contents 
of the vat, and brings about complete discharge of 
the colour from the dye bath on to the goods. An 
illustrated account of this apparatus was given in 
ENGINEERING, vol. cxxvii, page 256 (1929). Another 
British exhibit is made by Messrs. Herbert Hunt 
and Sons, of Old Trafford, Manchester, who show 
their twist-drill sharpening machine, for which, 
they advise us, they have been awarded the 
Diploma of Honour. 

Regarding miscellaneous exhibits, the collection of 
boring apparatus for shaft sinking, &c., displayed 
by Messrs. Appareils et Brevets Derihon, Bressoux, 
merits attention, an interesting example being a 
grouting pump working at a pressure of 1,000 lb. per 
square inch. It is electrically driven, and is of the 
plunger type with ball valves. An indication of the 
nature of the boring plant also shown is given by 
the apparatus described in ENGINEERING, vol. cxxiii, 
page 272 (1927). Mention may also be made of the 
display of Messrs. Compagnie Internationale de 
Rhéolaveurs A. France, 17, Quai St.-Léonard, Liége, 
if only for the fact that it shows a somewhat rare 
combination of actual parts and models. It is 
recognised, of course, that large machines or 
apparatus cannot be readily transported or housed 
for exhibition, but it also cannot be denied that an 
exhibit consisting of models only is apt to be both 
somewhat unattractive and misleading. Messrs. 
Rhéolaveurs get over this diffiulty by showing a 
full-sized portion of one of their coal-washing chutes 
alongside a complete working model. 

It will be understood from the remarks prefacing 
the opening article of this series that we have not 
attempted to describe all the engineering exhibits 
at Liége. We have, however, dealt with something 
like a fifth of the whole display, and hope to deal 
with one or two further examples in independent 
articles in the future. The machinery display, 
generally, demonstrates clearly the advanced condi- 
tion of the mechanical arts in this quarter of Bel- 
gium, and illustrates the remarkable recovery from 
the disorganisation caused by the war of 1914-1918. 
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LETTERS TO THE EDITOR. 


THE PROPORTIONING OF 
BRIDGEWORK. 


To THE EDITOR OF ENGINEERING. 

Srr,—May I be allowed to make a few comments on 
your references to certain points in the paper I read 
at the British Association meeting in the article on 
“The Proportioning of Bridgework,” in your' issue of 
September 26, last, on page 399. First, let me thank 

ou for the attention you paid to the paper. I regret, 
ota that the paper itself was not published in the 
same number as your article, as some of the views you 
attribute to me, without reference to their context, 
appear to give a rather misleading idea of the meaning 
I intended to convey. 

You state, referring to the paper, “ we can find in it 
no attempt to justify his claim that factors of safety 
should be based largely on the elastic breakdown of the 
material.” If you regard elastic breakdown as synony- 
mous with the “ elastic limit,” presumably of a simple 
tension or compression piece under uniform load, as 
you appear to do from the context, then the answer is 
that ¢ aid not intend to claim this, and I agree with you 
that the claim could not, in general, be supported. 
I think this should be clear from the view I expressed 
that high local concentrations of stress in the connec- 
tions may not necessarily be of importance. The 
sentence you refer to runs in the original, ‘“‘ the factor 
of safety should be based largely upon the load which 
will cause elastic breakdown, especially where perma- 
nent deformations must be avoided.” It would 
probably have conveyed my meaning better if the 
passage had read :—the factor of safety of any type of 
member or connection should be based largely upon 
the load which, after any possible plastic flow and other 
adjustments, involving small deformations only, have 
taken place, would lead to initial breakdown of the 
member or connection. It may, for example, be 
reasonable to allow higher maximum stresses in tension 
members subjected to combined bending and direct 
stresses than in tension members carrying a uniform 
stress. I think it is possible that the paragraph 
containing the sentence, taken by itself, may be some- 
what misleading. It should, however, be reasonably 
clear from a reading of the paper as a whole, and 





especially of the paragraph concerning bending tests 
on I-beams, that I was not referring to elastic break- 
down as meaning the yield point of a simple test piece 
of the material of which the bridge is composed. On 
the other hand, I do not believe that the breaking load 
alone can, in most cases, be taken as a criterion, since 
the action of a member after initial breakdown is 
often very different from its action under working 
conditions, and thus the part it plays in the structure 
differs from that for which it was designed. An 
extreme example of this is the column. The whole 
problem of margins of safety is very complicated, 
and it was not part of the purpose of my paper to 
attempt to discuss it fully. The object of the para- 
graph in question was to call attention to the importance 
of research on one of the fundamental scientific prob- 
lems having a bearing upon this question, %.e., the 
breakdown of materials under non-uniform stress. 
I understand that Professor Gilbert Cook has been 
working on this problem under the auspices of a 
committee of the British Association, and his results, 
which are to be published shortly, should be of the 
greatest interest. 

You state that I note that the time required for the 
calculation of the stresses in indeterminate structures 
is a common objection to such systems. What I 
actually wrote was “the time and skill supposed to 
be required,” and I pointed out that the difficulties of 
calculation by means of the elastic theory have been 
exaggerated. I believe that the elastic theory, con- 
trolled, by experiment and experience, is the best guide 
we have for the design of such structures, and that 
approximate methods for quick calculation should be 
based, as far as possible, upon simplifications derived 
from exact calculations. I may add that, in advocating 
statically-indeterminate structures, I was not thinking 
especially of double-intersection trusses. e ; 

t is unfortunate that the term secondary stress is 
used to cover so many different phenomena, ranging 
from the,bending stresses in the members of a truss 
called into play by the rigidity and eccentricity of the 
connections to local concentrations of stress such as 
those round a rivet hole. The latter may often be 
unimportant, but the former—which do not appear 
necessarily to fall within your category of stresses 
which will be automatically relieved by plastic flow— 
may often be of considerable importance, and it is 
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quite possible that I might have agreed with your 
un-named “ English professor.” 

I cannot agree with your view that the open joints, 
and consequent eccentricity of loading on the com- 
pression members during the erection of the first 
Quebec Bridge were unimportant. This was not the 
view taken, after very careful consideration of the 
findings of the Royal Commission, by the designers of 
the present bridge, and many features of the design 
and erection were influenced by the importance they 
attached to this matter. In this connection, it may be 
of interest to quote from the official account of the 
work of the St. Lawrence Bridge Company given by 
Dr. G. H. Duggan, the chief engineer of the present 
bridge.* ‘“‘ The report of the Royal Commission which 
investigated the failure of the Phoenix Bridge brought 
out clearly many faults of that design that could 
easily be corrected in a new design, some of these being 
the small width centre to centre of truss, the very 
high unit stresses, the curved compression chords, the 
inadequate lacing of compression members and the 
poor splice connections of the members. The report 
also disclosed the use of open joints during erection. 
In our view, the failure of the Phenix Bridge may be 
ascribed chiefly to these open joints.” Again, ‘“ As 
the load comes on, and the structure deflects, the 
members straighten, and the joints gradually close, 
but before the joint comes to a true bearing over its 
whole surface, the intensity of the pressure on one 
edge is very great, and may cause failure, as in the 
case of the Phenix Bridge.” 

Your suggestion that the allowable tension on rivets 
should be modified when they are also taking a shearing 
stress is borne out by the experiments, referred to in 
my paper, by Professor Young, of Toronto, who has 
carried out the most thorough investigations on this 
subject up to the present. In the paper I quoted 
and in another—‘“ Rivets in Combined Tension, Shear 
and Flexure ’’—he suggests formule for the allowable 
tensile stress on rivets under combined loads. 

During the discussion at Bristol, Mr. J. S. Wilson 
asked whether Allan Stewart’s paper, published in 
1892, was prior to the work of Williot and Mohr. I 
find that Williot’s paper was published in 1877 and 
Mohr’s in 1887. 

May I, in conclusion, point out a slight error in 
your account of this discussion. The calculation of a 
structure having semi-rigid joints was given by Wilson 
and Moore and not by Williot and Mohr. 

Yours faithfully, 
C. Batuo. 

The University, Edgbaston, Birmingham, 

October 2, 1930. 

[We certainly understood that Professor Batho’s 
term “elastic breakdown” was synonymous with 
what is commonly called the “ breakdown point” in 
a tensile test, and we are glad to have his explanation 
that this was not what he intended. Nevertheless, we 
are still uncertain as to how this “ elastic breakdown ” 
is to be defined. If we understand him aright, he 
suggests that his criterion is particularly applicable 
to the case of acolumn. Presumably he has in view the 
Euler ideal column. With this, however, the ultimate 
strength is identical with the “‘ elastic breakdown,” and 
it is thus a matter of indifference which is used as the 
basis for fixing factors of safety. The Euler column, if 
tested, would remain straight until a certain critical 
load was reached, and it would then suddenly and 
completely collapse. This, however, is not how well 
proportioned struts behave, though there is some 
approximation to this behaviour in the case of very 
long and slender struts, such as are never willingly 
admitted into bridgework. At the other extreme 
we have very short and stout struts, which have a large 
reserve of strength even after pronounced permanent 
deformation. Between the two come practical columns, 
and it is by no means clear to us how, with these, the 
point of ‘‘ elastic breakdown” is to be determined, and 
our difficulty is the greater since, as cold-straightened 
plates and shapes are commonly used for built-up 
columns, these will be certain to take some permanent 
set the first time they are fully loaded. It seems to us, 
that the point of elastic breakdown must either be 
identical with the ultimate strength or that there is a 
reserve of strength beyond this point, in which case it 
is only reasonable to take it into account in fixing 
factors of safety. 

It is the existence of the internal stresses and the lack 
of perfect homogeneity which makes it impossible to 
frame any rational theory of the strength of columns. 
They give rise to an eccentricity of loading which 
is never precisely the same for any two columns, even 
when of the same dimensions and of the same material. 
A large empirical factor is thus necessarily involved, 
and this makes the Rankine-Gordon formula quite as 
rational as any based on elastic theory. The latter is, 
however, useful in investigating the adequacy of 
bracing, the stresses on which can be calculated if the 
eccentricity of loading be assumed. With respect to 





* Trans. Eng. Inst. of Can., vol. xxxii, Part I, page 21. 





the question of secondary stresses arising from the 
rigidity of joints, is there any evidence that such 
rigidity in ‘actual bridge structures, is ever anything 
but beneficial? As to eccentricities of loading, 
designers quite properly aim at minimising these; but 
it may safely be asserted that there is not a single 
strut in any existing bridge structure in which the 
load is not eccentric to the line of resistance. This 
eccentricity is due to internal stresses and to lack of 
homogeneity of the material, and is quite unavoidable. 
On the other hand, some designers are now giving 
struts an initial distortion, equal and opposite to that 
expected when the bridge is fully loaded. Whilst 
there is no harm in this procedure, it is perhaps 
questionable whether experience justifies the addi- 
tional expense and trouble involved, since certain 
members have then to be “sprung ’”’ into place when 
erected. 

As regards secondary stresses at the joints of a truss, 
is there any evidence that these, when there has 
been no reversal of stress, have ever been respon- 
sible for a bridge failure? We are quite prepared to 
change our views as to the comparative innocuousness 
of such stresses provided such evidence is forthcoming, 
but we do insist that the point in question cannot 
settled by calculation, but only by the results of 
experience. 

Much light is, we think, thrown on this matter, by 
Professor Haigh’s experiments on the effect of a small 
hole in a bar of structural steel, which was subjected 
to a pulsating stress. The secondary stresses set up 
round the hole were in every way analogous to, though 
much more severe than, the secondary bending stresses 
in truss members which our correspondent suggests 
may be important. On this head, we are, we repeat, 
open to conviction, but until direct evidence is forth- 
coming, we shall continue to believe that Professor 
Haigh’s experiments afford very conclusive proof 
that such secondary stresses are, in general, innocuous. 
We make, however, two reservations. In the first 
place, alternating stresses may be highly dangerous, 
and secondly, the past immunity of structural steel 
from fracture by pulsating secondary stresses may not 
be maintained if hard steels come into general use for 
bridge work. That there is a possible danger here 
seems to be demonstrated by Professor Haigh’s further 
experiments, in which the bar of mild steel was replaced 
by one of a high-tensile alloy. This, in spite of its 
much higher tensile strength and elastic limit, showed 
less endurance than its nominally weaker rival under 
the high secondary stresses developed in this kind of test. 

With regard to the Quebec Bridge failure, we made at 
the time a very careful study of both the blue-prints 
and of the evidence tendered to the Royal Commission, 
and we adhere to the opinion then reached, that the 
open joints had nothing to do with the collapse, which 
was predominantly due to the inadequate bracing of 
the struts. A secondary cause was the error in the 
weights, but this of itself would not have caused an 
immediate failure, which, had the struts been properly 
braced, might possibly have been postponed for years. 

We do not know whether Professor Batho’s refer- 
ence to double-intersection trusses implies any disap- 
proval of these, but we can say that bridges of this - 
have had a remarkably good record in service.—ED. E.] 








THE ECONOMIC SPEED FOR 
TURBO-ALTERNATORS IN POWER 
STATIONS. 


To THE Epitor oF ENGINEERING. 

Str,—I have been much interested in Dr. Gerald 
Stoney’s article, on page 454 of your issue of the 10th 
inst., on the above subject. This appears to me correctly 
to represent the position as regards the single-rotation 
turbine, but at every point the argument fails when 
consideration is given to the double-rotation double- 


flow turbine, especially in the larger sizes operating |- - - 


at 1,500 r.p.m., which embody all the advantages 
claimed for the smaller single-rotation units operat- 
ing at 3,000 r.p.m. The purpose of this letter is to 
refer to each of these correspondences in turn. A 
double-rotation unit of 60,000 kw. maximum output 
at 1,500 r.p.m. has an overall length of only 63 ft., 
and the height from basement to crown of turbine 
casing is about 33 ft. All the parts, including the 
alternator stators, can easily be transported by road 
or by rail; they can be loaded at the works by the 
works crane, and unloaded on site by the station crane. 
The maximum capacity of these cranes need not be 
more than 75 tons. The heaviest piece of the plant 
is the alternator stator, which weighs 60 tons. This 
can be wound at the works and, like all the other 
portions of the plant, can be finished there ready for 
erection on site. Each generator rotor weighs about 
36 tons, and each steam rotor, complete with blading, 
8 tons. The disc forgings are light, the heaviest piece 
weighing about one ton. All the internal portions of 
the turbine subject to high pressures and temperatures 
are made of forged steel. 





The blading is especially adapted to meet modern 
conditions of high pressure and high temperature. 
All the double-rotation blade rings are fixed to the 
discs by flexible connections which allow them to 
expand and contract independently of the discs. Any 
two adjacent blade rings are subject to practically the 
same thermal and centrifugal stresses, so that all the 
blading breathes together as it expands and contracts, 
and differential expansion between rings is negligible. 
The high-pressure blading is placed at the centre of the 
turbine; it is of small diameter, light, and absolutely 
reliable in its quick response to wide variations in 
temperature. These characteristics enable turbines 
of the largest outputs to be run up from the cold 
state to full speed, or, at any period after the plant is 
shut down, in the minimum of time; the 60,000 kw. 
plant in about 15 minutes. 

The quality factor of the turbine, 


K = = (io): (ito), 


may be as high as 700,000. 

The stresses on the materials will be no higher in the 
1,500 r.p.m.,than in the 3,000 r.p.m. machine, and the 
“ coefficient of recklessness” certainly lower in the 
former than in the latter. With regard to the foun- 
dations, these, too, are much more simple and less 
costly for the large double than for the smaller single- 
rotation plant. The weight of concrete for the foun- 
dation of the 60,000 kw. C.M.R. set is about 60 tons to 
70 tons. From the above considerations, it will be 
understood that a 60,000 kw. double-rotation plant, 
operating at 1,500 r.p.m., can be handled in all its 
stages: in the works, for transport, and for erection 
on site, as easily as the smaller single-rotation 30,000 
kw. unit operating at 3,000 r.p.m. 

I am, Sir, 
Yours truly, 
W. CuILTon. 
Barrow-on-Soar, Leicestershire. 
October 15, 1930. 








THE ORIGIN OF THE WINDMILL. 


TxHovuauH constructed mainly of wood, the old wind- 
mills which still exist are worthy of examination by 
any engineer, for they exhibit an admirable case of 
the adaption of means to an end, and one which is the 
result of the development of some hundreds of years. 
A study of windmills, however, will almost invariably 
lead to the question of their invention and introduction, 
and it has often been stated that the windmill was 
brought to this country by the Crusaders. That it 
is not so easy to find the correct answer, was shown 
in a paper on “ An Inquiry into Origins of the Wind- 
mill,” read to the Newcomen Society on October 15, 
by Mr. H. P. Vowles. Like many other investigators, 
Mr. Vowles found the early history very difficult to 
unravel, and his examination of many manuscripts 
and ancient works still left him in doubt whether 
the invention can really be claimed for Greco-Roman 
times. The illustrations given in Hero’s works are 
not very clear, and the terms used are of uncertain 
meaning. But granted that windmills were used to 
some extent in the ancient world, Mr. Vowles put 
forward the interesting theory that the invention 
was developed in Persia and that it was carried thence, 
both westward and eastward, along the great trade 
routes. To support this theory, he quoted from the 
writings of contemporary travellers to show that, in 
the windy region of Seistan, windmills were in use in 
the tenth century a.p., and recalled the journeys 
made by the northmen of Europe down the rivers of 
Russia, and their intercourse with men from Persia 
and Mesopotamia. It was this traffic which formed 
the link between the lands adjacent to Seistan in the 
east and Holland in the west. From Holland to Eng- 
land is but a short distance, and “‘ at Bury St. Edmunds 
we find evidence of the earliest known English 
windmill, precisely at about the time we might expect 
it to appear had knowledge of the device followed the 
route from the east which we have indicated.” Mr. 
Vowles did not ignore the fact that there were many 
other ways by which ideas spread westward, but 
pleaded for a consideration of his views. The Trans- 
actions of the Newcomen Society already contain two 
papers on windmills, and the interest in these is 
heightened by the theory now put forward as to the 
origin of the invention. 








THE ComMITTEE FOR SCIENTIFIC AND INDUSTRIAL 
REsEARCH.—Dr. E. J. Butler, F.R.S., Dr. Kenneth Lee, 
and Dr. N. V. Sidgwick, F.R.S8., have been appointed 
members of the Advisory Council to the Committee of the 
Privy Council for Scientific and Industrial Research. 
Professor V. H. Blackman, F.R.S., Professor F. G. 
Donnan, F.R.S., and Professor F, A. Lindemann, F.R.S., 
have retired on the completion of their terms of office 
on the Advisory Council. The appointment of Professor 
Sir Ernest. Rutherford, Pres. R.S8., to be Chairman of the 
Advisory Council, as from October 1, 1930, was announced 
in May. 
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2-6-2+4-2-6-2-TYPE ARTICULATED | 


LOCOMOTIVE FOR THE GREAT! 


WESTERN RAILWAY OF BRAZIL. 


Two articulated metre-gauge locomotives have | 
recently been built by Messrs. Sir W. G. Armstzong | 
Whitworth and Company (Engineers), Limited, at | 
their Scotswood works, for the Great Western Railway | 
of Brazil. These are illustrated by the drawings and | 
photographs reproduced in Figs. 1 to 14, on this and | 
the opposite pages, and on Piate XXXVI with our | 
issue of this week. | 

These engines are required to work on a section | 
of the system on which there are sharp curves and | 
steep gradients, while the permanent way, &c., is of 
comparatively light construction. The total weight 
of the engines in working order is 95 tons 16 cwt. 1 qr., 
and with a length over buffers of 59 ft. 3} in., the 
weight per foot run is less than 2 tons. The maximum 
load on any axle is 10 tons 7 ewt. 

The following are the principal particulars of the 
engines :— 





Cylinders (four), diameter 14} in. 
ai - stroke ... 20 in. 
Wheels, driving, diameter 3 ft. 6 in. 


Wheels, others, diameter 2 ft. 7 in. 
Boiler, outside diameter ... 5 ft. 8} in. 
» length between tube plates 9 ft. 43 in. 
Heating surface-— 
Small tubes 774 sq. ft. 
Large tubes 412 sq. ft. 
Firebox , 121 sq. ft. 
Total - 1,307 sq. ft. 


238 sq. ft. 

28-1 sq. ft. 

200 Ib. per sq. in. 
95 tons 16 ewt. 1 qr. 
61 tons 18-3 ewt. 
32,900 Ib. 

4°2 


Superheating surface 
Grate area sss os 
Working pressure fas 
Weight in working order 
Weight on driving wheels 
Tractive effort wa 
Factor of adhesion 

Water capacity of tanks... 
Coal capacity of bunker... 


3, 500 gallons. 
4 tons, 


The engine units are similar in general construction. 
Each has a leading and trailing pair of wheels and six 
coupled wheels. The outside pair, in each case, is 
fitted in pony trucks. The two simple cylinders are 
placed at the outer ends, the drive being on to the 
third pair of coupled wheels. The cylinders are 
14} in. in diameter with a stroke of 20 in. gThe cross 
heads are of the alligator type. The valves are of the 
yton type, 7 in. in diameter, and are operated by 
Walschaert gear. The driving wheels are 3 ft. 6 in. 


Fie. 3. INTERIOR OF CaB. 


| in diameter, and the boiler pressure is 200 Ib. per sq. in. 
| At 85 per cent. boiler pressure, therefore, the tractive 
| effort is 32,900 Ib. ; 

Each engine unit, built up with plate frames, is 
provided near its inner end with a centre supporting 
the boiler frame, the centres being 26 ft. 6 in. apart. 
The main framing carrying the boiler is arranged with 
two longitudinals, 4% in. thick, and 6 ft. 1} in. apart. 
This allows of a firebox having an outside width of 
6 ft. The firebox is only 6 ft. Jong, and the boiler 
barrel is short, the length between tube plates being 
only 9 ft. 48 in. The diameter, on the other hand, is 
liberal, being 5 ft. 8} in. The boiler has 168 small 
tubes, of 1{ in. outside diameter, and 32 flues of 
5} in. outside diameter accommodating the superheater 
elements. The superheater header is of the Stirling 
type. Steam is carried to the engine units and cylin- 
ders through pipes, which can be traced in Figs. 4 
and 5, fitted in the neighbourhood of the engine pivots 
with ball-and-socket expansion joints. The exhaust 
pipes are similarly provided. 

The tank at the front end accommodates 2,120 
gallons, while at the back end there is a water tank of 
1,380 gallons capacity and a bunker capable of holding 
4 tons of coal. The two tanks are coupled by an 
equalising pipe, flexible connections, of rubber hose, 
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LAUNCHES AND TRIAL TRIPS. 


** POLARTANK.”’—Single-screw oil-tank motorship ; 

four-cylinder, two-cycle Barclay Curle-Doxford opposed- 
iston, airless-injection engine. Launch, October 6. 

Main dimensions, 420 ft. by 58 ft. 6 in. by 32 ft. 3 in. 
Built by Messrs. Barclay, Curle and Company, Limited, 
Scotstoun, for the Norwegian firm, Messrs. Melsom and 
Melsom. 

“ Swirr.”’—Single-screw cargo steamer ; triple-expan- 
sion engine. Launch, October 7. Main dimensions, 
225 ft. by 35ft. by 21ft.6in. Built by Messrs. Workman 
Clark (1928) Limited, Belfast, for Messrs. The General 
Steam Navigation Company, Limited, London. 

‘“* Sveve.”-—Single-screw oil-tank motorship;  six- 
cylinder Wallsend-Sulzer Diesel engine. Launch, 
October 7. Main dimensions, length, 435 ft., breadth 
57 ft. 6 in., deadweight carrying capacity, 9,500 tons. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Newcastle-on-Tyne, for Messrs. A/S., D/S. 
Atlantic, Bergen, Norway. 

‘“‘ Arriia.”’—Single-screw oil-tank motorship; eight- 
cylinder, two-stroke, single-acting Armstrong-Sulzer 
Diesel engine. Launch, October 7. Main dimensions, 
460 ft. by 59 ft. 7 in. by 33 ft. 7 in. Built by Messrs. 
Sir W. G. Armstrong, Whitworth and Company (Ship- 
builders) Limited, Newcastle-upon-Tyne, to the order 
of Mr. Alf Jakhelln, Oslo, Norway. 

“* APPALACHEE.”’—Single-screw_ oil-tank motorship ; 
four-cylinder, opposed-piston Doxford oil engine. Launch, 
October 8. Main dimensions, 470 ft. by 63 ft. 9 in. by 
34 ft. 9 in. Built by Messrs. Palmers Shipbuilding and 
Iron Company, Limited, Jarrow, for Messrs. Anglo- 
American Oil Company, Limited, London. 

** CaLpER.’’—Single-screw horse-carrying and general- 
cargo steamer; triple-expansion engine. Launch, 
October 8. Main dimensions, 240 ft. by 34 ft. by 16 ft. 
4 in. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for the Goole and Continental 
services of The London, Midland and Scottish Railway 
Company. 

“* Somat.”’—Single-screw cargo steamer; quadruple- 
expansion engine, together with a low-pressure Bauer- 
Wach type exhaust turbine supplied by Messrs. J. G. 
Kincaid and Company, Limited, Greenock. Launch, 
October 9. Main dimensions, 458 ft. by 60 ft. 6 in. by 
40 ft.9in. Built by Messrs. Harland and Wolff, Limited, 
Govan, for Messrs. The Hain Steamship Company, 
Limited, Cardiff. 

** Kurp.”’—Steel screw trawler. Launch, October 9. 
Main dimensions, 140 ft. by 24 ft. 6 in. by 14 ft. 3 in. 
Built by Messrs. Cochrane and Sons, Limited, Selby, for 
owners at Hull. 

“Wit1amM StracHAn.”’—Single-screw oil-tank motor- 
ship ; five-cylinder, single-acting, two-cycle Workman- 
Clark Sulzer-type Diesel engine. Launch, October 9. 
Main dimensions, 422 ft. by 55 ft. 3 in. by 33 ft. 6 in. 
Built by Messrs. Workman Clark (1928) Limited, Belfast, 
for Messrs. Oppen and Sorensens Tankrederi A/S., Oslo, 
Norway. 

“* Mapauiss,’’—Single-screw marine research steamer ; 
triple-expansion engine. Trial trip, October 10. Main 
dimensions, length 138 ft., breadth 23 ft. 6 in., dead- 
weight carrying ype 185 tons. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, New- 
castle-upon-Tyne, for the Coastguards and Fisheries 
Service of the Egyptian Government. 

‘“* Nore.’’—Single-screw oil-tank motorship;  six- 
cylinder, double-acting, two-stroke Wallsend-Sulzer 
Diesel engine supplied by Messrs. Wallsend Slipway and 
Engineering Company, Limited. Trial trip, October 14. 
Main dimensions, length 474 ft., breadth 59 ft. 6 in., 
deadweight carrying capacity 11,300 tons. Built by 
Messrs. Some, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for Messrs. Rasmussen og Moes Rederi 
A/S, Sandefjord, Norway. 

‘* MORGENEN.’’—Single-screw oil-tank motorship ; six- 
cylinder Neptune Atlas Polar Diesel engine. Trial trip, 
October 16. Main dimensions, length, 456 ft. ; breadth, 
58 ft. 9 in.; deadweight carrying capacity, 10,700 tons. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Newcastle-upon-Tyne, for Messrs. A/S Tank- 
transport, Tonsberg, Norway. 








Tue Late Mr. G. 8. Duncan.—We regret to note the 
death on September 4 last, at Black Rock, Victoria, 
Australia, of Mr. George Smith Duncan, formerly chief 
engineer of the Melbourne Tramways Trust, and con- 
sulting engineer to the Melbourne Tramway and Omnibus 
Company. A son of the late Mr. George Duncan, of 
Dunedin, New Zealand, Mr. George Smith Duncan was 
born in 1853, and received his general education in 
Scotland and at Clifton College, Bristol. Upon return- 
ing to New Zealand, he entered upon a pupilage of 
five years under Messrs. Thompson and Simpson, of 
Otago, and was subsequently appointed Provincial 
Engineer at Otago. In 1876, Mr. Duncan opened a 
private practice, and, among other works, carried out 
the laying of the Roslyn and Mornington cable tramway 
in 1883. Mr. Duncan is credited with having solved the 
problem of carrying the haulage cables round curves. 
A cable tramway for Melbourne having been decided 
upon, he was appointed chief engineer, and carried out 
the undertaking to a successful conclusion. He con- 
tinued to act as chief engineer of the Melbourne Tram- 
ways Trust for some years, but eventually returned to 
private practice, devoting himself mainly to mining 
engineering. Latterly he had given great attention to 
the problem of extracting gold from sea water. Mr. 
Duncan was elected to full membership of the Institution 
of Civil Engineers on December 6, 1887, 





TENDERS. 


WE have received from the Department ot Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Trimming Press.—The supply and delivery of one 
motor-driven double-type trimming press. The South 
African Railways and Harbours Administration, Johan- 
nesburg ; December 1. (Ref. No. A.X. 10,390.) 

Ventilating System—The supply of a_ ventilating 
a for Wynyard Station, Sydney Underground 

lectric Railway, Australia. The New South Wales 
Government Railways and Tramways; January 7, 
1931. (Ref. No. A.X. 10,401.) 

Crane Chains.—The supply of chains for hydraulic 
cranes at Antwerp Docks. The Municipal Authorities, 
Antwerp, Belgium; November 6. (Ref. No. A.X. 
10,413.) 

Steam Travelling Crane.—The supply and delivery of 
a 3 to 6-ton steam travelling crane mounted on a truck. 
Direction Générale des Travaux Publics, Casablanca, 
Morocco; December 1. (Ref. No, A.X. 10,406.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Mineral Resources of 
the United States. IL: 1. Fluorspar and Cryolite in 
1929. By H. W. Davies. [Price 5 cents.] II: 2. 
Fuel Briquets in 1929. By O. E. Kriesstrve and 
J. M. Corse. [Price 5 cents.] II: 24. Cement in 1928. 
By B. W. Baytey. [Price 10 cents.] Il: 26. Asphalt 
and Related Bitumens in 1928. By A. H. REDFIELD. 
[Price 10 cents.]. II: 27. Coal in 1928. By F. G. 
TRYON and OTHERS. [Price 30 cents.] II: 28. Mica 
in 1928. By B. H. Stopparp. [Price 5 cents.] II: 29. 
Petroleum in 1928. By G. R. Horpxmys and A. B. Coons. 
[Price 15 cents.] IL: 30. Coke and By-Products in 
1928. By F. G. Tryon and H. L. Brennir. [Price 
15 cents.] Washington : Government Printing 
Office. 

Experimental Mechanics of Materials. By H. Carrine- 
ton. London: Sir Isaac Pitman and Sons, Limited. 
[Price 3s, 6d. net.] 

Our Debt to Greece and Rome. Engineering. By 
ALEXANDER Purves Gest. London: G. Harrap and 
Company, Limited. [Price 5s. net.] 

Modern Workshop Practice. By E. Puiu. Seventh 
edition, revised. London: Crosby Lockwood and 
Son. [Price 15s. net.] 

The Romance of a Modern Airway. By Harry Harper. 
London: Sampson Low, Marston and Company, 
Limited. [Price 6s. net.] 

Department of Overseas Trade. Ei ie Conditi in 
Syria. July, 1930. Report. By R. Expon Etuison. 
London: His Majesty’s Stationery Office. [Price ls. 





net. ] 

Physikalische Chemie der Metallurgischen Reaktionen. 
Ein Leitfaden der theoretischen Hiittenkunde. By 
Dr. Franz SAUVERWALD. Berlin: Julius Springer. 
[Price 15 marks. ] 

United States Geological Survey. Water Supply Paper 
No. 631. Surface Water Supply of the United States, 
1926. Part XI. Pacific Slope Basins in California. 
[Price 65 cents.] No. 632. 1926. Part XII. North 
Pacific Slope Basins. [Price 25 cents.] Washington : 
Government Printing Office. 

Medical Research Council. Tenth Annual Report of 
the Industrial Health Research Board to December 31, 
1929. London: His Majesty’s Stationery Office. 
[Price 6d. net.] 

Department of Scientific and Industrial Research. Forests 
Products Research. Bulletin No. 7. Home Grown 
Timbers. Their Anatomical Structure and its Relation 
to Physical Properties. Elm. By H. CLARKE. 
London: His Majesty’s Stationery Office. [Price 
3s. 6d. net.] 

The Journal of the Iron and Steel Institute. Vol. CXXI. 
No.1. 1930. Edited by Gzorcr C. Luoyp. London: 
Offices of the Institute. 








PEeRsonAL.—The new address of Messrs. British 
Dardelet Threadlock, Limited, is Chase-road, London, 
N.W.10, and not Chase Works, as stated on page 493 
ante-—A l5-acre site has been purchased at Neasden, 
Middlesex, on which a modern factory and offices are 
being built for the manufacture of Bosch magnetos, 
dynamos, sparking plugs, electric horns, windscreen 
wipers, and other electric equipment. An English 
company is being formed to take over the present busi- 
ness in Bosch products in England, and to control the 
manufacture and sale of Bosch products for the British 
market.—Mr. William Reavell has been unanimously 
elected President of The British Engineers’ Association 
for the year 1930-31.—Messrs. The Howden-Buell 
Combustion Company, Limited, 130-132, Leadenhall- 
street, London, E.C.3, have appointed representatives 
to deal with their business in the British Dominions, 
namely, in South Africa, Messrs. Mann, George and 
Company (South Africa), Limited, Exchange Buildings, 
24, St. George’s-street, Cape Town; in New Zealand, 
Mr. G. L. Tacon, Exchange Buildings, Lambton-quay 
Wellington, New Zealand ; in New South Wales, Messrs. 
A. McArthur, Limited, 484, Kent-street, Sydney, 
Australia; in India, Mr. R. T. Morse, c/o Messrs. 
Macinnon and McKenzie, Bombay and Calcutta ; and 
as agents in the Midlands, Messrs. Wansbrough and 
Skelsey, 73/74, Exchange-buildings, New-street, Bir- 
mingham. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig 
are few and small, but are sufficient to absorb the output 
available for disposal on the market after producers 
have made provision for their own consuming depart- 
ments. Most of the limited make of iron is going into 
direct use in its molten state at producers’ works. Stocks 
are not of inconvenient dimensions and are not likely 
to increase. The business passing is almost confined to 
direct sales by ironmasters to home consumers, second- 
hands having little iron to offer, and export demand 
being quite trifling. Midland pig is still used to some 
extent on Tees-side, and Belgian iron is arriving steadily 
for consumption here, in fulfilment of the 5,000 tons 
contract arranged a little while ago. Makers’ fixed 
minimum figures for Cleveland pig stand: No. 1 grade, 
66s.; No. 3 g.m.b., 63s. 6d.; No. 4 foundry, 628. 6d. ; 
and No. 4 forge, 62s. 

Hematite-—The tone in the East Coast hematite 
department is somewhat markedly less cheerless than 
in some branches of the staple industry. The restricted 
make is inadequate to current moderate needs, but 
withdrawals from the heavy stocks are not large. Makers 
and merchants report further small sales to both home 
and overseas customers. Difference between values of 
hematite and Cleveland pig prices is about the same as 
ruled in normal pre-war days. Merchants have substan- 
tial quantities on hand, but are not disposed to resort 
to underselling producers to any extent to unload their 
holdings. Ordinary qualities are realising 71s., and 
No. 1 hematite is at a premium of 6d, 

Foreign Ore.—There is very little activity in foreign ore. 
Consumers are well placed as regards supplies, and are 
not at all disposed to discuss new business. Definite 
values are difficult to fix, but best rubio cannot be put 
at more than 17s. c.i.f. Tees. 

Blast-Furnace Coke.—Supply of Durham blast-furnace 
coke is plentiful, and sales are not easily effected. Prices 
are barely maintained, but sellers are very reluctant to 
reduce quotations and ask more for forward than for 
early delivery. Prompt parcels of good medium qualities 
are offered rather freely at 17s. delivered to works in 
this area. 

Manufactured Iron and Steel.—Scarcity of orders for 
manufactured iron and steel is very perturbing, as 
work on hand is being rapidly executed. Unless con- 
tracts are arranged soon, producers will be reluctantly 
compelled to lay more plant idle. Manufacturers of 
railway material, constructional steel, and sheets are 
still turning out considerable tonnage, but are urgently 
in need of orders. Demand for shipbuilding requisites 
is now light. The decision to leave steel prices unaltered 
caused little surprise, the opinion prevailing that reduc- 
tion of quotations would not induce buying of moment. 
Common iron bars are 101. 15s.; best bars, I1l. 5s. ; 
double best bars, 11l. 15s.; treble best bars, 12/. 5s. ; 
iron rivets, 11. 10s.; packing (parallel), 8/.; packing 
(tapered), 10/.; steel billets (soft), 6/. 10s. ; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel rivets, 11/. 5s.; steel ship plates, 8/. 15s. ; steel 
angles, 8l. 7s. 6d.; steel joists, 8/. 10s.; heavy steel 
rails, 8. 10s. for parcels of 500 tons and over, and 9. 
for smaller lots; fish plates, 127. 10s.; black sheets 
(No. 24 gauge), 9/.; and galvanised corrugated sheets 
(No. 24 gauge), 117. 12s. 6d. 

Scrap.—Heavy steel scrap is 47s. 6d. and is in fairly 
good request, but there is next to no activity in other 
descriptions of scrap, prices for which are weak. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Hull Coal Traffic.—Though 47,000 tons less than the 
tonnage of September last year, the quantity of coal sent 
to Hull last month, namely, 383,000 tons, was the largest 
recorded since March. It was 44,000 tons more than in 
August. This year the receipts, however, show a drop 
of 190,000 tons as compared with those for the first 
nine months of last year. Exports last month totalled 
138,000 tons for four weeks, compared with 173,000 tons 
for five weeks in August, and with 197,000 tons in Septem- 
ber last year. As compared with January to September 
last year, exports for the corresponding ror this year, 
namely, 1,451,000 tons, show a decline of 128,000 tons. 


Iron and Steel.—Steelmakers are suffering from 
restricted purchases on both inland and export accounts, 
and there is little to indicate that any considerable 
improvement may be expected in the early future. 
Overseas business is badly impeded by rising tariffs, 
while the almost total loss of markets like Russia, Turkey, 
the Balkan States, China, and Egypt, and the severe 
curtailment of business with India, militate severely 
against revival. Unemployment in these circumstances 
tends to expand, though everything possible is being 
done to maintain works in a state of mechanical efficiency 
with a view to benefiting from a turn in the tide if, and 
when, this matures. Despite expectations to the con- 
trary, steel prices are mainly unaltered. Makers con- 
sidered the position, but having regard to high wages 
costs, taxation, and other standing charges, they feel 
disinclined at the moment to make further concessions. 
Probably only one quarter of the furnaces in this neigh- 
bourhood are operating, and there is related depression 
at rolling mills and forges. Quotations: Siemens acid 
steel billets, 97. 10s.; hard basic-steel billets, 97. 2s. 6d. 
to 91. 12s. 6d.; medium-hard basic billets, 7/. 12s. 6d. 
to 81. 2s, 6d. ; soft basic-steel billets, 62., 61. 5s. to 61. 10. ; 
Derbyshire foundry pig iron, 68s. 6d. ; Derbyshire forge 
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iron, 64s. 6d.; crown irons bars, 10/. 5s.; iron hoops, 
121. ; steel hoops, 10/. to 101. 5s. ; basic-steel scrap, 50s. 
Orders are badly needed by makers of ship steel and 
railway steel. Sheffield expects to benefit from the 
booking of a large contract, by a concern associated with 
local undertakings, for the supply of electrical equipment 
in connection with Southern Railway developments. 
Considerable quantities of steel are going to makers 
of commercial motor lorries and omnibuses. The oil 
industry represents an expanding market from the 
standpoint of steel supply in the form of drills, drilling 
equipment, and pumping machinery. Steady business 
proceeds in crushing and boring plant, high-class hollow- 
drill steel, cold-wrought steel, hacksaws and blades, and 
in heat- and acid-resisting materials. Machine-tool 
manufacture accounts for a large output. 


South Yorkshire Coal Trade.—Industrial fuel meets 
with a disappointing demand. Deliveries to inland works 
are little larger than during the last holiday period, and 

rospects of expansion are far from bright. Export 

usiness is on a moderate scale: forward bookings are 
needed. Electricity works are taking larger supplies of 
slacks, and a somewhat livelier tone also marks business 
with the chemical and textile trades. Easy conditions 
govern the market for furnace and foundry coke, while 
steelmaking sorts represent a slow medium. House coal 
business improves slowly. Some of the local pits antici- 
pate a difficult winter. Quotations: Best branch hand- 
picked, 25s. 6d. to 27s.; Derbyshire best brights, 20s. 
to 22s. 6d.; Derbyshire best house, 19s. 6d. to 20s. 6d. ; 
screened house coal, 17s. 6d. to 19s.; screened house 
nuts, 14s. 6d. to 16s. 6d. ; Yorkshire hards, 14s. to 15s. 6d. ; 
Derbyshire hards, 14s. to 15s. 6d. ; rough slacks, 8s. 6d. 
to 9s. 6d.; nutty slacks, 6s. 6d. to 7s. 6d.; smalls, 3s. 
to 5s. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Conversations are still proceeding 
between representatives of the South Wales coalowners 
and the Miners’ Federation, in regard to the arrangement 
of an agreement to take the place of the present agree- 
ment which terminates on November 30. So far, how- 
ever, no progress has been made towards bridging the 
wide differences which prevail. It is even stated that no 
basis has yet been arrived at for a spread over of working 
hours, a matter considered essential by the mine owners, 
while the question of wages, too, has not been considered. 
With the time so short, and the prospects so gloomy, 
the outlook cannot be regarded as promising. Business 
at the same time is being held up, as consumers cannot 
see what advantage is to be gained by arranging contracts 
without securing some sort of guarantee of delivery, 
which colliery owners are not in a position to give. At 
the same time, the fact that heavy balances still have to 
be lifted on account of running contracts, makes consumers 
disinclined to commit themselves for further quantities 
ahead. The Algerian State Railways, however, want 
prices for 252,000 tons of patent fuel, and alternatively, 
25,000 tons of coal for delivery over 1931. Prices have 
also been requested from German makers, who, this 
year, supplied the bulk of the Algerian Railways’ require- 
ments, business for less than 100,000 tons coming to South 
Wales. In the past week shipments of coal as cargo 
foreign, were raised by 71,000 tons to 468,370 tons, as a 
result of the activity caused by a rush of tonnage which 
had previously been delayed by weather conditions. At 
Cardiff, clearances were raised by 26,000 tons to 241,730 
tons, at Swansea, by 10,000 tons to 68,030 tons, at Port 
Talbot, by 32,000 to 67,710 tons, and at Lianelly by 
4,000 tons to 10,600 tons, but at Newport, reduced by 
500 tons to 80,300 tons. Exports to France were increased 
by 17,000 tons to 147,610 tons, to Argentina by 8,000 
tons to 44,550 tons, to Brazil by 7,000 tons to 14,250 tons, 
to Italy by 9,000 tons to 87,650 tons, and to Canada by 
6,000 tons to 25,700 tons. Current inquiries, however, 
remain very limited, with supplies of large and small 
plentiful to meet the demand, and prices on the basis 
of the schedule of 20s. per ton for best Admiralty large, 
and 13s, 6d. for best steam smalls. The only section to 
show any strength is sized products, the make of which 
has been curtailed by temporary stoppages at the pits, 
and a lessened output of large. Dry nuts command 
20s. to 22s., with bituminous nuts from 18s, to 18s. 6d. and 
in some case it is difficult to stem cargoes. 








Iron and Steel.—Exports of iron and steel goods last 
week, at 12,498 tons, were 600 tons less than in the preced- 
ing six days. Shipments of tin-plates and terne-plates 
were reduced, from 10,533 tons to 8,028 tons, but of 
black-plates increased, from 395 tons to 525 tons, of 
galvanised sheets, from 896 tons to 1,600 tons, and of 
other iron and steel goods, from 1,194 tons to 2,345 tons, 








THe Unton-CasttE MororsHie ‘‘ WINCHESTER 
CasTLE’”’: Erratum.—In the account of the motorship 
Winchester Castle, built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. The Union-Castle Mail 
Steamship Company, Limited, which appeared in our 
last week’s issue, we stated, in referring, on page 492 
ante, to the life-saving equipment, that the boats were 
carried in a new form of gravity davit with electrically- 
operated hoisting winches, and that the whole equipment 
had been supplied by Messrs. Barclay Davit Company, 
Limited, City Chambers, Railway-place, Fenchurch- 
street, London, E.C.3. We have, however, since been 
informed that the hoisting winches for the davits were 
of the type patented by Messrs. Samuel Taylor and Sons 
(Brierley Hill), Limited, Brierley Hill, Staffordshire, 
and were manufactured and supplied by them. One 
of Messrs. Taylor’s"winches was illustrated and described 
in ENGINEERING, vol. cxxix, page 668 (1930). 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade are practically unchanged, and aivery poor demand 
exists. The more hopeful feeling, which has prevailed 
recently, is still noticeable amongst sellers, but as yet 
few of the inquiries have been translated into actual 
business, and it is this which counts. The works are 
being kept running but on a reduced output, and there- 
fore not on a very profitable basis. From the shipyard 
the demand remains poor, and there seems little prospect 
of much improvement from this source in the near future. 
The makers of black steel sheets are managing to main- 
tain quite a fair output at the moment, but business is 
not just so plentiful, especially for the heavier gauges. 
Galvanised sorts move slowly, and makers are dis- 
appointed that the easier prices now quoted have failed 
to bring forth much business. The following are the 
current prices :—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 15s. per ton; sections, 8/. 7s. 6d. per ton ; 
black steel sheets, }-in., 87. 15s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 117. 17s. 6d. per ton, 
all delivered at Glasgow stations. 

Malleable Iron Trade.—Depression is still general in 
the malleable-iron trade of the West of Scotland, and 
producers are hard put to it to keep plant running. The 
demand at present is undoubtedly very poor, and pros- 
pects are not bright. Re-rolled steel bars move slowly 
as buyers are tempted with very cheap prices for Conti- 
nental makes. Prices are quoted as follow :—‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 9/. 15s. per 
ton for export; re-rolled steel bars, 71. 7s. 6d. per ton 
for home delivery, and 7/. 5s. per ton for export. 

Scottish Pig-Iron Trade.—No expansion in business 
falls to be recorded in the Scottish pig-iron trade and 
stocks on hand, plus the output from the ten furnaces 
now in blast, seem more than equal to current demands. 
Exports continue on a very low level and inquiries are 
poor. A fair tonnage of pig-iron is still coming into this 
market from India and the South. Prices are nominally 
unchanged and are quoted as follows :—Hematite, 77s. 
per ton delivered at the steel works ; foundry iron No. 1, 
79s. per ton, and No. 3, 76s. 6d. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 18, amounted to 283 tons. Of this 
total, 255 tons went overseas and 28 tons coastwise. 
During the corresponding week of last year the figures 
were 415 tons overseas and 71 tons coastwise, making a 
total shipment of 486 tons. 

Pig-Iron Trade Wages.—Messrs. Kerr, MacLeod and 
Macfarlan, C.A., Glasgow, have issued the following 
memorandum to Messrs. James C. Bishop and Owen Coyle, 
joint secretaries of the Board of Conciliation for the 
Regulation of Wages in the Pig-Iron Trade of Scotland :— 
‘* In terms of the remit we have examined the employers’ 
books for July, August and September, 1930, and certify 
that the average net selling price is 3J. 17s. 2d.” This 
means that there will be no alteration in the wages of the 
workmen. 

Shipbuilding Contract.—Messrs. Arthur Guinness, 
Son and Company, Limited, Dublin, have placed an 
order with Messrs. Ailsa Shipbuilding Company, Limited, 
of Troon and Ayr, for a cargo steamer to be built to 
Lloyd’s highest class. The following are the dimen- 
sions :—length, between perpendiculars, 210 ft. ; moulded 
breadth, 34 ft. 3 in.; moulded depth to deck, 19 ft. 
This new vessel will be fitted with refrigerating plant 
to ensure that the cargo will be carried at the proper 
temperature. The hull will be laid down in the Company’s 
Troon yard, and the propelling machinery will be supplied 
from their Troon engineering works. 

The State of Trade.—For some time back there has 
been a decided quietness in most industries in this country, 
and partly through this and partly through a falling off 
in the demand from our overseas friends, the local steel 
and iron trades have suffered. A certain depression 
in most countries has been very prevalent also, and this 
has reflected on our sales overall, but another factor 
which has got to be remembered is that the Continental 
producers, feeling the effects of the world’s depression, 
are now introducing their manufactures into our markets 
here at ridiculously low prices. Pre-war prices have 
lately been equalled, and sometimes bettered, in the hope 
that orders may be secured so as to clear stocks and keep 
plant running. One example will be sufficient to illus- 
trate the situation at the moment. Sheet bars, from 
which black steel sheets are made, were quoted this 
week at 78s. per ton delivered works, which is a shilling 
or two under the pre-war figure. Offers on a par with 
this unsettled home buyers, and it is not surprising that 
they are tempted to pass business on to these sellers. 








ContTracts.—The associated company, in New York, 
of Messrs. International Combustion Limited—namely, 
Messrs. Combustion Engineering Corporation—have 
secured, from Messrs. Brooklyn Edison Company, 
Hudson-avenue, Brooklyn, a contract for eight boilers, 
the evaporative capacity of each of which is 530,000 Ib. 
per hour at a pressure of 500 lb. per square inch. The 
order also includes Murray fin-tube furnaces and fin- 
tube economisers. The boilers will be fired by multiple- 
retort underfeed stokers, 26 ft. 6 in. wide by 27 ft. deep. 
—Messrs. Transporting Machinery and Engineering 
Company, Limited, 76, Victoria-street, London, S.W.1, 
have received an order for the complete handling installa- 
tion for the new Tower Bridge wharf. This comprises 
five overhead electric travelling cranes, with gantries 
and steelwork for five bays, and one overhead runway 





provided with a 1-ton electric hoist block. 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate,S.W.1. Informal Meeting. ‘‘ What 
are the Desirable Objectives of the Age of Power.” 
Introduced by Mr. J. L. Hodgson. 


Junior INstiTUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Bitumen Emulsions, 
with Particular Reference to their Use on Indian Roads,” 
by Mr. A. P. Morris. Friday, October 31, 7.30 p.m. 
‘*The Two-Stroke Engine,” by Mr. E. T. Westbury. 


NortH or ENnGtanp INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 25, 2.30 

.m., Newcastle-upon-Tyne. ‘“‘The Pitman’s Yearly 

ond,’’ by Professor H. Louis. ‘‘The Surveying of 
Bore-holes,”” by Mr. J. T. Whetton. ‘‘ Machine Mining 
in Faulted Ground,” by Mr. A. L. Ford. ‘A Record 
of the Upper Carboniferous Non-Marine Lamellibranchs 
of Northumberland and Durham, and a Record of their 
Sequence,”” by Dr. W. Hopkins. 


INstITUTE oF British FounpRYMEN.—East Midlands 
Branch: Saturday, October 25, 6 p.m., College of 
Technology, Leicester. ‘“‘The Human Factor in the 
Jobbing Foundry,” by Mr. A. S. Worcester. Newcastle- 
on-Tyne and District Branch: Saturday, October 25, 
6.15 p.m., Neville Hall, Newcastle-on-Tyne. ‘‘ Tho 
Production of Large and Medium-Sized High-Class 
Iron Castings,’’ by Mr. W. Scott. Wales and Monmouth 
Branch: Saturday, October 25, 6.30 p.m., Technical 
College, Newport. ‘‘ Making Moulds without Patterns,” 
by Mr. J. Bennett. Lancashire Branch, Junior Section : 
Saturday, October 25, 7 p.m., College of Technology, 
Sackville-street, Manchester. Presidential Address > 
Mr. H. V. Grundy. ‘“‘ The Production of Gear Wheels,” 
by Mr. R. Yeoman. 
INSTITUTION oF ELEcTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, October 27, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. Chairman’s Address, by 
Mr. B. H. Leeson. North Midland Centre: Tuesday, 
October 28, 7 p.m. Hotel Metropole, Leeds. Chair- 
man’s Address, by Mr. H. G. Fraser. Scottish Centre : 
Tuesday, October 28, 7.30 p.m. Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Chairman’s Address, by Mr. E. Seddon. 
London Students’ Section : Friday, October 31, 6.15 p.m. 
Victoria-embankment, W.C.2. Address by Mr. H. T. 
Young on “Is the Engineer of To-day Making the Beat 
of His Opportunities in Electrical Development in this 
Country ?” 
Institute oF Mertats.—Swansea Local Section: 
Tuesday, October 28, 6.45 p.m., Thomas’s Café, High- 
street, Swansea. ‘‘ Impurities in Copper,” by Dr. W 
Rosenhain. 
SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 28, 7.30 p.m., 198, West-street, Sheffield. 
‘‘ Nitride Hardening,”’ by Dr. W. H. Hatfield. 
InstTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, October 28, 7.30 p.m. King’s Head 
Hotel, Coventry. Presidential Address. ‘The Future 
Trend of Automobile Design,” by Sir H. Austin, and at 
Manchester Centre: Thursday, October 30, 7 p.m., 
Engineers’ Club, Albert-square, Manchester. 
INsTITUTION OF CIvIL ENGINEERS.—Manchester and 
District Association: Wednesday, October 29, 6 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. “‘The Buildings of some 
American Cities,” by Mr. L. A. Gerrard. Yorkshire 
Association: Thursday, October 30, 7.30 p.m., Hotel 
Metropole, Leeds. Chairman’s Address, by Dr. J. 
Miller. 
Institution oF Locomotive ENnGINEERS.—Thursday, 
October 30, 6 p.m., Denison House, 296, Vauxhall Bridge- 
road, 8.W.1. ‘‘ Compound Locomotives,” by Mr. E. W. 
Selby. 
INSTITUTION oF CHEMICAL ENGINEERS.—Friday 
October 31, 6.30 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘* High-Pressure Reac- 
tions,”” by Professor W. A. Bone. 








Pusiic HeattH ConeRress.—The programme of the 
Public Health Congress, to be held at the Royal Agricul- 
tural Hall, Islington, London, N.1, from November 17 
to 22, has now been finally settled. Morning and after- 
noon meetings will take place on each day from Monday, 
November 17, to Friday, November 21. Among the 
papers to be read at sectional meetings to be held under 
the auspices of various associations, including the Insti- 
tution of Municipal and County Engineers, the Associa- 
tion of Managers of Sewage Disposal Works, the British 
Waterworks Association, and the Institute of Public 
Cleansing are the following: ‘‘ Modern Treatment of 
Sewage, especially as Affecting Trade Wastes,” by 
Mr. T. P. Francis (November 19, at 11 a.m.); ‘‘ Colloids 
in Relation to Sewage Purification,” by Mr. H. Wilson ; 
and “‘ Experiments on Sludge Digestion and Gas Produc- 
tion at Different Temperatures,”’ by Mr. J. T. Thompson 
(November 20, at 1la.m.); ‘‘ The Afforestation of Water- 
sheds,” by Mr. R. L. Robinson; “The Land Drainage 
Act, 1930, in Relation to River Pollution Prevention,” 
by Mr. A. Bebbington; and ‘“‘ The Rural Water-Supply 
Problem,” by Mr. D. F. Worger (November 20, at 3 p.m.) ; 
and ‘“‘ The Future of Public Cleansing Work,” by Mr. H. 
Cook (November 21, at 11 a.m.). An exhibition is also 
being held, and it is reported that upwards of 35,000 sq. ft. 
of floor space have already been taken by firms who 
are exhibiting machinery, equipment, and materials 
incidental to the public health and hospital services. 
The offices of the Congress are at 13, Victoria-street, 
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the total plants, 999 were actually operating by the 
beginning of 1930 and 36 were shut down, whilst, two 


by the Bureau of Mines there were, by January, 1930, | years previously, 1,060 plants had been operating and 
1,035 natural motor-spirit plants in the United States,with | 95 had been shut down. This indicates a tendency to 
a total daily capacity of 10,516,000 gallons. Comparison | dismantle plants as soon as they become unprofitable. 
with the last survey of 1928 showed that the number | The daily capacity of the shut down plants represented 
of plants had decreased by 120 in the last two years, | only 2 per cent. of the total, whilst the refining industry 
but the aggregate daily capacity had increased by | had 5 per cent. of its plants idle. During 1929 the plants 
2,468,000 gallons, or 31 percent. This increased capacity | had worked at 61 per cent. of their capacity. Of the 
was mainly due to the flush oil production in the Santa | dismantled plants, 60 were in the Oklahoma district 
Fé Springs of California, which have a comparatively | which still ranked first in the number of plants, California 


high gas-oil ratio and include the largest of the plants. Of ! coming next; in capacity the order was reversed, Cali 


NaTURAL Moror-Sprrit PLANTs IN THE UNITED STATES. 
--Aceording to recent reports which have been received 
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Rook ExcavaTION WHERE SUBWAY CHANGES FROM SINGLE TO 


DovusLE DECK. 


fornia leading owing to the average size of the plants, 
over 20,000 gallons, against less than 1,000 gallons 
in Pennsylvania. As regards methods of extraction, the 
absorption method advanced further in the last two years, 
at the expense of compression and charcoal methods, and 
represented, in January, 1930, 76 per cent. of the total ; 
it is chiefly the charcoal method, the most recent of the 
three, which has declined. Further statistical particulars 
as to States and companies are given in Information Cir- 
cular 6279 of the Bureau of Mines, drawn up by G. R. 
Hopkins and E. M. Seeley. The circular does not contain 
any other information. 
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MACHINERY FAILURES. 


A PREFATORY note to this year’s technical report 
of the British Engine Boiler and Electrical Insurance 
Company, Limited, raises the question whether these | 
reports should be continued in the form originated | 
by the late Mr. Michael Longridge, or whether it 
might not be more advantageous to the profession 
generally, if future technical reports were confined 
to the discussion of cases which have involved 
special research. One answer to these queries seems 
to be supplied by the fact that applications for these 
reports have in the past come from every corner 
of the globe. This has undoubtedly been largely 
due to the very fact that in no other publication was | 
there the same authoritative and detailed description | 
of actual mishaps. It is no doubt quite true that | 
there is a general similarity between the troubles | 
recorded from year to year, but it must be borne in 
mind that there is also each year a new crop of 
aspirant engineers to be educated, and there is | 
in some directions a tendency for college courses to | 
become academic, and for teachers to ignore what | 
they are unable to explain. Moreover, the older 
generation of draughtsmen had commonly more 
shop experience, particularly in repair work, than 
their successors get to-day. To some extent this is 
attributable to a continued improvement in design, 
so that failures in established lines of manufacture 
are increasingly rare, and this very fact increases 
the importance of technical reports on such break- 
downs as still occur. Moreover, the very faults 
condemned repeatedly in past reports are still in 
evidence. Fillets, for example, are often inadequate 
or even omitted. Moreover, factors of safety must 
in the ultimate be based on experience. Who, for 
example, is prepared to fix from purely a priori 
considerations the safe working stress on the web of a 
gas engine crankshaft. The report under review 
states that, as usually calculated, it should not 
exceed 12,500 Ib. per square inch when the material 
is good carbon steel, and a case is noted in which 
failure occurred after two and a half years’ opera- 
tion, when the stress was 16,800 Ib. per square inch. 
This particular shaft was a replacement, its pre- 





512 | 
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decessor having had a very similar length of life. 
The engine in question was of Continental make, and 


‘|on the Continent not a few engineers hold the view 
509 | that working stresses can be fixed solely on the 


basis of the elastic limit of the material. 

It is not only the rising generation of engineers 
which requires instruction as to what actually 
happens to machinery in service, but users have 


=1g/also to be educated. A large proportion of the 

518 : : p ; 

519 | accidents discussed in these reports have always 
| been due to ignorance or remissness on the part of 


owners or attendants. Connecting rod bolt failures, 
for example, may have very serious consequences 
and are often attributable to no fault in design or 
material, but to the undetected slacking of one nut, 
thus throwing an excessive load on the other bolt. 
It is quite true that our best engineering firms 
now have research departments, but the laboratory 
can never be a complete substitute for experience. 
Of recent years a number of high-speed generators 
rotors of continental make have burst during normal 
running, although the steel had been selected and 
heat-treated on the basis of exceedingly thorough 
and comprehensive studies in the laboratory. Only 
very meagre details of these accidents have been 


| published, but had the machines been insured by a 
' company issuing reports similar to those inaugurated 


by the late Mr. Longridge, the profession generally 
would have been put in possession of complete data. 
Again, whilst there have been many failures of 
steam turbines by disc vibration, it is generally only 
in such reports that particulars are made available 
to those not immediately concerned. An exception 
must, however be made in the case of certain 
accidents of this kind which have occurred in the 
United States. Here very full particulars have, 
in some cases, been given, even if accompanied 
by the somewhat absurd comment that the accident 
was in no way due to defects either in design, 
material or workmanship. 

Again, it is very important to have reiterated 
year by year the experience of the insurance com- 
panies in the matter of cracks. In the colleges, 


-' eracks are commonly considered to be so dangerous 


as to necessitate immediate replacement of the 
part affected, but experience shows that this is not 
always the case. Wrought iron shafts with axial 
cracks may, it is found, be run with perfect safety, 
though the crack must be watched, since if it begins 
to extend circumferentially it becomes dangerous. 
Such cracks are also not necessarily fatal to steel 
shafts, but with this material there is a greater 
tendency for the crack to branch off circumferentially, 
but even then due warning is given. Whether 
the newer alloy steels will prove as safe in similar 
conditions is, perhaps open to question, and with 
high speed machinery the warning given may be 
short. 

Much has still to be learnt regarding the proper 
treatment of these new steels, which, in spite of 
their high tenacity, will not withstand as severe 
punishment as the milder material. The difference 
between the two types is perhaps best displayed 
by the Haigh method of plotting on the same 
diagram the tensile strength, the yield limits 
and the endurance limit of the different varieties 
of steel. The incapacity, to take punishment, 
of some of these alloy steels is illustrated by an 
accident described in the report under review. 
The wheel of a turbine of the de Laval type broke 
at the safety groove and wrecked the whole machine. 
The crack started at a chisel mark which had been 
made in the groove, which would probably have 
been innocuous had the material been mild steel 
instead of a nickel-chrome alloy. The peripheral 
speed of the wheel in normal working was 1,190 ft. 
per second and the corresponding stress in the 
safety groove was about 12-8 tons per square inch 
as a maximum, the tensile strength of the material 
being between 50 and 60 tons per square inch. An 
examination of the material made after the accident 
indicated that the metal had been rendered 
“temper brittle” by being cooled too slowly in the 
tempering process. 

A similar accident occurred with another wheel 
of the same type. In this case the peripheral 
speed was 765 ft. per second, and the wheel had 
been made out of a carbon steel containing 0-94 
per cent. of carbon. Here, again, defective heat 
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treatment was at least partially responsible for the 
accident. In another accident to a steam turbine 
the insurance company sanctioned the running of a 
shaft which had become bent and been cold straight- 
ened. In spite of the resultant heavy internal 
stresses, the shaft has given no further trouble 
during the 18 months which have elapsed since it 
was put to work again. The original accident was 
in part due to the fact that the running speed was 
above the critical. 

In view of the failure last year of an outdoor 
boiler, due to corrosion of plating hidden by brick- 
work, the Home Office has now made a rule that, in 
the case of boilers seated in the open, the brickwork 
must be removed at least once in six years, and at least 
once in ten years in other cases. The past practice 
of the insurance companies had been to treat each 
case on its merits and to insist on frequent inspec- 
tions where there was danger from damp; but their 
experience did not justify the removal of brickwork 
in other cases. 

It is of interest to note that three boilers to work 
at a pressure of 1,400 lb. per square inch are now 
being built under the supervision of the company’s 
inspecting staff. It seems probable that the final 
form of these super-pressure boilers has still to be 
settled. Tubes which are liable to be alternately 
wet or dry are apt to become overheated, with 
consequent deterioration of the metal. One instance 
of this is discussed in the report. 

Considerable space is again devoted to the dis- 
cussion of fusion welding and among the many 
experiments made was a comprehensive series which 
confirmed the view expressed in last year’s report 
that access of nitrogen to a weld leads to an acicular 
structure. Covered electrodes again showed marked 
superiority over bare wires. 

Preliminary tests of welding by atomic hydrogen 
are also described in the report, most promising 
results being achieved. In this process the source 
of heat is a short electric arc played between two 
thin tungsten electrodes, mounted in tubes, through 
which a supply of hydrogen is forced under a pressure 
of one Ib. per square inch. The hydrogen becomes 
atomised as it passes the arc, and a flame of this 
atomised gas is projected on to the work. Very 
high local temperatures are thus attained. 

A study of Continental conditions has led the 
compilers of the report to assign the lead to 
Switzerland, where fusion welding has been the 
subject of exhaustive experiments made largely 
under the direction of M. Hoehn, chief engineer 
to the Swiss Steam Users’ Association. As one 
result, about 95 per cent. of boilers and pressure 
vessels constructed in Switzerland for pressures 
up to 400 lb. per square inch are, it is stated, now 
fusion welded, and the same process has been used 
for an experimental locomotive boiler intended for a 
working pressure of 850 lb. per squareinch. Carbon- 
are welding is forbidden for all pressure vessels, and 
is considered so inferior that it is not used even for 
welding flanges. 








THE DETERIORATION OF STRUC- 
TURES IN SEAWATER. 


Since 1916 a Committee of the Institution of 
Civil Engineers has been investigating the deteriora- 
tion of structures of timber, metal, and concrete 
in seawater. Its first report was published in 
1920, and its eleventh (interim) report has just 
appeared.* Whether by coincidence or not, the 
present report, which now is published without the 
assistance of the grants that were given by the 
Department of Scientific and Industrial Research 
until March, 1928, appears under some headings 
to be more drastically summarised than its prede- 
cessors. In respect, for instance, of the last set 
of the numerous iron and steel specimens exposed 
for five years, which consisted of eighteen soft-grade 
chromium-steel bars, treated in various ways and 
exposed at Plymouth, Dr. J. Newton Friend, 
who has carried out this work for the Committee, 
gives no figures of the results he has obtained. 
Among other results, he reports that, judged by 
loss of weight and depth of pitting, the resistance 
of the steel to corrosion by sea action does not 





* Department of Scientific and Industrial Research. 
His Majesty's Stationery Office. 
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appear to be increased by cleaning, whether by 
pickling or polishing, or by heat treatment. Both 
in the alternate wet-and-dry and in the complete 
immersion tests, the heat-treated and cleaned 
specimens suffered in general more severely than 
the bars exposed with the skin on. It was found, 
further, that better results were obtained by quench- 
ing followed by tempering than by annealing. 

The usual periodical examination has been made, 
after about eight years’ exposure, of the iron and 
steel bars exposed at Auckland, Halifax, Colombo 
and Plymouth, showing varying progress of corro- 
sion, but no final dismantling for intimate observa- 
tion was due to be made in the period under notice. 

A progress report for the year was made on the 
first series of painted steel plates exposed to aerial 
corrosion at Southampton over five years pre- 
viously. Of the nineteen types of protection, in- 
cluding galvanising, none has been absolutely 
unattacked, but a great many are in very good 
condition, and deterioration had not proceeded far 
enough to justify dismantling. 

A series of 240 plates, prepared also by Dr. 
Friend, have been exposed at Southampton and 
at Weston-Super-Mare respectively for seventeen 
months and twenty-eight and a-half months. 
These have been protected by a variety of tars— 
in some instances with the addition of slaked lime 
and of paraffin wax. The coating of some plates 
was applied at 80 or 50 deg. C., and on others 
the tar was applied at about 200 deg. C. to cold 
plates, and in one instance to hot plates of the 
same temperature. Two series of specimens were 
also treated with white lead in addition to tar, 
separated from it by several coatings of shellac 
varnish. In one instance the plates were coated 
as rolled with the millscale adherent, but in all the 
remainder they were sand-blasted, The con- 
tinuously-immersed plates at Weston-Super-Mare 
broke adrift and were lost. 

At Southampton the completely-immersed 
plates invariably suffered greater loss through 
corrosion than those exposed at half-tide level. 
At both ports the addition of slaked lime to the 
horizontal-retort tar gave a distinctly better 
result, both in appearance and in resistance to 
corrosion, than the pure tar, but the addition to 
the vertical-retort tar had practically no affect, 
and, indeed, gave rather worse results than were 
obtained with the unneutralised tar. The addition 
of 5 per cent. of paraffin wax, on the other hand, 
made an appreciable improvement in the pro- 
tective qualities of the vertical-retort tar. Generally 
the horizontal-retort tar proved to be very much 
superior to the vertical-retort tar, the latter of 
which in the series at 80 deg. C. lost three to six 
times as much in weight as that of the horizontal- 
retort tar, and when applied at 200 deg. C. lost 
six to ten times as much. While in general tar 
applied at 200 deg. C. gave better results than tar 
applied at 80 deg. C., the application of hot tar 
to plates at the same temperature was not in general 
very successful. It is suggested that the plates 
should only be warm enough to ensure their com- 
plete dryness, and that probably about 100 deg. C. 
is suitable for the tar in most conditions. On the 
whole, tarring by painting over the mill-scale 
was found unsatisfactory. Painting with white 
lead on top of the tar, with coats of shellac varnish 
interposed, was very successful. 

On the occasion of the failure of the zinc coating 
of the corrugated iron sheeting of a building in 
Chatham Dockyard in 1916, comparative tests 
were instituted as to the durability of various 
graphite paints, as compared with dockyard mixed 
red oxide and with navy grey paints. The building 
was examined towards the end of 1929 as to the 
condition of the various coatings, a statement of 
which is included in the report. The most satis- 
factory results were obtained from two coats of 
natural graphite, and also from two coats of oxide 
of iron, each of these appearing to be as good as 
new. The result of substituting a coat of foliated 
graphite, though more expensive, was not quite 
so good, while the grey paints were decidedly 
unsatisfactory. It is to be observed that the 
oxide of iron was much the cheapest. 

‘¥In Professor George Barger’s report a large 
number of specimens of test blocks or posts, im- 


pregnated with preservative compositions and 
exposed in the waters of Colombo and Singapore, 
are dealt with. Some definite conclusions are 
beginning to emerge. It appears to be clear, for 
example, that the Griffith process, in which the 
timber is impregnated under normal pressure, 
is markedly inferior in uniformity of penetration 
to the Bethell pressure process, in which a vacuum 
of 10 in. and a pressure of 190 lb. per square inch 
are both used. A similar result is that when a 
disinfectant for teredo is applied by boiling in 
alcoholic solution the impregnation was likewise 
liable to be incomplete. Of the several arsenical 
disinfectants that have been applied, one has 
shown complete disinfection in all blocks where 
2 per cent. was used, and in all but one with 0-6 per 
cent., though the insects had eaten the timber away 
sharply up to the zone where the impregnation 
had been imperfect. It has already been shown 
that, at least in the Colombo water, creosoting 
affords complete protection for some five years, 
and further results will have to be awaited before 
it can be known to what extent the new arsenical 
disinfectant or poison enhances the resistance to 
teredo of the creosoted timber treated with it. As 
a vehicle for conveying the disinfectant, fuel oil 
has been tried very fully, and has proved strikingly 
disappointing in respect of uniformity of impregna- 
tion. The present problem appears, in fact, to be 
not so much that of finding a disinfectant as of 
finding a vehicle by which it can be conveyed. 
Some recent results seem, however, to show a 
possibility of obtaining such a vehicle in the form 
of Pintsch gas tar. Mr. J. Marchbanks, engineer 
of the Wellington Harbour Board, exposed in 
1925 four white pine posts impregnated with this 
tar, and four others, untreated, as controls, and 
found that in July, 1929, the four treated posts 
appeared to be sound, while the untreated controls 
had disappeared by 1928. This tar is left in the 
process of making gas from the petroleum fraction 
known commercially as mineral colza, and soft 
timbers absorb it very readily. The observations 
are being continued, and it is remarked that if 
ultimately the protection obtained in this way 
should prove inadequate, it could doubtless be 
increased by adding a proportion of the arsenical 
poison. 

Professor S. M. Dixon has prepared a series of 
specimens for investigating at Kilindini and 
Mauritius the protection afforded by naphthalene, 
either alone or with creosote, and also with the 
most effective arsenical poison in 3 per cent. 
solution. Professor Dixon also describes a method 
of incising timber before impregnation, which, 
without affecting the longitudinal compressive 
strength of the timber, enables more than twice 
as much of the creosote to be impregnated. 

Among other observations of timber specimens 
which have not been deteriorated sufficiently to 
enable useful conclusions to be drawn, greenheart 
and creosoted redwood exposed at Leith Docks 
since 1923 remain still practically immune from 
attack, and turpentine and greenheart exposed 
since 1917 at Auckland appear also to be sound. 

The exposure of the committee’s reinforced- 
concrete test piles in seawater at Sheerness, and in 
artificial seawater of three times the normal con- 
centration at the Building Research Station at 
Watford, has not proceeded far enough to yield 
significant results. There are indications, how- 
ever, of change, especially in the Watford speci- 
mens, and careful photographic records are being 
kept for comparison in future examinations. 

A report by Mr. Raymond Carpmael gives par- 
ticulars of some repairs made between 1922 and 
1925, on a reinforced concrete wharf at Swansea, 
which was observed to be defective in 1913. The 
interest of this work lies in the fact that in the 
first portion, which was merely picked before 
cement gun was applied, old cracks began to 
reappear after six months; but in the remainder of 
the repairs, where all poor concrete was chipped 
away from the underside and the flanks of the 
beams, and the cement-gun material was applied 
to form practically a new beam with ample, depth 
of cover over the reinforcement, the work appears 
to be still in good condition. A similar experi- 
ence was recorded in the previous report by 
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Mr. E. A. Cullen at Brisbane, who found that repairs 
by a cement gun over cracked and rusted reinforced 
concrete became rapidly unsound. While, however, 
at Swansea a considerable thickness of concrete 
had been applied satisfactorily by the gun, Mr. 
Cullen found at Brisbane that long cracks tended 
to occur in parts of beams built up with the gun, 
and he had found it more effective to plaster all 
the surface with mortar, and give a final protective 
coating with the cement gun. 








STANDARD PRACTICE IN STEEL 
STRUCTURES, 


In spite of the increasing use that is being made of 
steel in the construction of buildings of large and 
moderate size, it is probably not too much to say 
that full advantage is not being taken of the qualities 
that this material undoubtedly possesses. This 
is partly due to a lack of extended knowledge of its 
strength characteristics when loaded and partly 
to the existence of codes, which have not kept pace 
with modern developments. Progress therefore 
depends on the dissemination of more information 
about the properties of structural steel and, what is 
perhaps more important, the revision and unifica- 
tion of the building codes. In the latter connection, 
it is obviously uneconomic that there should be not 
one but several codes in the country, the contents 
of which differ from each other mainly in detail. 
On the technical side, the Department of Scientific 
and Industrial Research, after consulting with the 
Institution of Civil Engineers, has accepted an 
offer of 2,000/. per annum for five years from the 
British Steelwork Association, and has appointed 
a committee, under the chairmanship of Sir Clement 
Hindley, to review present methods and regulations 
for steel structures, to investigate the application 
of modern theory to designs, and to make recom- 
mendations for the translation into practice of such 
results as would appear likely to lead to more 
efficient and economical design. This committee 
has already decided to prepare an interim report 
setting out a code for the use of steel in building, 
and, with the object of bringing their work to the 
notice of those authorities who have statutory 
control over building operations in this country, 
called a conference which was held at the Institu- 
tion of Civil Engineers on Thursday, October 16. 

This conference, which was attended by repre- 
sentatives of nearly all the professional and trade 
organisations concerned in the use of steel, and every 
section of the building industries, as well as by 
officials of the Ministry of Health, the Home and 
Colonial Offices, the Dominion and Indian High 
Commissioners, the London County Council, and 
other local authorities, passed a resolution, which was 
perhaps a little indeterminate, expressing the 
opinion that it would be valuable to have a standard 
practice for the employment of structural steel in 
building, and trusting that all concerned would take 
steps to ensure that the work of the Steel Structures 
Research Committee would be effectively applied 
as they accrued. Referring to the proposed code, 
Sir Clement Hindley said it was hoped that, as 
research proceeded, the results obtained would 
be incorporated from time to time and thus become 
available in practice, the object of the framers being 
not hard-and-fast, but progressive, standardisation. 
Mr. W. T. McLellan, president of the British Steel- 
work Association, added that the industry was 
acutely conscious of the need for a standard practice, 
and that this was an opportunity to add their 
contribution to this measure of self-help. Mr. 
A. N. C. Shelley, of the Ministry of Health, however, 
sounded another note when he said that the Minister 
was considering how far the result of the conference 
could be applied while retaining the fullest possible 
local freedom in by-laws. 

In that statement lies the greatest, if not the only, 
obstacle to development, for each local authority 
is entitled to frame its own bye-laws independently 
of others, though in fact this power is to some extent 
controlled by the Ministry of Health. As far as 
steel work is concerned, however, the only require- 
ment imposed by the latter body is due stability, 
so that unless there is a local Act there is no legal 
impediment to the ordinary use of structural steel 


in practice the idiosyncracies of local surveyors, 
or their committees, may act as a brake on develop- 
ment. Where this happens, it is to be hoped that the 
work of the committee will provide a necessary 
lubricant. The fact that an authoritative working 
guide to the practice of steel construction is avail- 
able for the whole country should discourage 
misplaced individuality and assist in bringing about 
standardisation. It is obvious, therefore, that as 
much attention must be paid to this point as to the 
collection of technical data, important though that 
admittedly is. 


A YEAR’S SHIPBUILDING. 


Tue outlook in the shipbuilding industry is very 
far from bright as, owing to a combination of 
causes, shipping freights have, for some time past, 
been at very low, and, in many cases, unremunera- 
tive levels. In these circumstances, shipowners are 
reluctant to order new cargo vessels, especially as, 
during the past year, there has been a considerable 
increase in the number of ships laid up throughout 
the world, Altogether, it appears evident that the 
continued growth of the world’s merchant fleets 
has not been counterbalanced by an equivalent 
expansion in overseas trade, and, until the latter 
improves, the shipping industry can scarcely hope 
for an improvement in the present conditions. In 
spite of these adverse circumstances, however, the 
number and gross tonnage of new vessels, quoted in 
the annual report of Lloyd’s Register of Shipping 
for 1929-30 as being classed by the Society during 
the twelve months ending June 30, 1930, were 
637 and 1,807,816, respectively, compared with 
547 vessels and 1,748,507 tons during the previous 
year. The report adds, however, that the increase 
recorded is largely due to vessels intended for 
carrying oil, oil-tank ships representing 20 per cent. 
of the tonnage classed. Furthermore, of the 
601 vessels, aggregating 2,081,610 tons, for which 
plans were approved by the Committee of the 
Society during the course of the year, as many as 
55 per cent. were oil-tank ships. Incidentally, the 
figures just quoted are the highest reached since the 
record year of 1920. Of the projected tonnage, 
59-89 per cent. is to be constructed in this country. 
Before leaving the subject it should be stated that, 
about a year ago, there was, it appears, a world 
shortage of oil-tank ship tonnage, which is now, 
however, rapidly being overcome. 

Of the vessels built during the year under review 
and classified by the Society, 22 are of 10,000 tons 
and upwards. Six of these are steamships and the 
remainder are motorships. The largest vessel on the 
list is the 26,032-ton turbine steamer Empress of 
Japan, owned by Messrs. Canadian Pacific Steam- 
ships, Limited, and built and engined by Messrs. 
Fairfield Shipbuilding and Engineering Company, 
Limited, Govan.* Next in order of size comes the 
Orient Steam Navigation Company’s 19,970-ton 
turbine steamer Orontes, built and engined at the 
Barrow shipyard of Messrs. Vickers-Armstrongs, 
Limited. The third and fourth largest are, 
respectively, the 17,801-ton whale-oil refinery S.S. 
Kosmos, owned by Messrs. Hvalfangerselskapet 
“Kosmos”? A/S, Sandefjord, Norway, and the 
17,498-ton motorship Chichibu Maru owned by 
Messrs. Nippon Yusen Kabushiki Kaisha. The 
first of these two vessels was constructed and engined 
by Messrs. Workman, Clark (1928), Limited, Belfast. 
The remainder of the ships of over 10,000 tons are 
mostly British-built and owned and include the 
16,955-ton Nippon Yusen Kaisha motorships 
Asama Maru and Tatsuta Maru, the 16,737-ton 
motorship Rangitata, owned by the Federal Steam 
Navigation Company, Limited, the 16,733-ton 
New Zealand Shipping Company’s motorship 
Rangitane, and the two 14,129-ton motorships 
Highland Hope and Highland Princess, owned by 
Messrs. Nelson Steam Navigation Company, Limited. 
To this list may be added the name of the largest 
British motorship, the Britannic, a vessel of 26,943 
tons, which was completed early in July by Messrs. 
Harland and Wolff, Limited, Belfast, for Messrs. 
Oceanic Steam Navigation Company, Limited, 
London. An illustrated description of the Britannic 
appeared on page 836 of our vol. cxxix (1930). In 














work, Plans have, however, to be submitted, and 





addition to the vessels mentioned above, a number of 
ships are in course of construction to the Society’s 
classification. The most noteworthy of these is 
the 50,000-ton quadruple-screw turbine steamer 
Rex, which is being constructed by Messrs. 
* Ansaldo,” S.A., Genoa, for the Navigazione 
Generale Italiano; she is said to be the largest 
vessel ever laid down in Italy. Another large 
Italian vessel at present in hand is the 46,000-ton 
turbine steamer Conte Di Savoia, which is being 
constructed at Trieste by the Cantieri Riuniti 
dell’ Adriatico, for Messrs. Lloyd Sabaudo, S.A. A 
third large ship now under construction is the 42,000- 
ton quadruple-screw Canadian Pacific turbine 
steamer Empress of Britain, which is being built 
by Messrs. John Brown and Company, Limited. 
The most outstanding vessel for which plans have 
recently been approved by the Society for classifica- 
tion in Lloyd’s Register Book is the new steam liner 
to be built by Messrs. John Brown and Company, 
Limited, for the Cunard Steamship Company, 
Limited. She will be the largest passenger vessel 
ever built. 

Bulk-oil carrying ships of all types, built under 
the superintendence of the Society during the 
twelve months covered by the report, totalled 67, 
making together 351,313 tons. The important 
position now held by oil tankers is shown by the 
fact that the tonnage of these vessels, as recorded 
in Lloyd’s Register Book, increased from 1,478,988 
gross tons in July, 1914, and 3,354,314 tons in 
July, 1920, to 7,627,904 tons in July, 1930. 

Turning now to marine propelling machinery, we 

learn from the report that 13 vessels, aggregating 
100,486 tons and classified by the Society, are fitted 
with steam turbines. In one case, that of the 
S.S. Santa Clara, a ship of 9,373 tons, the turbo- 
electric drive was installed. Turbo-electric pro- 
pelling machinery is also being employed in three 
large ships now under construction in this country 
by Messrs. Vickers-Armstrongs, Limited, namely, the 
21,500-ton steamers Strathaird and Strathnaver 
for the Peninsular and Oriental Steam Navigation 
Company, and the S.S. Mid Ocean, of 17,500 tons, 
for Messrs. Furness, Withy and Company, Limited. 
The engines for the two P. and O. vessels are being 
constructed by Messrs. British Thomson-Houston 
Company, Limited, Rugby, and those for the Mid 
Ocean by Messrs. The General Electric Company, 
Limited. The Bauer-Wach system has _ been 
adopted in nine new vessels, totalling 45,430 tons, 
classed by the Society during the year under review. 
In another new vessel, the 5,698-ton S.S. City of 
Barcelona, which is fitted with steam reciprocating 
engines, an exhaust steam turbine drives a directly- 
coupled electric generator, and this supplies power 
to a motor mounted on the intermediate shafting. 
Oil-fuel burning equipments have been installed in 
61 steamers aggregating 276,144 tons, this repre- 
senting 29 per cent. of the steamer tonnage built to 
the classification of the Society during the period 
under review. 
The internal-combustion engine continues to 
find favour for marine propulsion. During the 
year ending June 30 last, as many as 194 new vessels, 
making together 847,403 tons, were fitted with this 
type of engine, as compared with 170 vessels, 
aggregating 786,353 tons in the previous year. Out 
of the first-named totals, Great Britain supplied 
82 vessels, aggregating 357,828 tons. The new 
motorship tonnage classified during the year under 
consideration establishes a high record for the 
Society. This figure represents 46-9 per cent. of 
the total tonnage; moreover, it is noteworthy 
that 16 of the new vessels exceed 10,000 tons gross. 
A table, compiled from the Society’s records and 
contained in the report, illustrates the relative 
proportions of reciprocating steam engines, steam 
turbines, and internal-combustion engines fitted 
in vessels built to Lloyd’s classification during 
recent years. This shows that whereas in 62-3 per 
cent. of the tonnage, built during the year 1929-30, 
oilis employed as fuel, either in internal-combustion 
engines or for burning under boilers, only 37-7 per 
cent. is entirely dependent on coal. It should, of 
course, be pointed out that, included in the first 
category are a number of vessels which can burn 
either coal or oil in the furnaces of their boilers. 





* See ENGINEERING, vol. cxxviii, page 806 (1929.) 





An important and growing section of the Society’s 





528 


work is that dealing with refrigerating machinery 
and insulation. During the year under review, 
refrigerating installations were fitted in 67 vessels 
under the Society’s superintendence. The total 
insulated space involved is nearly 6,400,000 cub. ft. 
A further 25 vessels with refrigerating installations 
are at present being built or fitted-out under the 
Society’s supervision. The most noteworthy of the 
vessels furnished with installations of large capacity 
is the motorship Tuscan Star, with 595,000 cub. ft. 
of insulated space. Other vessels include the S.S. 
Sultan Star, with 541,336 cub. ft. of insulated space, 
the motorships Highland Hope and Highland 
Princess, each with 508,030 cub. ft., and the motor- 
ships Rangitane and Rangitata, each with over 
418,000 cub. ft. For a number of years past, the 
Society has undertaken the survey of frozen-meat 
stores on land, and during the year under review, 
upwards of 10,000,000 cub. ft. of cold storage space 
have been inspected. Another section of the 
Society’s work consists in the testing of anchors and 
chain cables and of ship and boiler steel. In the 
latter section, namely, ship and boiler steel alone, 
1,259,478 tons of material were tested during the 
year under review ; this is 200,000 tons in excess of 
the previous year’s figure and is the highest total 
reached since 1920-21. It may be of interest to 
conclude this article by quoting some figures to 
indicate the extent of the operations of the Society. 
The number and total tonnage of the merchant ves- 
sels afloat, to which the classification of Lloyd’s 
Register has been assigned, amounted to 9,962 
ships and 32,412,608 tons, respectively, at the end of 
June last. If to these totals be added the number 
and tonnage of the vessels under construction to the 
Society’s classification at the end of the twelve 
months under consideration, namely, 402 ships, 
aggregating 1,977,628 tons, the grand total becomes 
10,364 vessels, making together nearly 34,500,000 
tons. 





THE MOTOR EXHIBITION AT 
OLYMPIA. 


(Concluded from page 501.) 


IN our previous issue, we described the pre- 
selective gear as fitted to the Armstrong-Siddeley 
cars, and mentioned that the same gear had been 
fitted to the new double-six 40-h.p. car shown by 
Messrs. The Daimler Company, Limited, of Daimler 
Works, Coventry. A general view of the chassis 
of this car is reproduced in Fig. 18, on this page, a 
view of the gear box and clutch in Fiz. 19, and a cross 
section of the engine in Fig. 20, on the opposite 
page. Apart from the gear box, this car is of par- 
ticular interest due to the employment of a hydraulic 
clutch, described by the makers as a “fluid fly- 
wheel,”” which gives an exceptionally smooth pick 
up, and has other advantages referred to later. 

The engine is of the V-type with six cylinders in 
each row, and is generally similar to that fitted to 
the 50-150-h.p., 12-cylinder model described in 
ENGINEERING, vol. cxxii, page 532 (1926). The 
cylinder bore and piston stroke are 73-5 mm. and 
104 mm., giving a capacity of 5,296 c.c., as against 
81-5 mm. and 114 mm. for the larger model. The 
R.A.C. rating of the car illustrated is 40-18 h.p. 
In the article referred to, torque curves were given 
for the double-six engine in comparison with four, 
six, and eight cylinder engines of the same mean 
torque capacity, and, with a suitable allowance for 
the difference in capacity, these curves apply 
equally to the smaller engine. It may be mentioned, 
however, that the torque transmitted to the rear 
axle at slow speeds is even mcre uniform than that 
shown in the diagrams, owing to the action of the 
hydraulic clutch. As the larger engine was described 
very fully, it will only be necessary to give the 
leading particulars of the 40-h.p. unit. Sleeve 
valves are employed, arranged on the Knight 
principle, the sleeves being of steel and the pis- 
tons of light alloy. Special precautions are taken 
against piston slap, and the engine is remarkably 
silent at all speeds within the working range. The 
use of sleeve valves permits of the combustion 
chamber being of cone form, with the sparking plug 
at the apex, and, as is well known, this form of 
chamber represents a close approximation to the 
ideal for efficient combustion over a high range of 
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40-H.P. 12-CYLINDER MOTOR CAR. 


CONSTRUCTED BY 


MESSRS. THE DAIMLER COMPANY, 


LIMITED, COVENTRY. 
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Fia. 19. 


speeds. As will be clear from the cross section of 
the engine given in Fig. 20, the form of the crank- 
case, in conjunction with the cylinder mounting, 
gives great rigidity to the structure of the engine as a 
whole, and renders it exceptionally free from vibra- 
tions set up by casing distortion. Vibration is 
further guarded against by making the crank- 
shaft of large diameter, and carrying it in seven 
bearings, and, finally, by the provision of a Lan- 
chester torsional-vibration damper. As in the larger 
engine, provision is made to ensure an adequate 
supply of oil to both the top and bottom of the 
sleeves when the engine is started up, thus avoiding 
excessive wear owing to oil starvation during the 
warming-up period. There is no doubt that com- 
plaints of excessive wear with light-alloy pistons 
can usually be traced to the lack of such provision, 
accentuated by careless use of the strangler resulting 
in liquid petrol being drawn into the cylinders. 
The operation of the sleeves follows the usual 
Daimler practice, but it may be noted that inspection 
doors have now been fitted on the crankcase opposite 
to the half-speed shafts, as shown in Fig. 20. 
The hydraulic clutch, which can be clearly 
seen on the left in Fig. 19, is similar in principle to 
the Fottinger hydraulic transmission system em- 
ployed in marine work. A description of this system 
will be found in ENGINEERING, vol. xcvi, page 213 
(1913). The curve reproduced in Fig. 21 shows the 











Hypravtic CLuTcH AND GEAR Box. 


slip between the driving and driven members of the 
Daimler clutch at various speeds. The full line 
shows the slip under full-throttle conditions, and the 
dotted line the slip when the car is travelling at a 
steady speed on a level road. The form of the 
full-throttle curve is of particular interest, as it will 
be noticed that the slip may reach 100 per cent. at 
very low engine speeds, the car being then stationary 
with the engine ticking over. The slip afterwards 
falls off very rapidly, but smoothly, as the car 
gathers way, and reaches about 2 per cent. at an 
engine speed of 3,000 r.p.m. It will also be noticed 
that, when the car is travelling on top gear at any 
uniform speed between 30 and 70 m.p.h., the slip 
remains about 2 per cent. In other words, the 
clutch, under these conditions, has an efficiency of 
approximately 98 per cent., so that the amount of 
heat generated is relatively small and can easily 
be dissipated by radiation. 

The two curves reproduced in Fig. 22 show the 
torque characteristics of the engine with and without 
the hydraulic clutch. It will be observed that the 
two curves intersect at a road speed of about 
23 m.p.h., and that below this speed, the hydraulic 
clutch, due to its slipping characteristics, maintains a 
high torque down to the point at which |the car be- 
comes stationary. As a result of these characteristics 
of the clutch, the top gear can be engaged while the 
car is standing, and the car will gradually accelerate 
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12-CYLINDER V-TYPE MOTOR-CAR ENGINE. 


MESSRS. THE DAIMLER COMPANY, LIMITED, ENGINEERS, COVENTRY. 
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when the throttle is opened until it reaches the 
maximum speed determined by the throttle position. 
To stop the car, it is only necessary to close the 
throttle and apply the brakes, the car then coming 
to rest with the engine idling. The clutch may, of 
course, be allowed to slip, without detriment, to any 
desired extent when the car is temporarily held up 
by slow-moving traffic, but if rapid acceleration is 
required when a clear road becomes available it 
may be desirable to change into one of the lower 
gears. 

The gear-box provides four forward and one 
reverse speeds, and is of the same type as that 
fitted to the Armstrong-Siddeley cars, and described 
on page 498, ante. The pre-selective device, in 
conjunction with the hydraulic clutch, leaves the 
driver with freedom to concentrate his entire at- 
tention on steering and braking in an emergency, 
or when approaching a cross-road. The epicyclic 
gears ensure an absolutely silent change, and as 
the sleeve-valve engine is also practically silent, 
the car is not only one of the safest to drive, 
ut also one of the quietest running, on the road. 
Apart from the features already dealt with, the 
zeneral layout of the chassis does not differ mate- 
rially from that of the 50-150-h.p. model already 
referred to. Careful attention has been given to 
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as the car is capable of high speeds, the centre 
of gravity has been kept as low as possible. Actually, 
the floor level is only 21 in. from the ground. The 
suspension system is of the conventional semi- 
elliptic type, with hydraulic shock-absorbers. .Cam 
and lever steering is employed. The four-wheel 
braking system is servo-operated, the brake drums 
being of relatively small diameter. They are par- 
ticularly rigid, so that, while distortion is avoided, 
the whole of the braking surface is used effectively. 
There is an emergency brake operated by a push-on 
movement, which is claimed to be a more natural 
motion for the driver, as he tends to be thrown 
forward when the car is braked. Chassis lubrication 
is minimised by the use of roller bearings on the 
cross-shafts, Silentbloc spring shackles, oil-retain- 
ing propeller-shaft universal joints, and specially 
designed oil-retaining devices in the worm-driven 
rear axle. The chassis is made in three lengths, 
with wheelbases of 13 ft. 1 in., 12 ft. 3} in., and 
11 ft. 6 in., respectively. The corresponding overall 
lengths are 17 ft. 10 in., 17 ft. 0§ in., and 16 ft. 3 in. 
The track in all three models is 5 ft. 

As stated in our previous issue, the majority of 
the cars exhibited at Olympia only differ in minor 
details from those shown last year by the respective 
firms, and it is therefore unnecessary to describe 





weight reduction by the use of light alloys, and 
















|| the ignition and cooling arrangements. 
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the six-cylinder engine is steadily 
increasing in popularity, and is now 
fitted to over 50 per cent. of the cars 
on the market. The straight-eight 
engine is also being used to an 
increasing extent, while the use of 
four-cylinder engines ‘is steadily 
falling off, as regards the number of 
makes to which they are fitted. The 
four-cylinder engine is, however, 
used in greater numbers than any 
other in England, due to the large 
sales of certain popular cars. The side-by-side 
valve engine is hardly so popular as that with 
overhead valves, but it is still employed for about 
40 per cent. of the cars manufactured. The most 
striking differences in the latest engines, as com- 
pared with those of two or three years ago, are in 
In 1927, 
some 70 per cent. of the cars exhibited at Olympia 
were fitted with magnetos, while to-day the figure is 
only 30 per cent. As regards cooling, the thermo- 
syphon system has rapidly decreased in popularity, 
and is now only fitted to some 25 per cent. of the 
cars marketed. The attention being devoted to the 
production of more silent gear-boxes has already 
been referred to, but it may also be mentioned, in 
connection with this unit, that the current year has 
been marked by an increase in the number of four- 
speed boxes, with a corresponding reduction in those 
having only three speeds. The position with regard 
to the use of open and closed propeller-shafts, and to 
spiral-bevel gears for the final drive, shows little 
change. Wire wheels are being increasingly used, on 
account of the resulting reduction in unsprung 
weight. There is a tendency to employ independent 
springing on all four wheels, but the great majority 
of the cars at Olympia are fitted with semi-elliptic 








them in detail. As regards general tendencies, 


springs both front and rear. 

In concluding our description of the exhibition, 
we would make a plea to manufacturers to adopt a 
uniform nomenclature when describing the leading 
features of the engine. At the present time, one 
maker’s “‘six’’ may have six cylinders, while the 
same figure in the case of another maker may refer 
to the Treasury rating. The power of the engine is 
stated in a variety of ways, and some makers 
apparently expect their customers to deduce the 
rating from the capacity in litres. Finally, the 
R.A.C. or Treasury rating are given indiscriminately. 
Certain makers have adopted the policy of giving 
two figures for the power, the first representing 
the Treasury rating and the second the maximum 
power developed by the engine on the bench. Upon 
the whole, this appears to be the best practice, 
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as the Treasury rating should always be given to 
indicate the tax on the car, and the maximum 
bench horse-power affords a useful indication to 
the purchaser as to whether the engine is of a 
highly efficient type, implying the probability of 
an exceptional performance with relatively high 
upkeep costs, or of a type likely to give a normal 
performance over a long period without replace- 
ments. It also appears desirable to state the number 
of cylinders, so that the ‘“‘——— four, 12-36-h.p. 
model” might well serve as a general nomenclature. 

As stated earlier in our description of the exhibits, 
these include a number of motor-boat engines, and 
it is our intention to devote a separate article to 
this portion of the exhibition. 








NOTES. 
Tuer INSTITUTION OF MECHANICAL ENGINEERS. 


Tue conferring of a Royal Charter on a professional 
body, marking as it does a direct responsibility 
to the Sovereign for the maintenance of the condi- 
tions under which it was granted, is justifiably a 
source of pride to that body, and the annual dinner 
of the Institution of Mechanical Engineers, which 
was held on Thursday, October 16, was dignified 
by the title of the Charter dinner. The President 
of the Institution, Mr. Loughnan St. L. Pendred, 
replying to the toast of ‘“‘ The Institution and its 
Charter,” pointed out that although the honour 
of being the first president of the Chartered Institu- 
tion had fallen to him, it had only done so owing 
to the time required for effecting the preliminary 
business, and that the initiative for the movement 
to secure the charter really rested with a past- 
president, Mr. Richard W. Allen. The Institution 
had done its best to make available internationally 
the knowledge it had accumulated, and had, thanks 
to another past-president, Dr. H. S. Hele-Shaw, 
contributed materially to professional education. 
These policies would be continued under the 
Charter. The toast was proposed by Air Chief- 
Marshal Sir John M. Salmond, who, in a brief 
review of the activities of the Institution, said that 
its investigations into the nature of alloys had been 
of inestimable value to the Royal Air Force, while 
that on the efficiency of turbine nozzles had reduced 
the national coal bill enormously. The work done 
in research on wire ropes and marine oil engines 
had been equally fruitful. In technical education, 
the Institution had set the standard required for 
the mechanical engineering profession. He expressed 
his personal thanks for what had been done for his 
branch of the National Services, and was pleased 
that it had been recently agreed to award national 
diplomas in mechanical engineering to officers of 
the Royal Air Force who had reached the necessary 
standard on passing through the service engineering 
course. Lieut.-Colonel E. Kitson Clark proposed 
the toast of ‘Our Guests,” and the Right Hon. 
J. R. Clynes, Home Secretary, and Sir Harold 
Morris, President of the Industrial Court, replied. 
A general meeting of the Institution was held at 
Storey’s Gate, St. James’s Park, on Friday, October 
17. After the routine business had been transacted, 
the President made a sympathetic reference not 
only to the personal losses sustained in the wreck 
of the airship R 101, but to the loss in skill and 
material which had been suffered by the engineering 
world. He then alluded to the death of Lieut.-Com- 
mander W. H. Reynolds, a former chairman of the 
South Wales Branch, and of Dr. Danie] Adamson, 
immediate past-president, the members meanwhile 
standing as a mark of respect. It was agreed that 
a letter of condolence shoukl be addressed to the 
members of the deceased gentlemen’s families. The 
President then delivered his address, which will be 
found reprinted in abstract on page 531 of this 
issue. At its conclusion, a vote of thanks was pro- 
posed by Dr. H. 8. Hele-Shaw, and seconded by 
Mr. William Reavell. The Secretary then announced 
that an informal meeting would be held at 7 p.m. 
on Friday, October 24, at which the subject for 
discussion would be introduced by Mr. J. L. 
Hodgson, B.Sc., and was entitled ‘“‘ What are the 
Desirable Objectives of the Age of Power?” The 
Thomas Hawkesley Lecture, entitled ‘‘ The Machi- 
nery of the Earth,” would be delivered by Professor 
J. W. Gregory, at 6 p.m., on Friday, November 7. 





Tur British ENGINEERS’ ASSOCIATION. 


The annual report of the British Engineers’ 
Association, presented last week, and the address 
given on the same occasion by the Chairman, Sir 
Gilbert Vyle, may be commended to the serious 
consideration of engineers. The Association has 
now been in operation for eighteen years, and has 
shown itself to be well beyond its probationary 
period. As an essential element in the constitu- 
tion of the Federation of British Industries, it 
has made important contributions to the work of 
that body, and it has established services for its 
own members of which the value is likely to be 
understood better when more general use is made 
of them. It is now seeking an extension of 
its membership in order to increase the extent 
of its services, and to give still more effective 
expression to the common interests of engineers. 
Sir Gilbert Vyle’s remarks on current affairs 
suggest good reason for hoping that means will 
be found for enabling the Association to exercise 
increased influence. In an impartial summary of 
the course of engineering trade during the last year, 
he showed how the depressing circumstances with 
which the year began grew worse as it p ed, 
and disclosed little likelihood of avoiding still further 
depression. Many incidents doubtless have contri- 
buted to establish the present situation, but essenti- 
ally it seems due to causes that are more than inci- 
dental. Of these causes, the most widespread seems 
to be the increasing tendency to live not on earnings, 
but on capital. Sir Gilbert suggests as a possibility 
that even the world depression itself may be largely, 
if indirectly, the result of the United Kingdom 
having lived on its own capital for many years past. 
Without entering into the complex investigations 
which would be necessary to verify this far-reaching 
conclusion, no doubt can be felt as to the truth of 
the proposition that at least this country is doing 
so. In modern trade, efficiency of plant counts for 
more than ever it did, and this efficiency cannot be 
maintained when nearly a fourth of the earnings 
of industry are absorbed in taxation. The prospect 
is the graver becouse the tendency to this extravag- 
ance is based on political and not on economical 
necessities. It has become the settled practice of all 
political parties to bid against each other for the 
vote of the electorate, and, in Sir Gilbert’s graphic 
phrase, every fresh General Election adds some 
50,000,0007. to the burden of taxation that is im- 
posed for political and not for economical purposes. 
Meanwhile, the attitude of the Government in 
regard to existing trade gives occasion for the 
utmost disquietude. The balance of imports over 
exports and services is now some 400,000,000/, of 
which we in this country could make some 
240,000,0001. worth. Out of this 240,000,000/. 
worth, it is estimated that, first and last, more than 
four-fifths would be spent on labour. If this pro- 
gramme were found to work out in practice as is 
suggested, it would make an end for the time being 
of unemployment difficulties, and place the manu- 
facturing industries of the country on a new basis. 
No opportunity, however, will arise for a fair 
examination of the question if the manufacturing 
interests concerned do not exercise their full influ- 
ence. If the engineering industry feels that it 
has a live interest in forcing these policies to a 
decision, it would be wise to remember that, collec- 
tively, it can hope for results which are beyond the 
power of even the most influential of its individual 
members. 








BROADCASTING STATIONS IN ITALY AND FINLAND.— 
Orders have recently been received by Messrs. Marconi’s 
Wireless Telegraph Company, Limited, Strand, London, 
W.C.2, for the installation of broadcasting stations in 
Italy and in Finland. The Italian station will be erected 
at Trieste, and the Finnish station at Viipuri. The 
aerial energy of the Trieste transmitter will be 15 kw., 
measured on the rating of the Comité Consultatif Inter- 
national Technique des Communications Radio-Elec- 
triques, this being usually abbreviated to C.C.I.R. rating. 
It is designed to broadcast on wave bands between 
200 m. and 545 m., but the normal wave-length of the 
station will be 247-7 m. The Finnish broadcasting 
station will have an aerial energy of 13-2 kw., C.C.LR. 
rating. The transmitter is of a design similar to that of 
the Trieste transmitter. The Marconi Company has 


received an order for the supply of land line and speech- 
control equipment for simultaneous broadcast trans- 
missions from Viipuri and the existing Finnish station 
at Helsingfors. 





LABOUR NOTES. 


THE writer of the editorial notes in the October 
issue of the Journal of the Electrical Trades Union 
mentions that “some pungent correspondence ”’ has 
passed between the Union and the Miners’ Federation 
regarding the efforts of the latter to get mineowners 
to prevent organisations like the E.T.U. negotiating 
conditions for their own members. ‘“ As this corres- 
pondence is still being carried on,” the contributor says, 
“it is hardly right to state any conclusions; but it 
can be said at once that the E.T.U. are not the only 
complaining union against the unfair tactics being 
adopted by the Miners’ Federation to deprive unions, 
having a minority membership in the pits, from negotiat- 
ing wages and conditions on the basis of the rates 
paid outside mines altogether. And here, it must be 
stated plainly, that the conditions of craftsmen in 
and about mines is disgraceful, as highly-skilled men 
are being kept down by the miners, with the assistance 
of the colliery owners, to a labourer’s rate of wage, 
while the hewer or miner proper is receiving twice as 
much wage for certainly less skilled work. . . . The 
time has come when, without equivocation, the position 
of the skilled man in the mines must be more safe- 
guarded than it is at present, in spite of the majority 
vote that will always be against him in the miners’ 
lodges.” 


At the end of September, 16,047 members of the 
Boiler Makers’ and Iron and Steel Shipbuilders’ 
Society were “‘ signing the books” as compared with 
14,836 a month earlier. The number of members in 
receipt of superannuation benefit increased from 
4,697 to 4,755, and the number in receipt of sick benefit 
decreased from 2,231 to 2,192. In August, which 
had to bear five weeks outlay, the expenses were 
10,7801. 19s. 10d. ; in September, they were 8,9281. 4s. 8d. 








Commenting upon the increase in the number of 
unemployed members, Mr. Hill, the General Secretary, 
says: ‘‘ So far, we have had little help in our endeavours 
to find employment for our members. The Govern- 
ment have set up a Committee to inquire into the 
scrapping of old tonnage, but the shipowners are not 
receiving the proposals favourably. Shipbuilding 
employers and ourselves are equally interested in 
obtaining some facilities such as other Governments 
are giving to shipbuilding and ship repairing in their 
respective countries. We cannot allow the private 
interests and profits of British shipowners, or any 
section of the community, to cramp a great industry 
in which we still lead the rest of the world. Our 
shipbuilding industry and, particularly our repairing 
industry, are carrying on in competition against state- 
aided industry in most other countries, and it is to the 
credit of those engaged in the industry in this country 
that we are able to compete to the extent we do.” 





According to Mr. Hill, if a foreign ship is repaired 
in this country, the cost of the repair is taxed, in the 
country to which the ship belongs, up to 30 per cent. 
That, he argues, almost compels foreign shipowners 
to wait until they get home before effecting repairs. 
“No country in the world,” Mr. Hill declares, ‘‘ can 
compete with us in the quality of steel produced for 
shipbuilding, and though slightly higher in first cost, 
it is always cheaper in the long run. And there is 
certainly no country in the world that can equal us 
in our craft of building and repairing ships. The peace 
policy of the Government has hit our industry harder 
than any other. It is the duty of the Government to 
spend some of the 60,000,000/. saved on warship 
building on the building and repairing of peace ships, 
to speed and develop national trade. The Government 
is spending many millions on roads. Our merchant 
ships are our roads for our overseas transport. For 
these roads not a penny has been allocated from 
national funds. These roads are vital to the existence 
of an island nation, and for a commonwealth spread 
over the seven seas of the earth. We, therefore, cannot 
allow shipbuilding and shiprepairing to languish 
through national neglect.” 





The latest issue of the Trade Report of the United 
Pattern Makers’ Association states that the member- 
ship of the organisation is 11,230, and the total number 
of unemployed members 1,810. Mr. Mill, Assistant 
General Secretary, in a reference to the increased 
unemployment figure, says that hours of labour, 
whether considered daily or weekly, must be shortened 
to meet improved and constantly improving machinery 
for production. Not so many hours are needed now 
to do any piece of work; consequently, not so many 
men are needed unless fewer hours are worked. Profits 
should increase with the greater output, and there 
should be no reason to reduce wages, but rather to 
increase them. The increased wages woyld give @ 
greater spending power to all the workers and the 
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result would be increased trade in our own country and 
less unemployment. 





The Ministry of Labour Gazette states that employ- 
ment continued to decline in September. Among work- 
people insured against unemployment in Great Britain 
and Northern Ireland, the percentage unemployed in 
all industries taken together was 18-1 at September 22, 
1930, as compared with 17-5 at August 25, 1930, and 
10-0 at September 23, 1929. For males alone the per- 
centage at September 22, 1930, was 18-3, and for 
females 17-5. At August 25, 1930, the corresponding 
percentages were 17-7 and 17-2. It is estimated that 
at September 22, 1930, there were approximately 
9,646,500 insured persons, aged from 16;to 64, in work in 
Great Britain. This was 50,700 lesstthan a month 
before, and 657,500 less than a year before. 





At September 22, 1930, there were 1,413,242 persons 
on the registers of Employment Exchanges in Great 
Britain who were out of a situation. This was 79,392 
more than a month before, and 586,371 more than a 
year before. The total at September 22, 1930, included 
1,019,090 men, 47,896 boys, 304,838 women, and 41,418 
girls. It was made up approximately of 942,000 
insured persons who had paid at least 30 contributions 
during the preceding two years, and therefore satisfied 
the full contributions condition for the receipt of un- 
employment benefit ; 385,000 insured persons who had 
paid less than 30 contributions during the preceding 
two years; and 86,200 uninsured persons. The 
claimants for benefit, numbering 1,276,090, included 
229,789 men, 5,603 boys, 49,098 women, and 3,026 
girls — had been on the register for less than one 
month. 





There were registered as unemployed in Great 
Britain 379,704 men, 11,871 boys, 193,334 women, 
and 11,864 girls who were on short time, or were 
otherwise suspended from work on the definite under- 
standing that they were shortly to return to their 
former employment. The total of 596,773 was 12,536 
less than a month before, but 335,167 more than a year 
before. Of unemployed workers, who normally seek 
a livelihood by means of jobs of short duration, there 
were on the registers 96,837 men, 274 boys, 2,492 
women, and 40 girls. These are mainly employed in 
dock, harbour, river and canal service. The total of 
99,643 was 3,100 more than a month before, and 
25,180 more than a year before. 





There was a further seasonal increase in the number 
unemployed in the building industry; in brick, tile, 
artificial stone and cement manufacture; in the 
clothing, transport, and distributive trades, and in 
hotel and boarding-house service. Unemployment 
also increased in the chemical, iron and steel (other 
than pig-iron), engineering and shipbuilding industries, 
and in the paper, silk and artificial silk, and jute trades. 
There was, however, some improvement in coal mining, 
and in the cotton textile, pottery, pig-iron and motor 
vehicle industries. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages, reported to have come into operation 
during September, resulted in a reduction of about 
1,850/. in the weekly full-time wages of 21,500 work- 
people, and in an increase of 250]. in those of 4,500 
workpeople. The principal bodies of workpeople whose 
wages were reduced included iron-ore miners, limestone 
quarrymen, and blast-furnace workers in Cumberland, 
workpeople employed in flannel manufacture at Roch- 
dale, silk spinners at Brighouse, and commercial road 
transport workers at certain towns in Scotland. Among 
those whose wages were increased were iron puddlers 
and millmen in the North-East Coast area, and shuttle 
makers in Lancashire and Yorkshire. 





During the nine completed months of 1930 the 
changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled, 
have Tesulted in net increases of 57,2001. in the weekly 
full-time wages of 754,000 workpeople, and in net 
decreases of 112,800/. in those of 1,040,000 workpeople. 





The number of trade disputes, involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in September, was 18. In addition, 20 disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
ppg A oe — —_ and the aggregate duration 

& uu i 
walle = uring September was about 41,000 





At a meeting in London last week of the National 
Executive of the Miners’ Federation, reports were 
submitted by representatives of the various districts 
which have been discussing proposed new wages 
agreements with the colliery owners. In all cases it 
was stated (the official report of the meeting said) that 
the employers intended attacking the miners’ wages, 
and in some instances were pressing for a spread- 
over. In South Wales they were not asking for a 
spread-over, but were making a heavy reduction in 
wages. In view of the facts that meetings had been 
arranged in several districts and that the attitude of 
the employers seemed to foreshadow a demand for a 
wages reduction in December, the Executive decided 
to call a conference of the whole of the coalfields of 
Britain for November 20 to receive reports of the 
various district discussions and negotiations. 





Addressing a meeting at Swansea last week-end, 
Mr. C. T. Cramp, General Secretary of the National 
Union of Railwaymen, said that he did not believe 
that the Government would have an easy passage in 
their effort to expunge the Trade Disputes and Trade 
Unions Act from the Statute Book. At this stage 
the House of Lords could hardly be assumed to be 
prepared to wipe out the obnoxious clause, and if 
that were so, there would be a constitutional crisis of 
the first magnitude. It would then be for Trade 
Unionists to take away the power of the House of 
Lords for ever. 





Speaking at the annual session of the Institute of 
Public Affairs, conducted by the University of Virginia, 
Mr. Barnes, representing the United States Chamber of 
Commerce, said that on such social questions as unem- 
ployment treatment, sickness and disability insurance 
and old-age pensions, there was a sharp cleavage of 
conviction in America. Instinctively, America disliked 
that reliance on State care and State control which 
seemed to be accepted most naturally in the Old 
World. Americans did not want State doles. They 
did not want State old-age pensions. They did not 
want these systems developed by the State, because 
they believed there was a protection more flexible, 
more sturdy, in the quickening of private conscience 
and in the effectiveness of private care. The profound 
appeal in the problem of sympathetic care for the 
aged and unfortunate must be recognised. If Ameri- 
cans were to avoid increasing pressure for State care 
of unfortunates, they would have to develop in its 
place something of equal protection by voluntary 
action. 





On October 13, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,498,155 wholly unemployed, 585,156 temporarily 
stopped, and 105,361 normally in casual employment, 
making a total of 2,188,672. This was 12,481 more 
than a week before, and 973,623 more than a year before. 
Of the total number, 1,571,565 were men, 59,539 boys, 
505,824 women, and 51,744 girls. 





An official statement issued on Tuesday estimated 
the number of unemployed workers in the United 
States at 3,500,000. According to the T'imes corres- 
pondent at Washington, it is President Hoover’s 
immediate purpose to create an agency for the co- 
ordination of local, municipal, State, and Federal 
measures of relief, and he has selected as director of this 
agency Colonel Arthur Woods, once head of the New 
York Police Force, whose experience in 1919 in the 
work of re-establishing Service men in civil life should 
be valuable. Mr. Lamont, Secretary of Commerce, 
and other members of the Cabinet, with Mr. Eugene 
Meyer, Governor of the Federal Reserve Board, will 
assist Colonel Woods in an advisory capacity. 





A conference at Kiel of the International Federation 
of Workers in Public Services passed resolutions recom- 
mending organisations in all countries to pursue a 
eommon policy based on the following principles: regu- 
lation of conditions of labour by law or by collective 
agreemenis; establishment of minimum wages; full 
wages for all holidays falling in the middle of the 
week ; full wages in case of sickness or accident; a 
supplementary payment of from 25 to 100 per cent. 
for overtime and night work and the guarantee of a 
compensatory rest period for all overtime; full wages 
plus a special allowance during annual leave; the 
establishment of an eight-hour day and a 44-hour week ; 
a six-hour day in cases of unhealthy or extremely 
arduous work ; an adequate reduction of daily hours of 
work in cases of exceptional measures of rationalisation ; 
a legal right to relief and insurance in case of accident, 
old age, sickness, invalidity or death; and the insti- 
tution of works councils to collaborate in the technical 
and financial management of undertakings and protect 
the workers’ interests on engagement and dismissal. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Presidential Address by Loucunan St. L. PENDRED.* 


@TuesE random reflections are addressed principally 
to young engineers; I mean men under forty. Youth 
is the time for daring adventures into new fields, and 
it is to men who are still young that we must look for 
the making of new discoveries and new inventions, 
and the compelling of an elderly and conservative 
world to accept them. In our profession, the great 
inventions are generally made by the young; that is, 
by men under middle age. Watt was not thirty 
years of age when, on a quiet Sabbath, the idea of the 
separate condenser came to him; Trevithick was 
making the high-pressure engine at twenty-five, and 
constructed the first locomotive by the time he was 
thirty; Nasmyth was thirty-one when, in 1839, 
he envisaged the steam-hammer; George Stephenson 
was born in 1781, and his first locomotive belongs to 
1813; Westinghouse was no more than twenty-three 
at the date of the invention which bears his name, 
and so we might continue up to our own time: Sir 
Charles Parsons was little more than a youth when 
his first turbine was made, and Ferranti, the father of 
the electrical transmission of power, was under twenty- 
five when the Deptford power house was built. All these 
men met with opposition; but they aimed at their 
object with one eye shut and refused to take the 
other man’s point of view. 

There are exceptions, of course. Now and then 
older men put the telescope to their blind eye and 
refuse to see the signal to retire. They carry on and 
win in the end. Despite their years, they remain 
youthful, and have that element of genius which 
refuses to see two sides of a question; they also have 
the ability to ignore. Sometimes, I have wondered 
if education does not hamper the pioneer. It is so 
full of warnings not to make the omng Ignorance 
may sometimes step in where wisdom fears to tread. 
Most of the great inventions have been ridiculed in 
their time; all sorts of reasons have been adduced 
against them, some even have been condemned before 
they were made. Murdock’s Bill to supply gas to 
cities was thrown out because the Committee could 
not imagine light without a wick, and Sir Humphrey 
Davy said that we might as well try to light London 
with a bit of the moon as with gas. The locomotive, 
the steamship, the self-inductive dynamo, were all 
shown to be impossible. Flight, within our own times, 
was held to be impracticable; even to be against the 
dictates of divine Providence. Youth and unwisdom 
gave it to us. We are very apt to think that all the 
laws of nature as we have formulated them are fixed 
and immutable, and we are afraid to take chances 
with them. Yet we have seen the Newtonian theory 
of gravitation seriously shaken, the theory of light is 
in the melting pot, and the transmutation of metals 
is now almost within reach. Who knows what other 
crusted belief may be shattered, as knowledge is in- 
creased ? It is necessary, no doubt, that schools and 
colleges should be absolute; that they should say 
“It is so” without any reservations. But when 
students have passed their examinations, let us hope 
that some with enough folly to try the apparently 
impossible will always remain. 

Is it not a deplorable thing that every single subject 
which comes before the engineer is so large that he has 
little or no time for the study of others not directly 
cognate to his own? If you are a locomotive man, 
you find enough problems in design, construction, and 
maintenance to consume every hour that can be 
snatched from the settlement of economic and labour 
questions ; if you are a machine-tool man, the struggle 
to keep pace with new workshop methods, the enigmas 
of new cutting tools, and the ever present foreign 
competition rob you even of your hours of ease. If 
you are a maker of internal-combustion engines, what 
time you can salve from the problems of the foundry 
must be devoted to the investigation of new systems 
of filing correspondence, or the invention of selling 
points which may score in a competitive market. In 
fact, whatever line of mechanical engineering you 
may follow you will find that it engrosses your working 
hours and intrudes upon your leisure. How, then, is 
it possible for engineers to escape from the vertical 
specialisation to which I have referred? It is not 
easy; no one can pretend that it is, and possibly all 
that can be done is to maintain an open mind in regard 
to those events which are taking place outside your 
own vocations. One of the most important fields 
upon which the engineer must keep his eye is that of 
physics. We cannot guess what the physicist will 
do next, but whatever it is, he is sure, sooner or later, 
to want the help of the mechanical engineer, or to 
discover something which affects mechanical engineer- 
ing. In his recent Presidential Address to the Institute 
of Physics, Dr. Eccles referred to this point, and I 





* Delivered on Friday, October 17, 1930. Abridged. 
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should like to quote a sentence or two from that most 
interesting paper. “‘A new epoch,” he said, “is 
dawning—physical science is penetrating into industry 
just as scientific engineering did a generation ago. 
To meet the situation some of our industrialists are 
asking men trained in engineering to adventure into 
physical research. I believe this is not the best policy, 
and that it is, therefore, the duty of the Institute to 
convince employers that the enlistment of a due 
proportion of physicists would pay. This is the time 
for the Institute to begin its efforts, for, at the present 
moment, the industrial community in this country is 
undertaking a strict self-examination.’ Dr. Eccles, as 
President of the Institute of Physics, may, perhaps 
have his own wares to sell, but I think we must class 
him amongst the major prophets. There is, at any 
rate, great probability that the more or less mysterious 
things which now belong to the domain of physics 
will in time, quite a short time, perhaps, become the 
commonplaces of the mechanical engineer. 

Is it because America is still so young that she is so 
daring in the making of new experiments, of ‘‘ trying- 
out ’’ notions—as she herself has it. Like the famous 
Marquis of Worcester, she is always ready to ‘‘ make 
her thoughts acquiesce in the way of further inventions.” 
it was when industrial England was young—I mean 
in the renaissance of industry which started with the 
rotatory steam engine—that many of her greatest 
inventions were made. No country has such a glorious 
record as that to which she attained in that period 
when she was well styled the workshop for the world. 
She was then the home and birthplace of all the major 
inventions, and was ever ready to try something merely 
to find out if it would work. She did not spend too 
much time in thinking ; she was in haste to be up and 
doing. 

In mechanical engineering, everything depends upon 
doing something. No machine ever reached moderate 
perfection by sheer thought. It had to be made, in 
howsoever crude a form, and tried, and then tried and 
tried again before reasonable success was attained. 
It is good to remember the crudeness and the hopeless 
inefficiency, as we now judge them, of the first Parsons’ 
turbine. Everything was wrong about it except the 
idea of multiple stages. Its blades were flat and set 
at 45 deg., it was parallel from end to end, there was 
excessive clearance and unbalanced end thrust, and it 
consumed 120 lb. of steam per kilowatt-hour. But 
it taught its designer more than he would have ever 
discovered by meditation alone. Heaven be praised 








that he had the courage to try; that he did not say, 
let, somebody else do the donkey-work, and we will | 
buy a licence from him; that he and those who were | 
with him did not refuse the work and the worry and | 
the money, leaving it to France and Germany to spend | 
theirs upon the costly experiments. Had they done | 
that, the credit for the greatest invention of the | 
nineteenth century would not have rested with England. 
One has to think of a nation’s prestige in these matters. 
It is not simply a commercial proposition which is at 
stake. Every invention we buy from abroad detracts 
a little from our honour, and does us some harm in the 
eyes of the world. 

It is often said that the ideal condition in the 
mechanical ‘engineering industry is a combination 
between a first-rate inventor and a first-class business 
man, and the Boulton and Watt partnership is held up 
as a shining example. Such a simple conjunction of 
two minds, nowadays, is rare. At Soho, a hundred 
and thirty years ago, the balance between the inventors, 
Watt and Murdoch, and the commercial side repre- 
sented by Boulton, was fairly equal, but in these days 
that proportion is no longer maintained ; the business 
side has got the upper hand, especially in those com- 
panies which are quoted on the Stock Exchange. The 
individual business man is as strong a nationalist as 
the rest of us, but business is not generally burdened 
by feelings of patriotism. It buys a licence to work 
the foreign invention, and considers itself fortunate 
that someone else has done all the costly experimental 
work. It can begin to manufacture at once and 
make money. There is no denying the fact that 
several of our great industries have profited enor- 
mously by a foreign infusion, but in most cases the 
infusion took place at the very beginning, long before 
the industries were organised. The engineering in- 
dustry in Great Britain is in a very different position. 
It was the first of its kind in the world, and for several 
generations it taught other nations rather than learnt 
from them. We were not only a nation of engineers, 
but we were also a nation of inventors. We sufficed 
for ourselves and were proud that we did so. Such 
a position as that into which we allowed ourselves 
to fall with the coming of the internal-combustion 
marine engine would have been inconceivable in those 
days. To think of British engineers buying licences 
for the right to use foreign patents would have filled 
our forefathers with shame. It is doubtful even that 


it is good business to purchase licences from foreigners. 


but I suspect that they far exceed what it would have 
been necessary to expend on the development of a 
few British marine engines. 

I feel asif I had spoken too strongly on this subject ; 
that I may have hurt the feelings of some here present. 
I plead for their forgiveness; I am inspired only by 
an unshakeable belief in the capacity of our engineers. 
Whatever those of any other nation can do, our 
engineers can do—and a little more. But they must 
be encouraged, and they must be helped by the business 
people. It is often said that we do not spend enough 
money on research, and the examples of other nations 
are held up to us. But let us remember what a great 
deal of foreign research really is. It is not scientific 
research. Only a small part of the vast laboratories 
that one finds in America is occupied by scientists. Only 
a few are engaged upon the exploration of the mysteries 
of nature; only a few are searching in the unknown 
for something that may be profitable to man. What 
the greater number are busy upon is the development 
of new inventions—a new telephone receiver, a new 
camera, a new electric. lamp. When you hear of 
millions of dollars being spent upon research in America, 
please remember that much of it is expended upon that 
kind of research, and that the major part of the great 
buildings and a large proportion of the huge staffs 
are dedicated to the trial and error system of the 
development of inventions. That,. of course, is very 
important, and even essential when mass-production 
is the object. When a costly plant must be laid down 
for manufacturing purposes, it is clearly imperative 
that every means of reducing cost of manufacture 
and every means of improving the product, should be 
examined before it is marketed. An error in design 
discovered in service or during manufacture is far 
more costly to correct than would be a complete 
primary investigation before the plant is laid down 
and manufacture begins. Do not think, please, that 
I am in any way belittling scientific research ; that is 
very far from being my intention. What I ask you to 
remember is that whilst scientific research must be 
carried out, it is of not less importance, sometimes 
even of greater importance, that the development of 
inventions should be supported. 

Until a few months ago, our Institution was in- 
corporated under Articles of Association—much as is 
an ordinary business concern. In April last, by the 
gracious act of His Majesty the King, it was raised to 
a higher dignity by the grant of a Royal Charter. 
Given to us only after a long examination of our 
qualities and merits, it certifies that the advisers of 
the King, his Privy Councillors, are satisfied that the 
Institution is worthy of that honour, competent to 
bear it, and that it will do nothing to bring it into 
disgrace. We are now responsible to the King for 
the maintenance of the fair reputation of our Institu- 
tion. 

There are, in nearly every technical society, some 
members who ask: ‘What can I get out of it?” 
and there are some persons who refuse to become mem- 
bers because they do not think it will be of any use 
to them personally. You all remember the story of 
Sir Frederick Bramwell when, in justification of his 
charging a high fee, he replied that he was now an 
F.R.S., and that those letters meant ‘‘ fees raised 
since.” That was, of course, a piece of characteristic 
Bramwellian humour. He was the last person in the 
world to regard Fellowship of the Royal Society in 
that way. It is a dearly sought honour. No doubt 
it augments the pecuniary value of the Fellow, but 
the Fellow has to merit the honour before he can raise 
his fees. May we not think of our Institution in much 
the same way? If we are convinced that it is an 
honour to be a member, and not a mere right secured 
by passing an examination, we shall.all endeavour to 
improve the status of the Institution, to exclude 
persons from membership—even if they are qualified 
by their knowledge, training and position—if we are 
not quite certain that they deserve the privilege of 
membership, and will enhance the reputation of the 
Institution in the eyes of the world. The Institution 
is greater than its individual members. If we want 
to make it really worthy of its Charter we must, I 
suggest to you, think very little of what it can do for 
us, each one personally, but a great deal of what it 
can do for the wonderful profession to which we belong 
and for humanity as a whole. 








THE INstITUTE OF TRANSPORT.—The Institute of 
Transport is the latest recruit to the ranks of the technical 
bodies who think it profitable to see what is being done 
in other countries. The Institute proposes to hold its 
Congress next year in Italy, and is planning a tour in 
that country which would occupy about 16 days. 


THE MARKING oF Exectriciry MeTEerRs.—The inquiry 
as to whether imported electricity meters and certain 
parts thereof should be required to bear an indication 
of origin, will- be resumed at the Board of Trade Offices, 





1 do not know what enormous sums have been paid to 
foreign countries in connection with their inventions, ' 


Great George-street, London, S.W.1, at 11 a.m., on 
Monday, October 27. 





[OcT. 24, 1930. 


THE PRESENT POSITION OF THE 
HIGH-SPEED HEAVY-OIL ENGINE.* 


By 8S. J.. Davims, Ph.D., M.Se., M.I.Mech.E., and 
E. Girren, M.Sc.,-A.M.I.Mech.E. 


THE present position in the field of power production 
is exceptionally interesting, and, of recent developments, 
the application of the heavy-oil engine to high speeds of 
revolution demands close attention. In Great Britain, 
in particular, the past two years have witnessed extra- 
ordinary activity in this direction, and, in view of the 
importance and rapidity of this new development, a 
review of the present position is desirable. 

The engines here considered are limited to those in 
which the fuel is injected in liquid form into the 
combustion space, and with speeds of revolution 
exceeding 800 r.p.m. Such engines compete directly 


‘with petrol engines, and, in view of the generally 


satisfactory service and extraordinarily wide applica- 
tion of the latter, it is well, perhaps, to indicate at the 
outset those special advantages which permit the heavy- 
oil engine to enter the field against such a well- 
established rival. Since it is possible, in the heavy-oil 
engine, to employ a higher ratio of expansion than in the 
petrol engine, higher thermal efficiencies are attained ; 
further, heavy oils cost, under present market conditions, 
about fourpence a gallon, and comparative tests of 
petrol and heavy-oil engines show a saving in fuel cost 
with the latter of the order of 70 per cent. Heavy oil, 
too, occupies some 16 per cent. less volume than an 
equal weight of petrol, an additional consideration 
where radius of action is important. 

From the point of view of safety, the heavy-oil engine 
has two important advantages : the practical elimina- 
tion of “‘ fire risk’’ by the higher flash points of heavy 
oils, and the comparative purity of the exhaust gases. 
The former of these is of extreme importance in aircraft, 
and only of slightly less importance for land and water 
transport ; it has also a bearing on the costs of handling 
and storage. The latter advantage is not so well 
recognised. It will be remembered that a single- 
cylinder petrol engine develops its maximum output 
only when there is present about 15 per cent. excess of 
fuel above that giving a “correct”? mixture; under 
these conditions, there is always upwards of 3 per cent. 
of CO in the exhaust gases. Moreover, with multi- 
cylinder engines the inequality of distribution to the 
cylinders leads to an increase in this percentage. In 
heavy-oil engines, on the other hand, there is always 


‘an excess of air in all cylinders, and the proportion of 
‘CO in the exhaust gases is consequently very low indeed. 


On a recent test, by one of the authors, of a multi- 
cylinder heavy-oil engine running at 1,200 r.p.m., 


‘specially refined methods for the determination of CO 


were employed, and the following results obtained :— 


"a x B.M.E.P. ree 
gp Ib. per square | I are Conditions. 
yee inch. | | 
1 0 0-089 | No load. 
z 0 0-081 | No load. 
3 82-0 0-126 | Normal load. 
4 82-0 0-131 | Normal load. 
5 89-0 0-192 Maximum load. 





These results demonstrate the comparative absence of 
CO in the exhaust gases, an important matter when 
engines are run in confined spaces and in towns. 

In considering further the relative merits of petrol 
and heavy-oil engines, it is necessary to take the follow- 
ing additional points into account: mean effective 
pressures ; maximum fluid pressures in the cylinders ; 
weight per horse-power ; maintenance charges ; initial 
cost ; and fuel consumption at reduced output. The 
relative importance of each of these will naturally 
depend on the particular application. With present 
practice, the advantage, as far as mean-effective 
pressures, maximum pressures, and weights per horse- 
power, lies with the petrol engine; mean effective 
pressures are generally somewhat lower and maximum 
pressures higher in heavy-oil engines, and, as a result, 
the weights per horse-power are correspondingly higher. 
These factors are of greatest moment in connection 
with engines for aircraft ; in other cases, where weight 
is not so important, the advantage of the petrol engine 
is, in practice, much less marked. As regards mainte- 
nance charges, in spite of a growing volume of experi- 
ence—there are in Germany, for instance, more than 
200 lorries driven by heavy-oil engines—no conclusive 
data to compare with those concerning petrol engines 
are available. The reduction in the fouling of the crank- 
case lubricating oil, and the elimination of the ignition 
gear, would indicate that maintenance charges with 
heavy-oil engines should at any rate not be greate! 
than with petrol engines. Under present conditions 
of output, initial costs are much greater than with 





* Paper read before Section G of the British Associa- 
tion, at Bristol, on Thursday, September 4, 1930. 
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Control by pump suc- 
tion valve. 


i 
THE PRESENT 
| 
i Fig.1 TABLE I.—REFERENCES FOR FIG. 1. 
: 1-0 \ \ por +e oe s a ibe ieee aoe —_ — — 
\ | 7 Bore. | Stroke. | Number of 
2 1 \ Engine. In. In. Cylinders. 
2 of \ eee ee * eee o> 
i | \ | 
: 5 0-3 \ A | A.E.C. petrol engine (maker’s figures) 4°33 5-11 6 
| 2 08 1 . = Z| a _ 
& \ sales 
5 \ \ B Petrol engine (Heller, Z.V.d.1., 12.7.30) .. wa 5-90 7-09 4 
\ N a eae % “gare _ 
s 0-7 T = = « | - | 
a \ WN B <A | C | Graz-Hesselman (Heller, Z.V.d.1., 12.7.30).. ee 4-33 7-09 | 4 
3 — ——E —. | 
3 neg N F ea —— 7 - K.¢ on 
g oO N ~ E/S<D SS ae D | Benz (maker’s figures) oa és x a 5-31 | 4 87 4 
3 be “4 SY a, a — LS a 
z 05 EX Pn Le i ee ae 1D} Junkers (author’s test) ae a she ..| 8°15 11-0 | 2 
re Ss ol 7 face! ea — | 
3 ' -——_ be ba | ea | 
8 a —=— we sewn ~< F A.E.C. (maker’s figures) 4-33 59 6 
8 o¢ — = a G a pee —_——$—$—$—$—$—— — —|—______— 
FS G M.A.N. (Heller, Z.V.d.1., 12.7.30)  .. a a 4:72 | 7-09 4 
0-3 "ae ; . 75 | 120 | 2 
0 70 20 50 40 50 60 70 80 90 700 H Brotherhood (maker's figures) 7 
- J | Lister (maker's figures) ico et ee Ce 4 
(2204:A) B.M.E.P. Lb. per Sq.In. “ENGINEERING are ie | | 
TABLE II. BRITISH HIGH-SPEED HEAVY-OIL ENGINES. 
| | g| = . | laeea | Fuel | 
3 | 3 3 | ms] | aA 5 _ Fuel | oa" Type of | Pump | Injec- 
Name. 5 ee Bore. Stroke. he = A= Es S| Press. | _ E a Combustion Chamber.* | =. | Nemes | Remarks. 
aa - ” = 3" = tae lationt | 
aa r ee eee eee —_———- eA 
Lb. per square inch. \ 
500 | 77 
A.E.C. (ACRO) .. en oe 6 |} 110mm. 142 mm. to at 17°5 500 | 850 83 | 1,500 0:49 PPE 3 D II (a) 
| 2,200 | 1,500 | 
BEARDMORE as ; | 4 8 | 8} in. 12 in. 900 585 7°8 100 pa 0-40 1b Cc II (8) | 
‘oc ot To es ee ee ii ~ in an Wea = 
H 
BLACKSTONE... .-| 4{ 6 | 4in 6 in 1,000 | 60 28°5 420 600 79 |1,250' 0-42 1b AS III (b) | Spring-operated pump 
| | | plunger. 
| | 
| | | 
BROTHERHOOD | 4 8 | 74 in 12 in. 900 400 | 35 480 750 83 | la B I (a) 
(RICARDO) | 
| 
| | 600 200 ie ae ae) Ye } 
| to at | | 
ENGLISH ELECTRIC + 4! 8 | 6in. 8 in. 1,500 /1,500 |; 18 450 850 79 3,000 0-39 1b ( II (6) 
| 500 | 7 
| 4| 8 | 9Fin 12 in to 660 | 38 | — — | 7 |— - | | 
| | 1,000 | 
| Lal | 
GLENIFFER ae -.| 4] 6 | 6in. 7 in. 900 | 120} 34 — — 89 — 0-43 | | 1b D | Ia) 
| | | | 
= | 
| | | 
| a Se ae ee ee Pee ee ae eee era ees | = Pees 
bofe 4 | | | 
LISTER .. a jah a | 44 in. 53 in 1,000 | 54 53 | 450* | 750 82 | 2,000, 0-43 1b D | If(a) | *Compn. press, at start- 
| | | | ing, 600 Ib. per sq. in. 
| 
‘4 ined | ee fs aba ee if | i 
McLAREN-BENZ oi 4 4 135 mm. | 200 mm. 800 | 60 43 450 89 1,000 | 0-46 2 A II (a) 
| 
eee iiltece 
ass heat eae eee ¥ 
| | | | 
MIRRLEES, BICKERTON, | 4 3 | 5$ in 64 in. la B I (a) 
& Day (RICARDO) | 
| | 
| | | Direct Injection. | 
PETTERS 2| 38 | 4pin | 5@ in. 1,600 | 30* | 48-5 | 450 630 50* | — -- Form = = D II (a) | *Designed figures. 
| | | Settled. 
| } | | 
bvnng | 
| | 
| | | Pump delivers to re- 
R.A.E. EXPERIMENTAL 4 1 | 8 in. 11 in. 1,200 | 96-2 — 420 800 114-8 | 8,350 0-42 1b 8 III (b) | ceiver. 





(TAYLOR) | | | | 
Steel | | | | | 
* Type of Combustion Chamber. 
1. Direct injection (a) Port swirl. 
(6 


) Piston swirl. 
2. Ante-chamber. 
3. Auxiliary air chamber. 


t Injection Nozzle. 
I. (a) Open, Single hole. 
II. Spring loaded (a) Single hole. 
(b) Multi-hole. 
III. (6) Mechanically-operated, Multi-hole. 





+t Fuel Pump and Regulation. 


A. Variable-stroke plunger, valve suction. 
B. Mechanically-operated spill valve. 

(©, Flash valve with variable cut-off. 

PD. Helical port cut-off. 

8. Special. 
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| # P = a: Fuel | 
é a = Wy © pe . | Te ec +} Pump} Injec- 
4& = ais : ee} a 2 2 Type of Combustion | F 5 
Name. o ies Bore. Stroke. => | Ex = e fn yp Chamber ec | and | tion Remarks. 
Oo |p ae] xs st = Ma ea , | Regu-| Nozzlet 
ee = | = s = lationt | 
BENZ q 6 | 105mm. 165mm. | 1,300, 70 20-5 —_ — 92 860 0-46 D II (a) 
DEUTZ 4 6 | 115 mm.! 170mm. _ 1,250 80 19-8 560 - 80 1,080 0-46 A II (a) 
DORNER 4 4 95 mm. 160mm. 1,000!) 35 - 425 850 88 — 0-46 AX II (a) 
500 | 20 0-47 
HESSELMAN 4 4/100 mm. 136 mm. to to —_ 114 425 | 102 — to A I (6) | Electric ignition. 
| 2,500 50 0-65 | 
! 
JUNKERS AIRCRAFT...) 2 6 | 120 mm. | 400 mm. 1,600 600 3:1 — — 90 a 0-37 | D I (a) | Opposed-piston engines. 
UNKERS 4 Torry 2 2/80mm. | 300mm. 1,100} 45 | 15:4! 540 900 | 85-3 7,000! 0-43 | 
i ————— aac Silane iia 
K OERTING 4 6 | 130 mm. | 180 mm. | 1,200 90 36 _- - 67-5 — | — A II 
1,000 68 
M.A.N. 4 6} 120mm. 180 mm. to to 35 - 600 81 4,200 0-43 q la B I (a) 
1,400 | 90 | 
| ' 
Airinjection, control by 
MAYBACH 4 6 140mm. 180mm. 1,300 150 15-4 a - 90 a 0-40 ol Ss Ss IIL (a)s pump suction valve, 
air pressure, and lift 
q of fuel valve. 
3-26 : X 
JENDRASSIK 4 6 Litres/Cyl. 1,000 110 29°7 430 _- 73 1,150 0-45 7 Y 2 AS I (a) Spring-operated pump 
cos plunger. 
LINKE-HOFMANN 4 6 115mm. 170mm. 1,300 90 20 *455 — 80 — 0-42 per 1b B II (a) 
! 
SAURER 4 6 110mm. 150mm. 1,600 80 455 570 76 1,150 0-49 3 D II (a) 
* Type of Combustion Chamber. t Fuel Pump and Regulation. t Injection Nozzle. 
1. Direct injection (a) Port swirl. A. Variable-stroke plunger, valve suction. I. Open (a) Single hole. 


(6) Piston swirl. 
2. Ante-chamber. 
3. Auxiliary air chamber. 
8. Special. 
petrol engines, but, given equal volumes of production, 
the differences should only be slight. 

As regards fuel economy, it may be said that the 
superiority of the heavy-oil engine as regards thermal 
efficiency is well recognised. But there is one aspect 
of this which has not received the attention it deserves, 
namely, what may be termed the good fuel consumption- 
load and fuel consumption-speed characteristics of the 
heavy-oil engine. For road transport, where the load 
and speed of an engine may be continually varying, it is 
these characteristics, the maintenance of low consump- 
tion over wide ranges of speed and load, which determine 
its good practical thermal efficiency. To illustrate this 
further, curves of fuel consumption plotted on brake 
mean pressures from certain heavy-oil engines, mostly of 
the lorry type, and from representative petrol-lorry en- 
gines are given in Fig. 1, on page 533. Table I gives 
some particulars of the engines to which the curves 
in Fig. 1 relate. The superiority of heavy-oil engines 
as regards fuel economy at reduced loads is seen to be 
most marked. It has also been found that the com- 
bustion is affected to a smaller extent by speed of 
revolution than is the case with the petrol engine, so 
that the variation of mean-effective pressure, or torque, 
and fuel consumption with change of speed is com- 
paratively small. As a result, the heavy-oil engine is 





AX. RA = + port a 
B. Mechanically-operated spill valve. 
D. Helical port cut-off. 

S. Special. 


superior to the petrol engine, in that it sustains its 
torque much better at low speeds; the engine can 
therefore run at low speeds on “‘top’’ gear, and also 
has, assuming equal flywheel conditions, a better 
“acceleration.”” In short, it is more “ flexible.” 
High-speed heavy-oil engines are nearly all of the 
** compression-ignition ’’ type, the fuel being injected 
at or near inner dead centre into air compressed by the 
piston. The time of injection is, for good thermal 
efficiency, limited to 40 deg. of crankshaft turning at 
most, the cycle of operation being the * dual” cycle 
with combustion mainly at constant volume. Mechani- 
cal considerations at high speeds limit piston speeds and 
necessitate short strokes ; the influence of the cylinder 
walls requires that the stroke-bore ratios should be 
Jarge, so that small cylinders and correspondingly 
small outputs per cylinder are necessary. That the 
highest speed of running may require to be four times 
the lowest, and that at all speeds over the range the 
load on the engine may vary from “ no load” to “ full 
load,” are additional circumstances determining the 
problems involved in the satisfactory metering, 


injection mixing, and combustion of the fuel. 

These problems then include the metering of the 
fuel to the engine in the correct quantities for all loads 
and speeds ; the delivery of the fuel to the cylinder at a 


(b) Multi hole. 
IL. (a) Spring loaded Single hole. 
II. (a) Mechanically-operated Single-hole. 
8. Special. 


suitable pressure, and at such a rate that the combustion 
may proceed in such a way that, on the one hand, it is 
complete at a point in the expansion stroke sufficiently 
early to ensure good thermal efficiency, and that, on 
the other hand, the rise of pressure behind the piston is 
neither irregular nor too sudden, a state of affairs which 
would cause the engine to be “* rough” in its running. 
In addition to these, it is necessary so to subdivide or 
atomise the fuel and so to control the motion of the 
combustion air that the mixing of the fuel with the air, 
which naturally depends on their relative motion, may 
also lead to satisfactory combustion. It is in the ways 
in which these separate actions are carried out that 
the various designs of engines are distinguished. 
The first impression received from a study of this 
field is of the extraordinary variety in the types of 
engines in which the problems outlined above have been 
satisfactorily solved. This is realised from Tables II, 
III and IV, on page 533, and on this and the opposite 
pages, which have been compiled to give the important 
data relating to most of the leading designs of British, 
Continental, and American engines, respectively. Cer- 
tain other engines are mentioned in the text, but the 
tables may be taken as representative of present practice. 
It will, of course, be recognised that in such tables, 
arranged to facilitate comparison of different types, the 
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TABLE 
' | nm 
ma eS: —j | 
: 2) 3] a 
Name. | & 38) Bore. Stroke. | + be 
© 163] by 
\- | hs 
a : a ! 
| 
ATTENDU - «ile Se | 64 in. | 1,600 | 
| | | 
| 
CUMMINS 7 6 4hin. 6 in 1,000 
| 
| | | 
FAIRBANKS-MORSE ..| 2/ 4 | 6in. 64 in 800 | 
| | | 
Hat .. ee oof) 4} 26a) ein: 7 in. 1,000 
| ! 
Ieee San 
PACKARD ee --| 4] 9 | 4,3 in. 6 in. 1,950 
| | | 
j | 
STEARNS ie --| 2] 6 | Gin. | 8 in. | 1,000 | 


| | | | 
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* Type of Combustion Chamber. 


1. Direct injection (a) Port swirl. 
Piston swirl. 
2. Ante-chamber. 

S. Special. 


data, collected from so many and varied sources, may 
not in every case be absolutely consistent ; further, 
for such items as brake mean-effective pressure and 
fuel consumption, only single representative figures 
at normal outputs can be given in each case. Attempts 
are made to classify these types, and, since in other 
respects such engines may be said to follow current 
practice with petrol engines, the classification falls 
naturally under the headings of form of combustion 
chamber, fuel nozzles, and fuel pumps. 

Combustion chambers have been divided in the table 
into three types, briefly described as: 1, direct injec- 
tion; 2, ante-chamber; and, 3, auxiliary air chamber. 
Although any single design of engine must naturally 
be considered in its entirety, differences in the forms 
of combustion chamber follow chiefly from the various 
ways in which the mixing of the fuel with the air may 
be brought about. The distinguishing feature of those 
classified under 1, therefore, is that the fuel is injected 
directly into a chamber, which is generally undivided in 
form, the mixing of the fuel and air following from 
their relative motion. This relative motion generally 
results from the movement of the air against the jet of 
fuel, more or less finely divided. Fuel jets may be 
“soft,” the fuel being very finely divided or “ ato- 
mised,” in which the dispersion is considerable and the 
“ penetration’ small, or they may be “ hard,” with 
the fuel not so finely divided, when the direction is 
more definite with considerable penetration; the 
jet selected will naturally depend upon the particular 
motion given to the air. The sub-division in the table 
of this type of combustion chamber into 1 (a), port 
swirl, and 1 (6), piston swirl, suggests the two ways in 
which the necessary movement of the air is effected. 
In 1(a) the velocity and direction of the inflowing air 
determines the subsequent motion ; in 1 (4) the changes 
in the form of the air space during compression by the 
piston set up more or less definite swirls which persist 
during the mixing period. 

Examples of engines coming under 1 (a) are the 
Brotherhood-Ricardo, Mirrlees-Ricardo, and Junkers 
designs, with tangential swirls about the cylinder 
axis caused by directed port induction; the M.A.N. 
and Hesselman designs, in which swirls, similar but 
probably not so definite, are set up by poppet valves 
fitted with shrouds to direct the inflowing air; and the 
Dorner and Packard designs, in which the inlet valve 
ports are suitably shaped. In the Ricardo design, the 
direction of the jet is parallel to the cylinder axis ; 
in the Junkers engine the jet is flat with a radial 
direction ; while in the other engines the direction of 
the jet is also radial, but with a single hole in all cases 


+ Fuel Pump and Regulation. 


A. Variable-stroke plunger, valve suction. 
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Under 1 (0) are classified such diverse engines as the 
Beardmore, in which the combustion chamber approxi- 
mates to a flat disc, and the Blackstone and Glennifer 
engines, in which the air is forced, at the last instant of 
compression by the piston, into a compact space. In 
both types, the motion of the air is much less definite 
than in those of 1 (a), but whereas in the Beardmore 
type the jet must penetrate into the air spaces, in the 
other types it is probable that satisfactory mixing will 
be brought about by the motion of the air against a 
“soft”? spray. An interesting case is that of the 
R.A.E. experimental engine, with axial injection into 
an approximately hemispherical combustion chamber. 
In this, the best results were obtained with a nozzle 
having five holes, 0-0145 in. diameter and 0-02 in. 
long, arranged on a cone of apex angle of 120 deg. 
These jets have good penetration, and it is suggested 
that the outstanding results obtained with this engine 
are due to the fact that the jets cut diametrically 
through the symmetrical swirls set up behind the piston 
during compression. 

It is found that combustion chambers with direct 
injection vield the best thermal efficiencies, allow of 
starting from cold without auxiliary help, and are the 
least complicated in design. They have the dis- 
advantages, however, that, in order to obtain the | 
necessary fine division of the fuel, the pressures in the 
fuel system are usually very high, and that the maxi- 
mum working pressures in the cylinders are also high 
when compared with the types 2 and 3. 

Type 2, combustion chambers with ante-chambers, 
are distinguished by the division of the combustion 
space into parts, the ante-chamber and the main com- 
bustion chamber, separated by a constricted passage ; 
further, that the fuel is injected into the ante-chamber 
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fuel at injection does not need to be finely divided, 
and the fuel pressures are usually much lower than 
in direct-injection engines. The combustion and the 
complete reaction taking place in the ante-chamber 
vary in the different designs, and comparison between 
certain of these is interesting. Separate diagrammatic 
sketches of the ante-chambers are therefore given in the 
tables. 

In the Deutz and Benz designs, for instance, it may 
be assumed that at the instant of injection, which takes 
place somewhat earlier than in direct-injection engines, 
there is no considerable movement of the air from the 
main chamber into the ante-chamber. Apart from 
this similarity, however, there are certain important 
differences between the actions in the respective 
ante-chambers. In the Benz design, it is regarded as 
important that the fuel injected into the ante-chamber 
should impinge upon the sides of the funnel-shaped 
channel, called a volatiliser; an annular insulating 
space surrounds this and allows its temperature to 
| be kept at a suitable level to vaporise the fuel under 
| the desired conditions of running. This piece can be 
replaced as necessary. The atomisation is further 
assisted by the passage of the fuel through fine holes 
at the bottom. Deutz, on the other hand, use an ante- 
chamber of simple form, inserted in one piece in the 
cylinder head; this must naturally be replaced as a 
asa whole. In this case, the fuel is injected as a narrow 
stream, and does not strike the side walls but impinges 
directly on the end of the ante-chamber, atomisation 
taking place mainly during the passage of the fuel 
through fine holes into the main chamber. 

The method employed in the Koerting design is 
quite different, In this case, as will be seen in 
Table III, the ante-chamber is in the form of a short 











and a portion of it burnt there, and the remainder, | cylinder, and is water-cooled on all sides. This is 
through the resulting difference in the pressures in| connected with the main combustion chamber by a 
the ante-chamber and the main chamber, passes at high | relatively long narrow through-passage, which is also 
velocity into the main chamber where it mixes with the | water-cooled. The injection nozzle is carried well down 
air and is burnt. into the ante-chamber, so that its distance from the 
The necessary intimate mixing of the fuel and air is | upper end of this passage is small. The fuel is injected, 
thus curried out by the indefinite turbulence, as distinct | at a relatively low pressure, as a narrow stream directly 
from definite swirls, caused by the violent passage of | on to the walls of the passage. Injection is timed so 
the unburnt fuel and hot products of combustion from | early that it occurs while the air compressed behind the 


motion of air and fuel resembles, therefore, the indefi- 
nite turbulence present in the Diesel engine with air 
injection, and the main combustion chambers have the 
forms associated with that type. There is, however, 
in the present case, the advantage that the air breaking 
up the fuel is at a much higher temperature than the 





the ante-chamber into the mainchamber. The relative | piston, and at a high temperature, is actually passing 


at fairly high velocity into the ante-chamber, so that 
the fuel rebounding from the walls of the passage is 
atomised by the air flowing in the opposite direction 
into the ante-chamber. Mixing continues in the ante- 
chamber, and ignition begins when the temperature 
reaches the necessary level. Following from the 


blast air of air-injection engines. Since the breaking | pressure rise and the resulting rapid flow of the 








except the Hesselman, in which the jet has two holes. 





up of the fuel is completed in the mixing process, the | hot gases out of the ante-chamber, the remaining 
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fuel is atomised and burnt in the main combustion 
chamber. 

One advantage of using ante-chamber combustion, 
in which the fuel at injection is not so finely divided, 
is that the injection pressure may be considerably 
lower, and the injection nozzle and piping less accu- 
rately made than in the direct-injection engine; in 
other words, the design may be less refined. A further 
advantage of the type is that heavier and cheaper fuels 
may be successfully employed On the other hand, 
since the cylinders are correspondingly more com- 
plicated, and have a much greater surface-volume 


ratio than those of simple form used with direct injec- | 
tion, the loss of heat from the air during compression | 


is so great that when these engines are started from 
cold the final temperature is not high enough for the 
fuel to be ignited, and special auxiliary methods are 
necessary. 
on the Benz and Deutz lorry engines by fitting in 


the ante-chambers electrical heating coils, which are | 


switched on from the driver’s seat at starting. 

To avoid this additional complication, a novel method 
has been applied in the Ganz-Jendrassik engine, de- 
signed primarily for railway work. In this engine, 


an additional cam is fitted by which the inlet valve is | 


not opened at the beginning, but towards the end of 
the induction stroke. A partial vacuum is set up 
behind the piston in the early part of the suction 
stroke, and the velocity through the inlet ports is thus 
greatly increased, with a resulting rise in the tempera- 
ture at the end of induction, and therefore at the 
end of compression. The inventor claims that, after 
about 14 minutes running at ‘no load,” the com- 


pression temperature is high enough for the normal 


This difficulty of starting is overcome | 


| after top dead centre shall meet the fuel entering the 


for some'15 deg. after top dead centre, and one advan- 
|tage claimed for this method of combustion is that 
used air is continually passing away to the cylinder 
space, leaving only pure air to meet the stream of fuel 
particles. Since the velocity of the air is proportional 
to the speed of the engine, similar conditions prevail over 
a wide range of speed and the design is very flexible. 
It has been said that, with this design, the combustion 
is so delayed that the thermal efficiency is correspond- 
ingly low, and that only the advantage of reduced maxi- 
mum pressure follows. It is clear, however, from 
diagrams taken with a Farnboro’ indicator, that, by ad- 
vancing the instant of injection, itis possible to control 
maximum pressures and fuel consumptions in a manner 


similarity is shown on Fig. 1, where curve F from the 
A.E.C. engine compares quite well with those given 
from the direct-injection engines. The design has 
the advantages of type 2 as regards low fuel pressures 
and coarse jets, but is open to the same drawback as 
regards starting, since heating coils must similarly be 
fitted to ensure rapid starting from cold. 

An interesting design which falls between type 1 
and type 3 is the Cummins engine. This, as will be 
seen from Table IV, is provided with a central air reser- 
voir in the piston, so that the air escaping from this just 


main combustion chamber from the axially-placed fuel 
nozzle. 

Coming now to the design of fuel nozzles, Fig. 2, it 
may be said that here again is wide divergence of 
opinion. They have been grouped in the tables as open, 
spring-loaded, and mechanically-operated, and, as 


The design of fuel pumps and the methods of regu- 
lation of the fuel supply form a further interesting 
study. The nature of the practical demands on the 
pumps may, perhaps, best be understood by quoting 
figures from an engine upon which the authors are 
working at King’s College, London. At no load 
'and full load, respectively, the quantities of fuel 
| delivered per cycle are about 0-00002 and 0-0001 Ib. 
This is a two-stroke engine running at speeds from 
400 to 1,200 r.p.m., so that such quantities of fuel are 
injected from 400 to 1,200 times per minute. When 
it is remembered that governing takes place by regu- 
lating the supply of fuel, the degree of accuracy with 
which the fuel must be metered is realised. Since, in 


similar to that of engines with direct injection. This | most designs, the actual rate of injection of the fuel 


is determined by the pump and, as has been explained, 
very high pressures are sometimes necessary, the 
design of a complete injection system, both as regards 
accuracy of manufacture and elastic deformation under 
pressure, demands care and forethought. 

Fig. 3 shows, diagrammatically, the representative 
types of fuel pumps, and this classification has been 
used in the table. In type A, the fuel is regulated by 
altering the stroke of the plunger by means of levers 
or sliding cams, both suction and delivery valves being 
fitted ; in the modification X, port opening is substi- 
tuted for the suction valve. In the remaining types, 
B, C and D, the stroke of the plunger is constant, the 
differences between these types concerning the method 
of regulating the quantity of fuel delivered. In B, the 
instant of opening of a mechanically-operated “ spill” 
valve determines the end of the useful stroke of the 
pump, the fuel passing the spill valve being returned 





previously stated, the type selected in a particular case 
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valve action to be resumed, and the engine to be put. 


under load. 

Apart from this method of starting, the engine is 
interesting in that it has an ante-chamber of which the 
method of operation is again different from those men- 
tioned above. Itis distinguished by the fact that the jet, 
in the form of a large, only slightly divergent stream. 
is directed straight at a hole in the bottom of the ante- 
chamber. Injection is begun immediately before top 
dead centre, and the part of the fuel which passes 
directly through this hole strikes on a flat projection 
on the piston, and rebounds from this so as to be dis- 
tributed throughout the disc-shaped combustion space. 
Of the fuel which does not pass directly into the main 
chamber some is burnt in the ante-chamber in the 
usual way, and the remainder is forced by the resulting 
rise of pressure into the main chamber where mixing 
and combustion are completed. The difference of 
pressure between the ante-chamber and the main 
chamber is, on account of the large diameter of the 
connecting hole, relatively low. In one sense, the 
design may be considered as falling between types 1 and 
2, the object of the inventor being to utilise the advan- 
tages of type 1, while avoiding its high maximum 
pressure and refined construction. 

A further compromise in this direction which, in 
addition, seeks to avoid the apparent lack of control 
over the combustion of the ante-chamber type, is the 
auxiliary air chamber design, conveniently classified 
here as type 3, but regarded by some writers as a 
section of type 1, and by others as of type 2. The two 
most important firms manufacturing engines with this 
type of combustion chamber are the Associated Equip- 
ment Co., in London, and the Saurer Co., Arbon, 
Switzerland, who use the Acro construction. In this 
design, as will be seen from Tables II and III, the com- 
bustion chamber consists of two main parts, the air 
chamber or reservoir and the cylinder space, connected by 
a funnel-shaped passage, tapering towards the reservoir. 
In this design, the reservoir and passage are in the 
cylinder head, but in an alternative construction they 
form a hollow in the piston, During the compression 
period, air is forced into the reservoir, and injection of 
the fuel into the funnel and combustion begin just 
before top dead centre. When the piston moves down, 
the direction of the flow is reversed and air passes at 
fairly high velocity out of the air reservoir, meeting 





the injected fuel in the funnel. Injection is continued 
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depends on the type of combustion chamber. It will be 
seen, for instance, that, with the exception of the Jen- 
drassik design, the peculiarities of which have been 
referred to, open nozzles are used only on engines with 
direct injection. 

Two types of open nozzle are shown in the figure, 
the Ricardo and the Junkers. The former is a single- 
hole nozzle, and the latter, while possessing a single 
hole, produces a flat spray by the impinging together of 
two streams of fuel. The delivery valves of the fuel 
pumps are, with open nozzles, the only means of cutting 
off the fuel supply. These nozzles are associated 
usually with fine atomisation and, in order to reduce 
the volume and inertia of the fuel between the pump 
and the nozzle, and to damp out oscillations in the 
column of fuel in the pipe, connecting pipes of small 
bore are fitted, or actually, as in the Dorner, Packard 
and Linke-Hofmann designs, the fuel pumps are fitted 
close to the nozzles. In spite of the high accuracy 
of manufacture demanded by this type, and the possi- 
bility of after-dribbling sometimes urged against 
them, they are used successfully in practice, and are 
preferred by some designers on account of their sim- 
plicity and the absence of moving parts. 

From the tables it is seen that, apart from direct- 
injection engines, the vast majority of designs employ 
automatic spring-loaded nozzles, and most of these are 
of the single-hole type, without or with pintles. In 
spring-loaded nozzles, the fuel valves are raised from 
their seatings by the action of the fuel pressure. Such 
valves naturally involve complication of the design, 
and, since the valve seatings are highly loaded, care- 
ful workmanship is essential. By suitable form of 
the entrance to the nozzle, it is possible to control 
accurately the rate of injection, and to make this less 
dependent upon the speed of revolution and the inertia 
of the fuel in the connecting pipes than is the case with 
open nozzles. Satisfactory atomisation may be realised, 
too, with lower fuel pressures. With both open and 
closed nozzles, the important factors of penetration and 
divergence are influenced by the ratio of length to dia- 
meter of the hole or holes. A small value involves diverg- 
ence and poor penetration ; a large value, the reverse. 

Mechanically-operated fuel valves are employed only 
in the R.A.E. experimental engine of Taylor, in the 
Maybach engine, which, it may here be pointed out, 
is the only high-speed engine with air injection, and 
in the Stearns engine. 





to the supply. In C, this function is performed by a 


Fig.3 (C) (D) 








reciprocating ‘‘ flash”? valve. The land on this is 
cut away in a helical form, and the instants of closing 
the suction port and again releasing the pressure 
depend upon the angular position of the flash valve. 
In D, which is the simplest design of the four, both the 
instants of the beginning and end of injection are 
controlled by ports cut in the walls of the pump 
cylinder and their relation to the upper and lower edges 
of the plunger. The latter is so shaped that, by altering 
the relative angular positions of plunger and cylinder, 
varying instants and intervals of injection are possible ; 
that shown in the figure has a fixed beginning of 
injection and variable cut-off. In an alternative 
design, inclined edges are given to the ports in the 
cylinder walls, instead of to the plunger. 

All the foregoing has concerned engines of the 
compression-ignition type, but a design recently 
published, while not relying upon the temperatures 
produced in the compressed induction air to produce 
ignition, yet must be included as a “ high-speed heavy - 
oil engine.’ This is the Hesselman engine, of which the 
leading particulars are given in Table II, and from 
which a curve of performance is included in Fig. 1. 
By incorporating the ignition arrangement of a petrol 
engine in this design, it is possible, while retaining 
the advantages of heavy oils, to avoid the high com- 
pression and maximum pressures usual in compression- 
ignition heavy-oil engines. Thisis done in the following 
manner: the induction air is given a swirl about the 
axis of the cylinder by shrouding the inlet valves, and 
the injection of the fuel in a fine spray is so timed that 
it passes before the sparking plug at the instant of 
sparking, and is thus ignited. The swirl in the air is 
regulated by throttling, so as to be correlated to the 
fuel quantities necessitated by the load. Such a 
method can, of course, be applied directly to existing 
petrol engines without over-stressing the working parts. 
Reference to the tables shows the superiority of the 
design as regards the loading on the running gear. 
Apart from the advantages of using cheaper and 
safer fuels, it is possible, as the curve in Fig. 1 shows, 
to obtain thermal efficiencies much better than those 
of petrol engines at full loads, and approaching those 
of ante-chamber engines at reduced loads. The design 
is being applied to commercial lorries by Leyiand Motors 
in this country, and by the Grazer-Wagonfabrik, of 
Graz, Austria. 

The tables include those designs that are repre- 
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PNEUMATIC ASH-REMOVAL WAGON. 


CONSTRUCTED BY MESSRS. THE ALLEN AIR APPLIANCE COMPANY, 
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sentative of present practice, but it is, perhaps, well, the Junkers Company, of Dessau, produces two-stroke 
to mention certain other firms who are working in this | engines, these working on their well-known opposed- 
field, viz., Ruston and Hornsby, the Sunbeam Motor- | piston principle; the engines of the Morton Company 
Car Company, and Gardner in this country, and | also work on the two-stroke cycle. In America, on 
Renault and Morton in France, are engaged on engines | the contrary, considerable attention is devoted to this 


of type 1; Sulzers, in Switzerland, are making a 
range of engines of type 2; while Dorman, Ailsa Craig, 
and Aveling and Porter are developing engines of 
type 3. 

The extraordinary variety in the successful designs 
mentioned at the outset of this paper will hardly need 
to be stressed at this point, but it is interesting to 
compare the present position with the corresponding 
position of the petrol engine as given in the text-books 
of twenty-five years ago. Out of that similar variety 
has come the present standardisation of types, and, 
failing unexpected developments in design, similar 
trends may be anticipated for the high-speed heavy-oil 
engine. Already in one direction is this apparent : 
the Bosch Company, of Stuttgart, the M.L. Magneto 
Company, of Coventry, and the Alder Pump Company, 
of Sunderland, are ready, as specialist firms, to 
supply fuel pumps and nozzles—a development similar 
to that of the specialist firms who supply carburettors 
and magnetos. 

In comparing the three groups, British, Continental 
and American, of the tables, there are certain out- 
standing points to be noticed. Only one firm in this 
country, Messrs. Petters, Limited, of Yeovil, are work- 
ing upon a two-stroke design, and for this reason, in 
spite of the relatively undeveloped state of their engine, 
this has been placed in Table II. Only one firm in 
Table III, relating to Continental engines, namely, 


|type. Further, the small amount of support from 
| British firms for the ante-chamber type is also remark- 
| able when compared with Continental and American 
| practice. 

This paper would not be complete without some 
| congratulatory reference to the progress made by 
| British engine-builders in this field in the past two 
years; this is a particularly welcome circumstance 
when their late start is considered. It should also be 
stated that, while, on account of shortness of time, 
|the information given in this paper concerning 
American engines has been taken from available 
| technical literature, that concerning the British and 
most Continental engines has been freely made avail- 
|able by the makers. To them the authors, in con- 
clusion, record their indebtedness and offer their best 


thanks. 








Hypro-Exectric DEVELOPMENT IN CHINA.—According 
to The Chinese Economic Bulletin, the National Recon- 
struction Commission in that country is making plans 
for the construction of two hydro-electric stations, one 

| at Sanhsien, on the Yangtsze River, and the other at 

Lungmen, on the Yellow River, so as to utilise the large 
power resources of these two waterways. The Commis- 
| sion is also endeavouring to collect records and data 
concerning the flow of the other large rivers in the 
country, so as to decide whether it is worth while to 
construct stations on them. 
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PNEUMATIC ASH-REMOVAL 
SYSTEM. 


ALTHOUGH a considerable number of large buildings 
now employ central-heating plants with oil-fired 
boilers, the majority of such installations are still 
fired with solid fuels, and the disposal of the ashes 
produced presents a problem of some difficulty to the 
house owners as well as to the sanitary authorities. 
This is particularly the case in the United States, and 
to overcome the difficulty the removal of the ashes 
by pneumatic means has been suggested. 

Among the equipment devised for this purpose, 
mention may be made of that manufactured by Messrs. 
The Allen Air Appliance Company, Incorporated, New 
York. This, as the accompanying illustrations show, 
consists essentially of two motor wagons, one of which 
carries a multi-stage exhauster, and the other a cylindri- 
cal steel container, into which the ashes can be drawn 
direct from the ash pit in the building, through either 
a permanent or a temporary pipe system. By 
dividing the equipment in this way, it is possible for 
the exhauster unit to be connected to a number of 
containers in turn, and for the latter to be driven 
independently to the dump when they are filled. This 
not only reduces the idle mileage, but obviously 
decreases the time necessary for dealing with a given 
volume of ashes. 

Fig. 1 illustrates the two vehicles coupled together 
for emptying an ash pit. The driving unit consists 
of a 75-h.p. engine and exhauster, connection from 
which is made through filters, and a flexible pipe to 
the container unit. The latter is, in turn, connected, 
through a similar flexible pipe, either directly to the 
ash pit, or to a permanent branch from the latter, the 
end of which may be conveniently located under the 
pavement. The container itself is hermetically sealed, 
so that there is no scattering of the ash, either during 
the exhausting operation or during its transit to the 
dump. As shown in Fig. 2, dumping is easily effected 
by tilting a container drum, discharge taking place 
through the wide-mouthed conical chute at the rear of 
the vehicle. A further advantage of the arrangement 
seems to be that the ash is kept separate from other 
forms of refuse, so that its subsequent disposal is 
facilitated. 








Exectriciry Supply IN SyDNEY.—It is proposed to 
place the Sydney City Council’s electricity department 
under an independent electricity board. The capital 
involved in the service is over 20,000,000/. The change 
is intended to secure more efficient management, but the 
Council will still control the finance. 

BritisH STANDARD SPECIFICATION FOR LECLANCHE 
Cretis.—The British Engineering Standards Association 
has just issued a new specification, No. 397—-1930, for 
Leclanché primary cells of the dry, inert and wet types. 
Standard dimensions are given for the various classes, 
together with the appropriate connecting wires and 
terminals, Standard requirements for the zine and 
electrolyte are also laid down. Tests for neutral 
internal resistance, polarisation and output are given 
to ensure compliance with the specification, and an 
appendix dealing with an optional storage test is also 
included. Copies of this specification can be obtained 
from the Publications Department, British Engineering 
Standards Association, 28, Victoria-street, London, 
S.W., price 2s. 2d. post free. 
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THE EFFECT OF CONTAMINATION 
BY NITROGEN ON THE STRUCTURE 
OF ELECTRIC WELDS.* 

By L. W. Scuuster, M.A., M.I.Mech.E., M.I.E.E. 


From time to time suggestions are made that the 
needles found in welds are caused by oxygen, and 
that they are not produced by nitrogen. This point 
was therefore specially studied during the course of a 
general investigation which is being made on welding. 
At astage where it had been found definitely that nitro- 
gen caused needles in welds and that, in a weld made 
in oxygen, they were neither present nor could they 
be made to appear, startling evidence was put forward 
by Alexander in America in support of the contention 
that oxygen was the only cause of needles. In view 
of this it was felt that the investigation should be 
extended to ascertain whether the former conclusion 
was in error or not. As no work appears to have been 
published hitherto on the effect of contamination from 
the atmosphere on weld metal, and a knowledge of 
this is essential for the interpretation of the structures 
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found in specially prepared welds, the present paper | 
gives the result of those portions of the investigation 
dealing with atmospheric contamination and with 
the structure of welds made in different gases: The 
variation of structure according to the type of electrode 
used and the results of mechanical tests are described 
in the official reports of the investigation.t 

The work described is the result of the private 
enterprise of the author’s company, who had no direct 
interest in the result of the research. Under these 
circumstances there were limitations to the facilities 
available, and the extent of the work was not as 
comprehensive as it might have been if carried out in a 
laboratory specially fitted out for welding research. 
Similarly, analyses were made only when the author 
considered that the evidence was insufficiently strong 
for conclusions to be drawn with absolute confidence. 
Where definite carbon contents are given the deter- 
minations were made by combustion. 

Part I.—The Effect of Contamination by Nitrogen.— 
In this section are described some of the structures 
that are found or that can be induced in welds. They 
have been largely exemplified by means of a special 
bar of welded Armco iron which was used as a standard 
of comparison. The bar was first thoroughly explored 
microscopically and found to be free from visible 
carbon. A slice was cut from the outside and cut 
into strips, 4 to 5 in. long, which were used as bare- 
wire electrodes. By the use of these, two pads of 
metal were deposited by the metallic are on to the 
sawn surface of the bar, the current being taken from a 
continuous-current generator and the two _ pads 
respectively deposited with changed polarity. The 
weld made with the electrode negative was sent for 
examination to Loughborough College, where all 
other analyses for nitrogen were made, no particulars 
of the source or the microstructure of the specimen 
being given. It was found to contain 0-228 per cent. 
of nitrogen, a high figure. 

In a carbonless weld or one that is not contaminated, 
the structure consists of polyhedral grains of ferrite. | 
Where the lower runs of weld metal have been nor- 
malised, or partially normalised, intermediate structures 
may be found; the structure to be described in 
this section, therefore, applies mainly to the top 
run of weld metal. As it is usual for an electric weld 
either to contain a certain amount of carbon or to be 
contaminated by the atmosphere, in addition to the 
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ferrite there is generally present a dark body which, 
at high magnification, is found to be made up of a 
constituent that is largely cementitic. This assumes 
a long-axed shape when the ferrite grains are columnar, 
but portions segregate to the boundaries of the ferrite 
grains. 

As the most striking way of showing that a body 
resembling pearlite can be introduced into welds by 
atmospheric contamination was to normalise a carbon- 
less weld, a normalising treatment was carried out on 
the weld made with Armco iron. In the micro- 
photograph, the parent metal was seen to be free from 
carbon, a large number of small and a few larger 
oxides only being visible. In contrast to this, the 
weld metal contained a considerable amount of a 
dark substance, resembling pearlite. In between the 
two structures, the ferrite was full of a large number of 
needles. The similarity between this transformed 
structure of the Armco iron and that of Armco iron 
into which sufficient nitrogen has been introduced is 


In illustration of the fact that the structure is by 
no means exceptional, Fig. 6, on this page, is shown, 
which represents a weld made with a Swedish-iron 
bare-wire electrode. The carbon content was only 
0-02 per cent., and, as is to be seen, the weld contains 
a large amount of braunite. Some needles are present. 

Quenching mild steel from 580 deg. C. has no, or no 
appreciable, effect on the structure. With welds 
made in nitrogen, or ordinary welds contaminated by 
the atmosphere, the opposite obtains. Nitrogen de- 
presses the lower critical temperature, and the pearlite 
constituent enters into solution, and when a small 
specimen is quenched reappears in the form of a bright 
body. This does not darken with alkaline sodium 
picrate and is evidently a nitrogenous austenite ren- 
dered stable by the nitrogen content. Sometimes this 
body is partially or entirely martensitic. The needles 
enter into solution as a result of this treatment, but 
reappear if the specimen is reheated and slowly cooled. 

When what is intended to be a normalising treatment 





most marked. 
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from the rod, the only possible source is the atmosphere. 
The only constituents of the atmosphere present in 
sufficient quantity to change the microstructure 
appreciably are oxygen and nitrogen. Several researches 
have been carried out in which oxygen has been intro- 
duced into iron and steel without the features of the 
micrograph being reproduced ; it is only reasonable, 
therefore, to conclude that they are caused by a com- 
bination of iron and nitrogen, or, when carbon is present, 
of both these substances together with carbon. On the 
other hand, where nitrogen has been introduced into 
steel, structures have been induced similar to those 
showninthe micrograph, The latter, therefore, affords 
very strong evidence that the needles are set up by 
nitrogen, and this is confirmed by the complete simi- 
larity of contaminated welds to nitrogenised Armco 
iron, after each of various forms of heat treatment, 
and by the examination of welds made in nitrogen 
that have been given similar forms of heat treatment. 
The dark body resembling pearlite is, therefore, none 
other than braunite, a nitrogenous compound resemb- 
ling pearlite, and the absence of needles is due to the 
large quantity of nitrogen present. Had the weld been 
heated at a suitable temperature in hydrogen with 
the object of partially eliminating the nitrogen, the 
braunite would -without doubt have been replaced 
by needles. 





is carried out too hurriedly on small specimens of 
contaminated welds—say, when an Izod test-piece is 
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cooled in the air—it has sometimes been noticed that 
the central portions of what should be pearlitic areas 
are bright, giving the impression that the pearlitic 
constituent is largely dissociated into cementite. 
The cause of this had hitherto been obscure, and the 
bright body had been assumed to be cementitic, but 
the experiments made on welds containing braunite 
led to the suspicion that this body, strange as it may 
seem, was largely austenitic. Again, it had for some 
time past been noticed with ordinary contaminated 
welds that, if the treatment had been carried out too 
rapidly, instead of needles being formed, as would have 
happened with a normal rate of cooling, a white 
constituent was present as islands among the ferrite 
grains. 

An Izod test-piece of a weld, which had been made 
with a Swedish-iron electrode and afterwards heated 
to 910 deg. C. and cooled in the air, was found to 
have the structure described. The weld contained 
only 0-02 per cent. of carbon and showed a large 
number of bright islands edged with a dark constituent 
resembling troostite, as shown in Fig. 13. To con- 
firm the identity of the white constituent, a specimen 
of this weld was first etched in boiling alkaline sodium 
picrate, when the interior of the grains in question 
remained uncoloured, indicating that they were not 
cementitic ; at the same time, the outer edges etched 
up dark as before. Next, the weld was given a tem- 
pering treatment at 580 deg. C. for five minutes, 
followed by a comparatively slow rate of cooling. 
As a result, what were suspected to be austenitic 
grains broke down into braunite, and the outer edging 
that was originally black broke down into the cementitic 
form. This distinctly confirms that the original grains 
were similar to austenite at the interior. The weld 
contained 0-228 per cent. of nitrogen. 

To confirm the cause for this change in structure, 
a small portion of the bar of nitrogenised Armco iron 
supplied by Dr. Bramley was first heated to 910 deg. C. 
and allowed to cool rapidly in air, when austenitic 
grains edged with what appeared to be troostite were 
formed, the appearance being similar to that found in 
contaminated welds. The sample was next tempered 
at 580 deg. C. in the same manner as the Armco-iron 
weld, after which it was allowed to cool slowly. This 
resulted in a structure exactly the same as that of the 
weld, the austenitic being turned into pearlitic grains, 
which were cementitic at the boundaries. Nitrogen is 
undoubtedly the cause of the apparently high carbon 
content of welds made with bare-wire electrodes or 
electrodes of which the covering shuts out the atmos- 


sphere inefficiently. ¥ 
Part Il: Welds made in Various Gases.—In order 
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to confirm the cause of the structures described in 
Part I and to account for the presence of needles in 
welds, a large number of specially prepared welds 
were made. These welds were made in the laboratory 
of the Quasi-Arc Company, and to this company the 
author’s best thanks are due for the infinite trouble 
they took in laying the deposits again and again. The 
apparatus, in its final form, consisted of a metal box of 
which the top was for the most part covered with a 
glass, made air-tight with plasticine, for observation 
purposes. At the top was also an inlet connection 
from the gas cylinder and a rubber gland through which 
the electrode worked. At this side was a manometer 
for registering the air pressure, and at the bottom a 
cock for the outflow of gas and for letting out water. 
The plate on to which the weld metal was deposited 
was tack-welded to a heavy plate at the bottom of the 
box, to give rigidity. A flow of gas was maintained 
during the period of welding, the outlet being led to 
a deep tank, where it was water-sealed and the gas 
allowed to bubble through the water. With the 
exception of the one weld made in oxygen, the 
apparatus was filled with water, which was then 
displaced by the particular gas used, to prevent air 
being entrapped. Though it was realised that the 
presence of moisture within the box might affect the 
validity of the experiments, experience showed that 
the result was not affected by any gas into which the 
water was dissociated. 

Series 1.—For this series, an 8 S.W.G. bare-wire 
electrode, made of mild steel containing 0-12 per cent. 
of carbon, was used. It was connected to the negative 
pole of the generator and a pressure of 60 volts was 
applied, the welding current being 150 amperes. 

Welds made in Nitrogen.—The weld metal, as 
received, when unetched contained very little non- 
metallic matter. An etched specimen showed a well- 
marked Widmanstitten structure. At a high magnifi- 
cation it was seen that the pearlitic constituent was 
mainly in the form of long-axed grains, a portion 
forming a coating at the grain boundaries. When 
normalised in a furnace at 910 deg. C., the grain-size 
was refined, and at parts of the weld the pearlitic 
constituent was thrown out to the grain boundaries. 
Elsewhere this body was present in well-formed grains 
(Fig. 22, on the opposite page). There was an entire 
absence of needles. This might without consideration 
be construed as furnishing proof that needles in welds 
are not caused by nitrogen. It is to be recollected, 
however, from the result of the research by Bramley 
and Haywood, carried out on steels containing nitrogen, 
that, with a steel free from carbon, the nitrogen 
content, when low, appears in the form of needles, but 
when high it forms braunite. Here, as the weld had 
been made in the absence of oxygen to burn out the 
carbon, it was only to be expected that the weld 
metal would contain more carbon than a weld made in 
air with a similar electrode, and there was therefore 
less likelihood that needles would be present. 

Following on this reasoning, it was concluded that, 
if a treatment were devised that would only have the 
effect of reducing the quantity of nitrogen or carbon, 
and not of introducing any other element that could 
form needles, then, if nitrogen were a cause of needles 
in welds—a matter which has been disputed—needles 
would appear at parts where the treatment had been 
sufficiently drastic, but not too severe. The most 
suitable method that suggested itself was to heat the 
weld in hydrogen at a temperature that would tend 
to drive off nitrogen if present in the weld, the heat 
being applied for a period insufficient for the whole 
to be driven off. Hydrogen was deemed to be all the 
more suitable, as any reduction of carbon that it 
effected would allow the nitrogen to form needles more 
readily. At the same time, it was necessary for the 
treatment to be carried out in an atmosphere that 
could not possibly, by itself, have the effect of intro- 
ducing needles to a weld. As hydrogen had never 
been known to set up needles, it seemed to be a 
pre-eminently suitable means for shutting out the 
atmosphere or any gas that could vitiate the value 
of the experiment. 

The experiment was carried out with a specimen as 
received. At the conclusion, the surface was found 
to be decarburised and deeply etched; it showed a 
beautiful scintillating ferritic structure, free from other 
constituents. The top outer surface was removed with 
emery paper, and afterwards repolished and etched 
with acid. Examination showed that the structure 
consisted of a mass of needles, exactly similar to those 
found in the bottom runs of low-carbon welds made 
in the atmosphere, or in contaminated welds that had 
been heat-treated at a sufficiently high temperature. 
The new structure is shown in Fig. 23, on the opposite 
page, which is from the same part of the specimen as 
that shown in Fig. 22. 

The specimen was next cut perpendicularly to the 
polished surface, to allow of examination from the 
surface inwards. The result was exactly what had 
been conjectured from theoretical reasoning, prior to 
the inauguration of the experiments. At the inner part 





of the specimen, the structure had been normalised, 
but the nitro-pearlitic constituent did not run round 
the grain boundaries so much as in the specimen nor- 
malised in air, owing to the fact that the latter speci- 
men had been normalised at an unnecessarily high 
temperature. There was a gradual transformation 
from braunite at the interior to a needle structure at 
parts nearer the outside of the specimen. 

At a later stage, another specimen, as received, was 
heated to 900 deg. C. for half an hour in a furnace to 


in structure could be caused by contact with the oxygen 
of the air. No needles were induced. The experiment 


metal. The specimen was then cut so that an exami- 
nation could be made from the decarburised surface 
inwards. 


quicker rate than the carbon. 


that it might be entirely free from possible adultera- 
tion from fluxes used on the electrode, contained all 
the necessary constituents for producing the needles 
so commonly found in welds made in the atmosphere. 

Welds made in Oxygen.—Before the weld just men- 
tioned was deposited, a weld had been made in oxygen. 
It had the usual weld Widmanstitten structure, which 
broke up into needles when normalised. As _ this 
behaviour, judged by several researches made on the 
effect of oxygen on steel, did not seem normal, it was 
felt that all the original air had not been eliminated 
from the chamber before the weld was made. The 
experiment was, therefore, repeated with the apparatus 
arranged as described, the chamber being first flooded 
with water, and a gauge-glass fitted. The pressure did 
not fall below 2 in. of water-gauge. Great difficulty 
was experienced in laying down the metal, owing to the 
sticking of the electrode. The difference between the 
new and the old result is worthy of note. 


unbroken. The metal was generally clean, but it 
contained numerous small particles of oxide. The lower 
bead consisted of polyhedral grains of ferrite, which 
contained a small amount of pearlite at the grain 
boundaries. The top run consisted of the usual Wid- 
manstiatten structure. No needles were present, and, 
as shown in the next paragraph, no needles were 
induced by heat treatment. There was a film, probably 
oxide, locally at the boundaries of the grains through- 
out the weld. 

A well-distributed uniform pearlitic structure was 
set up by a normalising treatment at 910 deg. C. in a 
furnace. The carbon content of the welding rod was 
not oxidised, and, in fact, the carbon content of the 
weld appears to be very similar, namely, 0-12 per cent. 
The weld was devoid of needles throughout. 

In order to illustrate forcibly the differences between 
this weld and that made in nitrogen, the weld made in 
oxygen was heat-treated in hydrogen, similarly to the 
other. The heat treatment was carried out indepen- 
dently, in order to avoid any suggestion that gas had 
passed from one weld to the other. The normalised 
sample was used. At the conclusion, the surface, 
which had been deeply etched by the hydrogen, was 
examined, when it showed a ferritic structure, free 
from other constituents, as before. The interior of 
the specimen was unaltered. 

Later, as a higher temperature had been adopted for 
the experiments made in America, it was felt that the 
experiment would be more convincing if repeated at 
the temperature adopted there ; otherwise it might 
be imputed that the absence of needles was due to the 
specimen having been heated at an insufficient tem- 
perature. The treated specimen was, therefore heated 
at 900 deg. C. for half an hour in a furnace to which 
air was freely admitted. No needles were induced at 
any part of the structure. 

Series 2.—After the first series of tests had been 
completed, the evidence mentioned in the first para- 
graph of the present paper was put forward in America, 
where needles in welds were ascribed only to oxygen. 
It was, therefore, considered desirable to repeat and 
extend the experiments. The original programme was 
arranged for welds to be made in several gases with 
(1) a 6 S.W.G. electrode composed of a good quality 
Swedish charcoal iron, and (2) an 8 8.W.G. electrode 
made of a mild steel containing 0-12 per cent. of 
carbon, as before. The current conditions were the 
same as for the previous series, but with the thicker 
Swedish iron, a current of 200 amperes was used. 

Welds made in Nitrogen.—During the welding opera- 
tion, thick black fumes of an iron nitride collected and 
condensed on the inner walls of the box. A sample 
weld, made using a Swedish-iron electrode, heat- 
treated for a quarter of an hour in a furnace and nor- 


which air was freely admitted, to ascertain if any change |in welds made by the carbon arc. 


was repeated at the same temperature for 1$ hours, | consisted of polyhedral grains of ferrite. No 
resulting in the decarburisation of the outer skin of | was visible, as there was no carbon, or gas capable of 


oxygen, and the nitrogen in the weld was unable to | altered, no needles being present. 
form needles, owing to its having been driven off at a/| electrode, the sample, as received, contained numerous 
It was thus shown | oxides. 
that a weld made -in nitrogen from which all other | of ferrite, no pearlite being visible. There was no sign 
gases had been excluded, and made with bare wire so | 


| 


as well as the pearlitic constituent, were caused by 
nitrogen. A sample weld, made using a mild-steel 
electrode, in the condition as received, contained very 
little non-metallic matter, and showed a miniature 
Widmanstatten structure, similar to that shown by the 
last weld. A sample, heat-treated for a quarter of an 
hour in a furnace and normalised, showed the presence 
of a pearlitic constituent and of large and small needles. 

Welds made in Carbon Dioxide.—These were parti- 
cularly included on account of the prevalence of needles 
No fumes were 
Using a Swedish-iron electrode, the sample 
The structure 
pearlite 





| developed. 


| : é , 
as received contained numerous oxides. 


| forming a pearlitic constituent, present. There was 
/no sign of needles. A sample heated for a quarter of 


Again, no needles were induced by the | an hour in a furnace and normalised was inappreciably 


Using a mild-steel 
The structure consisted of polyhedral grains 


of needles. A sample heated for a quarter of an hour 
in a furnace and normalised was inappreciably altered, 
except that traces of cementite were found at the grain 
boundaries. Needles were again absent. 

Welds made in Oxygen.—During the welding opera- 
tion red fumes rose within the box; they consisted of 
an iron oxide. A large amount of oxide deposit was 
found within the box. Using a Swedish-iron electrode, 
the sample as received contained numerous oxides. 
The structure consisted of polyhedral grains of ferrite, 
no pearlite being visible. There was no sign of needles. 
A sample heated for a quarter of an hour in a furn- 
ace and normalised was inappreciably altered. The 
absence of needles was demonstrated by examination 
under the microscope. Particular emphasis is laid on 
the fact that the absence of needles, both here and in 
the welds made in carbon dioxide, is in agreement with 
what was to be expected from the “as-received” 
structure. It has been found throughout the experi- 
ments that needles are formed only when “ as-received ”’ 


The sample, as received, consisted of a bead of weld | Specimens show the constituent described, in addition 
metal on to which a small run was laid with the arc | 


to pure ferrite. Equally, in every weld examined that 
has shown a Widmanstiatten structure before heat 
treatment and needles after heat treatment in an 
ordinary furnace, whether it had been made specially 
in nitrogen or according to usual practice in air, a 
similar needle structure has been produced by a cor- 
rectly regulated heat treatment in hydrogen. 

Up to this stage, the results showed that welds made 
in nitrogen, using both electrodes, contained needles, 
but that when they had been made in COs, a gas con- 
taining oxygen, no needles were formed. Equally, the 
welds of Series 1, made in oxygen with a Swedish iron 
and a mild-steel rod, were both devoid of needles. It 
therefore appeared to be definitely proved that nitrogen 
alone was capable of forming needles. It was decided, 
however, that to make this series complete a repeat 
weld should be made in oxygen with a mild-steel rod. 

During a first attempt to weld in oxygen with mild 
steel, the collar at the top of the box through which 
the welding rod slid cracked, and, in spite of the pre- 
cautions taken to maintain a positive pressure, the 
result led to the inference that air had leaked into the 
box. The weld, though free from needles when “ as 
received,” showed their presence when normalised. 
The collar was removed and a repeat test made. The 
same result was obtained. As there was no obvious 
reason why needles should have been formed when 
they were entirely absent in the specimen of Series 1 
made under identical conditions, and in the weld made 
with a Swedish-iron electrode, it seemed clear that some 
agent, not there before, had been present. As nitrogen 
was the most obvious agent to suspect, and the weld 
was of sufficient size for the purpose, Dr. Bramley was 
asked to make an analysis for this gas. The weld was 
found to contain 0-079 per cent. of nitrogen. 

In order that the significance of this figure may be 
gauged it should be mentioned that needles are formed 
in Armco iron having a nitrogen content of 0-015 per 
cent. and over, and that, with nitrogen introduced 
into ordinary steel, needles are formed locally when the 
average nitrogen content is as low as 0-01 per cent. 
This shows the ease with which nitrogen produces 
needles, and the analyses made clear that the present 
sample gave no evidence whatsoever that oxygen could 
cause needles. 

Welds Made in Pure Oxygen.—Before the inaugura- 
tion of the experiments it had appeared, from the 
information given by the makers, that the oxygen used 
was sufficiently pure for the experiments. At this 
stage of the investigation, in view of the erratic 
results, further inquiries were made, when the makers 
admitted that the oxygen perhaps contained a little 
nitrogen. Fresh samples were therefore made with 
electrolytic oxygen guaranteed to have a purity of 
99-5 per cent. For this purpose, it totmnell that no 
object would be gained by repeating the weld with 
Swedish iron, in which there had been a complete 





malised, showed the presence of a pearlitic constituent 








and of large and small needles. Clearly, the needles, 
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Using a mild-steel electrode, the sample as received | 
consisted of polyhedral grains. There was no vestige | 
of a Widmanstitten structure. A sample heat- 
treated for a quarter of an hour in a furnace and 





sign of needles or pearlite, but there were numerous | 
small oxides and the metal was considerably burned 
locally. 

In view of the difficulties experienced during the 
course of this investigation, it is easy to realise how | 
the results obtained by different experimenters have 
been so inconsistent. It would seem from the experi- 
ments that, when welds are being made in oxygen, the 
leakage of only a small quantity of air will affect the 
result, and in this connection it should be remembered 
that, as air contains four times as much nitrogen as 
oxygen, the presence of a trace of air is of serious 
moment. 

General Comment on Results.—In every instance 
where normalised samples showed needles, as-received 
samples, if not already containing needles, showed what 
approached a Widmanstitten structure, which was 
evidently the source of the needles. This structure 
was the same whether carbon was present or absent, 
and with normalised specimens was sometimes entirely 
replaced by needles, no trace of pearlite or braunite 
being visible—a statement which applies equally to 
all welds made in air or gases examined during the 
course of the investigation. Of all the welds made with 
a special electrode, consisting of an 8 S.W.G. welding 
wire from which dissolved gases had been removed by | 
a treatment in hydrogen at 1,000 deg. C., and the 
Swedish-iron electrode, the welds made in nitrogen | 
alone, when normalised, showed a pearlitic consti- | 
tuent. This undoubtedly was a nitrogenous body, | 
and one capable of being broken up into needles when 
reduced by hydrogen. | 

It would be difficult to reconcile all the facts with the | 
idea that oxygen is the source of any needles found, | 
and this could only hold if oxygen were able to combine | 
with iron and form a eutectoid similar to pearlite, 
capable of entering into solution at a temperature | 
below 900 deg. C. In considering the possibility of 
oxygen being the source of needles in welds it must 
be remembered that, although considerable research | 
has been carried out on the introduction of oxygen | 
into steel, no authentic record can be traced that | 
needles have been formed as a result. 








AIR-OPERATED VENTILATING FAN. | 


THE advantages of an air-operated prime mover | 
in underground work where a supply of compressed | 
air is provided for other purposes are so marked, | 
particularly, in the case of fiery mines, that it is not | 
surprising to find that a ventilating fan unit thus | 
operated has been designed by Messrs. Holman 
Brothers, Limited, Camborne. This embodies the 
Hele-Shaw Beacham air motor, and the unit forms an | 
effective alternative to the electric motor. It is illus- | 
trated in the accompanying Figs. 1 to 4. As will be | 
seen in Fig. 1, the fan is carried on the shaft of the air | 
motor, and the fan casing and that of the motor are | 
rigidly bolted together. The fan is a 15-in. Sirocco | 
centrifugal fan made by Messrs. Davidson and Com.- | 
pany, Limited, Belfast, and, at the normal speed of the | 
motor, viz., 1,450 r.p.m., is capable of delivering 
5,585 cub. ft. of air per minute against a pressure of | 
3 in. of water. The air motor, in view of the fact that | 
it was fully described and illustrated in ENGINEERING, | 
vol. exxvii, page 754 (1929), does not require any detailed | 
comment, but attention may be drawn to the method 
by which it and the fan are supported. This is | 
effected, as shown in Fig. 2, by clamping it to a post 
which may be carried up to the roof of the working | 
and wedged tightly between it and the floor, stability 
being assured by the well-known characteristic of the | 
motor that it is free from vibration at all speeds. 

Another general characteristic of the motor is of | 
value underground, especially where working in con- 
fined spaces. As the actuating air is used expansively, | 
the temperature of the, exhaust is very low, being | 
generally about minus 70 deg. F., and this not only 
cools the surrounding atmosphere, but assistsithe ventila- 
tion in achamber orend. I+ is claimed, however, that | 
there is no danger of the exhaust passage becoming | 
blocked by freezing. The air consumption is low and, 
due to the design of the valve, does not increase with use. | 
The speed is readily regulated, and though the opera- 
tion is hardly likely to be required with a ventilating 
fan, the motor can be instantly reversed at any speed. 
A complete unit at work in a mine is shown in Fig. 3. 
The method of attachment to a post or rock-drill column 
is evident, while the foul-air discharge pipe from the 
fan, which pipe is generally of canvas, is seen in the 
background. A complete unit attached to a short 
post with a flanged base, which can be bolted down 
to any suitable foundation, is shown in Fig. 4. The 
weight of the unit is about 340 lb., i.e., it is within the 
carrying capacity of three men, and is, therefore, readily 





AIR-OPERATED VENTILATING FAN. 


normalised was inappreciably altered. There was no | CONSTRUCTED BY MESSRS. HOLMAN BROTHERS, LIMITED, ENGINEERS, CAMBORNE. 
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Fic. 3. Fan Unit Mountep 
on Post. 


transportable. The particular unit above described 
is the middle size of a range of three manufactured, 
the delivery capacities of the smaller and larger sizes 
being 2,418 cub. ft. and 9,780 cub. ft. of air per minute, 
respectively. 








CATALOGUES. 


Concrete Construction.—A pamphlet from Messrs. Indus- 
trial Constructions, Limited, 54, Victoria-street, London, 
S.W.1, give a description and illustrations of a large by- 
product coking installation constructed for Messrs. The 
Notts and Derby Coke and By-Product Company, Limited. 

Valves.—A catalogue of steam, water and air valves, 
received from Messrs. Schade Valve Manufacturing 
Company, 2527 N. Bodine-street, Philadelphia, U.S.A., 
deals with an extensive range of types, and includes 
illustrations, lists of sizes and particulars of auxiliary 
fittings. 

Lubricating Oils.—Messrs. The Vacuum Oil Company, 


| Limited, Caxton House, Westminster, London, S.W.1, 


have issued a pamphlet of lubricating-oil specifications, 
discussing the practical aspects of physical, chemical 
and mechanical tests, and conveying much useful 
information. 

Automobile Renewals.—We have received catalogues 
from Messrs. Specialloid, Limited, Friern-park, North 
Finchley, London, N.12, giving lists of piston rings held 
in stock for a large number of specified motor-car and 
commercial-vehicle engines. A circular of useful instruc- 
tions for fitting new pistons to engines has also come to 
hand. 

Lubricants.—Messrs. W. H. Willcox and Company, 
Limited, 32, Southwark-street, London, 8.E.1, have 
issued a new catalogue of oils and greases for lubricating 
engines, motors, and various machines, and also for 








aia 






































Fie. 4. Fan Unit MountepD FOR 
FiLoor ATTACHMENT. 


transformers and oil switches. The notes indicating 
the most suitable lubricants for various purposes will be 
found useful. 

Machine Tools.—Messrs. James Archdale and Com- 
pany, Limited, Ledsam-street, Birmingham, have issued 
a second edition of their catalogue of machine tools for 
the automobile and aircraft industries. These are 
mainly milling and drilling machines, modified so that 
a number of tools can be brought into action simul- 
taneously on a succession of parts in order to reduce 
costs of production. 

Nickel Alloys.—Messrs. The Mond Nickel Company, 
Limited, Imperial Chemical House, Millbank, London, 
S.W.1, have sent us a copy of their Nickel Bulletin 
containing descriptions of the production and qualities 
of motor-car bevel gears and condenser tubes made from 
alloys containing nickel, and also notes on nickel-copper, 
ferro-nickel and other alloys in which nickel is an 
important constituent. 

Belt Pulleys.—The new edition of the list of wrought- 
iron belt pulleys to hand from Messrs. Douglas Lawson 
and Company, Limited, Birstall, near Leeds, shows an 
ample range of diameters and widths to suit all usual 
requirements, although the firm is also able to meet 
demands for unusual sizes and forms by special manufac- 
tures. Ball-bearing loose pulleys, cone-tapered pulleys, 
road wheels, &c., are additions to the ordinary list. 
Prices are stated in nearly all cases. ; 

Electrical Machinery.—Messrs. The English Electrie 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have issued three new pamphlets dealing with the 
equipment supplied by them for the Alouette (British 
Columbia) hydro-electric power station, the arc-welding 
process as applied to heavy work, and power-factor cor- 
rection. A recent issue of the firm’s journal contains 
descriptions of trolley "buses, a 25,000-kw. turbo-generator 
for Leicester, railway plant for Japan, &c. 
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RECENT DEVELOPMENTS IN RADIO |systems used for this purpose are shown on the 


TELEPHONY. 


accompanying map, Fig. 1, and are supported on 
Tur Rugby radio station of H.M. Government, | the twelve 820-ft. masts, which are a familiar 


which was opened for service on January 1, 1926, | !andmark to the traveller to and from the north. 


was originally designed to provide telegraphic 
communication with all parts of the world through- 
out the entire 24 hours. It was the first high- 





Shortly after the construction of the station was 


begun, the practicability of radio-telephony over 
long distances was established, and it was therefore 
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Fic. 2. SHort-WaAvE TELEPHONE TRANSMITTER. 


power station to be equipped with thermionic 
valves, and is still the most powerful transmitting 
station in operation. It is employed to broadcast 
news telegraphically to all parts of the Empire and 
to British ships oa the high seas, and to transmit 
private messages to ships in any part of the world. 
In addition, it transmits time signals for astro- 
nomical and navigational purposes twice a day 
direct from Greenwich Observatory with an accuracy 
of the order of 1/100th of a second. These services 
are provided by two channels operating on wave- 
lengths of 18,750 m. (16 kilocycles) and 3,840 m. 
(78 kilocycles), the outputs of which are 600 kw. 





and 60 kw., respectively. The positions of the aerial | 





decided to erect transmitting equipment which 
would enable a commercial service to be given by 
that means between this country and the United 
States. This service was inaugurated on January 7, 
1927, and was the first to which the ordinary public 
telephone’ subscriber could be connected. It is 
still the only multi-channel radio-telephone service 
in the world, and carries an amount of traffic farin 
excess of that of any similar system. This telephone 
channel operates on a mean wave-length of 5,000 m. 
(60 kilocycles), the average energy output being 
about 60 kw. Its aerial system is also supported on 
the 820-ft. masts. 

The equipment used for both these purposes 





has already been fully described,* but it may be 
recalled that a unique feature of the radio-telephonic 
channel is that the bulk of the energy-consuming 
components of the ordinary wave are suppressed, 
and that only that part of the frequency spectrum 
essential to the reproduction of articulate speech is 
transmitted. This may be explained by saying 
that when a carrier wave is modulated by speech 
into a telephone transmitter, each frequency compo- 
nent of the speech wave appears as two separate 
frequencies, one equal to the sum of the carrier 
and component frequencies, and the other equal to 
their difference. The complex speech wave thus 
sets up two frequency side-bands extending above 
and below the frequency of the carrier. Before 
the energy is amplified, the carrier frequency, one 
of the side-bands, and the non-essential portions 
of the other are, however, all filtered out, so 
that only that portion of one side-band which, after 
treatment at the receiving end, will reproduce 
speech frequencies between 300 periods and 2,500 
periods per second is transmitted. In this way the 
power used is rendered six times more effective 
than it would be if radiated from an ordinary broad- 
casting station. In addition, the width of the 
wave-length band occupied is halved, so that inter- 
ference with other stations is reduced to a minimum. 
A great increase in the ratio of signal strength to 
noise admittance is also secured by the use of 
highly directional receiving antennz and by locating 
the receiving stations in regions which have been 
found to be comparatively free from atmospherics. 
Thus, the American receiving station for the long- 
wave radio-telephone transmitter at Rugby is at 
Houlton, Maine, 600 miles from New York, and 
the British receiving station for the American long- 
wave transmitter at Rocky Point, Long Island, is at 
Cupar, 450 miles from London.f 

The rapid increase in the transatlantic telephone 
traffic, which has been mentioned, led to the open- 
ing of an additional channel in June, 1928. This, 
however, is operated on wave-lengths from 16-11 m. 
to 42-9 m., and uses antenna arrays which are carried 
on towers from 120 ft. to 180 ft. high. The positions 
of these arrays are also indicated on the map, where 
they are marked U.S.A. No. 1, the arrangement 
being such that the sharp beam of radiation pro- 
duced by the transmitting equipment is projected 
in the line of the distant receiving station. More 
recently, two further short-wave channels, using 
the antenna arrays marked U.S.A. No. 2 and 
U.S.A. No. 3; have been brought into use, and a 
second long-wave circuit is now in course of erection. 
When the last is completed, five independent radio- 
telephone channels will, therefore, be available 
between this country and the United States. It 
may be added that the cost of short-wave direc- 
tional systems is less than that of the long wave, 
mainly due to the fact that the height of the 
masts required is lower. Unfortunately, they are 
not so reliable in operation, though a combination 
of the two enables a good commercial service to 
be given throughout the 24 hours. This combina- 
tion of long and short-wave apparatus, together 
with extensions on either side to the ordinary 
telephone systems of the various countries, has, 
in fact, linked practically the whole of Europe, 
not only with the United States, but with Canada 
and Mexico in addition. 

It is not, however, possible, for economic reasons, 
to employ long wave-lengths for communicating 


| with still more remote countries, and the services 


to Australia, South Africa and the Argentine will, 
therefore, all be operated on short wave-lengths, 
the position of the appropriate antenna arrays 
being also marked on the map. The Australian 
service, which uses a wave-length of 27 m., has been 
in operation since April 30 of this year, and is 
available for nine hours daily, while the services to 
South Africa, Canada and South America will 
shortly be inaugurated. Provision is also being 
made for services to other important centres, where 
community of interests with this country indicates 
that direct telephone facilities are desirable. Finally, 
a ship-and-shore telephone service is in daily 





* See A. S. Angwin, ENGINEERING, vol. cxxi, page 105, 
(1926) and E. H. Shaughnessy, ENGINEERING, vol. cxxii, 
page 147, et seq, (1926); also A. A. Oswald and E. M 
Deloraine, The Electrician, vol. xcvi, page 572, et seq. (1926). 

¢ See ENGINEERING, vol. cxxvi, page 225 (1928). : 
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operation with the liners Olympic, Majestic, Homeric 
and Leviathan, and this form of communication is 
likely to be extended as shipowners and passengers 
recognise its utility. 

Though in this article it is intended to deal mainly 
with the short-wave equipment at Rugby, which 
members of the Council of the Institution of 
Electrical Engineers were recently invited to 
inspect by Sir Thomas Purves, it may be mentioned, 
for the sake of completeness, that the receiving 
stations for the short-wave channels are being 


Fig.3. 
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Malin Head and Valentia Island, while point-to-point 
radio-telegraph services are maintained between 
Italy, Czechoslovakia, Danzig, Finland, Esthonia, 
Hungary, Rumania, and Poland, by means of 
transmitting stations at Rugby and Leafield and a 
receiving station at St. Albans. The handing in and 
delivery point of most of this traffic is the Central 
Radio Office in London. 

Returning to the short-wave telephone systems, the 





mentioned, is, in general, the same, with the excep- 


Fig. FRONT VIEW. 
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transmitting apparatus employed on all the channels 
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a band of 15 m. to 50 m., facilities being provided for 
a rapid change over from one wave-length to another, 
Balanced push-pull circuits are used throughout on 
the amplifying stages and both side bands are 
transmitted, as well as the carrier. Both transmis- 
sion and reception are directional, i.e., the antenna 
arrays are combined with reflecting curtains, so 
that the field strength radiated is a maximum in 
the direction of the receiving station. 

Owing to the large number of transmitters in the 
| radio-frequency spectrum, the consequent necessity 








Fig 6. VIEW WITH SIDE REMOVED. 
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for accurate spacing, and 
3% the desirability of avoid- 
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ing frequency modulation, 
which causes distortion 
when signals are received 
along more than one ether 
<a path, the frequency of a 
short-wave transmitter 
must be maintained con- 
stant within narrow limits 
and must not vary with 
the modulation. At Rug- 
by, this is effected by 
using a quartz oscillator, 














which operates at a fre- 
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2,000 kilocycles per se- 
cond. This oscillator con- 
sists of a standard valve 
circuit, to the grid of 





mn) 
' 











concentrated at Baldock, Hertfordshire, and that 
an antenna for the new long-wave channel will 
also be erected there as an alternative to those 
at Cupar. It is thus anticipated that at least 
16 short-wave receivers and one long-wave receiver 
will be eventually available at this spot. In 
addition, the Post Office maintains a long-range 
radio-telegraphic service with ships, the trans- 
mitting and receiving stations for which are at 
Portishead and Burnham, Somerset, respectively. 
Short-range ship-and-shore coastal services, also 
telegraphic, are dealt with at Wick, Cullercoats, 
Mablethorpe, North Foreland, Niton, The Lizard, | 
Land’s End, Fishguard, Seaforth, Portpatrick, | 


Bunetallic Strip 4 Wide, 
9-Convolutions %' 0.D. 


which apiezo-electriccrys- 
tal in an air-gap holder is 
connected as shown in Figs. 3 and 4. The quartz 
crystal plate is about 2-5 cm. square by 1 mm. thick, 
and is cut so that its plane is perpendicular to an 
electric axis of the crystal. This plate has a tem- 
perature coefficient averaging — 20 parts per 
million per degree Centigrade, so that oscillations 
of extreme constancy can be generated when it is 
associated with a valve circuit. The whole appara- 
tus is maintained constant at a temperature of 
50 deg. C. by enclosing it in an oven. 

This oven is designed to contain two or more 
complete quartz oscillator circuits, according to the 
number of frequencies allocated to the transmitter. 
Normally, provision is made for one oscillator and 
one spare for each frequency, the outputs being 
controlled by mercury switches. An oven of this 





tion of the way in which the aerial arrays are 
arranged, and may therefore be described together. 

The transmitter consists essentially of a power 
switchboard and high-tension rectifier, line amplify- 
ing equipment, a crystal oscillator and doubler 
units, intermediate amplifying stages, a high-power 
amplifier and a control desk. A general view of one 
of these transmitters is given in Fig. 2, page 541. 
The modulated power output from the final stage is 
8 kw. to 12 kw., depending on the wave-length, 
but, if desired, the penultimate stage can be 
switched on to the aerial, when an output of from 
3 kw. to 5 kw. is obtained. Each transmitter is 


type is illustrated in Figs. 5 and 6 and, as will be 
seen, it consists of an aluminium box lagged with 
three layers of Celotex and containing the two circuits 
and a thermostat. The connections from the oven 
to the panel are made by switch dlades to facilitate 
withdrawal for examination, and the condenser 
panel is connected to the rest of the circuit in the 
same way, so that the interior of the oven itself can 
be inspected. In the case of the short-wave trans- 
mitter working to the United States, which transmits 
on carrier frequencies of 16-38, 24-69, 33-26 and 
43-45 m., the eight oscillators required are contained 
in a single oven, which is built into the framework 





capable of operating on three or four wave-lengths in 


of the transmitter. The interior walls of this oven 
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Fig.7. 
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are covered with resistance mats, the temperature 
being controlled by a recording thermometer. The 
supplies to the crystal oscillators and the mercury 
switch relays are controlled from a metering panel 
above the oven, so that any one of the units 
can be brought into action and connected to the 
transmitter by operating three switches. 

The smaller ovens are controlled by a bimetallic- 
strip thermostat, the design of which will be clear 
from Figs. 6, 7, 8, and 9. This is mounted in a 
brass slab, to the underside of which are fixed 
heaters of nichrome strip wound on mica sheet. 
The bimetallic strip itself is wound in the form of a 
helix, one end being connected to a brass tube, 
while the cther turns a spindle. This spindle is 
supported along the axis of the tube and carries an 
arm at its outer end, by which a platinum contact 
in the heater circuit is made or broken, as shown 
in Fig. 8. The temperature is measured by a nickel 
resistance thermometer, which is connected to a 
Wheatstone bridge, the galvanometer of which is 
calibrated in degrees Centigrade. This thermostat 
maintains the temperature inside the oven constant 
at 50 deg. C. to within + 0-2 deg. C., with an exterior 
temperature variation of + 15 deg. C., the electric 
loading required for this purpose being 15 watts 
in the case of the oven illustrated in Figs. 5 and 6. 

The frequency of this oscillator can be adjusted 
by grinding down the thickness of the crystal plate 
step by step, the result being tested by reference to 
the harmonics of a multivibrator standard. Extreme 
care is required in manipulating the crystal, and the 
constants of the standard circuit must also be accu- 
rately maintained. A small adjustment of the fre- 


quency is provided by the air gap, which can be} 


varied by the micrometer. Before being mounted in 
the transmitter, the crystal is tested in a standard 
circuit, and is adjusted so that its frequency is 
correct to one part in 20,000. When fitted at the 
transmitter, the crystal circuit is adjusted to give 
the requisite output to control the frequency of the 
carrier, while a check is made at the Dollis Hill 
Laboratories on the carrier frequency received, the 
measurements being correct to 1 part in 50,000. 
If necessary, a further slight adjustment of the 
air gap or the oven temperature can then be made. 
In this way it has been found possible to adjust 
carrier frequencies of, say, 20,000 kilocycles per 
second to an exact figure, and to maintain them 
within + 250 cycles per second, or to one part in 
40,000. For this purpose it is necessary, however, 
that the oscillator should be operated continuously, 
since it is found that if it is allowed to cool it will 
not always “ come-up ” again in exactly the same 
way. 

The output from the oscillator is passed through a 
blocking condenser to the grid of a 50-watt valve, 
the latter being arranged in a capacity bridge circuit 
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heated, and two variable condensers. This amplifier 
has an output of about 10 watts at 600 to 800 volts, 
which is directly transmitted to the grid of the 
first multiplier valve, the output of the latter 
being 50 watts. The multiplier circuits are heavily 
biassed and excited so that the maximum emission 
current is taken for a very short portion of a cycle 
of the exciting frequency. The result is an output 
with a peaky wave. The anode circuit is tuned 
to select either the second or third harmonic, as the 
efficiency falls off rapidly for the higher harmonics. 
The first multiplier circuit has an input of about 
40 watts at 2,000 volts, when used as a doubler, 
and is followed by a second with an input of 90 
watts at 2,000 volts and, if necessary, by a third 
with an input of 250 watts at the same pressure. 
The frequency changes in the earlier stages are 
controlled by anode-tuning condensers and by 
plug-in coils in the final stage, the tuning point 
being determined by the minimum reading of the 
anode-feed meter. The anode circuit of the last 
multiplying stage is inductively coupled to the 
grids of the valves in the next section by short 
transmission lines. 

The frequency multipliers are mounted in com- 
partments in a vertical framework of the same 
width as a standard telephone rack and 2 ft. deep. 
This framework is usually made of brass angle, 
the panels, walls and inter-stage screens being of 
aluminium, and the ventilating and inspection doors 
of copper gauze. The employment of these 
materials is necessary to prevent the excessive 
heating that would otherwise occur. Switches are 
fitted so that all circuits working at pressures of 
240 volts or above are disconnected from the 
apparatus inside the frame when the door of the 
latter is opened. A complete set of oscillators and 
frequency multipliers is provided in duplicate for 
each wave-length, with an extra rack for the 
switchgear contactor buttons, thermometer and 
voltmeter panels, as illustrated in Fig. 2. A 
complete frequency-control unit for four frequencies 
measures 6 ft. 6 in. by 4 ft. 9in. by 2ft. The supply 
for all this apparatus is on the direct-current system, 
smoothing devices being used, owing to the necessity 
for a high ratio of signal to noise in the carrier. 
The crystal oscillator is supplied from a battery, 
and the frequency multipliers from generators, the 
filament voltage being 20, the grid-bias voltage 600 
and the high-tension voltage 2,000, respectively. 

(To be continued.) 








WELDED Om Tanxs.—lIn a recent paper read before 
the Institution of Engineers, Australia, in Melbourne, 
Mr. D. S. Baldwin dealt with welded oil-storage tanks 
up to 3,000,000 gallons capacity. While riveting was 
cheaper in England than in any other country, it was, 
Mr. Baldwin stated, being largely replaced by electric 
welding owing to the success of the latter process in 


THE DRY COOLING OF COKE. 
By Jens RUDE. 


THE efforts of recent years to utilise waste heat 
in its different forms have also been directed towards 
the sensible heat contained in coke as it emerges 
from coke ovens and gas retorts at a temperature 
of about 1,000 deg. C. The quantity of this heat 
depends on the specific heat of the coke, which 
diminishes gradually with falling temperature, 
being, for instance, at 250 deg. C., approximately 
two-thirds of what it is at 1,000 deg. C. In the 
systems for dry cooling at present in use, the coke 
is usually cooled from 1,000 deg. C., or thereabouts, 
to 300 deg. C. or less, and the sensible heat corre- 
sponding to this drop in temperature amounts to 
something like 275 calories per kilogramme of coke, 
or 500 B.Th.U. per lb. The recovery of, say, 80 
per cent. of this heat in a steam generator is capable 
of raising steam to the amount of 32 per cent. to 
38 per cent. of the weight of coke cooled, according 
to the pressure and superheat of the steam, and to 
the temperature of the feed water. The heat thus 
recovered from the coke is equal to 30 per cent. to 
40 per cent. of the heat consumed by the carbonisa- 
tion of the coal from which the coke is produced. 
The dry-cooling of coke is therefore a means of 
effecting a considerable reduction in the heat con- 
sumption of coke ovens and gas retorts. The 
calorific value of the coke being taken at 11,000 
B.Th.U. per lb., the recoverable sensible heat 
represents somewhat less than 4 per cent. of the 
latter. 

The main advantage claimed for dry cooling, 
besides the recovery of the sensible heat, is the 
improvement in the quality of the coke. The free- 
dom from moisture results in a coke of higher 
calorific value. The ordinary purchaser of coke has 
not only to pay for the moisture contained in the 
coke as if it were fuel, but, in addition, pays for the 
extra amount of coke required to evaporate the 
moisture when the fuel is burnt in the furnace. 
The saving in this way to the consumer is two fold. 
A further important advantage of dry-cooling is the 
reduction of fines and breeze in the coke. 

The cooling of the coke is usually accomplished 
by means of a closed circuit of inert gases, consisting 
chiefly of nitrogen and carbon dioxide (combustion 
gases). At one end of the circuit is a container, or 
containers, for hot coke, and at the other end a 
steam generator in which the sensible heat of the 
coke transferred to the gas circuit is utilised to 
raise steam. 

In Figs. 1 and 2 is illustrated diagrammatically 
a typical Sulzer dry coke-cooling plant on this 
principle. In these figures, A represents the coke 
container and B the steam generator. C is the im- 
peller or fan by means of which the cooling medium 
is circulated in a continuous cycle through the coke 
and the steam generator. The incandescent coke 
is introduced at the top of the container and 
removed, after being cooled, from the lower end, 
In large-capacity plants, the container holds several 
charges of coke, and, as the coke is charged at 
intervals, there are always present in the container 
layers of coke in various stages of cooling. The 
coke remains in the container for about four hours 
before it is withdrawn. Each fresh charge, of course, 
necessitates the removal of the cover D, and although 
the charging operation only requires a few minutes, 
with the fan C running continuously, some of the 
circuit gas will, unavoidably, escape, while a 
quantity of atmospheric air will enter in its place. 
A certain quantity of air is also entrained into the 
system through the porosity of the walls, owing to 
the contraction of the volume of circuit gas caused 
by the gradual diminution in its temperature 
between two charges of the container. The air 
thus introduced combines with the combustible 
gases released from the hot coke at the beginning 
of the cooling operation, or with substance of the 
coke itself, to form a fresh supply of inert gases 
for the circuit. The heat liberated by the combus- 
tion raises the temperature of the circuit, and this 
accounts for the fact that the yield of steam in 
installations operating on the inert-gas principle is 
usually in excess of that to be expected from the 
sensible heat alone. In works which are dependent 








with a similar valve, the filament of which is not 


Australia. 





on dry-cooling plant for their steam, it sometimes 
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even happens that air is deliberately admitted to|that the production of steam per unit of boiler 
the circuit in order to increase the steam output. heating surface is extremely low. In the steam 

The intermittent charging of the coke is accom- | generators of existing dry-cooling plants, in fact, 
panied by considerable fluctuations in the tempera- | only 1} to 14 lb. of water is evaporated per square 
ture of the circulating gas, the extent of which | foot of heating surface per hour, whereas in an 
depends on the frequency and regularity of the! ordinary waste-heat boiler for gas works usually 
charging. As, at times, this may be very irregular,!double that amount is evaporated. The con- 


the steam generators for dry-cooling plants are 
provided with large water spaces, in order to lessen 
the effect of the fluctuating circuit temperature on 
the steam production. For smaller gas works, 
Messrs. Sulzer have developed a special small- 
capacity plant which, instead of having a vertical 
container, is provided with an airtight casing 
enclosing the boiler. The casing has a free space 
into which a special coke car, holding, say, 14 tons 
of coke, is pushed, and where it remains throughout 
the whole cooling operation. The bottom of the 
coke car is constructed in such a manner as to allow 
the circulating gases to pass through the coke. 
Whereas the large-capacity plants of the Sulzer 
system require a cooling time of 34 hours to four 
hours, the cooling in the small-capacity plants is 
usually accomplished in less than 14 hours. 

Another system employing inert gas as the 
circulating medium is the Collin dry-cooling plant. 
In this, several containers or chambers are employed 
instead of only one, and each chamber is used for 
cooling a separate charge. The chambers are 


usually arranged in front of and below the coke- | 
ovens or retorts, in order to minimise the handling | 
of the coke. The usual plan for coke-oven plants | 
is for one chamber to be used to cool the coke from | 


three ovens, so that if the carbonisation is taken 
at 24 hours, the coke remains in a cooling chamber 
for 8 hours. The cooling chambers communicate 
with each other by means of the common gas circuit, 
and each chamber is arranged so that it can be 
temporarily isolated during the time required 


for the emptying and recharging. Thes ensible | 
heat of the coke is also, in this case, utilised for | 


steam-raising purposes. Amongst the advantages 
derived from the dry-cooling of coke, the improve- 
ment in the quality ranks first in importance. 
The steam gained must be considered more or 
less in the light of a useful by-product. 

The chief objection to the general adoption of 
the dry-cooling principle, the advantages of which 
over wet quenching in the directions indicated are 
also generally recognised, is the costliness of the 
plant involved. This is primarily due to the 
comparatively small temperature gradients existing 
throughout the process, which necessitates plant 
of large dimensions. 

In the diagram, Fig. 3, an attempt has been 
made to illustrate this in a general manner; this 
diagram, however, makes no claim to quantitative 
accuracy. There are two distinct phases in the 
dry-cooling process; the first consists in the 
heating of the circuit gas in the container by the 
hot coke, and conversely the cooling of the latter 
by the gas. In the second phase, water is heated 
in the steam boiler by the circuit gas, the latter 
becoming cooled in the process. 

Referring to the diagram, curve C indicates 
the gradual cooling of the coke during the cooling 


period T in a container holding several charges of | 


coke, and curve Gl the corresponding heating, 
in the direction of the arrow, of the circuit gas. 
Whereas the last named curve represents the 
conditions in the container as they appear im- 
mediately after a fresh charge of coke, curve G2 
shows the reduced heating of the circuit gas which 
takes place just before a new charge of hot coke. 
The curves G1 and G2 also represent, in a direction 
opposite to the arrows, the gradual cooling of the 
circuit gas on its passage through the steam genera- 
tor. The line W1 indicates the temperature of the 
water in the steam generator, and W2 that of the 
feed-water. 

From the relatively small temperature differences, 
as denoted by the curves between coke and gas 
in the container, and between gas and water in the 
steam generator, it is to be inferred that the transfer 
of heat from one medium to another takes place 
slowly, especially towards the end of the operation. 
At the hottest points of the G1 and G2 curves, the 
mean temperature difference relative to the steam 


generator is barely 350 deg. C., with the result | 


| ditions prevailing in the container between gas 
| and coke are similar. It appears from the diagram 
| that the cooling of the coke, from, for instance, 
| 500 deg. to 300 deg. C., takes place much more 
| slowly than cooling from 1,000 deg. to 500 deg. C. ; 
| with the result that a dry-cooling plant which 
aims at cooling coke to a low temperature tends 
to become very expensive and, in consequence, the 
‘cooling of the coke to low units is a costly opera- 
tion. 

The obstacle to a wider adoption of the dry-cooling 
| principle for coke, and from the cost of the plant, 
| would be greatly reduced if the coke were withdrawn 
| at some temperature higher than the usual 250 deg. 


to 300 deg. C. 


fanning the coke with air to raise its temperature, 
before the cooling process begins. This is done 
in order to improve the yield of water gas, the 
underlying idea being that steam is a cheap com- 
modity whereas water gas is a valuable one. It is, 
therefore, conceivably more profitable to utilise, 
as far as possible, the sensible heat of coke for the 
production of water gas, and only use the remainder 
for steam production. 

The water gas may be usefully employed for the 
heating of the retorts or ovens. The weak point of 
the system is that the quality of the coke suffers to 
some extent, although less than might be expected. 
Before dry cooling has any prospect of being 
generally adopted, the cost of the process will 
undoubtedly have to be reduced by cutting down 
the capital cost involved. It is considered that 
this may be accomplished by sacrificing part of the 
steam production, and by substituting steam for 
gas as the cooling medium. The employment of 
steam for this purpose, as pointed out, adds to the 
process the advantage of recovering valuable 





The vertical line a, a in Fig. 3 shows, for instance, 
the effect on the time taken in terminating the 
| process at 450 deg. ©. This is shortened by| 


Fig.3. 
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approximately one-third, and as the cooling period T 
may also be taken as a measure of the size of the 
plant, the latter is reduced in the same proportion. 
This early termination of the operation would not 
affect the advantages of dry cooling, except that 
the quantity of steam produced would be reduced 
by approximately 20 per cent. 

In a modified form of dry-cooler, working on the 
|inert-gas principle, attempts have recently been 
/made to reduce the size of the steam generator by 
|placing the latter and the hot-coke container 
| within the same casing, in such a manner that the 
| steam generator benefits by the radiant heat of the 
|hot coke. The direct transfer of heat to the heating 
/surface by radiation accelerates the cooling of the 

coke, and reduces the work of the gas circuit. 

| Itis interesting to note in this connection that the 
| wish to reduce the size of the dry-cooling plant has 
|led to the suggestion to substitute steam for inert 
/gas, as the circulating medium. Steam has the 
| advantage of possessing a higher specific heat than 
inert gas. Assuming the average temperature of 
the circuit at the entrance to the steam generator 
ito be taken at 500 deg. C., at this temperature 
}and at atmospheric pressure, unit volume of 
steam contains approximately 30 per cent. more 
sensible heat than the same volume of inert gas. 
A smaller volume of steain than of inert gas is 
therefore required to perform the same amount of 
work in cooling. Moreover, the use of steam offers 
the possibility of recovering the combustible gases 
which are released from the coke in the early stage 
of cooling, and of adding them to the coal gas pro- 
duced in the carbonisation plant. These gases are 
partly the proceeds of belated distillation of in- 
completely coked coal and partly, in the case of 
steam cooling, the result of the formation of water 
gas. 

It is claimed in favour of steam cooling that the 
coke produced can be ignited with greater ease 
than that cooled by inert gas. 

The water gas which is formed by the contact of 
steam and incandescent coke has been the starting 











point of yet another method, which consists in 


combustible gases. 


MATERIALS FOR HIGH - PRESSURE 
INSTALLATIONS. 

Botu at the Second World Power Conference 
recently held at Berlin and at the meeting of the 
British Association at Bristol, attention was drawn 
to the advantages arising from high steam pressures 
and temperatures in securing greater efficiency 
and reduced costs in the generation of power, and to 
the increasing use being made of them. These are 
associated with problems of considerable magnitude 
in the construction and installation of steam-pipe 
ranges with their valves and other fittings, but it 
is in the steam-generating plant that the highest 
demands are made on the materials. The tempera- 
ture to which the pipes are subjected is somewhat 
less than that of the steam, and easily determined. 
In the boiler and superheater, however, those parts 
through which heat is transmitted may be at a 
considerably higher temperature, depending on a 
number of factors not subject to close control. 

The fact that the strength of steel is less at high 
temperatures than at that of the atmosphere has 
been long realised, the first tests on this subject 
having been carried out by the Franklin Institute 
as long ago as 1837. These were of short duration, 
as are the usual tests at normal temperature, and 
similar tests have since been frequently made, the 
results being expressed in tables and diagrams 
which have been used in the design of parts sub- 
jected to heat. The results in service have often 
caused considerable surprise and inconvenience, the 
values obtained in the tests having been accepted 
in good faith. Considerable light was thrown on 
this matter in 1922 by Dickenson, who, in his paper 
“The Flow of Steels at a Red Heat’ to the Iron 
and Steel Institute, called attention to the fact that 
the breaking stresses obtained in short-time tests 
were much in excess of those which would cause 
rupture if maintained for a long period. Many 
investigators have in the meantime examined this 
creep effect, both from the point of view of 
determining the absolute limiting creep stress of 
a material at any given temperature, and also 
from that of devising some quick method of com- 
paring various materials and of arriving at permis- 
sible stresses as the bases of design. The most 
recent publication in this direction is Dr. W. H. 
Hatfield’s paper entitled ‘‘ Permanence of Dimen- 
sions under Stress at Elevated Temperatures,” 
read at the recent Prague meeting of the Iron and 
Steel Institute. 

In a paper to the Institute of Fuel in November, 
1927 (ENGINEERING, vol. cxxv, pages 25 and 55), 
Mr. John Anderson dealt in an exhaustive manner 
with the failures which had occurred in the 1,300-Ib. 
pressure boiler at the Lakeside Station, Milwaukee, 
during the preceding eleven months. The first 
suggestion of trouble occurred after 880 hours 
operation. Examination showed a bulge on one 
of the tubes about 1} in. diameter and 4 in. high 
almost wholly filled with scale, the remainder of the 
tube having a uniform coating of scale gy in. thick. 
A small hole at the tip of the bulge was apparently 
sufficient to prevent further blistering, and operation 
with such leakages proved entirely safe. They could 
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not, of course, be tolerated permanently, since on 
many occasions such leakage was found to cause a 
loss of $ per cent. of the boiler output, the maximum 
leakage at any one time being 2-2 per cent. These 
failures were due partly to the formation of scale 


and also to local shortage of air causing excessive | 
The tubes in question, | 
3 in. outside diameter and 0-35 in. thick, were made | 


temperature in the furnace. 


of mild steel containing 0-16 percent. C. and had a 
yield point of 21-5 tons per square inch at atmos- 
pheric temperature. The calculated stress, due to 
internal pressure, was only 4,270 lb. per square inch, 


which suggests an ample margin of safety. When, | 


however, the temperatures of the tubes under various 
conditions of water circulation and scale thickness 
were calculated, it was found that the corresponding 
creep stresses were very close to the calculated stress 
in the material. Thus, with a water velocity of 
10 ft. per second and % in. thickness of scale, the 
temperature of the outside of the tube would be 
711 deg. F. (377 deg. C.), or 136 deg. F. (75 deg. C.) 
higher than that of the water, which was 575 deg. F. 
(302 deg. C.). Even ignoring the drop through the 
scale, on the basis of clean tubes, the outside of the 
tube would be some 91 deg. F. (50-5 deg. C.) hotter 
than the water with heat transmission of the order 
of 46,500 B.Th.U. per square foot per hour, the aver- 
age transfer rate of the radiant heat superheater 
and reheater. At the temperature of 711 deg. F. 
(377 deg. C.) Mr. Anderson assumed the maximum 
long-period strength of the material to be 3-1 tons 

er square inch, giving an apparent factor of safety 
of 2-1. This makes no allowance for the high 
stresses due to the difference of temperature in the 
metal, which are additional to that due to the inter- 
nal pressure. Animportant point to which reference 
was made was the annealing effect of long operation 
at the temperatures ruling in the boiler in question, 
which still further reduced the strength of the 
material. Another failure occurred on account of 
the bad adjustment of a burner tube, the flame from 
which impinged directly on a riser tube. The next 
series of failures were with clean tubes, the condenser 
leakage having been practically eliminated so that 
scale formation no longer occurred. The tubes 
lacking the resultant protection, were found to 
suffer from corrosion. 
occurred were more pointed, having a diameter of 
only ? in. There was a considerable amount of 
deposit inside the tube at the bulge, consisting 
mainly of black oxide of iron. Opposite the bulge 
the thickness of the tube was found to be reduced 
from the original 0:35 in. to 0:20 in., and, in some 
cases, to 0-125in. Mr. Anderson reported that this 
trouble had been overcome by reducing the oxygen 
content of the boiler water from 0-45 c.c. per litre 
to less than 0-1 c.c. per litre, and the use of tri- 
sodium phosphate to prevent scale formation and 
provide the necessary alkalinity. 

Conditions have altered during the last three years, 
particularly in the direction of employing higher 
temperatures, but recent experience only serves to 


show the importance of the points mentioned above. | 
A special reason for the somewhat lengthy reference | 


to Mr. Anderson’s paper is that there can be no 
doubt that the material was subjected with safety 
for long periods to stresses above those corresponding 
to the limiting creep stresses. Failure would, no 
doubt, occur in due course, but that is an accepted 
feature in the general practice of engineering, involv- 
ing careful inspection at appropriate intervals and 
replacement before undue risk is incurred. 

Special interest attaches to the papers dealing with 


The bulges at which failure | 


| 

| colculated by Dipl.-Ing. Lupberger as approxi- 
mately 10-8 tons per square inch. This high 
| stress certainly occurs only at the edges of the holes 
'in the inside of the drum, but emphasises the 
necessity of limiting any further increase by reason 
of stiffness of the boiler tubes, irregular heating, 
faulty erection, &c. Defective water circulation, 
permitting the formation of steam which is trapped 
in the tubes with consequent overheating, led to 
failure from corrosion by interaction of the iron and 
steam. Measurement of the temperature of the 
| steam at the outlets of several superheater elements 





‘of an 11,000 sq. ft. vertical-tube boiler revealed a 
range from 380 deg. C. to 520 deg. C., with an 
evaporation of 60 tons per hour. Obviously, since 
the material has to be able to withstand the maxi- 
mum temperature, while it is only: the average 
temperature which is of value in the subsequent use 
of the steam, these variations should be reduced 
to a minimum by attention to the firing and to the 
circulation of water and steam. The vital import- 
ance of this is shown by the rapid fall, in this 
temperature range, of the limiting creep stress, 
which, at 500 deg. C., for mild steel with 0-16 
per cent. carbon, is only some 25 per cent. of the 
' value (4-6 tons per sq. in.) at 400 deg. C., while for 
5 per cent. nickel steel it is about 28 per cent. of the 
value (10-8 tons per square inch) at 400 deg. C. 
Above 500 deg. C., the difference in strength between 
the various carbon and nickel steels rapidly becomes 
negligible, due to the structural changes inthe 
materials, the distinct advantage indicated as 
possessed by 5 per cent. nickel steel at 400 deg. C. 
being no longer present. That boilers have worked 
for long periods at steam tempz2ratures over 500 
deg. C. (the tube temperature being in the neighbour- 
hood of 600 deg. C.) with steam pressures up to 
| 2,400 lb. per square inch is simply in line with the 
American experience referred to above. 

Investigation is continually proceeding with a view 
i to the production of materials which will give greater 
strength at these high temperatures, with less 
liability to corrosion. Both of these properties are 
possessed to a high degree by certain of the heat- 
resisting steels, alloys of nickel, chromium and 
tungsten. Unfortunately, these materials do not 
lend themselves to the manufacture of boiler and 
|superheater tubes. Recent developments in the 
‘use of steels containing molybdenum appear to 
indicate considerable possibilities, the creep stress 
tests showing about double the value at 500 deg. C. 
that is obtained with nickel steels, and also a much 
lower rate of decrease. Tubes of this material are 
|to be used for the radiant-heat superheaters of 
Liffler boilers, and the results of practical experience 
will be awaited with interest. 
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Canal Irrigation in the Punjab. 
New York: Columbia University Press ; 
P.S. King and Son. [Price 12s. net.] 

Tuts is a treatise by an Instructor in Economics 

to Columbia University, and termed by him a 

monograph. It is, indeed, much more than this, 

although its value to engineers is definitely limited 
|to the quantitative data given in the text and 
|appendices. We think the book is a valuable 
storehouse of information to the political economist 
| on the subject dealt with. 

| Perhaps the real value of the book lies most in 
\its philosophy, garnered through the distinctly 





operating experiences on steam boilers presented at | friendly vision of foreign glasses—and that a 
the 19th general meeting of the German Association | philosophy based upon only five years’ experience. 
of Boiler Owners (Die Vereinigung der Grosskessel- | Yet the book does not suffer in any way from this 
besitzer E.V.), held in Berlin last June. It was| apparent disadvantage. Indeed, it will encourage 
pointed out that the actual stress in the material | engineers of the Old Country to continue their 
might be much higher than that calculated in the efforts, because what we have done already in the 
usual manner, an example being given of a 4 ft. | past is regarded as evidence of a policy of wisdom 
3 in. internal diameter drum of a vertical-tube | and foresight by this country in its administration 
boiler, with a wall thickness of 2} in. In such | of the province (through the Government of India), 
a drum, with steam at 37 atm. (526 lb. per square | since the annexation of that province by this 
inch), the internal pressure would cause a stress | country in 1849. 

of about 4-6 tons per square inch. When allow-; We are given a good pen picture of Punjab life and 
ance is made for the additional stresses due to | conditions at the present time, the political map being 
expanding the tubes into the drum and heat trans- | that of an inland area of 133,000 square miles, with 
mission at the rate of only 4,000 B.Th.U. per square some 40,000 square miles of totally surrounded inde- 
foot per hour—necessitating protection of the drum | pendent Indian states, of which there are several. 
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sketched out. We envisage this area as to 75 per 
cent. to be a sloping plain, with a fall to the south- 
west of some 4 ft. to the mile ; with, to the north-east, 
the rapidly-rising Himalaya spurs, occupying the 
balance of 25 per cent., and supplying with their 
heavy rainfall the reservoir behind the canal system. 
As the altitudes drop, so does the rainfall. One 
cannot help being interested in the older and 
existing canal systems found by the British engineers, 
about 300 miles in all, left intact; and feeding 
principally the royal palace domain at Lahore, and 
thence carried on by the Sikhs to their old tradi- 
tional capital of Amritsar—the system, in fact, of 
the old Huslee canal. These old works suffered by 
being only contour canals, and their levels therefore 
fell too fast to carry the waters as far as desirable. 

The Indian Mutiny of 1857-1858 naturally held 
up physical development for a time, as did the low- 
level swamps which formed apparently the dead 
ends of the ancient systems. 

Gradually, the accurate surveying of the country 
produced reliable level contours, and we find 
that, finishing with the Triple Canal Scheme, 
irrigating over 3,500,000 acres by a complicated 
conjunction of river diversions and the employment 
of old and new canal systems, a régime of water 
supply has been secured which, even from the 
most advanced point of view, may be regarded as 
efficient. 

The latter part of this work is essentially a political 
and economical review, from which emerge two very 
salient and interesting features. The first and most 
satisfactory of these is that canal construction with 
proper distributaries literally does pay for itself 
within a remarkably short time, the capital outlay 
of arterial systems being repaid in interest, in periods 
hardly ever exceeding 20 years, and sometimes in 
three or four. As a side issue, we have the nice distinc- 
tion between protective and productive canal systems. 
The words possibly explain themselves; one idea 
at least of protection is the necessity to guard 
against the ever-present menace of famine. Naviga- 
tion and railroads have apparently consistently failed 
to follow up the advance of irrigation quickly enough. 

The second salient feature is a grave one. The 
author proves that the principal revenue of the 
province is directly derived from capital outlay on 
irrigation works, but, following the deliberate colon- 
isation of the irrigated areas, voluntary immigration 
is now developing, resulting in the formation of a 
new riparian community which will rapidly become 
too large to be served by the present and fore- 
shadowed canal schemes. He considers this as an 
economic certainty—history repeating itself; so 
that we may ere long look} back again upon the 
ruins of a too ambitious scheme. It is, therefore, 
some satisfaction to our profession that we may 
definitely regard this carefully-considered treatise 
as one more political than technical. It is, neverthe- 
less, worth the engineer’s attention. 


Die Rontgentechnik in der Materialpriifung. By Dr. J. 
Eacert and Dr. E. Scuresotp. Leipzig: Akadem- 
ische Verlagsgesellschaft m.b.H. [Price 16-80 marks. ]. 
—Les Applications des Rayons X. By Dr. J. J. 
TrittatT. Paris: Les Presses Universitaires de France. 
[Price, 85 francs. ] 

Tue authors of these two volumes on the technical 

uses of X-rays are well-known original investigators. 

By authors, we mean, in the case of the German 

volume, not only the editors named, Professors 

Eggert, of Berlin, and Schiebold, of Leipzig, but 

also their collaborators who have contributed the 

separate chapters, H. Behnken, v. Géler, H. Mark, 

G. Sachs, M. v. Schwarz and others. Written at 

the request of the German Society for X-Ray Ex- 

amination, the volume is concise and keeps well to 
the technical aims. Some recent applications and 
radiograms, taken by Messrs. C. Kantner, A. Herr, 
and H. Reininger in the welding shops of the 
German State Railways, at Wittenberge, and in 
foundries, may be new to our readers. In the 
foundry, the moulds are examined by the rays to 
check the venting, and the sands for uniformity, 
packing and moisture contents. Welds and inac- 
cessible portions of angles are examined in various 
ways to detect any defects, and, in the case of 
locomotive fireboxes, the rays, after removal of the 
outer shell, are passed through the firebox plate 
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from an X-ray car which is brought up to the 
particular engine on a track. With the present 
prices of rubber there is not much need for 
artificial rubber, but it can be detected by 
X-rays. Natural rubber shows a fibrous structure 
under conditions when an artificial product re- 
sembles a liquid, and the nature of the fillers, of 
catalysts, and of lakes, &c., can also be studied by 
X-rays. 

Dr. Trillat’s volume is the larger of the two, 
partly because each of his seven chapters has its 
own bibliography, brought well uptodate. It is 
also more detailed in some general parts, and 
concerning liquids and organic compounds, which 
are Dr. Trillat’s own fields of research. Physics, 





| Whilst admitting that the inclusion of all the 
| various methods employed in different fields would 
| have resulted in defeating one of the main objects 
| of this book by making it unnecessarily cumbersome 
, and complicated, yet the addition of a few examples 
|of problems encountered in actual practice, adding 
|a little personal touch here and there, would have 
| considerably enhanced the reader’s interest. Again, 
|in view of the extent of underground surveying 
| carried out in South Africa and the high standard 
bes accuracy obtaining in Rand practice it would 
| seem desirable that any modern work on the subject 
should make at least some reference to South 
| African conditions and practice. 

In the notes on the selection of a theodolite for 


chemistry and metallurgy are referred to in the| mining work attention might have been drawn to 


title of the French book, but it lacks the alpha- 
betical subject index of the German volume. Both 


the advantages of the special mining instruments, 
which are now manufactured by more than one 


the volumes are well illustrated, and a good many | British firm of repute, in which both circles are 
of these illustrations are naturally common to the | completely protected from dust and water. The 
two books, since much is done in X-ray research | author recommends the vertical arc to be graduated 


and much is fortunately published. The range of 
application is continuously widening. The X-rays 
reveal the distribution of mineral impurities in coal 
and aid the colliery engineer in deciding upon the 
most suitable lump size for coal washing. Lead salts 
are added to rubber so that the regularity of the 
different layers may be better controlled by X-rays 
during the stages of manufacture. X-ray kinemato- 
graphs have been devised in Germany for the study 
of mechanisms in motion, and Dauvillier has con- 
structed such an apparatus for television by the aid 
of a double Nipkow spiral of 60 holes. Unfortunately, 
X-rays are dangerous to work with, and this remains 
one of the great difficulties of X-ray kinematography. 


Metalliferous Mine Surveying. By Tuomas G. Hanton. 
London: Crosby, Lockwood and Son. [Price 15s. 
net. ] 

In the older treatises on mine surveying much 

space is usually taken up with descriptions of 

instruments and methods which are now obsolete. 

Mr. Hanton’s object has been to provide a book 

which shall present the student and surveyor with 

the elements of modern mine surveying practice 
viewed from a practical standpoint. The author, 

a graduate in mining of the University of Sydney, 

N.S.W., has shown discrimination in the selection 

of his material and his business-like handling of the 

subject has enabled him, whilst covering the ground 
completely, to keep the book within very handy 
dimensions. 

There are few faults to find with this book, and 
such defects as there are rather strike one as being 
rather of omission than commission. Some aspects 
of the subject would have been better for treatment 
at greater length, even though this would have 
been at the expense of a somewhat more bulky 
volume. Although in a work of this nature the 
treatment should naturally concentrate on under- 
ground operations, nevertheless, in practice the 
surveyor has to make surface surveys which provide 
also the basis on which the underground survey may 
be said to be built. Chapter VII, which is entitled 
‘Surface Surveys,” consists of only seven pages, 
and operations such as triangulation and the mea- 
surement of base lines ave necessarily passed over 
so briefly that a considerable knowledge of these 
matters by the reader must be assumed. In view 
of the high degree of accuracy demanded nowadays 
in mine surveys, it would seem consistent to 
emphasise not only the importance of accuracy in, 
say, the transference of the meridian from surface 
to underground but also in the work involved on 
the surface previous to this transference by which 
the meridian is determined and the shaft or shafts 
located on the surface. 

Mine surveying methods vary in detail in different 
parts of the world and even on different mines in 
the same district. Methods of marking underground 
stations, of observing angles, of making lineal 
measurements, and of making notes and recording 
results in the office, to mention but a portion of the 
surveyors routine work, vary in accordance with 
local customs and personal preferences and preju- 
dices. Hence it is unlikely that any individual 
surveyor will agree entirely and unreservedly 
with the methods recommended by another surveyor 
from another field. 


from 0 deg. to 90 deg. and back from 90 deg. to 
0 deg. in both directions. If the vertical arc be 
graduated continuously as is common with tacheo- 
meters, the risk of error, which can so easily occur 
in reading small angles, of mistaking rise for fall 
and vice versa, is obviated. 

However, apart from one or two minor points 
such as the above, upon which it would be unfair 
to lay undue emphasis, the book is one of all-round 
excellence which may be recommended to the 
attention of students and practising surveyors. 

The chapter on “ Written Records ”’ is especially 
to be commended to the attention of all mine 
surveyors, whilst those on underground surveys, 
connecting the underground survey, levelling, and 
vertical connections, leave little to be desired. The 
printing, illustrations, and binding are fully up to 
the publisher’s well-known standard of excellence. 








REFUSE-DISPOSAL PLANT AT 
HUDDERSFIELD. 


Waite it may be somewhat of a hardship for the 
future archeologist to be deprived of the opportunity 
enjoyed by his prototype of to-day of grubbing for 
potsherds in ‘ kitchen middens,” it would seem much 
more important to destroy the waste products of our 
urban populations than to deposit them in those un- 
sightly dumps which, in the case of London, at all 
events, have been recently stated in an official 
publication to be insanitary or so situated as to cause 
nuisance or grave annoyance, the methods employed 
in such dumping being further characterised as out 
of date and inefficient. No one, we imagine, who 
had the opportunity if inspecting the working of the 
new refuse disposal plant which was formally inaugu- 
rated at Huddersfield on Friday, October 10, and saw 
the production of useful steam, the salving of market- 
able ferrous scrap and the conversion into a good road- 
metal of the disagreeable dust-bin refuse which was shot 
into the receiving hoppers, could well help feeling that 
the furnace is the appropriate destination of such refuse, 
and that the small amount of ash left from the process 
is other than perfectly sterile and innocuous. From 
this point of view, apart from its technical aspect, 
some account of this modern plant will doubtless prove 
of interest. In giving this, we illustrate it by means 
of Figs. 1 to 10, on the following pages. While appreci- 
ating the advantages named, it must be recognised that 
such organic matter as rags, bones, damaged fruit and 
vegetables, &c., which might be held to have some value 
| a8 manure, are destroyed, as is also waste paper, &c. 
| At Huddersfield, however, the sanitary advantages, 
| both to the general public and to the workpeople engaged 
in the process, of complete destruction were considered, 
by the Transport and Cleansing Committee of the 
Corporation, and also by the Medical Officer of Health 
of the Borough, to outweigh any possible gains from 
a more complete system of salvage, and this view was 
strengthened by the opinion of the officials of the 








Corporation Electricity Department that it should 
be possible to reduce the fuel consumption of the power 
station by the supply of steam from the combustion 
of the refuse. The practice of incineration is not new 
in Huddersfield, as it has been made use of for the 





| disposal of part of the town’s refuse for some 40 years, 


but the old plant had become inadequate and the prob- 
lem, after a decision had been arrived at regarding the 
degree of salvage to be effected, was to replace it by 
an installation which would give the maximum produc- 
tion of steam per hour per Ib. of refuse burned, at a 
steady rate and a constant pressure and temperature. 
Mechanical handling of the refuse had, further, to be 
employed to a greater extent than formerly. The 





Committee finally decided to instal a Woodall-Duckham 
refuse disposal plant, and awarded the contract to 
Messrs. Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, 136-150, 
Victoria-street, London, S.W.1, the capacity of the 
plant being the incineration of 130 tons of town refuse, 
with a net calorific value of 5,000 B.Th.U. per lb. 
as charged, in 18 hours. The plant has been givenYan 
extended test before the official opening and in opera- 
tion has exceeded the guarantees given by the con- 
tractors. 

The whole of the plant is housed in a new stone and 
brick building, and is arranged as in Fig. 1, opposite, 
from which it will be seen that space is left for a further 
unit. The general course of the refuse through the 
plant can best be followed from this plan before dis- 
cussing the technical details. The refuse is collected 
in covered vehicles and discharged into a main storage 
pit A by tipping. This pit has a capacity of 70 tons, 
and, as the daily average collection is about 96 tons 
in summer and 130 tons in winter, the contents have 
no chance of becoming offensive by standing. They 
are removed from the pit: by a grab running on an 
overhead telpher. Occasional raking over to ensure the 
full charge of the grab, is, with one other exception, the 
only manual handling of the refuse after receipt. 
The pit, grab, and a collecting vehicle are shown in 
Fig. 3, page 548. The refuse in bulk is remarkable 
for the amount of paper, cartons, &c., visible. This, 
it is stated, has increased in proportion fourfold 
during the last ten years, as a result partly of 
the substitution of gas stoves for open ranges and 
partly the increased use of cardboard containers 
for food products. The proportion of cinders and 
ash has decreased. 

The grab discharges into the hopper of a rotary distri- 
butor B, the function of which is to loosen and separate 
the refuse so that the magnetic separator of the screen 
type fitted at its discharge end may extract all the ferrous 
metals, tins, discarded kitchen apparatus and so forth. 
The hopper, distributor, and magnetic separator are 
shown in Fig. 7, page 549. The tins, &Xc., fall down 
the chute in the centre of the figure to two hydraulic 
baling presses C, in which they are compressed into 
compact and conveniently-handled packages. About 
2 tons of ferrous material are recovered daily, and 
this finds a market at about 2/. per ton for the com- 
pressed tins and 1/. 10s. per ton for the other scrap. 
The separated refuse, after magnetic treatment, is 
deposited on a broad belt running in a trough and 
passing before a platform on which an attendant is 
stationed. Here occurs the second manual handling, for, 
as the refuse passes along, any non-ferrous metals, &c., 
are at this stage picked out by hand. The refuse is then 
dropped over the end of the belt on to a helical distri- 
butor which scatters it into an auxiliary storage pit D, 
from which it is withdrawn by a second telpher grab 
as required for charging the hoppers of the incinerators. 
This part of the plant is shown in Fig. 8, page 549. 

The incombustible portion of the refuse consists of a 
hard clinker and a coarse dust. The first is removed 
from the bottom of the incinerators in large pieces 
and is conveyed in trucks to the quenching tower M, 
which is of wood supported on a suitable brick base 
provided with steel doors. The tower is led through 
the roof of the building so that the steam produced 
in quenching escapes into the atmosphere. The 
clinker is quenched by means of water sprays and is 
then tipped into a jaw crusher N. The crushed clinker 
falls into the boot of a bucket elevator which lifts it 
into a screening plant situated above the entrance for 
the collected refuse. The crusher grid and elevator 
are shown in Fig. 10, page 549. In the background of 
this figure may be seen some of the bales of compressed 
tins. The screening plant is shown in Fig. 4, page 548. 
It consists of a rotary drum O, Fig. 1, which is fitted 
with a magnetic separator for intercepting any ferrous 
parts which may have escaped the first treatment of 
the refuse, but which have become separated during the 
incinerating process, e.g., screws and nails embedded in 
wood, &c., or during the subsequent crushing. The 
separated clinker passes into a distributing drum P, 
from which it is discharged into steel storage hoppers, 
at Q. The clinker is very hard, and somewhat vitreous, 
due to the fused glass bottles in the refuse. It has 
been found to possess excellent road-making qualities 
and is thus readily saleable. The storage hoppers 
are provided with bottom outlets, by which the clinker 
can be discharged into vehicles in the entrance area 
of the building. 

The dust, which is deposited in the combustion- 
chamber pockets of the incinerator, is discharged at 
intervals into wagons, as with the clinker, and is 
conveyed to the water tower for quenching. That 
from other parts of the incinerator is also discharged 
into wagons, and in doing so is passed through water- 
screens so that no quenching is necessary. The wagons 
of quenched dust are lifted by means of an electrically 
operated hoist, the contents being tipped into a num- 
ber of steel storage hoppers situated at R. The finer 
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dust, contained in the gases, is intercepted by exhausting 
fans, from which it is withdrawn at intervals. Suitable 
arrangements are also made for collecting dust from 
the clinker crusher. The dust is at present dumped, 
but as it is quite innocuous and hard, a profitable use 
for it may possibly present itself sooner or later. 

The major and more important part of the plant, 
viz., the incinerating and steam-producing installation, 
may now be considered, and in this connection Fig. 2, 
above, should be referred to along with Fig. 1. Any 
identification letters mentioned will, as with the 
handling plant, be found in Fig. 1. It should be under- 
stood that Fig. 2 is somewhat diagrammatic, it being 
impossible to deal with the finer points of design in the 
limits of this article. The plant consists of eight 
cells of the Woodall-Duckham shaft-furnace type ar- 
ranged in four separate units of two cells each, with 
a water-tube boiler, a superheater, and an air preheater 
toeach pair. It may be mentioned incidentally that a 
number of the constructional features of this plant are 
covered by patents. It will be remembered that the 
treated refuse is lifted from the auxiliary storage pit 
and deposited in hoppers above the cells. These are 
marked E in Fig. 1, and are shown in the top left-hand 
corner of Fig. 2. They are fitted at the lower part 
with an inclined feeding ram which pushes the refuse 
down a vertical chute fitted at the bottom with a 


charging door. A view of the charging gear is shown 
in Fig. 9, page 549. The feeding ram is operated hy- 
draulically, and its mechanism is seen in the upper part 
of the figure. It is connected by the lever arms shown 
to the charging door in the lower part, so that as the 
ram advances the door is withdrawn. The flexible 
pipes provide an internal water-cooling service for the 
charging door. The normal charge averages between 
4 ewt. and 5 ewt., and the usual rate is about four to 
five charges per hour. 

From the chutes, which are shown at the right hand 
of Fig. 9, page 549, the refuse falls into the incinerator 
cells F, where it is burnt at a temperature of about 1,100 
deg. C. with the assistance of preheated air delivered 
through a ring of equally pitched tuyeres situated in 
the lower part of the steel water-jacketed shaft furnace. 
The air pressure naturally varies with the particular 
composition of refuse being consumed at the moment. 
It is generally equivalent to about 12 in. of water, but a 
pressure of 24 in. may at times be required. During 
combustion a hard mass of clinker forms below the 
tuyeres, and this is removed at intervals through doors at 
the bottom of the furnace. These doors are hydraulically 
operated and are automatically seated when closed, 
to effect which the cylinders are carried on trunnions 
as shown in Fig. 6, page 548. The lower cylinder is 
that for the door; above it is a second cylinder opera- 
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ting a cast-steel knife which cuts off a portion of the 
clinker and remains across the orifice while the door 
below it is opened and the clinker removed. The 
operation of cutting and discharging the clinker is 
performed in less than a minute, a period of time not 
sufficient to subject the knife to undue temperature, 
the position of the cut, moreover, being some distance 
below the zone of maximum temperature. The upper 
art of the cell, as seen in Fig. 2, is of brickwork, and 
th it and the adjacent combustion chamber are lined 
with a special high-quality firebrick. The whole brick 
structure housing the cells, boiler, &c., is protected 
from radiation losses by suitable insulating bricks and 
lagging. Each cell is provided with operating sight 
holes and inspection holes where nec 

The hot gases from the cells leave at the top and 
enter a combustion chamber G, common to each two 
cells. This is hopper-shaped and is provided with a door 
at the bottom for discharging dust. In order to ensure 
complete combustion, a supply of preheated secondary 
air is provided near the entrance of the gases to the 
combustion chamber. Two of the combustion chambers 
are provided with a horizontal platform H and have 
doors for the insertion of carcases condemned as food. 
These are lifted and conveyed to the charging platform 
by means of an electric pulley block traversing the 
runway from the entrance area, shown about the centre 
of Fig. 1. Returning to Fig. 2, it will be clear that the 
gases, after leaving the combustion chamber, pass 
through the boiler. This consists of four drums I, 
interconnected vertically by a nest of water-tubes and 
horizontally by circulating tubes. The water-tubes 
are provided with deflecting baffles, as shown, and are 
kept free from dust by soot-blowers. The boilers are 
constructed for a working pressure of 230 Ib. per 
square inch. The superheater, which is of the U-tube 
type and is situated on the inlet side of the boiler 
chamber, is of sufficient capacity to superheat the 
steam to a temperature of 600 deg. F. The boiler 
chamber is formed with a hopper-shaped dust pocket 
in the lower part. The furnace water-jacket of the 
cell is connected to the boiler drums, and is therefore 
virtually part of the boiler, and the feed water to it is 
first circulated through the charging doors. The upper 
part of the boilers is seen to the left of Fig. 5. 

The gases, after leaving the boiler chamber, are 
passed through a straight-tube air preheater J, and 
thence, by way of a dust-extracting exhausting fan K, 
are delivered to the chimney. The gases normally 
enter the pre-heater chamber by an opening at the top 
as shown in Fig. 2, but can be wholly or partially 
by-passed as required through one at the bottom. 
A dust pocket is provided below the heater and one also 
beneath the fan. There are two extracting fans, that 
is, one for each group of two boilers, and two chimneys. 
One of these is of brick, being part of the original plant ; 
the other is of steel, and both are about 105 ft. in 
height. The fans are direct motor-driven, and are 
made by Messrs. James Keith and Blackman Company, 
Limited, 27, Farringdon-avenue, London, E.C.4. This 
type of fan was fully described and illustrated in 
ENGINEERING, vol. cxxv, page 428 (1928). A by-pass 
connection is provided should it be desired to operate 
the boilers on natural draught. All the doors of the 
dust pockets are rack-and-pinion operated. The forced 
draught to the cell tuyeres through the air-preheaters 
is supplied by two direct motor-driven blowers L, 
one for each group of four cells, made by Messrs. 
Reavell and Company, Limited, 47, Victoria-street, 
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London, 8.W.1. 
cub, ft. of air per minute. 

The auxiliary machinery comprises two electrically 
driven hydraulic pumps, one a stand-by, situated in 
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Each has a delivery capacity of 9,330 | per cell per hour of 21-83 cwt. From this, 76-75 tons 


of clinker and 78-2 tons of dust were recovered. ‘The 
actual average weight of water evaporated per hour 


| was 19,012 lb., which works out to 1-944 lb. per Ib. 


the house at P, with an accumulator 8 ; and two single- | 


cylinder, direct-acting, steam-driven hoiler-feed pumps. 


In addition, there are the two telphers, which are each | 


of the two-motor type and are operated by push- 
buttons. The grabs are interchangeable. The plant 
is provided with a complete equipment of control 
instruments, including pressure and air volume indi- 
cators, CO, recorders, a steam meter, a Bailey pressure 


and temperature recorder, and a number of indicating | 


thermometers. In addition, a hot-feed water meter 
is provided. The electric current is provided from the 
Corporation power station adjoining the destructor 


building, and the steam is delivered through a short- | 


covered gallery to the power station. 

As regards performance, a good idea of the capacity 
of the plant may be obtained from the results of a test 
made by Mr. H. A. Bennie Gray, M.I.Mech.E., on 


of refuse. The average equivalent evaporation from 
and at 212 deg. F. per lb. of refuse was 2-463 Ib., 
which figure exceeds the guaranteed evaporation for 
the same calorific value of refuse by over 30 per cent. 
It may be noted here, however, that on other occasions 
an equivalent evaporation of 2-7 lb. to 2-8 Ib. of 
steam per lb. of refuse has been obtained, with a 
boiler efficiency of 65 per cent. 

The average boiler pressure on the official test above 
referred to was 202 lb. per square inch, and the super- 
heat temperature 551 deg. F. These are the normal 


| operating figures and were approximately those obtain- 


behalf of the Corporation, and extending from 8 a.m., | 


July 21, to 4 a.m., July 26. The material used was the 
ordinary refuse as collected, but with metals removed, 
and about 11 per cent. of gas-works ashes added. The 
net calorific value as charged was 3,435 B.Th.U. per lb. 
and the moisture content 37-1 per cent. Four cells 
and two boilers were in operation, and the total weight 


ing when we inspected the plant. On this occasion 
the chart of the Bailey fluid-meter showed very satis- 
factory steam pressure and temperature curves as 
regards uniformity of output.’ The steam is, we 
understand, taken direct into the mains of the power 
station. The plant is in operation for 24 hours a day, 
though this does not necessarily imply that all the 
cells are working together throughout the whole period. 
Naturally, the volume of available refuse is not a 
constant quantity, collection only taking place between 
the hours of 8 a.m. and 6 p.m. It is, however, an easy 
matter to put an additional cell into the circuit when 


of refuse burned was 506-55 tons, equal to an average | required, lighting-up being effected by waste paper, 
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old sacking, &c. The CO, content of the waste gases 
varies between 14 per cent. and 16 per cent., and on 
the occasion of our visit the chimney-tops were almost 
clear, a thin white smoke only being visible. It may 
be mentioned also that there was a remarkable freedom 
from any offensive odour in any part of the building, 


'and the operating conditions, even in dealing with the 


raw refuse, could not be said to be unduly disagreeable. 
The plant is under the control of the Superintendent 
of the Transport and Cleansing Department, Mr. H. 
Neaverson. The total cost of the whole plant, that 
is to say, the building as well as the installation. 
was in the region of 60,000/. In round figures it will 
be called upon to dispose of, with the present population 
of the town, 28,000 tons of refuse per year, from which, 
apart from steam, there will be recovered as marketable 
products approximately 500 tons of metals and 5,000 
tons of clinker. 





Wrire-Namt Manvuracture Nv Canapa.—According 
to the Canadian Bureau of Statistics, Ottawa, 54,920 
tons of wire nails were produced in the Dominion during 
1929. Exports totalled 2,700 tons, and of this quantity, 
48 per cent. were taken by the British West Indies, 
33 per cent. by New Zealand, 7 per cent. by Britis! 
Guiana, and 5 per cent. by the United States. — Imports 
into Canada during 1929 only amounted to 580 tons. 
Belgium supplied 51-5 per cent. of this quantity, Grea! 
Britain 23 per cent., and the United States 15 per cent. 
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THE MOTOR-BOAT SECTION OF 
THE OLYMPIA EXHIBITION. 

THERE has been a very marked increase in the 
popularity of motor boating in the past few years, 
and it has been suggested that the growing con- 
gestion on the roads has driven many motorists to 
take their relaxation on sea or river. It appears 
rather more likely, however, that the enormous 
growth in motoring has induced a widespread 
familiarity with the internal-combustion engine, 
so that the public no longer regard motor-boating 
as a pastime for the specialist. Whatever the 
explanation, the fact remains that the number of 
small motor-driven craft sold annually is now such as 
to render their construction an important industry, 
and it is therefore not surprising that improvement 
in both hull and engine design should have made 
rapid strides. A few years before the war, a person 
of moderate means who wished to indulge in motor 
boating had to be content with a converted rowing 
boat, or similar craft, driven by a single or two-cylin- 
der engine. Ten knots was regarded as an 
exceptional speed for such a vessel, accommodation 
was confined to one or two small lockers, and the 
only weather protection was a canvas screen. To-day, 
it is possible to obtain a small cabin cruiser, built in 
teak or mahogany, and fitted with a four or six- 
cylinder engine to give a speed of about 20 knots, 
at about the same price as would be paid for the 
family car. Up till the present, the construction of 
the hulls has remained largely in the hands of a few 
old-established firms, who are accordingly enjoying 
a period of great prosperity. On the other hand, the 
older engine builders, who have always had to com- 
pete with American firms enjoying the advantages 
of large-scale production, have now also to face the 
competition of automobile manufacturers, who are 
finding it increasingly to their interest to produce 
a special model of their standard car engine modi- 
fied for marine use. The extent of this new form 
of competition was illustrated at the recent car 
exhibition at Olympia, where about 40 per cent. of 
the engines shown in the motor-boat section bore the 
names of automobile manufacturers. 

The majority of the marine engines shown by 
these firms are of the high-speed type, crankshaft 
speeds between 2,000 r.p.m. and 3,000 r.p.m. being 
common, and are thus closely comparable with the 
automobile engines manufactured by the same 
firms. Such marine engines, in the main, are only 
suitable for fast pleasure craft, and it is hardly 
likely that it will be worth while for firms whose 
whole output consists of engines of this type to 
undertake the manufacture of engines with a 
maximum speed below 2,000 r.p.m., such as are 
required for commercial craft. This particular 
market is, therefore, likely to remain in the hands of 
marine-engine specialists. The security of such firms 
in this field is further enhanced by the movement 
in favour of the substitution of heavy-oil for petrol 
engines. Until such time as the heavy-oil engine is 
established as a power unit for commercial vehicles, 
the demand is hardly likely to be such as to tempt 
automobile manufacturers to embark upon their 
construction, but their manufacture by a less- 
specialised firm of marine-engine builders may well 
be justified, particularly if the fuel pumps and 
atomisers are regarded as components to be pur- 
chased from specialists in their manufacture. At 
the present time, the motor-boat industry offers 
the most promising field for the employment of 
heavy-oil engines of the airless-injection type, just 
as in the past it has offered a secure market for hot- 
bulb engines. It was, therefore, not surprising to 
find that the new type of engine was well repre- 
sented at Olympia. Two of the engines shown were 
exhibited for the first time, while all were, of course, 
of very recent origin. 

We may commence a description of the exhibits 
by dealing with one of the engines shown by 
Messrs. W. H. Dorman and Company, Limited, 
of Stafford, who are well known to automobile 
engineers as makers of high-class engines, particu- 
larly for commercial-vehicle work. Their experi- 
ence in this class of work has led them to attach 
great importance to accessibility, and their first 
marine engines, shown at the Shipping, Engineering 
and Machinery Exhibition at Olympia last year, were 
particularly noteworthy in this respect. The same 





attention to accessibility characterises the models ex- 
hibited at the Motor Show. The latest four-cylinder 
model is illustrated in Figs. 1 to 3 on this and 
the opposite pages, and it is interesting to compare 
this with the corresponding engine shown at the 
Shipping Exhibition last year, and described in 
ENGINEERING, vol. cxxviii, page 330 (1929). The 
new engine can be supplied to run on either petrol 
or paraffin, and is made in two sizes. The smaller 
unit has a cylinder bore of 100 mm.and a piston stroke 
of 140 mm., giving a capacity of 4,398 c.c., while 
the larger unit has a bore and stroke of 105 mm. and 
140 mm., respectively, the capacity being 4,849 c.c. 
The smaller unit develops 34 brake horse-power on 
petrol, and 27 brake horse-power on paraffin, at 
1,000 r.p.m., the corresponding figures at 1,800 
r.p.m. being 62 brake horse-power for petrol, and 
36 brake horse-power for paraffin. The larger unit 
develops 38 brake horse-power on petrol, and 
30 brake horse-power on paraffin at 1,000 r.p.m. ; 
and 70 brake horse-power on petrol, and 40 brake 
horse-power on paraffin, at 1,800 r.p.m. The two 
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four nickel-steel bolts. The crankshaft is a high- 
tensile steel forging with a flange for the flywheel 
formed on the after end. It is mounted in three 
long white-metalled bearings, as shown in Fig. 2. 
The camshaft is driven by silent helical gearing 
at the forward end of the engine, and is supported 
in three long bushes. The cams are formed solid 
with the shaft, and are ground after hardening. 
The end thrust is taken by a hardened-steel washer. 
As shown in Fig. 2, the end of the camshaft is 
extended through the front cover for the water- 
pump drive. The valves are of the side-by-side 
type, with adjustable tappets, which are held in 
position by clamps, and are removable without 
disturbing the camshaft. The inlet valves are 
masked, and are of nickel steel, the exhaust valves 
being of Silcrome. The valve guides are of cast- 
iron, and are pressed into the cylinder block. 

The lubricating oil is circulated by a gear-type 
pump located in the sump, and driven off the cam- 
shaft by spiral gearing, as shown in Fig. 2. The 
oil is forced through passages in the crank chamber 








Fig. 1. 


engines are identical in general construction, and the 
fuel consumption in both cases is 0-68 pint per 
brake horse-power-hour on petrol, and 0-75 pint 
per brake horse-power-hour on paraffin. 

The cylinders form a monobloc casting with 
detachable head. The block is let into the crank 
case, as shown in Figs. 2 and 3, and both it and the 
head are held in position by through studs tapped into 
the top flange of the case. Generous water spaces 
are provided, particularly round the valve pockets. 
All the cylinder bores are finished by honing. The 
crank-case is made in two parts with a horizontal 
joint on the axis of the crankshaft, both parts being 
of cast iron and strongly ribbed. The crankshaft 
bearings are supported on bridges in the bottom 
half of the casing, as shown in Figs. 2 and 3. 
The pistons and connecting rods can be withdrawn 
through the inspection doors provided on the 
starboard side of the upper half of the crank-case. 
If preferred, the latter can be supplied in Alpax 
alloy, which is resistant to sea water. The pistons 
are of cast iron, and are made from metal patterns 
and coreboxes to ensure close weight limits. They 
are fitted with four rings, all above the gudgeon 
pin, and are matched in sets for individual engines. 
The connecting rods are high-tensile steel forgings, 
the small ends being fitted with a phosphor-bronze 
bush. The big-end bearing is of white metal run 
direct into the rod. The cap is held in position by 
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to the main, big-end, and reverse-gear bearings, 
the pistons and gudgeon pins being lubricated by 
splash. The oil pump with its filter can be with- 
drawn without disturbing any other part of the 
engine. The usual relief valve, pressure gauge, and 
dip stick are provided on the oiling system, and 
there is a filter on both the suction and delivery 
sides of the pump. The cooling water is circulated 
by a gear-type pump, located, as already mentioned, 
at the forward end of the camshaft, the actual drive 
from the shaft being through a Dorman flexible 
coupling. The pump is made of non-ferrous metal 
throughout, and the water is first delivered to the 
forward end of the exhaust manifold, and thence 
through the cylinder jackets to the cylinder heads. 
Ignition is by high-tension magneto fitted with an 
impulse starter, and provision is also made for fitting 
coil ignition if required. The starting and reversing 
gears are similar to those fitted on the earlier engine, 
and therefore need not be described. It may be 
mentioned, however, that the sliding chain sprocket 
for engaging the hand-starting gear is now fitted at 
the after, instead of at the forward, end of the engine. 
The position of the electric starter is shown in Fig. 2. 

One of the new airless-injection engines, exhibited 
by Messrs. The Ailsa Craig Motor Company, 
Limited, Strand-on-the-Green, London, W.4., is 
illustrated in Figs. 4 to 6, on page 552. It is 
of the auxiliary air-chamber type, the Acro form 
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Fias. 4,-5 anp 6. 40-60 H.P. Arruess-INJECTION MARINE Unit ; 
Messrs. THE Attsa Craia Motor Company, LIMITED. 





MOTOR EXHIBITS 


AT OLYMPIA. 
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Fie. 7. 12-20 H.P. Four-CyntinpER Marine Motor; 
Messrs. THE AILSA YRaIG Motor Company, Limirep. 


Fig. 7, above, is rated at 12-20 h.p., the bore and 
stroke being 2} in. and 4in. The compression 
ratio has been increased to 5} to 1, and an entirely 
new form of combustion chamber is employed. 
This chamber is roughly of L shape, with the over- 
head valves located at the top of the horizontal 
branch, and the sparking plug on the outer face of 
the vertical branch. The plug is set at an angle of 
about 30 deg. to the horizontal, and is slightly 
pocketed, It is stated that the plugs are entirely 
free from any tendency to oil up in this position, 
even when the engine is heavily over-oiled. In 








Fia. 6. 























order to secure effective turbulence with the form of 
head described, the length of the horizontal portion 
of the combustion space is less than the diameter 
of the cylinder, so that a portion of the gas is trapped 
between the flat top of the piston and the remaining 
portion of the head, and is forced out into the main 
combustion space at high velocity when the piston 
is approaching top dead centre. The remaining 
features of the engine are very similar to the model 
already described, and the same remark applies 
to the clutch and reversing gear. 

The Buda six-cylinder engine, illustrated in 





Fie. 8. 64-126 H.P. Six-CyLinpER Marine Unit; Messrs. THe Bupa 
Company, ENGLAND. 


Fig. 8, on this page, may be taken as typical of the 
best American practice. It was shown by Messrs. 
The Buda Company, ingland, Harvey Works, 
Wembley, Middlesex, together with a similar engine 
without reversing gear, and a smaller six-cylinder 
unit. The engine illustrated has a cylinder bore 
of 43 in., with a piston stroke of 6 in., and develops 
126 b.h.p. at 2,000 r.p.m. The normal speed range 
is from 1,000 r.p.m. to 1,800 r.p.m. The engine is 
of the L-head type, with side-by-side valves, the 
cylinder block being a one-piece casting with 
detachable head. The pistons are of the De Luxe 
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webbed cast-iron type, and the connecting rods are 
rifle-drilled to provide the oil ways to the small-end 
bearings. The metal in the big ends is spun direct 
into the rods, which are of chrome-vanadium steel. 
The crankshaft is mounted in four bearings, and is 
3 in. in diameter. The camshaft is located in the 
usual position, and is driven through a gear train 
at the after end of the engine, the wheels being of 
cast iron. Lubrication is on the dry-sump system, 
a gear-type pump mounted on the starboard side, 
behind the timing-gear case, and driven from the 
gear train, distributing oil to all the bearings. 
A second oil pump, also of the gear type, driven 
by a vertical shaft geared to the camshaft at the 
forward end, draws the oil from the sump and 
delivers it back to the tank. The oil is passed 
through a cooler on the return circuit. A petrol 
pump is mounted on the front of the timing-gear 
case, in line with the oil-circulating pump, and 
the drive is taken through in the after direction to 
the distributor, water pump, and magneto. The 
generator is mounted on the opposite side of the 
engine, as shown in Fig. 8, and is also driven from 
the timing gear. Both the petrol and water pumps 
are of the gear type. After passing through the 
cylinder and head jackets, the cooling water enters 
a jacket on the exhaust manifold, and an electric 
temperature meter is located at the point where the 
water enters the manifold, the meter dial being 
mounted on the dash board. The engine is equipped 
with both magneto and coil ignition, the magneto 
being fitted with an impulse starter. Electric 
starting is fitted, engagement being by the usual 
Bendix drive. The engine exhibited was fitted with 
Joes reversing gear, and Morse reducing gear, both 
these gears being of the epicyclic type. A tacho- 
meter drive is provided on the main driving shaft for 
the auxiliary units, and the equipment includes an 
illuminated dash board. 

The inherent simplicity of the Trojan engine 
should render it particularly suitable for marine 
work, and it is interesting to note that a 26-ft. 
cruiser fitted with one of these engines successfuly 
completed a voyage from Fleetwood to Douglas, 
returning via Blackpool, a total distance of about 
130 miles. The weather conditions over the greater 
part of the voyage were very unfavourable, but 
we understand that no trouble of any sort was 
experienced throughout the trip. Two marine 
units were exhibited at Olympia by Messrs. Trojan 
Limited, Purley Way, Croydon, the first comprising 
one of the firm’s two-stroke four-cylinder engines 
coupled to an epicyclic reverse gear, and the second 
a similar set twinned with a second engine to form 
a twin-screw combination, the second engine being 
fitted with an automatic centrifugal clutch in place 
of a reverse gear. One of the single engine sets 
fitted in a boat is shown in Fig. 9, page 556, and 
it will be noticed that the engine is mounted hori- 
zontally for fitting beneath the deck of the boat, 
and that the complete unit is assembled on bar 
framing attached to the ribs of the vessel, The 
engine does not differ in any essential feature from 
the car model described in ENGINEERING, vol. cxxii, 
page 504 (1926), and it need not therefore be des- 
cribed in detail. It may be recalled, however, 
that it is rated at 10-12 h.p., and that petroil 
lubrication is employed. The carburettor on the 
marine model is fitted with a variable self-cleaning 
jet, and coil ignition is utilised. The dynamo, which 
can be seen in the figure at the forward end of 
the engine, supplies sufficient current for lighting 
in addition to that required for ignition. Starting 
is effected by a hand lever, as in the case of the car 
engine, and a petrol priming pump is fitted to facili- 
tate this operation. The gear-box is a simple epi- 
cyclic unit, the drive being through a number of 
Springs attached to the flywheel rim, this practice 
also being common to the car engine. Silencing 
is effected either by injecting the water leaving the 
cylinder jackets into the exhaust pipe, or by a water- 
cooled exhaust pipe. The water-circulating pump 
is of the gear type, and is made entirely from 
phosphor bronze. The engine unit only occupies an 
om erall length of 3 ft. 6 in., the width over the frame 
veing 2 ft. 4 in. The total height of the engine is 
only 16 in. 

The unusually-wide experience possessed by 
Messrs. L, Gardner and Sons, Limited, of Patricroft, 





Manchester, in the construction of hot-bulb marine 
and other heavy-oil engines lends particular interest 
to their exhibit of high-speed airless-injection engines 
of moderate power for marine use. The engines 
shown comprised a two-cylinder unit developing 
19 brake horse-power, a four-cylinder unit develop- 
ing 38 brake horse-power, and a six-cylinder unit 
developing 57 brake horse-power. All three engines 
are designed to develop their rated power at 1,000 
r.p.m., and are of the direct-injection type. The 
two smaller models were fitted with Gardner revers- 
ing gear, and the largest model with hand-starting 
gear. The four-cylinder engine is illustrated in 
Fig. 10, on page 556. The cylinders are cast in 
pairs, but there is a separate head for each bore. 
The cylinder bore is 4} in., and the piston stroke 
is 6 in. The pistons are of cast-iron, while the 
connecting rods are steel forgings with ducts for the 
oil supply to the small-end bearings. The crank- 
shaft is machined from a solid forging, and the fly- 
wheel is bolted to a flange integral with the shaft. 
The crank case is formed in two parts, with a hori- 
zontal joint at the level of the crankshaft. Doors 
are provided on the sides of the upper portion to 
give access to the moving parts, the door on the port 
side extending the whole length of the casing. The 
main crankshaft bearings are carried in the lower 
half of the case, which is cast with box feet suit- 
able for mounting upon flat bearers. The fuel is 
supplied to each cylinder by a separate pump, the 
four pumps being grouped together on the port 
side of the engine at the forward end, as shown in 
the figure. The pump is of modified Bosch design, 
an auxiliary lever being provided below each plunger. 
By means of these levers, the oil circuit can be 
primed, and any one of the spray valves can be tested 
with a minimum of trouble. The levers are provided 
with catches by means of which they can be held 
up to cut out the cylinder with which they are 
associated. Before reaching the pumps, the oil 
is passed through a combined heater and strainer. 
The atomisers are of the maker’s own design, and 
are of very simple construction, so that they can 
readily be dismantled for cleaning. They do not 
pass through the water joints in the cylinder head, 
so that they can be removed and replaced in a few 
moments. The governor is totally enclosed, and 
is fitted with a hand control which allows the speed 
range to be instantly varied between 400 r.p.m. 
and the full working speed. 

The valves are of the overhead type, and are 
operated by push rods and rockers in the usual way. 
The camshaft is driven by a chain and gear-wheel 
combination at the forward end of the engine. A 
decompression device for starting is provided, the 
inlet valves being held off their seats during part 
of the compression stroke. The valve gear is 
exposed by lifting off the covers visible in the figure. 
The engine is fitted with a forced-lubrication system 
supplying oil to the main bearings, crank-pins and 
small ends, together with the whole of the valve 
mechanism and the fuel-pump cams and rollers. 
A pressure-regulating valve and pressure gauge 
are fitted, and strainers are provided on each side 
of the pump. The water-circulation pump is of 
the ram type, and is made of bronze. It is driven 
from the half-speed shaft running across the forward 
end of the engine, and is fitted with a safety valve 
and air chamber. A bilge pump of the same type, 
driven through a friction clutch, can be fitted if 
required. As the engine is of the direct-injection 
type, no special heating devices, such as torches or 
electric plugs, are required for starting. The engine 
is started by hand cranking, compression-relief gear 
being provided, as stated, to facilitate the operation. 
The reverse gear can be seen in the illustration, and 
it will be noticed that it is of the countershaft type, 
the drive to the countershaft being by chain on one 
side and by spur gearing on the other, thus avoiding 
the use of a reversing pinion. Forward and reverse 
gears are engaged by means of a double cone clutch. 
Both ends of the countershaft are extended through 
the casing, and can be used for auxiliary drives if 
required. 

We have described a number of the marine engines 
manufactured by Messrs. The Parsons Oil Engine 
Company, Limited, of Town Quay Works,’ South- 
ampton, in our columns from time to time, but 
have not hitherto dealt with the 10-20-h.p. unit 





illustrated in Fig. 11, page 556. The engine has 
been introduced to meet the demand for a smaller 
unit than those previously manufactured by the 
firm, and incorporates many of the features dis- 
tinguishing their larger engines. The cylinder bore 
is 2? in. and the piston stroke 4 in., and the four 
cylinders develop 10 brake horse-power at 900 r.p.m., 
rising to 27 brake horse-power at 2,500 r.p.m. The 
higher service rating of 20 brake horse-power is 
developed at about 2,000 r.p.m., and the engine is 
designed to run at this speed indefinitely. The 
cylinders are of monobloc form, cast integral with 
the upper half of the crank case. The lower half 
of the casing is strongly ribbed, and carries the 
bearings for the crankshaft. A large inspection 
cover on the port side gives access to the moving 
parts. The pistons are of cast-iron with three 
rings, the connecting rods are H-section drop 
forgings, and the crankshaft is a solid-steel forging 
with a flanged end to carry the flywheel. The upper 
ends of the connecting rods are split for securing the 
gudgeon-pin, which is of mild steel, case-hardened 
and ground. The big-end bearings are white- 
metalled and have adjustable caps. The crank- 
shaft is carried in three bearings of die-cast white 
metal, with caps for adjustment. Side-by-side 
valves are employed, operated through tappets 
from the camshaft located in the usual position in 
the upper half of the crank case. The cams are 
formed solid with the shaft, which is driven by 
gearing at the forward end of the engine. The 
timing wheels are of steel and composition, and 
the camshaft wheel is bolted to a flange on the shaft. 
The valve tappets are of mild steel, hardened and 
ground, and the usual adjustment is provided. 

The valves are interchangeable. The inlet and 
exhaust manifolds are formed in the main cylinder 
casting, and are provided with a longitudinal joint 
for cleaning. Ignition is by high-tension magneto. 
The lubricating oil is circulated by a plunger pump, 
driven from the camshaft by an eccentric. The 
governor is mounted on the forward end of the 
camshaft, and is totally enclosed. The starting 
handle is mounted at the after end, as shown in 
the figure, the drive being taken by chain to a lay- 
shaft above the flywheel. From the layshaft, the 
drive is taken by a sliding gear-wheel engaging with 
teeth cut on the flywheel rim. An electric starter 
can be supplied, if required, engaging, by means of 
a Bendix drive, with the teeth on the flywheel in the 
usual way. The water-circulating pump is of the 
plunger type, of non-ferrous material throughout, 
and is driven from an eccentric on the camshaft. 
The reverse gear is provided with a plate clutch for 
running ahead and the usual brake band for astern 
running, all parts being designed for running astern 
for long periods, if required. It is lubricated from 
the main engine system. The engine can be supplied 
for running on either petrol or paraffin, and, as 
will be clear from the illustration, is compact and of 
neat appearance. 

A range of new heavy-oil engines, in which the 
direct-injection principle has again been adopted, 
was shown on the stand of Messrs. Renault, Limited, 
Western-avenue, Acton, W.3. The engines shown 
were a 30-h.p. two-cylinder model, a 60-h.p. four- 
cylinder model, and a 70-h.p. six-cylinder model. 
The two smaller engines were of the two-stroke type, 
and both had a cylinder bore of 150 mm. and a piston 
stroke of 160 mm. The six-cylinder engine operates 
on the four-stroke cycle, and has a cylinder bore of 
115 mm. with a piston stroke of 180 mm. All 
the engines can be started from cold without the 
use of an auxiliary heating device, and the fuel 
pumps and valves are of the well-known Bosch 
design with a separate plunger for each cylinder. 
The four-cylinder engine is illustrated in Fig. 12, 
page 556. The cylinders are separate iron castings, 
with detachable water-cooled heads. The latter 
are of very simple form, as they are only required to 
house the injectors and decompression valves. The 
injectors are located in the centre of the head. The 
pistons are of cast-iron, and are fitted with six rings. 
The gudgeon-pins are hollow, and are made from 
case-hardened and tempered steel. The connecting 
rods are steel stampings with split big-end bearings. 
The crankshaft is made from nickel-chrome steel, 
and runs in five bearings lined with anti-friction 
metal. The fuel pump is mounted on the starboard 
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side of the engine, the pump shaft also serving to 
drive the governor. The cooling water is circulated 
by means of a plunger pump driven from the engine, 
and the water is taken from the cylinder jackets to 
the heads by means of outside pipes. The engine 
is normally started by compressed air, but electric 
starting can be fitted if preferred. The forced- 
lubrication system comprises two separate circuits, 
one for the main and big-end bearings, and the other 
for the cylinders. A special pump draws the used 
oil from the main bearings and big-ends and delivers 
it into a reservoir fitted with a filter. From the 
reservoir, the oil is returned to the bearings. The 
surplus oil from the cylinders is recovered with the 
oil from the bearings. The change-speed gear is of 
the sun-and-planet type, the casing being fixed to 
the engine bed-plate. The operating lever can be 
seen in the illustration. The gear runs in a water- 
tight casing filled with oil. The normal running 
speed is 800 r.p.m. Apart from the fact that it 
operates on the four-stroke cycle, the six-cylinder 
model is generally similar to the four-cylinder unit 
already described. The pistons, however, are of 
aluminium alloy. 

The crankshaft is mounted in seven bearings, and 
drives the timing gear at the forward end, the 
flywheel being at the after end. The inlet valves 
are of carbon-steel and the exhaust valves of nickel- 
steel, both being of the overhead type. The engine 
develops its rated power at 1,200 r.p.m. The fuel 
consumption with gas oil having a density between 
0-85 and 0-88, is given by the makers as 200 
grammes (0-441 lb.) per horse-power hour. 


(To be continued.) 














REPLACEMENT OF A RAILWAY 
BRIDGE AT LIVERPOOL. 


On page 696 of ENGINEERING, vol. cxxix (1930), w® 
gave an illustrated description of the expeditious re- 
placement of a railway bridge of the Cheshire Lines 
Committee over Walton Hall-avenue, Liverpool. The 
firm responsible, Messrs. Pearson and Knowles Engin- 
eering Company, Limited, Warrington, have recently 
carried out another similar, but even more expeditious, 
operation. At Carr-lane, Norris Green, Liverpool, a 
500-ton steel bridge was substituted for a 100-ton 
structure, carrying the Southport line of the Cheshire 
Lines Committee over a road which had been widened 
on each side of the railway, which thus constituted 
a dangerous bottle-neck. The rails on the old bridge 
were removed during the night of Saturday to 
Sunday, October 4 to 5, and the actual replacement 
operations were commencedat 5 a.m. on October 5. 
By means of eight Tangye hydraulic jacks, the old 
structure was raised clear of its stone abutments and 
the weight transferred to six steel trestles mounted on 
a rail track laid in the roadway below. At 5.50 a.m. 
the old bridge had been hauled out and stood on the 
trestles some 45 ft. away from its original position. 
The stonework which had previously supported the 
old bridge was then demolished by the masonry con- 
tractors, in order to prepare the way for the new 
bridge, which had previously been erected on trestles, 
parallel with the structure to be replaced. At 6.50 a.m. 
the work of hauling the new structure into position 
was commenced, and was successfully accomplished 
40 minutes later. 

One hundred-ton hydraulic jacks were subsequently 
brought into operation; one end of the bridge was 
raised, the carriages on which it had been conveyed 
removed, and rocker bearings, each weighing 5 tons, 
were drawn into position on the new abutment. At 9.25 
this end of the bridge had been lowered on to its 
permanent seatings. The opposite end of the bridge 
was then raised, the carriages were removed as before, 
and the masonry contractors proceeded.to place in 
position the pre-cast concrete blocks which support 
the rail bearers. The expans‘on bearings were then 
inserted, and the bridge lowered into its final position 
at 11.20. A trial train was run over the bridge shortly 
after noon. The new bridge has a length of 133 ft., 
a width of 31 ft. 6 in., and a depth of 23 ft. 6 in. 





FLiyInG-Boat Services IN NEW ZEALAND.—-A com- 
any, known as Messrs. New Zealand Airways Boeing, 
aimited, has been constituted at Auckland, New Zealand, 
to organise a passenger air service between Auckland 
and Wellington and between Wellington and Inver- 
cargill. The arrangements are in the hands of Mr. B. 
Bernard, the representative of Messrs. Boeing Aircraft 


Company of Canada, Limited, Vancouver, British 
Columbia, who is at present in New Zealand. It is 


stated that six Boeing flying boats, which have been 
manufactured in Canada, are to be purchased and that 
the new service will commence shortly. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Ventilating Sets —The supply of three portable 
ventilating sets. The Ministry of Public Works, Cairo, 
Egypt; December 2. (Ref. No. A.X. 10,426.) 

Motor-Driven Pump.—The supply and delivery of one 
motor-driven pump for Section 12 of the Waitaki Power 
Development Scheme. The New Zealand Public Works 
Department; January 13, 1931. (Ref. No. A.X. 
10,428.) 

Trailer Axles and Wheels.—A South African firm is 
desirous of getting into touch with British manufac- 
turers of axles, springs, and wheels suitable for trailers. 
(Ref. No. A.X. 10,429.) 

Miscellaneous Plant and Material.—A firm in Detroit, 
U.S.A., desires to receive information and quotations 
from British manufacturers of rockwood (mineral wool) 
insulating material in blanket form, variable-speed 
transmission pulleys, herring-bone gears and worm 
speed reducers, 3-h.p. electric motors, roller chains and 
sprockets, and conveyor chain. (Ref. No. A.X. 10,424.) 

Pumping Sets.—The supply of electro-pumping sets at 
the Palermo Waterworks, Argentina. The National 
Sanitation Works Department, Buenos Aires; Novem- 
ber 24. (Ref. No. A.X., 10,435.) 

Railway Lamps.—The supply of hand signal and train 
lamps. The South African Railways and Harbours 
Administration ; December 8. (Ref. No. A.X. 10,437.) 

Diesel Engines and Dynamos.—The supply of Diesel 
engines and dynamos. The Municipality of Quelimane, 
Portuguese East Africa. (Ref. No. A.X. 10,439.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Economic Paper. No. 8. 
Summarised Data of Silver Production. By C. W. 
MERRILL, [Price 20 cents.] Bulletin No. 325. Quarry 
Accidents in the United States during the Calendar 
Year 1928. By W. W. Apams. [Price 20 cents.] Wash- 
ington: Government Printing Office. 

Department of Scientific and Industrial Research. The 
Deterioration of Structures in Sea Water. Eleventh 
(Interim) Report of the Committee of the Institution of 
Civil Engineers. Edited by J. Purser and H. J. 
Grose. London: His Majesty’s Stationery Office. 
[Price 9d. net.] 

Rural Electrification. 
Low Tension Distribution. 
London: Alfred Esktroem. 

Textile Mechanics and Heat Engines. 
and Epwarp DvuNKERLEY. London: Sir 
Pitman and Sons, Limited. [Price 15s. net. ] 

Modern Theatres and Cinemas. By P. Morton SHAND. 
London: B.T. Batsford, Limited. [Price 15s. net.] 

Handbuch der Anorganischen Chemie. Vol. IV. Die 
Elemente der achten Gruppe des periodisches Systems. 
Eisen und seine Verbindungen. Edited by Dr. R. 
Asecc, Dr. Fr. AUERBACH, and Dr. I. Koppet. 
Leipzig: 8S. Hirzel. [Price 45 marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1317. Flight Tests on the Variation of 
the Range of an Aircraft with Speed and Height. By 
Fxit.-Lt. C. E. Marrntanp and A. E. W. Nuvtt. 
[Price 9d. net.] No. 1320. Controllability at Low 
Speeds and Full-Scale Measurement of Lift and Drag 
of Parnall ‘‘ Peto”’ fitted with R.A.F. 15 and R.A.F. 31 
Section Wings (Slotted and Unslotted), By R. K. 
Cusuine. [Price 9d. net.] No. 1325. A Study of 
Polynomial Equations. By W. K. Cowtey and S. W. 
SKAn. [Price ls. net.] No. 13829. VUazximum Force 
on Rudders. By F. B. Braprreup. [Price 6d. net.] 
London: His Majesty’s Stationery Uftice. 

Triumph and Wonders of Modern Kngineering. By G. 
GIBBARD JACKSON. London: Sampson Low, Marston 
and Company, Limited. [Price 6s, net.] 

British Railways. The Romance of Their Achievement. 
By G. Grpparp Jackson. London: Sampson Low, 
Marston and Company, Limited. [Price 6s. net.] 

Institution of Heating and Ventilating Engineers. Pro- 


Isaac 








ceedings. Vol. XXVIII. 1929 to 1930. London: 
Offices of the Institution. 
Contracts.—Messrs. The Clean Coal Company, 


Limited, Medway House, Horseferry-road, London, 
S.W.1, have received an order from Messrs. Newton, 
Chambers and Company, Limited, Sheffield, for a com- 
plete coal-cleaning plant. This will supply clean coal 
to the battery of modern coke-ovens recently erected 
by Messrs. Thorncliffe Coal Distillation, Limited, at 
Smithy Wood, South Yorkshire.—Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, have received orders for eight Ward Leonard 
electric winding equipments, of considerable size, for 
mines. Four of these are for Australia, and four for 
Rhodesia.—Among the contracts placed recently by 
the Great Western Railway Company are: an order for 
the construction of a twin-screw tug for Cardiff Docks, 
secured by Messrs. Chas. Hill and Sons, Limited, Bristol ; 
a contract for the supply and erection of a fixed coal 
hoist at Cardiff, obtained by Messrs. Head, Wrightson 
and Company, Limited, Thornaby-on-Tees; and an 
order for the supply and erection of a three-ton portal 
level-luffing electric crane for Plymouth, secured by 
Messrs. Sir Wm, Arrol and Company, Limited, Glasgow. 


Safety Devices in Connection with | 
By A. and V. EsktrRoem. 


By Artuur Riney | 81. 15s. ; 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Local and other home needs 
continue to absorb the limited make of Cleveland pig. 
Most of the output of the blast furnaces is still conveyed 
in its molten state to makers’ own works for consumption, 
and the surplus which is run into the pig beds is readily 
taken up by home firms that have come on the market 
for their supplies. Export demand is very light. Second 
hands are unable to operate to any extent, ironmasters 
supplying them on the understanding that contracts of 
moment with principal home buyers must be direct 
from maker to user. Belgian iron is arriving for con- 
sumption here, and further purchases of Continental 
products would cause no surprise. Midland pig also 
continues to be used to some extent by firms in this 
district. Ironmasters adhere to their fixed minimum 
quotations for Cleveland pig, which are: No. 1 quality, 
66s.; No. 3 g.m.b., 63s. 6d.; No. 4 foundry, 62s. 6d. ; 
and No. 4 forge, 62s. 


Hematite.—Sales of East Coast hematite are not 
numerous or large, but quite a steady trade is being put 
through by both producers and merchants. Business is 
mostly with home consumers, but occasional sales to 
overseas firms, in spite of the comparative cheapness of 
Continental hematite, are gratifying. Sheffield firms are 
placing one or two orders in this district, and local con- 
sumption is on a slightly improved scale. Stocks are 
embarrassingly heavy, but are slowly decreasing. Recog- 
nised market rates are based on ordinary qualities at 
71s. 

Foreign Ore.—Foreign ore is slow of sale and values are 
easy. Consumers are carrying considerable stocks, and 
are unable to accept full delivery against old contracts. 
Best rubio is on sale at 17s. c.i.f. Tees, and the freight 
Bilbao-Middlesbrough, has been fixed at 5s. 


Blast-Furnace Coke.—Sellers of Durham blast-furnace 
coke experience difficulty in persuading local users to 
negotiate for supplies, and quotations are barely main- 
tained. For early delivery to works in this district good 
average qualities are offered freely at 17s., but more is 
asked for forward supply. 

Manufactured Iron and Steel.—Manufactured iron 
firms are turning out a fair amount of work, and some 
branches of the steel trade are rather better employed 
than of late, customers having released orders on learning 
that quotations were not to be reduced. Shipbuilding 
material is still in very poor request. Principal market 
quotations: common iron bars, 101. 15s.; best bars, 
1ll. 5s.; double best bars, 11/7. 15s.; treble best bars, 
12/. 5s.; iron rivets, 11/. 10s. ; Packing ( parallel), 8/7. ; 
packing (tapered), 10/.; steel billets (soft), 61. 10s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
8l. 2s. 6d.; steel rivets, 117. 5s.; steel ship plates, 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s. ; 
heavy sections of steel rails, 8/. 10s. for parcels of 500 
tons and over, and 9/. for smaller lots; fish plates, 
127. 10s.; black sheets (No. 24 gauge), 9/.; and gal- 
vanised corrugated sheets (No. 24 gauge), 117. 12s. 6d. 

Scrap.—There is little activity in scrap, and prices are 
weak. A fall of half-a-crown lowers heavy steel scrap to 
45s. Borings are on sale at 30s., and turnings at 37s. 6d. ; 
while heavy ordinary cast iron is now offered at 51s. ; and 
heavy machinery metal at 53s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The revival which was anticipated in 
some quarters at this period of the year is very slow to 
materialise in a general sense, but there are, undoubtedly, 
signs of increased activity in several directions. For 
many years, a substantial business has been done by 
manufacturers in this area in patent forged railway 
buffers. Made from the best British steel, these are 


inevitably dearer, from the standpoint of first cost, 


than railway buffers made on the Continent from cheap 
Continental steel, but their durability and outstanding 
efficiency command for them repeated notice by railway 
organisers in a considerable number of foreign countries. 
Orders have been just booked for some thousands of this 
type of buffer—orders that will absorb something like 
2,000 tons of steel. The departments concerned are 
working day and night, and are likely to be engaged at 
this pressure for the ensuing six months. Another 
direction in which British quality tells is in the produc- 
tion of large-scale weighbridges for all kinds of traffic 
purposes. These have been in demand from Egypt, 
China, and South Africa. The latest order, which has 
just been completed, is for a weighbridge of 200 tons 
capacity for installation at the Sheffield works of Messrs. 
John Brown and Company, Limited, shipbuilders and 
engineers. It has been constructed of 30 tons of cast 
steel and cast iron, all of which material has been pro- 
duced in Sheffield. There is a growing demand for 
weighing machines of record capacity, owing to the 
increased weight of transport passing along roads and 
railways. Some of the latest bridges will weigh a large 
number ot cattle at one operation. Quarry owners and 
road-making concerns are also prominent buyers. Con- 
siderable activity prevails in picks, shovels, spades, and 
forks, both for inland use and for shipment. Russian 
orders are by no means unrepresented. Milling catters 
are being made locally for that market, though credit 
difficulties prevent the acceptance of a big range of 
work arising from agricultural needs. There is @ wide- 
spread demand for special alloy-steels for a large variety 
of high-class engineering purposes. The oil industry is 
calling tor increased supplies of improved steel for the 
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work of prospecting and drilling, and for the secondary 
operations of refining. ‘The bulk steel trades are still 
engaged much below normal capacity, though here, also, 
there are signs of better movement than was experienced 
last month, 

South Yorkshire Coal Trade.—This district is keenly 
interested in the big colliery merger, reported from 
Lancashire and Cheshire, and possibilities of the exten- 
sion of this principle are under discussion. The current 
feeling in South Yorkshire appears to be that, while big 
groups are operating within this area, the formation of 
county amalgamations is not likely to eventuate, at 
any rate in the early future. Current business in the coal 
trade is much on the level of a week ago. House coal 
inquiries are more numerous, but orders are needed in 
secondary sorts. On industrial account, inland deliveries 
are below the level that is usual at this time of the year, 
but a slightly better tone marks the export trade. 
Electricity works are taking larger deliveries of slack, 
and there is also a more active call from the chemical 
and textile trades. Coke continues a dull market, with- 
out price alteration. Current quotations :—Best hand- 
picked branch, 25s. 6d. to 27s. ; Derbyshire best bright 
house, 20s. to 22s. 6d. ; 
20s. 6d. ; screened house coal, 17s. 6d. to 19s. ; screened 
house nuts, 14s, 6d. to 16s. 6d. ; Yorkshire hards, 14s. to 
15s. 6d.; Derbyshire hards, 14s. to 15s. 6d.; rough 
slacks, 8s. 6d. to 9s. ; nutty slacks, 6s. 6d. to 7s. ; smalls, 
3s. to 5s. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—The position in the Scottish steel 
trade shows little change, and many of the works are 
badly off for orders at the moment. The home demand 
continues poor, but a feeling prevails that there may be 
an opening out of overseas business in the near future. 
The local shipyards are not consuming a heavy tonnage 
just now, and inquiries for new vessels are very few in 
number. Makers of black steel sheets are just able to 
keep moving, and there is little pressure for deliveries. 
Galvanised sorts are very slow. The following are the 
current market quotations :—Boiler plates, 10/7. 10s. per 
ton ; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. per 
ton; black steel sheets, }-in., 8J. 15s. per ton; and gal- 
vanised corrugated sheets (No. 24 gauge), 11/. 17s. 6d. per 
ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has not changed in the slightest, and 
fresh business is very difficult to pick up. Inquiries are 
not such as to give makers any hope, and the outlook 
is most disappointing. There is only a limited amount 
of business passing in re-rolled steel bars, and Continental 
competition is still very keen. Prices are nominally 
unchanged, and are as follow :—‘‘ Crown ”’ bars, 101. 5s. 
per ton for home delivery, and 91. 15s. per ton for export ; 
re-rolled steel bars, 7/. 7s. 6d. per ton for home delivery, 
and 7l. 5s. per ton for export. 

Scottish Pig-Iron Trade.—Nothing has happened during 
the past week to give the makers of Scottish pig iron 
anything over which to enthuse, and there is as yet no 
sign of any improvement coming along. The demand is 
very limited, and inquiries are of little account. The 
import of pig iron continues, and, during last week, several 
thousand tons again arrived from India. Market quota- 
tions are as follow :—Hematite, 77s. per ton delivered at 
the steel works ; foundry iron No. 1, 79s. per ton; and 
No. 3, 76s. 6d. per ton, both on trucks at maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending last 
Saturday, October 25, was only some 113 tons. Of that 
total, 10 tons went overseas and 103 tons coastwise. 
During the corresponding week of last year the figures 
were, 485 tons overseas, and 558 tons coastwise, making 
a total shipment of 1,043 tons. 

Shipbuilding.—While orders for the vessels which count 
in connection with commerce in general are few and far 
between, quite a number of orders have recently been 
booked for small and pleasure craft. Messrs. James A. 
Silver, Limited, Rosneath, have just secured an order 
for another cruising yacht, 30 ft. in length, which is to be 
fitted with a Morris Navigatorengine. This is their second 
order this month and brings the number of orders now on 
hand up to seven. 














Norman Lockyer LecturE.—The sixth annual Nor- 
man Lockyer lecture will be delivered by Professor Sir 
William Pope, F.R.S., in the Goldsmiths’ Hall, Foster- 
lane, London, E.C.2, at 4.30 p.m., on November 13 next. 
The subject will be ‘‘ Science and Modern Industry,” 
and the Chair will be taken by Sir Samuel Hoare, Presi- 


dent of the British Science Guild. There will be no} 
charge for admission to the lecture, tickets for which | 
may be obtained on application to the British Science | 
Guild, 6, John-street, Adelphi, London, W.C.2. 


| Engineers, Storey’s Gate, S.W.1. 





eof THe Institution oF MECHANICAL ENGINEERS.— 
The Council of the Institution of Mechanical Engineers 
has made a number of awards for papers read before the 


graduates’ sections of the Institution during the 1929-30 | 


session. These comprise a prize to the value of 61. to 
Mr. C. 8. T. Paul, for his paper, ‘‘ Propeller-Type Water 


Turbines ” ; a prize to the value of 4/. to Mr. J. Dearden, | 
for his paper, “Compressed Air and its Application ” ; | 
& prize to the value of 2/. to Mr. A. B. Winterbottom, for | 
his paper, “Some Recent Developments and Protective | 


Coatings and Treatments used to Combat Corrosion 
and Abrasion”? ; and a prize to the value of 2/. to Mr. 


J. C. Sahney, for his paper, ‘‘ Impact Effects in the | 


Design of Bridges. 


best house coal, 19s. 6d. to | 


NOTICES OF MEETINGS. 





INSTITUTION OF CHEMICAL ENGINEERS.—To-night, 
6.30 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ High-Pressure Reactions,’’ by Professor 
W. A. Bone. 

Junior Institution or ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. “The Two-Stroke 
Engine,” by Mr. E. T. Westbury. Friday, November 7, 
7.30 p.m., “Luminous Electric Tubes (Neon, Helium, 
&e.),”” by Mr. H. Marryat. 


INsTITUTE oF British FounDRYMEN.—Lancashire 
Branch: Saturday, November 1, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. Discussion on 
““ Foundry Problems.” Birmingham, Coventry, and West 
Midlands Branch: Friday, November 7. 7.30 p.m., 
Chamber of Commerce, New-street, Birmingham. Presi- 
dential Address, by Mr. D. Wilkinson. 


Roya Instrrution.—Monday, November 3, 5 p.m., 
Albemarle-street, W.1. General Meeting. Tuesday, 
November 4, 5.15 p.m., ‘‘ Aspects of Radioactivity,”’ by 
Dr. C. D. Ellis. Thursday, November 6, 5.15 p.m., 
‘* Physiology of Water,”’ by Dr. J. B. Haldane. 


Society or ENGINEERS.—Monday, November 3, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“The Measurement of Water,” by Mr. H. B. Millard. 


INSTITUTION OF ELEcTricaL ENGINEERS.—Mersey 
and North Wales (Liverpool) Centre: Monday, Novem- 
ber 3, 7 p.m., The University, Liverpool. ‘‘ The Steam 
and Electric Power Plant of Imperial Chemical Industries 
at Billingham,” by Mr. H. A. Humphrey, Mr. D. M. 
Buist, and Mr. J. W. Bansall. London: Thursday, 
November 6, 6 p.m., Victoria Embankment, W.C.2. 
“The Cooling of Electrical..Machines,” by Mr. D. B. 
Hoseason. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, November 3, 7.30 p.m., Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow. Presidential Address: ‘The 
Future Trend of Automobile Design,” by Sir H. Austin. 
Bristol Centre : Thursday, November 6, 7 p.m., Merchant 
Venturers’ Technical College, Bristol. ‘Some Experi- 
ments on the Factors Affecting the Motion of a Four- 
Wheeled Vehicle when some of its Wheels are Locked.” 
By Mr. J. Bradley and Mr. S. A. Wood. ‘“‘ Factors 
Affecting the Behaviour of Rubber Tyred Wheels on 
Road Surfaces,” by Mr. J. Bradley and Mr. R. F. Allen. 


Rattway Cius.—Monday, November 3, 7.30 p.m., 
57, Fetter-lane, E.C.4. ‘‘Some Problems of Suburban 
Train Operation,” by Mr. L. 8S. Sherwood. 


BRADFORD ENGINEERING Socrety.—-Monday, No- 
vember 3, 7.30 p.m., Technical College, Great Horton- 
road, Bradford. ‘‘ The Construction of a Cinema,” by 
Mr. W. Illingworth. 


INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
November 3, 7.45 p.m., Arts Theatre Club, Great 
Newport-street, W.C.2. “The Surface Tension of 
Rubber Solution,” by Mr. C. W. Shacklock. ‘“ Re- 
inforcement,’”’ by Mr. F. H. Cotton. 


Society or CHEmIcaL Inpustry.—London Section : 
Monday, November 3, 8 p.m., Chemical Society, Bur- 
lington House, Piccadilly, W.1. ‘‘ Magnetic Suscepti- 
bility as a Means of Investigating Chemical Properties,” 
by Professor J. F. Spence. ‘‘The Mechanism of the 
Formation of Cellulose Nitrate and other Nitric Esters,” 
by Dr. R. C. Farmer. 


INSTITUTION OF CiIviL ENGINEERS.—Tuesday, No- 
vember 4, 6 p.m., Great George-street, S.W.1. Presi- 
dential Address by Sir G. W. Humphreys. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScottanD.—Tuesday, November 4, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ Manceuvring of Ships. 
Part IV. Unbalanced Rudders Behind Twin-Screw 
Ships. Effect of Varying Fullness of Form,” by Mr. 
G. H. Bottomley. 

Institute oF Mertats.—North-East Coast Local 
Section: Tuesday, November 4, 7.30 p.m., Armstrong 
College, Newcastle-on-Tyne. ‘‘ Gases in Metals,” by 
Mr. 8. L. Archbutt. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, November 5, 7 p.m., Swedenborg 
Hall, 20, Hart-street, Bloomsbury, W.C.1. ‘The 
Operation of the Heat Pump and its Possible Application 
to Heating Problems, particularly Swimming-Bath 
Heating,’’ by Mr. T. G. N. Haldane. 

Royat Socrety or Arts.—Wednesday, November 5, 
8.30 p.m., John-street, Adelphi, W.C.2. ‘“‘ Britain’s 
Record in India,” by Sir E. A. Gait. Friday, Novem- 





ber 7, 4.30 p.m. ‘The Work of the Imperial Council of 
Agricultural Research,” by Sir V. R. Acharya. 

BritisH ASSOCIATION OF REFRIGERATION.—Thursday, 
November 6, 5.30 p.m., Institution of Mechanical 
“The Use of Reversed 
Cycle Heat Engines of the Refrigerator Type for Heating 
Purposes, Particularly the Heating of Swimming Baths,” 
by Mr. L. Chew and Mr. G. T. N. Haldane. 

INSTITUTION OF MECHANICAL ENGINEERS. North- 
Western Branch: Thursday, November 6, 7.15 p.m., 
Engineer’s Club, Albert-square, Manchester. ‘‘ Some 
Considerations in the Future of the Steam-Cycle,” by 
Mr. R. Baumann. London: Friday, November 7, 
6 p.m., Storey’s-gate, S.W.1., Thomas Hawksley Lecture. 
‘“‘'The Machinery of the Earth,” by Professor J. W. Gre- 
gory. Midland Graduates’ Section : Friday, November 7, 
7.30 p.m., Chamber of Commerce, New-street, Bir- 
mingham. ‘Air Compressors,” by Mr. E. G 
Andrews. 


INSTITUTION oF PropucTION ENGINEERS. London 
Section: Thursday, November 6, 7.30 p.m., Society 
of Motor Manufacturers and Traders, 83, Pall Mall, 
S.W.1. “ Payment by Results,’’ by Mr. W. F. Watson. 

Nortu-East Coast Institution oF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 7, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘‘ Feed-Water Systems 
for Steam Installations,” by Mr. R. W. Allen. 


InstTrITuTE oF Transport. Manchester, Liverpool 
and District Section: Friday, November 7, 6.30 p.m., 
Adelphi Hotel, Liverpool. ‘“‘The Economic Position 
of Railways,”’ by Mr. W. V. Wood. Leeds and District 
Section: Friday, November 7, 7 p.m., Town Hall, 
Leeds. ‘‘Some Aspects of Indian Transport,” by Mr. 
J. W. Mitchell. 


NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—The South Wales scheme to meet 
the requirements of Part I of the Coal Mines Act, 1930, 
came into operation yesterday, having received the 
approval of the Minister of Mines. The scheme, which 
is compulsory on all colliery owners, regulates outputs 
and imposes minimum selling prices. It also imposes 
penalties of 2s. 6d. per ton for production in excess of 
allocations, and for selling below minimum, while com- 
pensation up to 2s. per ton is recoverable for loss of 
output occasioned by lack of trade, accidents, strikes, 
&c. The introduction of the scheme on a compulsory 
basis has exercised practically no influence on the 
market, inasmuch as the scheme was previously in 
operation, through the South Wales Coal Marketing 
Association, on a voluntary basis. The chief difference 
is that a few coals, which were outside the schedule of 
minimum prices, have now been brought into line, and 
for these, prices will be officially arranged in the imme- 
diate future. In the meantime, the collieries concerned 
are selling at what they anticipate will be their minimum. 
The market of late has been keenly interested in reports 
of the arrangement with the French railways for contracts 
over next year. Though the reports lack official con- 
firmation, there is no doubt that a considerable volume 
of business has been completed, though the quantities, 
while large in the aggregate, represent a negligible pro- 
portion of the output of the Welsh coalfield. The Paris, 
Lyons and Mediterranean Railway are stated to have 
contracted for 200,000 tons of Welsh coal for delivery 
over 1931, the Paris-Orleans Railway for a similar 
quantity, the French Etat for 80,000 tons, and the Midi 
Railway for 130,000 tons, making a total of 610,000 tons, 
representing about 1-5 per cent. of the production of 
Welsh coal, or less than a week’s output. Meanwhile, 
the outlook is anything but encouraging, for negotiations 
are still proceeding between representatives of the 
South Wales Coalowners’ Association and the South 
Wales Miners’ Federation, for a revision of the coalfield 
agreement, to take the place of the present agreement, 
which ends at the close of November. So far, practic- 
ally no progress has been made. At the same time, 
stocks of coal remain excesive, and shippers experience 
no difficulty in obtaining their requirements of large 
and small at the scale of minimum prices. The only 
variety of coal commanding above the minimum ix 
sized, which has been rendered scarce by compulsory 
stoppages at the pits owing to lack of trade, and a result- 
ant curtailment in the make of sized classes which are in 
relatively better demand than large or small descriptions. 

Iron and Steel.—Exports of iron and steel goods in 
the past week amounted to only 10,699 tons, or 2,000 
tons less than was the case in the preceding week. Ship- 
ments of tin-plates and terne-plates fell from 8,028 tons 
to 5,257 tons, and galvanised sheets from 1,600 tons to 
557 tons, but those of black-plates and black-sheets were 
raised from 525 tons to 686 tons, and of other iron and 
steel goods from 2,345 tons to 4,199 tons. 














PERSONAL,—Messrs. Lewenz and Wilkinson, Limited, 
have moved from 25, Victoria-street, to larger premises 
at 74, Victoria-street, London, S.W.1.—We understand 
that Messrs. Chance Brothers and Company, Limited, 
have now installed plant at their Glasgow works for the 
production of glass silk, and for making up this material 
in the various forms in which it is used for the insulation 
of steam pipes, boilers, &c. The material, which is 
simply glass drawn out into fine flexible silk-like threads, 
has been extensively employed as an insulator on the 
Continent, especially in marine and locomotive work. 


THE ASSOCIATION OF SCIENTIFIC AND TECHNICAL 
InstituTIoNS.—The eleven principal: British mining, 
metallurgical and chemical institutions have recently 
been incorporated as The Association for the Promotion of 
Co-operation between Scientific and Technical Societies 
and Institutions within the British Empire. The first 
meeting of the interim Council of Management was held 
on October 8, when it was decided that the Association 
should be known by the short title of The Association of 
Scientific and Technical Institutions. The registered 
office of the Association is Burlington House, Piccadilly, 
London, W.1. The project will be inaugurated at a 
banquet, to be held at the Guildhall, London, at 7.30 p.m., 
on November 13, at which H.R.H. The Prince of Wales 
has graciously consented to be present. The charge for 
the banquet is two guineas per head. Applications. 
accompanied by the necessary remittance, must reach 
the joint secretaries (Messrs. C. McDermid and S. KE. 
Carr) at the address given above, not later than the 
morning of Tuesday, November 4, on which date tickets 
will be allocated by ballot, as the available seating 
accommodation is limited. Remittances will be returned 
to those whose names are not drawn. 
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RESEARCH AND EMPIRICISM. 

Hr would be a bold man who now-a-days 
cast any doubt on the value of research, as an 
essential to engineering development. The em- 
phatic retort would be that the well-being of that 
important industry, if not its very existence, 
depends on the constant and co-ordinated examina- 
tion of first principles, of the properties of the 
materials used, and of the ways and means of improv- 
ing the quality and performance of the resulting pro- 
duct. If he argued that a great deal of the money 
that is being spent on this type of investigation 
was not producing anything of ascertainable com- 
mercial value, he would be informed, perhaps 
more in anger than in sorrow, that the object of 
research is to increase the sum of human knowledge, 
and not to swell profits. And as a counter-irritant 
to his materialism he would almost certainly be 
given examples to show that research had definitely 
resulted in the saving of large sums of money. 
In fact, he would have to fight to sustain his point 
of view, even if in the end his doubts still remained 
not entirely resolved. 

Our hypothetical sceptic might, however, have 
been cheered by pronouncements which have re- 
cently been made from two separate Presidential 
chairs. Speaking at the Institution of Mechanical 
Engineers, Mr. Loughnan St. L. Pendred said that 
a great deal of foreign research consisted not in the 
exploration of the mysteries of nature, but in the 
development of new inventions, and that of the two 
activities the latter might be the more important. At 
the Institution of Electrical Engineers, Mr. Clifford 
C. Paterson complained that the engineer too often 
preferred empiricism to knowledge, and that the 
industry was still insufficiently dominated by the 
consciousness that great progress could only be 
effected by scientifically inspired enquiry. Unlike 
Mr. Pendred, Mr. Paterson went on to illustrate his 
thesis by example, and thus gives us an opportunity 
to examine his arguments in some detail. 

His indictment was that it was the engineer 
rather than the commercial man who was respon- 





sible for this lack of consciousness of what was 





right, for the latter usually had an instinctive 
leaning towards research, if only as a present 
safeguard and a future insurance. The engineer, 
on the other hand, spent his life saving people 
expense by his judgment and intention, and there- 
fore only regarded empiricisms as bad when they 
were unsuccessful. His attitude might be ex- 
cused by saying that the task he had to perform 
was both difficult and contradictory. He must 
be an empiricist, when he inspired his produc- 
tion or operative staff, and a theorist when he 
considered the future of his industry. This being so 
it was not surprising that he developed a habit of 


54 | mind which regarded research and all it stood for 


as the last refuge of the destitute. In a word, 
research was to him primarily a means of discovering 
some new product, and he was little disposed to use 
it to find explanations for the principles underlying 
his operations, so that these could be carried on 
more intelligently. 

Few will aver that this charge, though unduly 
severe when generally applied, is not, in a large 
number of particular instances, too near the truth 
to be pleasant. Mr. Paterson however, produced 
evidence, which, it may be argued, does not 
support his case so strongly as he might think. 
As an example of failure by engineers to 
recognise in what research really consisted, he 
instanced the difficulty which had arisen with 
regard to voltage fluctuations at the consumers 
terminals. As is well known, the recognised limits 
of such variation are + 4 per cent. On many 
systems, however, these are frequently exceeded, 
with the result that apparatus does not function at 
its best. Now, as Mr. Paterson said, if a manufac- 
tured article does not fall within the limits permitted, 
efforts are first made to discover the extent to which 
it differs from the mean value, and then to determine 
the effect of that variation on its usefulness. Inquiry 
shows, however, that sellers of electrical energy have 
never made any attempt to discover to what extent 
the only part of their product, which can vary 
does vary. The result is that the improvements 
that have been made in such electrical apparatus 
as lamps, hot plates and radiators, whose life and 
effectiveness depend on the constancy of the 
voltage, have partly been of none effect. He 
therefore argued that a statistical study of voltage 
variation was urgently necessary, and that this 
should be followed by an investigation, to determine 
scientifically, rather than empirically, how a 
greater measure of uniformity can be obtained. 
In his opinion, this is an example of a research 
problem, which has not been recognised or tackled 
as such, because it has been the habit of mind of 
engineers to regard technical difficulties as nuis- 
ances to be surmounted empirically, rather than as 
welcome opportunities for study, which would 
disclose hitherto unsuspected avenues of advance. 

Avoiding for the moment the vexed question of 
what constitutes pure and what applied research, 
and of their relative ethical values, we may examine 
the course of the investigations in one of those 
fields of research which Mr. Paterson brought 
more particularly under review in his address. 
During the past twenty-five years much hard work 
has been performed and much money has been 
spent in improving the incandescent filament 
lamp. It is no exaggeration to say that the 
reason for this expenditure of cash and energy was 
that initially the product could not be manufactured 
cheaply enough to be marketed at a price which 
would induce the public to use it, or reliably enough 
to be competitive with its rivals. This is equally 
true of electric heating equipment, the early history 
of which is one long record of failure, failure only 
overcome by patient investigation. But though all 
concerned are to be congratulated on the successes 
which have been achieved in both these fields, it 
must be pointed out that their efforts have been 
mainly inspired by the sure and certain knowledge 
that, unless the causes of the breakdowns were 
determined and rectified, no commercial reward 
would be secured. There have, in fact, been many 
examples, even in Mr. Paterson’s own branch of 
electrical engineering, where apparatus that seemed 
to possess all the elements of success and useful- 
ness has had to be abandoned simply because it 
could not stand the strain of ordinary usage or be 





558 


ENGINEERING. 





marketed at a sufficiently low price. In the long 
run, in fact, it is the public who determines, if 
unconsciously, the course that must be steered by 
the manufacturer, the engineer, and the research 
worker. 

It therefore seems that the blame for the neglect 
to make proper investigation into the genesis of 
voltage variations on our public supply systems, 
and possible methods of limiting them, a neglect 
which equally with Mr. Paterson we deplore, must 
be laid at the door, not only of the supply engineer, 
but of the public, and perhaps of the manufacturer 
as well. If there had been general and sustained 
demand for apparatus which would maintain the 
voltage constant within narrow limits under all 
conditions of loading, difficult as the task of 
devising that apparatus would undoubtedly have 
been, it can hardly be argued that it would 
not at least have been tackled, if not solved. This 
may be illustrated by referring to a problem, analo- 
gous in nature, which receives the attention of our 
daily contemporaries at certain periods of the year, 
of which this is one. Their correspondence columns 
are thrown open to dissatisfied telephone subscribers, 
who complain that they have been charged for 
calls which they did not initiate, and the more 
scientifically minded of whom demand that meters 
shall be placed alongside their instruments, to 
enable them to check the rapacity of the Post Office. 
To devise such a meter would be possible, and 
we believe one is in use in Denmark. It would 
therefore doubtless have been provided, even by a 
bureaucracy, if the demand for it had been suffici- 
ently insistent. It may therefore be assumed that 
the proportion of dissatisfied subscribers is not so 
high as from superficial evidence we might be led 
to expect and that, remembering the casual way in 
which the telephone is often used by members of 
the family other than the one who pays the bill, 
their number would not be greatly reduced by the 
provision of meters. In research therefore, as in 
other walks of life, supply follows demand. 

A certain, probably mythical, judge is quoted as 
having said that it was dangerous to give reasons 
for a verdict, since though it might be correct, 
the reasons were not unlikely to be wrong. While, 
therefore, there will be general agreement with Mr. 
Paterson’s verdict that, as each discovery comes to 
them from the researches of the physicist, the 
metallurgist or the chemist, engineers seek to 
assimilate it and turn it to practical use, but tend 
to treat their old problems, often half understood, 
as if they were already solved, it will not be so 
universally admitted that the example he has given 
is good evidence in support of that contention. 
Engineers, whether fortunately or unfortunately, 
are ‘‘ neither children, nor gods, but men in a world 
of men.”’ They cannot, as the first two classes may, 
wipe the slate clean at short intervals and start again, 
but must plan, select, discard, adapt and incor- 
porate the new with the old, so that the machine 
is kept running continually on an economic basis 
and at as near full load as possible. 





ELECTRICITY SUPPLY AND FUEL 
CONSUMPTION. 


At the beginning of 1922 the Electricity Com- 
missioners for the first time issued a return, showing 
that during the year ended March 31, 1921, the 
average fuel consumption in 463 power stations in 
Great Britain was 3-32 Ib. per kw.-hour generated, 
the best showing being made by a station, un- 
named, which had generated less than 3,000,000 
kw.-hour in the year for an average consumption of 
1-7 lb. per kw.-hour, while the highest thermal 
efficiency, 17-75 per cent., was attained by a 
station generating more than 50,000,000 kw.-hour. 
The total coal and coke consumed was 7,356,757 
tons. The Return of Fuel Consumption and Units 
Generated for the year ended March 31, 1930, which 
has now been published by H.M. Stationery Office 
at a price of 1s. 6d. net, shows the advance towards 
economy, which has taken place during the inter- 
vening period. The return covers 568 stations, 
in 318 of which coal, coke or oil-fired boilers 
were installed. These stations generated an aggre- 
gate of 11,436,600,400 kw.-hours and consumed 
10,096,210 tons of fuel, the average consumption, 
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therefore, being 1-97 lb. per kw.-hour generated. 
The most economical station was that at North 
Tees, which had a fuel consumption of 1-28 Ib. per 
kw.-hour generated. Kearsley had a figure of 
1-18 1b., but this covered only six months operation. 
At the following stations the consumption was 
approximately equal to, or less than, 1-5 Ib. 
per kw.-hour: Portishead (Bristol Corporation), 
Hayle (Cornwall Electric Power Company), Barking 
(County of London Electric Supply Company), 
Padiham (Lancashire Electric Power Company), 
Lister Drive, No. 3 (Liverpool Corporation), Dept- 
ford West (London Power Company), Maidstone, 
Barton (Manchester Corporation), Percival Lane 
(Mersey Power Company), Upper Boat (South 
Wales Electrical Power Distribution Company), and 
Ferrybridge (Yorkshire Electric Power Company). 
At 83 other stations the consumption was less or 
only slightly in excess of 2 Ib. per kw.-hour, in- 
cluding al] five stations of the London Power 
Company. There were, therefore, 96 stations con- 
suming less than the latter figure, compared with 
59 in 1928-29, 32 in 1927-28 and 16 in 1926-27, 
while at many others the consumption was 
only a little higher. This is a result on which 
all concerned are to be congratulated and the 
prospects of still further improvement are good. 
On the other hand, 29 steam stations consumed more 
than 5 lb. per kw.-hour, the highest figure being 
10-68 lb. It may be added that 77 oil engine 
stations are recorded as consuming 1 Ib. or less of 
fuel per kilowatt-hour generated, compared with 
70 in 1928-29 and 39 in 1927-28, the most economi- 
cal being that at St. Martins Lane (Charing Cross 
Electricity Supply Company) where the consumption 
was 0-59 Ib. per kilowatt-hour. The most efficient 
gas producer station was that at Bude, where the 
consumption was of 1-5 lb. per kilowatt-hour 
generated. 

The total electricity generated during 1929-30 
was 11,961,621,965 kw.-hour, an increase of 9°95 
per cent. over the previous year, while the 
total fuel consumed was 10,141,291 tons, or an 
increase of 6-06 per cent. The number of stations 
exceeded by four that dealt with in the previous 
return, the difference being accounted for by the 
closing of 33 stations, the commissioning of 13 
others and the inclusion for the first time of 24 
more, including one in Guernsey. The first figure 
indicates that the provisions of the Electricity 
(Supply) Act, 1926, are beginning to have a practical 
effect. Of the total electricity generated, 95-64 
per cent. was produced in steam stations, compared 
with 95-41 per cent. in the previous year, oil engine 
stations accounted for 0-63 per cent., gas producer 
stations for 0-11 per cent., waste heat stations for 
2-06 per cent., refuse destructor-stations for 0-16 
per cent., stations using town’s gas for 0-02 per cent. 
and water-power stations for 1-38 per cent. None 
of these figures differ to any considerable extent 
from those in the preceding year. 

As regards thermal efficiency the highest com- 
parative figure for the steam stations was obtained 
by the North Tees station of the Newcastle-upon- 
Tyne Electric Supply Company, where it was 
22-83 per cent. This compares favourably with 
the 21-35 per cent. reached by the Padiham Station 
of the Lancashire Electric Power Company in 
the previous year, and with the existing record figure 
of 21-83 per cent. obtained at Barton in 1926-27. 
It would seem that this station is now beginning 
to fulfil the prophesies that were originally made 
for it. Other stations, in which a figure of 20 
per cent. was exceeded, were the Barking Station 
of the County of London Electric Supply Company, 
the Spondon Station of the Derbyshire and Notting- 
hamshire Electric Power Company, the Padiham 
station of the Lancashire Electric Power Company, 
the Lister, Drive, No. 3, station of the Liverpool 
Corporation, the Barton station of the Manchester 
Corporation and the Ferrybridge station of the 
Yorkshire Electric Power Company. Figures of 
24-36 per cent. and 22-14 per cent. were obtained 
by the Kearsley station of the Lancashire Power 
Company and the Deptford West station of the 
London Power Company, but these are not included 
in the comparison, as they were not in operation 
during the whole of the year under review. Actually, 





the highest figure was obtained by the oil engine 





station of the Buxton Corporation with 29-94 
per cent., this comparing with 28-59 per cent. 
reached in 1928-29. On the other hand, there were 
several steam stations where the thermal efficiency 
did not greatly exceed 4 per cent. and a few in which 
it was even lower. 

Comparisons of load factors are rendered diffi- 
cult, by the fact that the changes in operation 
have made several different methods of computa- 
tion necessary. Thus, load factor is based either 
on the number of hours in the year or on the 
actual number of hours the station was in operation. 
The result is that some very high figures are shown. 
At Hebden Bridge, for instance, the load factor was 
90-2 per cent., at Horden, B, 84-8 per cent. and 
at Midleton 82-4 per cent. On the other hand, 
at Llangollen it was only 9-3 per cent. A figure 
of 40 per cent. was exceeded by 28 of the base load 
stations. 

There are certain slight differences in the arrange- 
ment of the return. In lieu of the area groupings 
the stations are now re-grouped in accordance with 
the grid schemes, and the selected stations are shown 
in heavier type. The area showing the highest 
degree of electrification was South East England, 
where 3,929,553,598 kw.-hour were generated, 
followed by North West England with 2,192,993,387 
kw.-hour, and Central England with 1,480 017 094 
kw.-hour. The least electrified area was South 
Scotland with 9,832,398 kw.-hour. 








SHOP TESTS FOR ENGINEERING 
EMPLOYEES. 


PRESENT-DAY industrial conditions require that 
those whose duty it is to select workmen for employ- 
ment in engineering shops shall choose only those 
whose skill fits them to perform the particular 
processes involved and whose character ensures 
that they will be contented and unlikely to be 
obsessed with a desire for constant change. Indeed, 
if selection is not undertaken with these ends in 
view, the result will inevitably be waste of material 
and possibly serious breakdown. ‘A realisation of 
this fact is, however, by no means universal. Too 
many foremen still choose a man upon observation 
and by the answers he gives to a hurried question or 
two; and even such a cursory examination may 
be curtailed by the pressure of other work and a 
man accepted or rejected, because sufficient time 
is not available to give him the requisite attention. 

This is the more extraordinary, since no foreman 
would select a machine without the closest-investiga- 
tion of its capacity to do the work it is intended to 
perform. It is therefore desirable that recruitment 
should be organised on efficient lines, it being 
better to wait some days and secure an efficient 
worker, than to hire the first man who comes along. 
This is increasingly important the larger the fac- 
tory, and cannot be neglected, even if it means 
keeping a machine idle for a time. A recognition 
of these facts has led to the establishment of employ- 
ment departments in certain firms, and, though 
these have their disadvantages, they have at 
least taught foremen to look ahead and to make 
arrangements well in advance when vacancies are 
likely to occur. It also makes it possible for a 
list of candidates to be prepared. In this way, too, 
more time can be given to interviewing, and the 
chances of a wrong selection being made are corre- 
spondingly reduced. Unfortunately, foremen them- 
selves have sometimes failed to make full use of 
the employment department by not indicating 
sufficiently clearly the type of man they require, 
and by an unwillingness to delegate what is ad- 
mittedly an important responsibility to others. In 
other words, they have felt that to leave selection 
to an employment department is an infringement of 
their realm and duties, and have insisted that they 
should be called in to interview at least the more 
highly-skilled workers. 

On the other hand, the employment department 
has also laid itself open to criticism on the grounds 
that it tends to be theoretical, rather than practical, 
and the psychological tests it has devised and which 
have been largely used for selecting prospective 
employees, especially in America, have been too 
academic, largely because they were organised 
by college-trained men for their own use and 
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to check mental likes and dislikes rather than 
to discover the possession, or lack, of ability to 
perform the job. Nevertheless, such tests contained 
the germ of the right idea and it therefore only 
remained for the practically-minded interviewer to 
frame the questions so that they provided the 
essential information. This task has been carried 
out by Mr. Russell J. Waldo, of Medina, New York, 
and the method he has devised is now in use in the 
works of the Studebaker Corporation and several 
other large American factories. 

This method may be conveniently described as a 
trade test and consists essentially of an examination 
on the machine the candidate will be called upon 
to operate. This test, however, is not conducted 
in the shops themselves, a procedure which neces- 
sarily throws a machine out of production, but 
consists in handing the prospective employee a 
series of illustrations of the tool, together with a 
number of short questions, which an examination 
of these illustrations should enable him to answer 
correctly. The object of the questions is primarily 
to bring out information regarding the likes and 
dislikes of the applicant, as well as to gain some 
idea of his general education and trade experience. 
Necessary data as regards social habits, eyesight 
and hearing are, of course, obtained in the usual way 
and the examiner is also expected to add his 
views on the candidates’ nerves, rating for wages 
and whether he is married, has any children and 
suitability for promotion. Further he is asked 
whether he is taking correspondence courses or 
otherwise increasing his knowledge of his work. 

For instance, supposing the candidate is to be 
employed on a Le Blond grinder, he is shown a 
series of ten photographs of this machine illus- 
trating such parts as the universal and cylindrical 
grinding attachments, the set-ups for grinding an 
external taper gauge, a formed milling cutter and 
a double taper stem reamer and is asked such 
questions as how the universal grinding attachment 
is used for grinding cones, cup collars and similar 
parts ; what the opening in the jaws of the surface 
grinding attachment is; the angles that can be 
ground with this attachment ; and what provision 
is made for surface grinding. In addition he is 
required to read a short description of the machine, 
and is then questioned as to whether certain words 
or ideas are contained in what he has read. The 
procedure outlined is not intended to be complete, 
nor can it be applied without modification in any 
and every shop. It rather deals with fundamentals, 
which can be adapted in accordance with particular 
demands. 

We understand that Mr. Waldo has personally 
selected more than 7,000 workers by this method 
and that it has also been largely used by others. 
It should be added that great care has been taken 
in devising the questions, and that those finally 
selected are the result of co-operation with foremen 
and skilled machine hands. The whole subject is 
worth close study for, as Mr. Waldo says, if pro- 
duction costs are to come down it must be through 
better workmen who produce with a minimum of 
loss and in a shorter time. 








THE SYDNEY HARBOUR BRIDGE. 


FoLLowine up our previous articles* dealing 
with the design and erection of Sydney Harbour 
Bridge, we are now able to give some particulars 
of the joining of the 1,650 ft. arch span, which was 
accomplished in August last. .A general view of 
the bridge after the joining of the arch is given in 
Fig. 1 on Plate XXXVII. The main span is 
designed as a two-hinged arch and, as we have 
described in previous articles, was erected as a canti- 
lever from each ‘side, supported by 128 steel wire 
cables connected to the top chord at the top of each 
end post, and passing through a loop tunnel 25 ft. 
by 6 ft. in section, cut 120 ft. deep in the solid rock 
on each shore. The steelwork was erected panel by 
panel by means of creeper cranes, each 605 tons in 
weight, travelling on the top chords of the half- 
arches. The half-arches were designed to meet at 
the centre joint of the bottom chord when erection 





* See ENGINEERING, vol. exxiii, page 619 (1927), vol. 
Cxxv, pages 467 and 559 (1928), and vol. cxxix, pages 
495 and 533 (1930). 


on both sides reached this point, i.e., when the 
lower chords and diagonals of the two centre 
panels were erected. There are 28 panels in the 
arch, and when thirteen and a half panels had been 
erected on each side, the weight of steelwork in 
each half arch supported by the 128 cables was 
13,670 tons. The tension per cable at this stage 
was 107-2 tons, or a total pull on the cables of 
27,440 tons. The thrust on each of the four main 
bearings was 17,660 tons. Fig. 2, on Plate XX XVII, 
shows the 128 cables attached to the north-western 
end post. 

To allow sufficient clearance for the erection 
of the last sections of the bottom chord, and to take 
account of the stretch of the cables, deformations 
of the structure and temperature changes, including 
all possible errors of estimation, the end posts were 
originally raked back 2 ft. 6 in. from the vertical 
at the top. After the completion of the erection 
of the cantilever stage the rake was reduced by the 
stretch of the cables to 18 in. on the south side, 
and 168 in. on the north side, the gap at the centre 
between lower chords being 2 ft. 74 in. on the east 
truss and 2 ft. 7% in. on the west truss. The gap 
varied several inches due to the effect of temperature 
changes. 

In order to lower the half arches to make contact 
at the centre, the anchorage cables were let out, 
one by one, at each connection at the anchorage links 
at the tops of the end posts. Each cable was let 
out by means of high pressure hydraulic jacking 
equipment working up to a pressure of 4 tons per 
square inch. The stress on the cable was taken by 
the hydraulic jack, so that the nuts on the cable 
anchorage bolts were relieved of load and could be 
slackened off to any desired amount. Fig. 4, on 
Plate XX XVIII, shows the jacking gear set up 
preparatory to taking the load on one cable before 
releasing the nuts bearing on the saddles. It was 
necessary that when 127 cables had been slackened 
off, the stress in the remaining cable should not 
exceed the capacity of the jack, hence the amount 
of slackening in the first place was restricted to 
3 in. for each cable. In order to ensure that the 
nuts were moved the exact amount, special gauges 
were used to set out the amount of slackening. 
The hydraulic power was supplied at each anchorage 
by a three-throw hydraulic pump mounted on the 
first panel at deck level, the power being distributed 
to any individual cable through a system of junction 
boxes and valves. The east and west corners of 
each half-arch were manned by a squad of approxi- 
mately six men under a foreman who was in touch 
by telephone with the other truss. Each cable 
was let out at both ends simultaneously, by keeping 
the gauge readings on the valve boxes on each side 
the same during the release of pressure in the jacks. 
As the first fleet of 3 in. progressed, the last 32 
cables were then slackened off by 4 in. to decrease 
the stresses in these cables for the next fleet. Fig. 3 
on Plate XXXVII shows the men handling the 
jacking equipment at the anchorage links. 

The second fleet of lowering consisted of letting 
out the cables by 4 in. each. Lowering operations 
were carried out continuously, working two 12-hour 
shifts from 6 a.m. to 6 p.m., and 6 p.m. to 6 a.m. 
until contact was made. On the morning of August 
19, 1930, the gap at the centre was 8 in. on the east 
truss and 8} inches on the west truss, the gap being 
rapidly decreased as the slackening progressed and 
the temperature rose. The day was bright and 
sunny, so that the northern half-arch was more 
affected by the temperature changes, and this half- 
arch rapidly dropped. It was accordingly decided 
to bring into operation the tapered pilot pin pro- 
vided to maintain true lateral and vertical align- 
ment. 

The arrangement of the centre lower chord joint 
is illustrated in Figs. 5 to 8, on Plate XXXVIII. 
Fig. 5 shows the two lower chords assembled in 
the shops at the correct angle. Each chord is 
fitted with a forged saddle, the saddles enclosing a 
pin 8 inches in diameter upon which the half-arches 
had to meet. The pins were secured by set-screws 
on to the saddles on the southern chord, as shown 
in Fig. 6. The tapered pilot pin, 10 in. by 10 in. 
in cross-section, is shown in this figure, thrust 





|forward to its fullest extent. The south-western 
|lower chord is shown erected in place in Fig. 7. 





On the northern chord, as shown in Fig. 8, the pilot 
pin was designed to pass into a square hole in a 
built-up diaphragm between the saddles, thus 
automatically correcting within limits any discrep- 
ancies in level or alignment. Fig. 12, on Plate 
XXXIX, shows the eastern lower chord joint 
before closing and the pilot pin just before driving 
into the diaphragm on the northern chord. 

The square pilot pins were driven at the beginning 
of the third fleet of slackening of the cables on 
August 19, lowering operations being continued, 
and by 4 p.m. the 8-in. pins were just about to 
engage, when the evening fall of temperature caused 
the gap to open out again. At 10 p.m., the slacken- 
ing of the cables, which was now proceeding at the 
rate of 5 in. for each cable, overtook the effect of 
temperature, and the pins came hard into bearing 
at a mean temperature of 62 deg. F. The structure 
at this stage was a three-hinged arch with applied 
loads due to the residual tension in the cables. 
The end posts had moved forward until the rake 
had been reduced to 5% in. on the south side and 
5% in. on the north side. The extremities of the 
half-arches at the centre joint had dropped during 
the lowering process 4 ft. 1} in., and were now 348 ft. 
6 in. above the level of the main bearing pins. The 
general view of the bridge, given in Fig. 1, on 
Plate XX XVII, shows the structure at this stage. 

The tension in the anchorage cables had to be 
entirely released, and the cables removed before the 
arch could be converted into the designed two- 
hinged condition. The slackening of the cables was 
continued at the rate of 6 in. per cable, and on the 
completion of the fifth fleet the tensions was re- 
duced sufficiently to allow of their being detached 
from the structure, the socket ends of the cables 
being run down to the steel saddle supporting the 
cable in the pylon. While the cables were being 
detached, the creeper cranes erected the centre 
panels of the top chords, the centre post and the top 
lateral bracing. These are shown in place in Fig. 13 
on Plate XX XIX, the gap between end plates of the 
top chords being 2 ft. 0} in. The centre post was 
erected in two identical sections, to be later spliced 
longitudinally after the correct compression had 
been forced into the top chords and the consequent 
deformations produced. 

The arch was converted into the two-hinged 
condition by forcing the top chords apart at the 
centre top chord joint. The calculated thrust across 
the joint depended upon the elasticity of the 
structure, the loads upon it, and the temperature of 
the structure. The members of the arch had to be 
brought into their proper elastic condition, and for 
this purpose the temporary reinforcing plates in the 
first five panels of the top chords on each side were 
disconnected, when the tension in the chords had 
been relieved sufficiently to allow this to be done 
as the cables were removed. 

The cables were removed as rapidly as possible, 
careful note being made of the load imposed on the 
structure by the erection equipment, while ther- 
mometer stations were established at 24 points 
throughout the structure. Meanwhile the jacking 
equipment was assembled in the top chord centre 
joints. On each side this consisted of four hydraulic 
jacks, each of 950 tons capacity, two acting on the 
top flange, and two on the bottom flange of each 
top chord, 8 hydraulic jacks and 16 screw jacks being 
employed for the jacking. Each jack was made 
of 3 per cent. nickel steel, 2} in. thick, and worked 
at a pressure up to 4 tons per square inch. Two 
screw jacks were placed alongside each hydraulic 
jack, to follow up the movements of the latter. 
The screw jack consisted of a central cylinder, into 
which left and right-hand buttress threaded rams 
were screwed. By rotating the central cylinder 
with capstan bars the required movements were 
obtained. The hydraulic pressure on each truss 
was supplied from two hand-operated pumps with 
the necessary gauges. Each jack and gauge had 
been calibrated in the 1,250-ton testing machine 
provided by the contractors under the specification 
for testing model members for the bridge. Fig. 9, 
on Plate XX XVIII, shows the jacks in position. 

The permanent joint at the centre of each top 
chord consists essentially of four forged steel saddles 
enclosing two pins each 10 in. in diameter. The 
saddles and pins were hung in the gap between the 
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chords in a special frame when the jacks were 
assembled, as shown in Fig. 14, on Plate XX XIX. 
As the force was applied to the hydraulic jacks, the 
screw jacks were made to follow up the motion, 
and the gap between the end plates of the chords 
opened out. The difference between the overall 
width of the permament saddles and pins, and the 
distance between the endplates of the two chords 
was to be made up by parallel fitted filler packs 
measured off after jacking and machined out of 
forgings ordered for the purpose. 

On Monday, September 8, the cables had been all 
removed except 37 on the southern side and 15 on 
the northern side, and some of these were hanging 
slack. The day was extraordinarily well suited for 
the performance of the final jacking operation, on 
account of the equable temperature and the ex- 
tremely small variations in temperature of the 
structure as given by the 24 thermometers located at 
the various stations. It was accordingly decided 
to perform the jacking before the remaining cables 
were released, as the possible error involved in the 
calculation of the effect of the cables was less than 
that due to that of estimating of mean temperature 
under ordinary conditions. The jacking force was 
calculated for a temperature of 60-5 deg. F., as 
3,272 tons per truss, corrected by — 22 tons for the 
cable effect, and 3,250 tons was applied by the 
jacks at 5-15 p.m. During this operation the 
chords were forced apart a distance of about 5} in., 
as calculated by officers of the Public Works 
Department. The total gap on completion of the 
jacking was 29%; in. on the eastern truss, and 
292° in. on the western truss. The space occupied by 
the saddles and pins was 24 in., the remainder being 
filled with fitted packs. These were machined to 
size, and on the morning of September 10 the 
packs were fitted in position, the jacks then being 
removed. The packs are shown ready to be placed 
in position in Fig. 10 on Plate XXXVIII being 
inspected by Dr. Bradfield, Chief Engineer (right), 
and Mr. Lawrence Ennis, Director of Construction 
for Messrs. Dorman, Long and Company, the con- 
tractors (left). Fig. 15, on Plate XX XTX, shows the 
top chord joint after the jacks had been removed, 
and Fig. 11 on Plate XX XVIII gives a view from 
above of the completed joint. The covers over the 
joint for weather protection will be riveted on later. 

From the time the lower chords met on the 8-in. 
pins until the top chords were jacked up and all 
cables removed, the centre joint of the lower chord 
rose upwards an amount of | ft. 14 in., the eleva- 
tion of the joint at a temperature of 65 deg. F. 
being 349 ft. 74 in. above the level of the main 
bearing pins. With the total dead load the structure 


will assume its geometrical form, the elevation of | P° 


the lower chord centre joint being 350 ft. above the 
level of the main pins. The arch is now in the 
designed two-hinged condition, ready for the erection 
of the hangers, cross-girders and deck. 

Our thanks are due to Dr. Bradfield for his 
courtesy in furnishing us with the interesting 
information and photographs on which this article is 
based. The closing of the arch constitutes the 
passing of a vital stage in the building of this 
fine structure, and Dr. Bradfield, the Contractors’ 
Consulting Engineers, Mr. Ralph Freeman and 
Mr. G. Imbault, and Messrs. Dorman Long and 
Company, together with all who are concerned in 
any way, are to be congratulated on the carrying 
out of this part of the erection of the structure 
with such striking success. 








ELECTRIC LIGHTING BY GASEOUS 
DISCHARGE ‘“UBES. 


THE major portion of the presidential address which 
Mr. Clifford C. Paterson delivered to the Institution of 
Electrical Engineers on Thursday, October 23, was 
devoted to a discussion of certain fundamental problems 
of research, and is commented upon in the leading 
article which appears on page 557 of this issue. Mr. 
Paterson, also however, reviewed the position of 
electric lighting, with the object of showing wherein 
its limitations lay and what research had done to 
remove them. 

In this sphere, he said, manufacturers had brought 
the cost and simplicity of the product to such a favour- 
able condition that any rival lamp must show an 
a in efficiency or in some other feature, if 
a break-away from the tungsten-filament gas-filled 





lamp was to result. As regards incandescent filament 
lamps, such an advance seemed highly improbable, 
and the luminous efficiency of 18 lumens per watt, 
which was reached in the larger sizes, was not likely 
to be greatly exceeded. Theoretically, if power were 
transformed directly into light of maximum visibility 
about 670 lumens per watt could be obtained, but 
such light would be monochromatic and of yellowish- 
green hue. It would therefore be quite unsuitable for 
general illumination, for the colours of objects would 
cease to be observed. In order to obtain a perfect 
colour rendering, a source which emitted each wave- 
length in the visible region with a relative intensity 
corresponding to average sunlight, was required, and 
an ideal source of this kind, with no ultra-violet or 
infra-red radiation, would only produce about 200 
lumens per watt. This, then, might be considered to 
be the theoretical maximum, if perfect colour rendering 
was to be obtained. 

As was well known, the intensity wave-length 
distribution of the radiation from heated solids could 
be represented by a curve, which rose from small 
values at short wave-lengths to a maximum, and then 
fell away at the longer wave-lengths. The peak 
occurred at a wave-length, the value of which was 
inversely proportional to the absolute temperature. 
The sensitivity of the eye rose somewhat similarly 
from practically zero in the violet at about 4,000 
AU to a maximum at 5,550 AU and then fell 
to zero again somewhere about 7,500 AU. It fol- 
lowed that the more nearly the two peaks coincided 
the greater would be the luminous efficiency of the 
incandescent solid. An extremely high temperature 
was found to be necessary, in order that the maxima 
should actually coincide. The curves for actual sub- 
stances were always similar in general shape to that of 
a black body and, in the case of tungsten, the devia- 
tions were in a favourable direction, so that, although 
the total power radiated from it was less than from a 
black body at the same temperature, a greater propor- 
tion was emitted as visible light. The maximum 
luminous efficiency of a black body occurred at about 
6,500 deg. K. No known solids were stable at a 
temperature nearly so high as that, so that in practice 
an excess of heat radiation always occurred. But 
even supposing a solid could be maintained at 6,500 
deg. K., only 13-9 per cent. of the theoretically greatest 
possible yield of 670 lumens per watt would be avail- 
able. Tungsten melted at 3,600 deg. K., and at this 
temperature would give about 50 lumens per watt. 
In practice, however, various heat losses reduced the 
efficiency, and, owing to the high rate of evaporation 
near the melting point, the running temperature must 
be much lower. As a result, the output obtainable in 
ordinary gas filled lamps varied between 10 lumens and 
18 lumens per watt, which was actually higher than 
with any other element. Of the new elements, only 
rhenium had a sufficiently high melting point to be of 
any interest and, unless its rate of evaporation was 
very much lower than that of tungsten, it could not 
rival the latter as a filament material. The only 
remaining possibility was the use of high melting- 
int compounds, such as carbides, and these had not 
so far yielded very promising results. 

The increase in the efficiency of the tungsten lamp, 
due to higher running temperature, had resulted in a 
concentration of the source. There were two reasons 
for this: First, a higher temperature meant greater 
intrinsic brilliancy; and secondly, the filaments of 
gas filled lamps had been closely coiled to reduce the 
conduction of heat by the gas, which was introduced 
to minimise the evaporation. Except, however, for 
convenience in optical projection and compactness, 
there would not appear to any merit in a high 
concentration. Recently, there had been a healthy 
move away from objectionable brilliancy by the intro- 
duction of a diffusing glass bulb, and by the use of 
diffusing glassware of large surface area. It might be 
wondered whether, if we had been brought up to larger 
and more diffuse sources of light, we should have 
tolerated the present high concentration. Be this as 
it might, during the next few years the uses there were 
for gaseous sources, which were comparable in efficiency 
with the larger filament lamps and which were not so 
concentrated, would be considered. 

Gaseous discharge tubes were an interesting study 
in themselves, but from a utilitarian point of view 
recent developments had made them even more so. 
Formerly, their luminous efficiency was low and they 
would only operate at several thousand volts. These 
were minor disadvantages for display and advertising 
signs, but to-day the hot-cathode discharge tube was 
free from these restrictions. This type of tube operated 
on commercial voltages and was capable of an output 
of from 12 lumens to 50 lumens per watt, depending on 
the size of the tube and the gas filling. Distinctly 
greater efficiencies were thus possible than with incan- 
descent solid radiators. Full control of the colour 
had, however, to be secured, and this necessitated a 
clear grasp of the difference between a gaseous and an 
incandescent solid radiator. 





The essential difference between the radiation from 
solids and that from gases was that the former was 
continuous and the latter discontinuous; that is, it 
consisted of certain wave-lengths only, and when 
viewed through a spectroscope showed sharp lines or 
bands. Thus, the spectrum of mercury vapour, which 
was monatomic, consisted principally of a green, a 
blue and two yellow lines, while that of nitrogen, the 
molecules of which were not reduced to the atomic state 
by the discharge, consisted of bands in the red, yellow, 
green, and blue. An extreme example was carbon 
monoxide, which gave such a large number of compli- 
cated bands that under low dispersion the spectrum 
might at first sight be thought to be continuous. The 
intensity distribution was also such that the light gave 
a good colour rendering and was used for certain 
colour-matching lamps. Actually a carbon-dioxide 
filling was used, but this was broken down to the 
monoxide by the discharge. It was clear that if 
gaseous discharge tubes were to be of value for general 
illumination purposes, the radiation must consist of 
the primary colours in more or less correct propor- 
tions; also, their luminous efficiency must be high. 
Though the light given by the carbon-dioxide tube 
approximated to daylight, it only produced 3 lumens to 
5 lumens per watt, and for interior lighting was 
considered to be too cold. 

Changing the current through a gaseous discharge 
tube did not, in general, produce an appreciable change 
in the colour; for, although the colour of the light 
from a filament lamp varied from red to white as the 
current through it increased—that is, as the tempera- 
ture was raised—the colour of the light from a discharge 
tube depended only on the gases present. There were, 
however, two lines along which progress might be made. 
Two or more high-efficiency tubes could be combined 
to give the required effect or—though this was much 
more difficult—two different gases or vapours could 
be used in one tube. Thus, a sodium and a neon 
tube combined gave a pleasing warm colour, akin to 
candle-light, the colour rendering being similar. The 
addition of a mercury tube allowed anything between 
this and daylight to be obtained with fair efficiency. 
Neon by itself and neon-mercury both gave from 12 
lumens to 35 lumens per watt, the colour of the light 
being red or blue respectively, while with sodium up 
to 50 lumens per watt could be obtained, the light 
being yellow. With these three tubes, which promised 
to be satisfactory in other respects, many possibilities 
were opened up. 

Although so much work had been done on the hot- 
cathode type of tube, many interesting developments 
of the original cold-cathode tubes were taking place. 
In spite of the disadvantage that they required 
high voltages, cold-cathode tubes were particularly 
suitable for advertisement signs, marking landing 
positions for aircraft, and for various architectural 
effects. The colours most easily obtainable were 
orange-red by the use of neon, blue by the introduction 
of mercury vapour into tubes already containing argon 
or neon, green by using a yellowish glass with the 
latter mixture, and yellow by employing helium in a 
yellow glass. These gases belonged to the rare gas 
group and were chemically inert. When common 
gases such as hydrogen, nitrogen, or carbon dioxide 
were used, it was found that they rapidly disappeared 
or “cleaned up” under the action of the discharge. 
This disappearance was due to a variety of causes, 
such as chemical action or to the occlusion of the gas 
in the film of metal, which formed on the glass in the 
vicinity of the electrodes. Thus, the original Moore 
nitrogen or carbon-dioxide tubes had to be fitted with 
replenishing devices, which operated whenever the 
gas pressure fell below a certain predetermined value. 
Simpler methods of replenishment were at present in 
progress of development, permitting various colour 
effects to be produced. Another, and most remarkable 
effect was that under certain conditions, which were 
only just beginning to be understood, the discharge, 
instead of filling the whole tube as was normally the 
case, was concentrated into a narrow cord only one- 
fifth of the diameter of the tube. This cord, the 
intrinsic brilliancy of which was much greater than 
the ordinary glow, did not remain stationary, but 
continually wandered in the tube with a peculiar 
sinuous motion. This was due to attraction and 
repulsion by charges on the inner surface of the glass. 
It gave an appearance of motion or animation to the 
discharge, but it remained to be seen whether the 
effect would have many practical applications. 








THE INSTITUTE OF FUEL. 


THE customary autumnal two-days conference of 
the Institute of Fuel was held on Wednesday and 
Thursday, October 22 and 23, inthe Incorporated 
Accountants’ Hall, Victoria Embankment, and was 
opened on the first-mentioned day with an address, 
by the President, Sir David Milne-Watson, of which a 
short summary is here given. The membership of the 
Institute had increased by 35 per cent. during the 
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past year, and two provincial sections had been formed 
with meeting places at Manchester, Nottingham, 
Derby and Bristol. A‘Students’ Section was in pro- 
cess of formation. Lord Melchett had endowed a 
medal for the recognition of original work in connection 
with the use of fuel, the first recipient of which would 
be Dr. Kurt Rummel, Director of the Warmestelle, 
Diisseldorf. Dr. Rummell had been engaged on fuel 
economy research and co-ordination work in the 
German iron and steel industry for several years, and 
the results of his direction in that industry were shown 
in a reduction of 15 per cent. in the fuel used per ton. 
The Institute was co-operating with ten other technical 
institutions and certain national bodies in a scheme to 
erect a common building. One-third of the British 
contributions to the recent World Power Conference 
at Berlin consisted of papers presented by members 
of the Institute of Fuel. At this conference, considera- 
tion had been given to the creation of gas networks, 
and in England the Area Gas Supply Committee, 
though unable to generalise, had recommended one 
scheme which was under consideration. It was hoped 
that the Government would be able to legislate on the 
matter in the coming session. 

The sale of gas for industrial and other heating was 
increasing concurrently with that of electric current, 
but, in spite of this, the coal consumption of the gas 
industry had remained at 18,000,000 tons per annum 
for several years, due to the use of more efficient plant. 
Gas production per ton of coal had now reached such 
a stage of efficiency that an increase in coal consump- 
tion might be expected to follow a demand for more 
gas. The Gas Area Supply Committee had found that, 
when properly prepared, there was a wide domestic 
market for coke waiting, including its use in open 
grates. The adoption of modern coking plant would 
result in savings of great importance to the competitive 
power of the iron and steel industry. There had been 
an increased demand for coke, for domestic and indus- 
trial use, of 400,000 tons last year, no doubt due to 
the greater care taken in sizing and cleaning. These 
latter operations were still being improved. The 
Gas Light and Coke Company had spent 400,000/. 
in three years on coke-preparation plants. The treat- 
ment of coal by low temperatures was now understood, 
but financial success was only achieved by those 
plants near coalfields which reduced the cost of the 
raw material. Low-temperature coke and gas were 
marketable, but the oils and ammonia had proved 
disappointing in quality and value. The cracking or 
hydrogenation process to improve the oils required to 
be perfected, and on this depended the future of any 
low-temperature process principally devised to make 
smokeless fuel. With proper organisation, the carbon- 
ising industries generally could produce 12 per cent. 
of the motor spirit and 25 per cent. of other imported 
oils, but more attention was required to the properties 
of such oils. It was pleasant to record that the 
Admiralty was setting an example to other large 
users by making trials of home-produced oils. 

The development of the National Electricity Scheme 
had directed public attention to this aspect of national 
fuel utilisation. There had been a creditable fall in 
the coal used per unit generated. Losses in generation 
and transmission, however, had resulted in the con- 
sumer receiving only the equivalent of 10 per cent. of 
the heat in the coal consumed last year. It was 
desirable that privately-owned power plants, in which 
the efficiency of generation was not equal to that of 
the public plants should be replaced by supplies from 
the public mains. The experiment of carbonising 
coal before combustion at a power station was being 
continued. Several important power stations now 
mixed coke breeze with their coals, and large quantities 
of coke breeze were so used in London. Gas and 
electricity should co-operate in the marketing of their 
respective wares. Coal was still the basis of our 
success as a manufacturing nation. The coal output 
in 1929 had been 20,000,000 tons greater than in 
1928, and the industry had shown evidence of improve- 
ment in the past two years. With progress in the 
mechanisation of mines, and in mining methods it 
was approaching a favourable state. The Govern- 
ment had, however, at this juncture, introduced and 
passed the Coal Bill for reasons of political expediency. 
This contained potentialities objectionable to the 
industry itself, and to all fuel users, particularly gas, 
electricity amd railways, whose reactions were pre- 
determined by Statute. Economic laws might prove 
superior to Acts of Parliament, and in driving people 
to the use of oil, reduce the consumption of coal. 

A co-ordinated national fuel policy was wanted, 
based on coal, and heat, light and power were such 
essential services in the home and in industry that 
any threatened increase in their cost must be avoided. 
Such a fuel policy should aim at a higher standard of 
freedom from ash in coal than was at present recog- 
nised. The removal of ash was daily becoming of 
greater importance, 3,000,000 tons of it being need- 
lessly transported and handled several times annually 
in this country. The sale of coal by guaranteed 





specification was growing, and this form of purchase 
was helped by the British Engineering Standards 
Association specifications. Extension of the smoke 
laws to domestic users would improve the health of the 
community and save needless expense due to damage 
and dirt from uncontrolled coal combustion. The 
Institute of Fuel was well qualified to undertake the 
co-ordination work, and to disseminate the necessary 
propaganda for progress on the lines indicated. 

At the conclusion of the address, a vote of thanks 
to the President was proposed by Sir Philip Dawson, 
after which it was decided to send a message 
of sympathy to the sufferers from the mining 
accident at Aix-la-Chapelle. The Students’ medal 
and prize, awarded for the first time, was then pre- 
sented to Mr. G. T. Wake, junior shift engineer at the 
Derbyshire and Nottinghamshire Electric Supply, 
Company’s Power Station, at Ilkeston. After an 
adjournment for luncheon, the Conference met to 
hear and discuss two papers; the first, by Mr. J. 
Lubbock, being on “The Industrial Uses of Fuel 
Oil,” and the second, by Dr. E. W. Smith, on “ The 
Use of Coke Breeze for Industrial Purposes.” Mr. W. M. 
Selvey was in the chair. 

The annual dinner was held in the Connaught Rooms, 
Great Queen-street, in the evening, the chair being 
occupied by the President, Sir David Milne-Watson. 
In proposing the toast of “The Fuel Industries,” the 
Marquess of Londonderry referred to coal as the basis 
of the prosperity of the country and expressed appre- 
ciation of the work of the Institute as leading to its 
more economical employment. The President, in 
responding, mentioned the increase of membership 
of the Institute during his second year of office, and 
expressed regret at the absence of Lord Melchett 
owing to illness. He also announced that the Melchett 
Medal had been awarded to Dr. Rummel, of Diisseldorf. 
Sir David also called attention to the need for co-opera- 
tion between the coal, gas, coke and electrical supply 
industries, and referred to the importance of the 
problem of the hydrogenation of coal and tar for the 
production of motor spirit. The toast of “The 
Visitors? was proposed by Sir William J. Larke, and 
responses were made by Mr. L. St. L. Pendred and 
Lieut.-Col. Sir Arnold Wilson. Sir Arnold spoke mainly 
on the subject of co-operation between scientific 
societies, and, referring to the fact that twelve societies 
had now agreed to pool their resources and libraries 
in a single building, said that an option had been 
obtained on a site, plans were being prepared, and 
about one-third of the total sum required had been 
promised. A dinner, at which H.R.H. the Prince of 
Wales had promised to be present, was to be held at 
the Guildhall, on November 13, in connection with the 
scheme, and it was hoped that within three years the 
building would be in occupation. The toast of “The 
President ’’ was proposed by Mr. Frank Hodges, and 
in responding, Sir David mentioned that Sir Hugo 
Hirst had been nominated for the presidency of the 
Institute. He also referred in appreciative terms to the 
work of the Secretary, Mr. P. C. Pope. 

The Conference was resumed on the morning of 
Thursday, October 23, under the chairmanship of 
Eng.-Admiral. W. Scott-Hill. Three papers were pre- 
sented for discussion, viz., ‘“‘ Fuel Problems in the 
Mercantile Marine,” by Mr. Sterry B. Freeman, “ The 
Relative Merits of Coal and Oil in the Mercantile 
Marine,” by Dr. W. M. Meijer, of Rotterdam, and “ Fuel 
Problems in the Mercantile Marine,” by Mr. W. J. 
Muller, also of Rotterdam. All three papers were very 
interesting and informative, and we regret that space 
does not permit us to reprint them in full. We give, 
however, the conclusions reached in each. 

Mr. Freeman’s conclusions were to the effect that 
oil, whether in the oil engine or for use in boilers, had 
come to stay, and for the passenger ship was practic- 
ally indispensable. Coal was still a possibility for fleets 
which were based on countries where coal was found and 
oil was scarce. Development work that was going on at 
present in the use of mechanical grates and pulverised 
coal and the improvements which had taken place 
in the manufacture of condenser tubes, were factors 
which were working together to make possible the 
use of water-tube boilers fired by coal. One of the 
consoling points for those interested in coal, was that 
petrol, being in greater demand and presumably pro- 
viding a greater profit, would be produced by the 
refiners to the greatest possible extent by cracking 
the maximum amount possible out of the crude oil. 
To retain the required quantity of oil suitable for 
heavy oil engines would mean that a percentage of 
the more valuable petrol must be sacrificed. This 
would naturally imply a higher price for engine oil 
unless the engine builders could re-design their engines 
to burn a much heavier oil without disastrous results 
in the cost of upkeep. 

Dr. Meijer concluded his paper by saying that the 
outstanding inference to be drawn from it was that 
the distinction between coal and oil was mainly a 


of coal burning would be improved by the development 
of a pulverised-fuel system which might to some 
extent increase the demand for coal, it must be under- 
stood that the fundamental transport difficulties of 
coal were not relieved thereby. Consequently, even 
the development of a perfect system of pulverised-coal 
burning, important as it undoubtedly was to replace 
hand-firing, and as an installation which was readily 
convertible to oil, would hardly have the effect of 
inducing shipping to contribute largely to the solution 
of the coal problem. If bunker coal was to hold a 
place in competition with oil, it was essential that it 
should be supplied at a price appreciably lower than 
might be warranted by its calorific value alone. Since 
the higher cost of production had increased the diffi- 
culty of meeting this economic demand, it must be 
realised that coal was gradually becoming a com- 
modity that could not bear the cost of transportation 
over long distances. 

Mr. Muller, in summarising his contribution, stated 
that the Koninklyke Paketvaart-Maatschappy first 
started activities in 1891 with coal-fired ships, equipped 
with cylindrical boilers and saturated-steam engines, 
and, after 1904, gradually converted a number of 
ships from coal-firing to oil-firing because of the low 
price of oil fuel at that time. Fifteen years later the 
company was compelled to change back again from oil- 
firing to coal-firing because of the high price of oil fuel. 
Furthermore, boiler troubles, experienced with boilers 
of the Scotch type, induced the company to install 
water-tube boilers, which, owing to the high coal con- 
sumption, had to be improved by fitting mechanical 
stokers. In the meantime, the purchase of a coal mine 
led to the building of many. more steamships, and to 
the introduction of superheated steam, which was made 
possible by the adoption of the Lentz double compound 
marine engine as a standard. On the other hand, in 
1911, the increase in the price of oil fuel, which was 
expected, induced the company to adopt Diesel 
engines and to build a number of small motorships, 
a policy which was not continued after 1916, until in 
1929 the progress in internal-combustion engineering 
finally led to the building of a series of Diesel engine- 
driven ships. In order to correlate the papers for 
discussion, a collective note on them by Engineer 
Vice-Admiral Sir Robert B. Dixon, and Major W. 
Gregson, was read by the latter. 

In this it was pointed out that it was an advantage 
to have secured authors who had dealt with entirely 
separate and different types of trade, as this gave a 
much broader viewpoint for the whole situation. 
Mr. Freeman, dealing chiefly with the trade from 
England to the Far East, advocated oil for the pas- 
senger ship, where many other items apart from fuel 
cost were important factors. He believed, however, 
that for fleets trading with countries where bunker 
coal was competitive, there was a distinct possibility 
of development in the use of coal by taking advantage 
of the general improvements in steamship machinery. 
Dr. Meijer came to very similar conclusions, although 
through a different chain of argument. He definitely 
eliminated the high-powered ship from being a potential 
coal burner, but believed that for lower-powered 
tonnage, coal could be used, provided modern develop- 
ments throughout the steam plant were employed to 
get the best possible effectiveness. He pointed out 
very clearly that the problem of coal versus oil for 
general marine service was fundamentally one of 
transportation, and that this problem in itself was one 
of the most important factors which had to be con- 
sidered. Mr. Muller had given an extremely interesting 
paper, tracing the history of the services in which he 
was directly interested through varying fluctuations 
of fuel supply and price, and he definitely established 
the possibilities of coal firing on the type of service 
which he discussed. 

Major Gregson believed that he was correct in stating 
that the object of the Institute in arranging for this 
conference was largely to explore the possibilities of 
the re-entry of coal in a more general nature as fuel 
into the Merchant Navy. It must be generally con- 
ceded that fighting ships, high-powered ocean liners 
and high-speed passenger and mail boats, where the 
ratio of horse-power to tonnage was high, must of 
necessity rely on oil to meet modern requirements. 
Apart from the question of fuel only, the question of 
convenience, quick turn-round, non-interference with 
loading and unloading, &c., were all important matters, 
which with the use of oil tended to give the vessel 
more actual running days per annum. On the other 
hand, it must be appreciated that a very big proportion 
of the world’s tonnage came under the headings of 
intermediate tonnage and small tonnage. In the 
latter, except on certain services, coal would appear 
to hold its own, even with the average type of 
machinery to be found in the Merchant Navy. At the 
present moment, the intermediate type of tonnage was, 
as a general rule, fighting oil with ancient weapons. 
It was not within the province of the discussion to 








problem of transportation which was fundamental in 





its character. While it was true that the economy 


enlarge upon the very important question of oil-fired 
boilers versus Diesel machinery. The question was 
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one of oil as compared with coal, but having in | efficiencies had been 


view the fact that most of the really efficient steam ton- 
nage was at present operating on oil, it was essential (to 
bring a fair comparison for coal) to see what exactly 
coal could do under modernised conditions of high 
pressures, high temperatures and modern air heating, 
feed heating and condenser systems. This could best 


be done by making a direct comparison with the oil’! 
In the present state of development and with | 


firing. 
European prices, 0-65 1b. of oil per shaft horse-power, 


for all services on a steam plant competed with 0-4 on a | 


Diesel installation. All considerations being brought 
into account, this would be equivalent to 1 lb. of coal 


per shaft horse-power for all services, and incidentally, | 


this was a figure which was nearly attained with the 
C.P.R. cargo boats of Mr. Johnson. 

It was well within the limits of modern steam machinery 
to obtain this figure, and looking at the matter from a 
purely national point of view, it would appear that to 


assist our national coal industry, the development of | 


high-pressure steam work for the intermediate class 
of tonnage should be looked upon as a national duty 
by shipbuilders and engineers. 


The reliability and effectiveness of the high-pressure , 


steam plant had been amply proved, but shipowners 
as a class seemed extremely reluctant to depart from 
medium pressures. They would rather be completely 
revolutionary and rely on the internal combustion 
engine, which would mean that they were entirely 
wedded to oil for all time. It would seem to be parti- 
cularly important to draw the attention of all concerned 
to the fact that practically all comparisons of steam 
and oil were based on far from modern steamships on 
the one hand, and the latest development in oil engines 
on the other. 

The discussion was opened by Mr. W. W. Marriner, 
who pointed out that in comparing methods of ship 
propulsion, the capital cost, and cost of repairs, must 
be taken into account as well as the fuel. The use of 
oil fuel under water-tube boilers was yielding consis- 
tently improving results, and consumption per shaft 
horse-power was down to 0-6 lb. He thought the 
use of pulverised fuel at sea must be regarded as a 
passing phase. An inherent difficulty was not how 
to burn the fuel, but how to get rid of the dust and 
slag, but the principal difficulty was to find space in 
the ship for the necessary apparatus. A good deal of 
experience had now been accumulated with mechanical 
stokers on land, and he thought there was a useful 
future for them at sea based on this. The chain- 
grate stoker, however, might fail when the ship had 
a list. 

Engineer Rear-Admiral W. M. Whayman said he 
was hopeful as to the possibilities of pulverised fuel 
at sea, and he believed that the use of coal as fuel 
should be the first consideration for this country. 
Pulverised fuel at sea was still in its early stages, 
but already a fair amount of experience in burning 
this fuel in marine type water-tube boilers had been 
gained, and from this it was even now possible to 
produce a pulverised fuel plant which would function 
quite satisfactorily at sea. Advance could be con- 
fidently looked for. There was no serious difficulty 
as regards ash, but it was true that the use of pulverised 
fuel did involve more space, power and weight than a 
mechanical stoker plant. 

Mr. Harald Nielsen agreed that there was a future 
for mechanical firing, and that engineers were only at 
the beginning of the development of pulverised firing 
at sea. He thought, however, that it was a mistake to 
attempt pulverisation on board, the fuel should be 
bunkered in a pulverised condition. He also referred 
to the experiments at the Greenwich Fuel Research 
Station on adding coal to oil, and was of opinion that 
low-temperature carbonisation residues might be made 
use of. 

Mr. E. W. Green pointed out that one of the difti- 
culties to be contended with in connection with pul- 
verised fuel apparatus was the widely-differing qualities 
of coal which had to be dealt with. Fuel oil on the 
contrary, was almost uniform. He could not endorse 
the previous speaker’s views on bunkering pulverised 
fuel. It might be practicable for long voyages, but 
for short voyages which so many ships made, was 
impossible. 

Mr. H. C. Armstrong, commenting on the proportion 
of motor ships to steamships appearing in the annual 
report of Lloyd’s Registry, expressed the conviction 
that no one could nowadays defend the practice of 
firing coal by hand, and the conclusion seemed clear that 
pulverisation must be resorted to. It was true that 
there had been a certain amount of failure in equip- 
ment, but he thought this was due to too much atten- 


tion having been paid to burners of which there were | 


many patents not differing materially in efficiency. 
Apart from the difficulty of trapping ash when burning 
pulverised fuel, there were pen: due to slag, from 
the ash having a low fusing point. He thought the 
collieries ought to back up the burning of pulverised 
fuel by suitable investigations. 


note that in some German collieries considerably higher 


It was interesting to | 
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| perature coke than from coal. 


| the particles of coke were porous, and so presented a ' much the same result. 





gained from pulverised low-tem- | being developed. All the burners and systems, in 
Perhaps the fact that | spite of the maker’s individual claims, gave pretty 


Efficiency depended more on 


| greater area to combustion than a solid particle of , how the oil was treated. The point regarding extinc- 
| coal of equal weight, had something to do with this. | tion of flame had been practically overcome with oil- 
| There should be a field for pulverised coke on board | burning. He had been criticised for commenting on 


| ship. 
| coal and oil on board ship. 


in the former fuel. 
calorific value there were physical differences neces- 
sitating different treatment. If any effort were made 
in standardising coals greater advance would be 
possible. In a water-tube boiler installation there was 
no great difference in efficiency between pulverised 
coal and oil, but the bunkering was a more difficult 
matter with coal. He thought there was a case for 
the greater extension of mechanical stoking afloat. 
In the three C.P.R. steamers of the ‘‘ Beaver’ class 
there was a total of 12 mechanical stokers. 
been in continuous service for three years without any 
breakdown of importance. Such repairs as were 


necessary had been carried out in dock, and at a cost | 
not exceeding the usual renewal figures for hand-fired | 


boilers. An adverse factor in the use of pulverised fuel 
was that if the flame were extinguished by accident, 
steam production immediately ceased. This did not 
obtain with the mechanical stoker, which, moreover, 
possessed greater flexibility than was generally recog- 
nised. In confirmation of the latter point, he would 
mention that he had recently increased the steam out- 
put of a land installation, with mechanical stokers, in 
response to a sudden demand, from 60,000 to 100,000 Ib. 
per hour in the short time of 3 minutes. 

Major Gregson remarked that it seemed incontro- 
vertible that for high powers a steam-oil combination 
was desirable. Comparison between steamers and 
motor vessels had been unfair to the former through 
the too prevalent practice of comparing old steamers 
with new motor vessels. The more recent practice in 
steam should be examined. In moderate-sized vessels 
of about 4,000-h.p., with a modern hull and running 
on coal, it would be no doubt possible to reduce the 
coal consumption to 1 lb. per shaft horse-power. 
big tonnage might be left to oil. He believed the coal- 
fired boiler could be put on an economic basis. 

Mr. F. N. Barton, speaking on the subject of stand- 
ardised coal, said that by suitable washing methods it 
was possible to offer coal practically on a guaranteed 
analysis. 

Admiral Scott-Hill, in closing the discussion, observed 
that the first two papers recorded actual trials of oil 
and coal as fuel, while the third, which illustrated very 


These had | 


The | 


| buy coal on a calorific basis. 


| the trickery often accompanying the supply of coal at 


Mr. W. Hamilton Martin enquired if anything had | bunkering ports, but the evils existed, and really pre- 
been done in the chemico-mechanical combination of | judiced the use of coal. There was little chance of 


| cheating in bunkering oil. He was glad to hear that 


Mr. Woodfield agreed that it was more difficult | collieries were working to eliminate ash as far as pos- 
to burn coal than oil on account of the great variations | sible, but wondered if anything was being done by 
Even in two coals of identical | them to help the shipowners to burn the fuel. 


| Dr. Meijer said that it must be admitted that the 
| majority of highly-efficient ships were oil-fired, but 
it should not be taken for granted that oil firing was 
the sole cause of that efficiency. He was of opinion 
that the efficiency of steamships would be greatly 
improved by the adoption of increased steam pressures, 
and that improvement in this direction would not be 
long delayed. Admiral Whayman had reported satis- 
factory progress in pulverised firing of marine type 
water-tube boilers, and there had been a tendency 
lately to fit water-tube boilers to vessels. It must not 
| be forgotten, however, that the large majority of exist- 
ing steamships had Scotch boilers, and it was these 
that demanded immediate attention to effect improve- 
ments. There were certainly difficulties with ash in 
the case of passenger ships burning pulverised fuel. 
Mr. Muller expressed the opinion that the motor- 
engined vessel was not so unreliable as many partisans 
of steam appeared to think, and then described some 
recent developments in Germany, in which two Diesel 
engines had been coupled hydraulically to one shaft. 
This permitted one engine only to be used for manceuvr- 
ing. He could not quite agree with all that had been 
said about mechanical stokers at sea, and would be 
interested in any new stoker which would successfully 
burn any kind of coal. The difficulty with mechanical 
stokers was not ash, but clinker, and this narrowed the 
choice of fuels, Yorkshire coal, for example, was best 
for underfeed stokers at sea. He agreed with Admiral 
Whayman that the water-tube boiler was more suit- 
able for pulverised fuel than the Scotch boiler, but 
would like to know what kind of coal was used when 
no trouble occurred from ash. Ash emission was 
certainly troublesome at sea. He thought that the 
porosity of pulverised coke would lead to moisture 
adhering to it. As to bunkering, it was important to 
His company was able 


' to do this through merchants in Rotterdam, supplying 


| Yorkshire coal of 13,400 B.Th.U. calorific value. 


well the enterprise of the Koninklyke Paketvaart- | 


Maatschappy, showed by the variety of methods des- 
cribed in it, that it was impossible to generalise on 
the question. He thought it was unnecessary to worry 
about the ash question. The figures in Lloyd’s report 
could be made to show almost anything. He had 
found the horse-power figures of interest. These 


by reciprocating engines, 27 per cent. by turbines, 
and 46 per cent. by oil engines, which indicated a 


2 per cent. incrcase in steam and a 4 per cent. fall in | 


oil. On tonnage, however, quite different results were 
arrived at. The alleged drawback to the use of 
pulverised fuel from the extinction of the flame existed 


with oil-firing and did not form an objection of major | 


importance. 

Mr. Freeman then replied. 
said, given in his paper were bound to be unpalatable 
to those interested in coal, but they existed and had 
to be faced. International competition was intensified 
by the subsidising of foreign lines of which the United 
States, Japan, France and Italy had examples. If ship- 


Some of the facts, he | 


The 
improvements to steam engines referred to in the paper 
involved more than that poppet valves should replace 
slide valves. Superheaters were fitted, the boiler 
circulation improved and the feed-water temperature 
increased. These modifications had resulted in 25 per 
cent. to 30 per cent. improved efficiency in reciprocating 
engines. He thought future developments might be 
along the direction of engines on the uniflow system 
with Lenz admission valves. 

After a vote of thanks had been passed to the authors 
of the three papers discussed above, and another to 


showed that the new vessels were engined 27 per cent. | the Chairman, the conference terminated. 








THE EQUIPMENT OF DUNSTON B 
POWER STATION 

Tuer Newcastle-on-Tyne Electric Supply Company, 
Limited, are at present constructing a new power 
station to the west of their existing plant at Dunston. 
| This will be known as Dunston B, and will have an 
ultimate capacity of six 50,000-kw. sets. To begin with, 
however, only three sets will be installed, orders for 
which have already been placed with Messrs. C. A. 
Parsons and Company, Limited. These will be of the tan- 
dem type, with one high-pressure and one low-pressure 
cylinder, the latter having a single exhaust. The initial 


owners were compelled to use motor ships, their defence | pressure and temperature will be 600 Ib. per square steam 


was that it was worse for the nation to lose trade than | 


that the coal industry should be depressed. As things 
stood at present by using oil engines bunkers could be 
cut out and machinery space reduced. If coal could 
be carried as conveniently as oil the position would be 
much simpler. It was certainly disconcerting that 
| there seemed to be less prospect of using coal just when 
fresh supplies were becoming available. In South 
Africa, for example, there were millions of tons of 
coal within reach, and in China there were also great 
coalfields. How this could be made to compete 
efficiently with oil in a technical sense as well as the 
commercial aspect, was the problem. 

There was still much to be done in the perfecting of 
pulverising apparatus, as users of it were aware. The 
variation in coals had been alluded to. That was a 
difficulty. If a shipowner put in a plant which would 
deal efficiently with one kind of coal, the price of that 
coal was bound to go up, and that neutralised the 
advantage. He agreed that undue attention was paid 
to the development of slightly-varying types of burner. 
The same thing had happened when oil burning was 


inch, and 800 deg. F. respectively, but after leaving 
the high-pressure turbine at a pressure and temperature 
of approximately 150 lb. per square inch, and 525 
deg. F., the steam will be re-heated to 825 deg. F. 
before it enters the low-pressure cylinder. The con- 
densers, which will be manufactured by Messrs. 
Richardsons, Westgarth and Company, Limited, of 
Hartlepool, will have a cooling surface of 40,000 sq. ft., 
and will be capable of maintaining a vachum of 29 in. 
It will be possible to isolate one half of the unit 
for cleaning without completely shutting down the 
plant. The turbo-alternators will generate three- 
phase current at a pressure of 13,500 volts and a 
frequency of 50, the output being stepped up to 
66,000 volts for transmission to the company’s system, 
and to the Central Electricity Board. The main switch- 
gear will be on the 66,000 volt circuits and will be 
manufactured by Messrs. A. Reyrolle and Company, 
Limited, of Hebburn-on-Tyne. The rupturing capacity 
of the units will be 1,500,000 kv.a. and they will be 
remotely controlled from a central operating room. 
As regards steam raising there will eventually be 
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three boiler houses, arranged at right angles to the 
engine-room. To begin with, however, one complete 
stoker-fired boiler-house and one half of a pulverised 
fuel fired boiler-house only will be built. Four units will 
be arranged on each side of each boiler-house with a 
central firing aisle, half being supplied by Messrs. 
Clarke, Chapman and Company, Limited, of Gates- 
head-on-Tyne, and half by Messrs. Babcock and Wilcox, 
Limited, of London. Two units in each row will be 
designed for both steam raising and reheating, and 
the remainder for steam raising alone. The latter 
will have an output of 156,000 lb. per hour from water 
at a temperature of 340 deg. F., while the former will 
supply 125,000 lb. of steam and be also capable of 





reheating 180,000 Ib. of steam at 150 lb. per square | 
inch from 525 deg. F. to 825 deg. F. The stoker-fired | would ensure the highest possible form of co-operation, | 


units will be equipped with tubular air heaters and 
Foster economisers, and the pulverised fuel units with 
plate air-heaters and return tube economisers of the 
Babcock type. The stokers will also be of the latest 
Babcock chain gate type, while eight 5-ton Resolutor 
mills, manufactured by Messrs. Clarke, Chapman, and 
Company will supply the pulverised fuel. Cyclone dust 
extraction plant will be installed between the boilers 
and chimneys. 

The incoming coal will be handled by a duplicate 
system of elevators for each boiler house with a 
capacity of 75 tons per hour, while the water for 
condensing and other purposes will be drawn from the 
Tyne by six electrically driven vertical centrifugal 
pumps. These will be installed in a separate pump 
house. 


LETTER TO THE EDITOR. 


LONG-DISTANCE MOTOR-COACH 
SERVICES. 


To THe Eprror or ENGINEERING. 

Sir,—It is with considerable interest that I have 
read the leading article which appeared under the 
above heading in the issue of ENGINEERING on 
October 10 (page 466). 

Appreciating, as I do, the high position which 
ENGINEERING occupies throughout the world, as the 
literary representative of that particular science, I 
am frankly disappointed with the objective of the 
article referred to. It is made clear throughout 
to express a desire that the conditions under which 
motor coach services are operated in the future should 
be so burdensome financially that much of the traffic 





view, but if the highest form of development in tran- 
sport is to be obtained in any country, one looks for 
impartial support from such distinguished exponents of 
literary criticism in matters of engineering as your paper. 

If the conclusion be reached that the country’s 
interests are primarily bound up in railway transport, 
and that other forms of transport must be subservient 
to that interest, then it is clearly a waste of time and 
public money to be setting up machinery such as that | 
proposed under the Road Traffic Act. The same 
effect could be reproduced far more cheaply by making 
the railway companies the transport agents of the | 
country, who would give out the traffic to the repre- | 





sentatives of other forms of transport which they | 
could not satisfactorily handle themselves. This | 





563 
CAST IRON RESEARCH. 

Wuite the yearly output of iron castings has always 
reached a high total, the scientific investigation of 
cast iron, on a systematic scale, is of comparatively 
recent introduction. Cast iron was for long regarded 
as a somewhat inferior material, the properties and 
limitations of which were well known and could not be 
greatly changed. During the past ten or fifteen years, 
however, much progress has been made, and the 
importance attached to the material, at the present 
time, is abundantly evidenced by the amount of space 
devoted to it in scientific and technical literature. 
The British Cast Iron Research Association, which was 
founded in 1921 is a national body, having as members 








which they at present handle should be diverted back 
to the railways. 
There is no suggestion permitted that possibly some | 
of the passenger traffic passing at present has been | 
created by a novel form of transport on the roads. 
It is, further, astonishing that complaints should be 
made against such road services because “ their | 
schedule of fares is little more than half that demanded | 
for rail transport.’ On the face of it one would feel 
inclined to regard such a fact rather as an advantage 
to the community than a disadvantage, and possibly 
also an advantage to rail transport as an incentive 
to the. latter to inquire into their own running costs 
with a view to establishing a reduction in the same. 
There has been a sustained campaign conducted 
in the country for a number of years with a view to 
protecting railway interests by disparaging road 
services on various grounds. One of the earliest 
complaints made against the road services was that 
contained in your article, namely, that these services 
are in reality being run largely at the public expense, 
since the roads on which they run have been construc- 
ted at the expense of the National Exchequer, and are 
maintained partly from the same source and partly | 





from local rates. It is most unfair to use such an argu- | 
ment without pointing out that a very large proportion | 


of the proceeds of direct taxation for road vehicles, | ¢,om November 3 to 21, for the purpose of interviewing 
: Pane : firms interested in the —- 
the purpose for which it was originally contributed, | Netherlands East Indies. 


including, of course, the petrol tax, is never used for | 


engineers and founders throughout the country ; 

d would effectively prevent anythin caching | it has, from the first, exercised a powerful influence in 
preter potest ithe fact pa .- y oder | fostering and co-ordinating research work. The ninth 
has not been adopted shows that the public, as a whole | annual report of the Association, which covers the year 
are not prepared to go to such lengths in protecting | ending June 30, 1930, gives an indication of the exten- 


a particular form of transport, because they realise | sive activities of the organisation, and it is pleasing to 
that road transport does possess many intrinsic virtues | read that the period dealt with in the report has been 
an extremely busy year. New high records have 


of its own, the full value of which can only be experi- Shaker : ‘ 
enced when working in complete independence of | been reached in income, expenditure and in general 
research activities. The research programme has 


railway transport. The writer suggests that this | , : 

being A the pete with pols the financial | been systematically pursued, and a considerable 
embarrassment of the railways due to road competi- | amount of work has been carried out by the Develop- 
tion should be dropped, and attention concentrated | ™ent Department. The function of this department, 
on encouraging road transport to develop to its highest | which was formed last year, is, briefly, to adapt and 
possible capacity. | apply results of scientific research to actual foundry 


Yours faithfully, | practice. ‘ 
a LE M. GosseLin. | Ming experimental work - the ee hg falls into 
Strand-road, Preston, October 20, 1930. | t ree main sections, namely, researches in connection 
[Gee conmenendind-ngunenn:teculen:inesndin-ecied —_ - and ——— —_ the abc of 
: : , | cupola-furnace problems, and work on auxiliary 
of our article, — —_ er pa a a na materials, moulding sands, refractories, dressings and 
passenger road transport can offer such tow fares 18 | fyel. In the previous annual report of the Association 
that it is -_ = ing a yi rage ae — | reference was made to the development of a new type of 
Carries GOMe Of Wien im we ct taxation of road | heat-resisting cast iron. These materials are essentially 
gga ag sie din oo pene ce | high-silicon cast irons containing aluminium and 
ew 60,000,001 y d th cotheats ~ 'sometimes chromium ir special cases. During the 
costs at 60,000,000/. a year an e contribution of | year under review an elaborate investigation was under- 
18,519,697/. oe — — x, a be that taken to improve the mechanical properties of these 
a proportion of the taxation of road vehicles is “never jrons by means of alloy additions. At the same time 
used for the purpose for which it was originally con- much attention has been devoted to the industrial 
~~. but any gpg gre Pras ig we development of this class of alloys. The report before 
in this way 1s merely a method of diverting part of ys emphasises the fact that while the laboratory results 
the cost of subsidising road traffic from the taxpayer Jeave no doubt whatever as to the value of these 
to ge a beg is the a ee “ It ae materials, the conditions met with in industrial practice 
probably cull, or impossible, to estima € are so varied that great care must be exercised if the 
proportion of the 41,480,303/. representing the difference pest properties of the material are to be secured. It 
between road costs and the contribution from the Road jj, stated, however, that there should be no difficulty 
Fund, which properly should fall on long-distance road jn casting these materials in the ordinary way in a 
passenger services, but an idea of its magnitude might good foundry. The trade name Silal has been registered 
ve obtained by taking out the costs to the operating to cover this range of alloys, and the Council of the 
companies of providing their own stations free from Association has decided to license its members to 
the public er ’ —_ ee See manufacture these irons. Much progress has been 
ie’ sulle to heat rates. The “ commilaph eahinies- kt Ho pom — bron oy ee “ae . For oo 
. ‘ r ed-blast cupola. i ’ 
gant conclusion with regard to the value of road space the aie of ‘online pa om this pach ron nese 
occupied by — — Be which our er fully justified the anticipations from the test results, 
refers, — 9 ge Ww pe — not om yin coe and arrangements for the transformation of existing 
iis Was made clear in the article, were quo Tom the cupolas have been put in hand. The researches on 
mine fee We hae arr abn anf ling ond and otro ly cu ono 
. it ke an e strength of cast iron in relation to size, and on the 
both, operating under equable conditions, participate structure of cast iron have all made good progress during 
in the traffic available—Ep. E.] the year under consideration. In addition to visits to 
— the foundries of members to apply the results of 
Camaneae Misaue von Qeeumes Gew-~Aesek: | the moulding-sand investigation to practice, work has 


dential report on the market for sporting guns and been commenced on core sands and on cupola 
iummunition in Canada has been prepared by the Depart- | refractories. : 

ment of Overseas Trade. United Kingdom firms desirous The basic importance of the founding industry was 
of receiving a copy of this report should communicate referred to, on October 29 last, by the newly-elected 
with the Department at 35, Old Queen-street, London, | president of the Association, Sir Harold Hartley, F.R.S. 
S.W.1, quoting Reference No. A.X. 10,337. who was recently appointed vice-president and director 
of research of the London, Midland and Scottish Rail- 
British Trape with DutrcH East Inpies.—The way Company. ‘The occasion was a luncheon at the 











| Department of Overseas Trade informs us that Mr. | Hotel Victoria, London, following the annual meeting at 


H. A. M. Bluett, the British Commercial Agent at aia : 4s 
Pad —o ich the above-mentioned report was presented. Sir 
Batavia, will be available at the offices of the Department Teseldh cnidl. tat. thene-wein:, i: Ges Deltein, cover 


ort of British goods to the | 3,000 foundries, including ferrous and non-ferrous, 
irms desiring interviews with | Which, statistically, it was difficult to separate. The 


hut is diverted in some instances either for subsidising | Mr. Bluett in London should apply to the Comptroller- total value of the products of ferrous foundries, without 
certain classes of railway traffic, or for de-rating, or | General of the Department, 35, Old Queen-street, London, | taking into consideration finishing or machining costs, 


other purposes. 

It is not the writer’s purpose to criticise your article 
as to the somewhat extravagant conclusion contained 
in it regarding the value of road space occupied 
by a motor coach. The main issue is whether road 
transport services are worth while to the country as 
« development in transport engineering, and if so 
to enquire why such constant reference should be made 
to the possible effect they may have upon railway 
finance. Other forms of transport have existed in 
the past, and will continue to be developed in the 
future, and it is reasonable to enquire whether 
ENGINEERING will assess the value of such develop- 
ments upon the effect they may have upon the finances 
of railways. No reasonable person will wish to belittle 
the high achievement of railways, either from the 
civil engineering or mechanical engineering point of 





S.W.1, quoting reference No. 481/1/30. 


was probably in the neighbourhood of 40,000,000/. 
per annum, while the annual tonnage was of the 





Tue Rarnway Macazine.—The October issue of The | order of 3,000,000. Furthermore, the foundry industry 
| Railway Magazine is a special 400th number. It contains | employed about 250,000 men. The Association was 
| 96 well illustrated pages devoted mainly to articles | spending about 10,0001. per annum ; nevertheless 
| dealing with railway progress from July, 1897, when the | there were various ways in which the assistance which 
magazine was inaugurated, until the presentday. These (ouiq be given to its members was greatly handicapped 


articles include ‘‘ Railway Progress and Development, | : : n 
1922-1930,” by Mr. G. ‘A. Sekon ; “ British Locomotive | by shortage of staff and equipment. In 1930-31, quite 


Performance in 1897 and 1930,” by Mr. C. J. Allen; and | apart from new developments, an increase of 50 per cent. 
‘Locomotive Development, 1897-1930,” by Mr. C. 8. | in the annual income was necessary in order to meet 
Lake. Further articles deal with the development of | current expenditure. He would like to suggest, there- 
British passenger-train services, electric traction, the | fore, that in view of the fact that only 12 per cent. of 
railways and road transport, the new signalling era, and these who ought to support the Association already 
railway photography. An excellent selection of illustra: | gid so, the objective of each member should be to zecure 
tions is distributed throughout the text pages, including | tl t dditional ber. If th 

views of locomotives, trains, steamers and road vehicles | #t ‘east one additional member. that were accom- 








and signalling and other plant. The magazine is pub- plished he believed that their financial problem would 
lished at 33, Tothill-street, London, S8.W.1. be solved. 


ENGINEERING. 
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LABOUR NOTES. 


At a delegate meeting in London last week of the 
National Union of Railwaymen, a new programme of 
demands was adopted. With one exception, it was 
that of the Executive Committee, and included the 
merging of the shopmen’s bonus of 6s. 6d. in the weekly 
wage, a guaranteed week for shopmen, and a week’s 
holiday with pay for shopmen. The exception related 
to the minimum wage for adult workers, which the 
Executive Committee proposed should be 2/. 10s. per 
week. After a long discussion, the meeting, at the 
request of London and provincial branches, decided 
that the rate should be 3/. per week. At the close of 
the conference, Mr. Cramp stated that it had been agreed 
to leave to the discretion of the Executive the date 
when the new programme would be presented to the 
companies. 





The Bureau of Junior Placement for New York 
State reports that the regular autumn increase of 
business which ordinarily makes itself felt in the 
junior employment offices during the latter half of 
August has not taken place this year. Usually, 
during the last ten days of August, more calls for 
workers are received by the junior offices than there 
are boys and girls available. This year that has not 
been the case. Business still continues quiet. Many 
firms which are usually busy, report themselves as 
just marking time. Comparatively few new workers 
are being asked for, and, where openings are available, 
the salary offered is often very little. Some employers 
who formerly paid 12 dollars a week are now offering 
10, 9, and sometimes as little as 8 dollars for the same 
work. Moreover, the hours of work in many instances 
are such that only older boys and girls can legally 
qualify. Such being the case, children under 16 years 
of age are at present having a particularly hard time in 
securing employment, and consequently every effort 
possible is being directed towards persuading these 
younger applicants to remain in school. 


The weekly organ of the International Labour 
Office states that in order to avoid the dismissal of large 
numbers of employees, the workers’ organisations in 
Germany have asked for a reduction of hours of labour 
and the abolition of overtime. They have succeeded in 
concluding an agreement with the railway administra- 
tion for this purpose, and have decided to terminate on 
December | the agreement relating to overtime in the 
Ruhr mines. As regards railways, the hours of labour of 
maintenance workers will be reduced from nine to eight 
in the day for the last quarter of 1930. During the 
same period hours in the repair shops will be 40 in 
the week. Although these restrictions increase the 
difficulties of management, the railway company has 
agreed to carry them out in the interests of the staff 
and in order to avoid increasing unemployment. At 
the end of the year it will examine, in concert with the 
workers’ unions, the measures to be taken if further 
reductions of staff become necessary. 





In the Ruhr, the miners’ associations are asking for 
the introduction of the seven-hour day for underground 
workers in place of the eight-hour day, consisting of 
seven hours plus one hour overtime, which is at present 
in force. Until 1923 the working day was seven hours 
for underground workers. It was lengthened at the 
time of the stabilisation of the mark in order to make it 
possible to reach the pre-war level of production. This 
level has now been exceeded, and in spite of a marked 
reduction in the number of workers employed, the out- 
put in certain districts is 50 per cent. higher than that of 
1913. The miners’ representatives have for a long time 
demanded the seven-hour day, but the termination of 
the agreement relating to overtime was largely due to 
the present severe unemployment. 





Quite recently, a single mine, the Gute Hoffnung- 
shiitte, Oberhausen, dismissed 1,250 persons. Several 
smaller mines have closed down altogether, and it has 
been proposed to suspend working in the Germanic 
mine, which belongs to the Vereinigte Stahlwerke 
and employs 1,450 workers «nd 68 salaried officials. 
Statements communicated to the Press by the employers 
show that if present wages are to be maintained further 
restrictions will be inevitable. Production would then 
have to be concentrated in those undertakings which 
are relatively the best organised, while the less paying 
concerns would have to close down. It is estimated that 
such a measure would involve the dismissal of a further 
55,000 miners, and if these are added to the 68,000 
workers already discharged the total number of workers 
employed in the Ruhr district would fall to 270,000, 
as compared with 462,000 in 1913. 





The Red International of Labour Unions at its recent 
congress in Moscow passed resolutions defining the 





action which affiliated unions should take in the eco- 
nomic field. These are summarised in a recent issue of 
Industrial and Labour Information. While seeking to 
intensify the economic struggle on its political side, the 
revolutionary trade union organisations should, it was 
declared, defend more vigorously the immediate 
interests of the workers as regards wages and conditions 
of labour. They should take the lead in strike move- 
ments, and see that they kept pace with the masses. 
At the same time, they should struggle against the 
spirit of inertia. In the organisation of strikes, the 
essential point was that the directing body, whether a 
strike committee or a fighting committee, should be 
elected by the majority of the workers. The revolution- 
ary trade unionists should remain in close touch with 
the masses and should seek to keep the strike committee 
going and compel it to render to the strikers a regular 
account of its mission. The fighting committees, which 
were the chief means of combining the workers, should 
become the basis for the establishment of the united 
front among the workers within undertakings. 





Before appointing fighting committees, which in 
times of strikes, should serve as strike committees, a 
vigorous campaign should, the summary proceeds, be 
conducted within the undertakings in order to unmask 
the proceedings of the reformists and to establish an 
atmosphere of sympathy with and confidence in the 
revolutionary trade union organisations. They should 
pay the closest attention to the organisation of un- 
employed persons, and should take special care that the 
unemployed persons did not become separated from 
workers in employment and strikers. The system of 
financing strikes should be improved by the constitution 
of effective fighting funds. The co-operative movement 
should come to the aid of strikers by providing them 
with free food. In each individual case, a careful 
study should be made of the possibility of organising 
sympathetic strikes and of giving greater importance to 
economic conflicts by means of suitable political slogans. 





The August issue of the Monthly Review of the 
United States Bureau of Labour Statistics contains 
an interesting article entitled ‘‘ Holiday Observance 
in Collective Agreements.” Holiday observance is 
provided for, the writer says, in practically all the 
collective agreements, received by the Board, but the 
provisions vary not only as between trades, but also 
particular localities in the same trade. In many of the 
trades there is no reduction in the pay of employees 
for the holidays observed. In other trades, such as the 
building trades, if no work is performed on the holiday 
there is no pay for such day ; where work is performed 
the pay for the day is at the rate of one and one-half, 
double, or treble time. A large number of agreements 
prohibit work on holidays ; others permit holiday work 
when it is necessary to protect life or property. Agree- 
ments in the printing trades usually provide for a 
reduced number of hours’ work on holidays, with a full 
day’s pay for the stipulated number of hours. In a 
number of other trades the agreements of some firms 
provide for observance of holidays with pay, while 
those of others, in the same locality and trade provide 
that there shall be no compensation unless work 
is performed on the holiday. The observance of 
holidays without reduction in the regular pay is most 
general in agreements of bakers, barbers, brewery 
workers (mineral water, &c., workers), retail clerks, 
fur workers, cloth hat and cap makers, clothing workers, 
tailors, meat cutters, and teamsters and chauffeurs, 
The provisions for holidays with pay vary as regards the 
number of days to be paid for, the compensation when 
work is performed on such days, and in some trades 
the conditions under which work is permitted. 





The number of paid holidays varies, it is stated, 
from three to thirteen, the larger number occurring 
in States having a larger number of legal holidays and 
in places where all the Jewish holidays are observed. 
The most generally observed holidays are New Year’s 
Day, Lincoln’s Birthday, Washington’s Birthday, 
Memorial Day, Fourth of July, Labour Day, Thanks- 
giving, and Christmas. In a few agreements, Columbus 
Day, Patriot’s Day, Armistice Day, Election Day, 
Good Friday, and May Day are included in the holidays 
to be paid for. There are 13 Jewish holidays; but 
this number is not always included in the agreements 
observing Jewish holidays. A large number of these 
agreements prohibit all work on holidays, while others 
will permit work on such days under certain condi- 
tions. In a few agreements it is provided that em- 
ployees shall work, without pay, a stated number of 
hours of overtime on the day preceding a holiday, 
others provide that if the holiday falls on Saturday or 
Monday, when to close the establishment would work 
a hardship on the employer, the employee will be 
given another day off, with pay. In other trades where 
it seems necessary that work shall be performed on 
each day of the week, the agreements provide for the 





minimum amount of work necessary on the holiday 
with a full day’s pay for such time. 





According to a report published by the Japanese 
Bureau of Social Affairs, there were 728 disputes, 
involving 76,791 workers during the first half of the 
current year. This,is a large increase as compared 
with the figures for the corresponding period in 1929 
and 1928, when there were, respectively, 485 disputes 
involving 61,267 persons, and 371 disputes involving 
39,217 persons. The largest number of disputes was 
reported in the machine and tools industry (190), 
followed by the chemical industry (127), the textile 
industry (96), transport undertakings (76), and civil 
engineering and construction (42). The increase in 
the number of disputes is attributed to the depression 
which has been a feature of recent years. In the 
present year, the depression has been intensified to an 
unprecedented degree, as a result of the policy of 
deflation adopted by the Government. Many factories 
have closed their doors, discharged workers or reduced 
wages, and these measures have been responsible for 
many of the disputes. Hitherto, disputes were most 
frequent in small industries, which were more sensitive 
to depression, and in which it was relatively easy to 
organise strikes. This year, however, disputes have 
taken place in the large industries, which have begun 
to feel the effects of the depression. 





The statistics show that 226, or 31 per cent., of the 
disputes arose in connection with the discharge of 
workers, either as a protest against dismissals or in 
support of demands for the reinstatement of discharged 
workers, the establishment of a discharge allowance 
system or an increase in the amount of discharge 
allowances. Questions of wages constituted the other 
principal cause of disputes; 180, or 24 per cent., of 
the disputes arose out of opposition to reductions of 
wages, 66 out of demands for the payment of wages 
in arrears, and 55 out of demands for increases of 
wages. Opposition to the closing of factories and 
demands for the payment of wages during periods of 
suspension of work or for the improvement of methods 
of wage calculation were also reported among the causes 
of disputes. Demands of a positive nature, calling 
for the reduction of hours of work, more rest days, the 
establishment of welfare works, or the improvement 
of factory accommodation, which were common during 
the period of prosperity, were almost negligible during 
the present year. 





At October 20, the number of persons on the registers 
of employment exchanges in Great Britain was 1,513,916 
wholly unemployed, 581,137 temporarily stopped, and 
104,235 normally in casual employment, making a total 
of 2,199,288. This was 10,616 more than a week 
before, and 984,794 more than a year before. Of the 
total number, 1,582,342 were men, 58,741 boys, 
507,056 women, and 51,149 girls. 





Four unions are interested in plans which have been 
formulated by the London Trades Council for the 
organisation, into one group, of unions of every type 
of cinema employee. The four unions are the Elec- 
trical Trades Union, the Musicians’ Union, the Film 
Artists’ Guild, and the National Association of 
Theatrical Employees. They have already agreed 
to the proposals in principle, and arrangements are 
being made for a mass meeting to inaugurate the 
new organisation. According to Mr. Wall, the secre- 
tary of the London Trades Council, the aim of the 
movement is to get standard wages and conditions, 
graded according to the size of particular cinemas, 
which would be, he believes, in the interest of not 
only the employees, but also the proprietors themselves. 
Wages and conditions, in his opinion, need considerable 
alteration. 





At a congress of the International Stone-Workers 
Federation a resolution was adopted, protesting against 
the employment in stone and granite quarries of workers 
who were not qualified to use explosives, declaring that 
the majority of mine accidents were caused by the use 
of unskilled labour, and demanding that a miner’s 
certificate should, in future, be required from all quarry 
workers obliged to make use of explosives, and that 
health and safety delegates should be appointed in the 
quarries with the same powers as those possessed by 
miners’ delegates. A copy of the resolution has been 
sent to the International Labour Office. 








Tue Moror ExuHisiTion aT OLtyMPIA: ERRATUM.— 
We regret that under the illustration of the Trojan car 
shown recently at Olympia, given on page 494 ante, 
this was described as a 12-h.p. model. As stated in 
the description of the car, the engine is a four-cylinder 
unit with a cylinder bore of 24 in.; the R.A.C. rating Is 





therefore 10 h.p., and the tax 10/. 
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ROAD-SURFACE EXPERIMENTS. 


WuiteE the majority of accidents to road vehicles 
arise from errors of judgment on the part of the drivers 
concerned, the most skiful driver may occasionally find 
himself in difficulties when the wheels of his car en- 
counter a treacherous surface. It is not always possible 
to detect the presence of such surfaces before the wheels 
are actually upon them, and once wheel grip is lost, a 
bad skid may occur at quite a moderate speed if it 
becomes necessary to brake the car owing to an un- 
expected obstruction, such as a child running across 
the road. While a skid can often be corrected by a 
skilful driver, the operation requires considerable space, 
and if this is lacking, owing to the presence of other 
vehicles, a collision may be inevitable. It is therefore 
of considerable importance that surfaces lacking in 
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| 
wheel adhesion, under any normal climatic condition, | 
should not be laid down, and as we have previously | 
stated, the Ministry of Transport is giving careful | 
consideration to this question. At the moment, the | 
Ministry is investigating the relative value of a variety | 
of surfaces from the points of view of cost, wearing, and 
non-skidding properties, and a length of road on the 
Kingston By-pass has been devoted to experimental 
work in this direction. 

This work has been planned by the Technical 
Advisory Committee on Experimental Work of the 
Ministry of Transport, in collaboration with the 
County Engineer of Surrey County Council, the Asphalt 
Roads Association, the British Road Tar Association, 
and the Road Emulsions and Cold Bituminous Roads 
Association, Limited. Eleven test sections have been 
laid, incorporating different methods of modern road 
construction. In view of the fast nature of the traffic, 
it was decided that sections should measure not less than 
220 yards in length. Whilst the work has been in pro- 
gress, the processes of manufacture have been watched, 
and checked against the specifications submitted, and 
careful observation has been kept of all details which 
might affect the life of the materials. Samples of 
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the ingredients and of the mixed materials have been 
taken and are being examined and tested at the 
Harmondsworth. 


Ministry’s Experimental Station, 
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TABLE I.—ExPerRIMENTAL Roap Sections oN Kineston By-Pass. 
Section Thickness of | Method of | Method of providing 

No. | Type of Surface. | Surface (in.) | Consolidation. Roughened Surface. 

1 Single-coat steam-rolled asphalt, slag 2 | 12-ton, 3-axle, petrol | Stone content when rolled gives 

and sand aggregate | roller roughened surface. 

2 Single-coat steam-rolled asphalt in accord- 3 6-10 ton steam roller | Pre-coated chippings, see B.S.S. 

Poy with B.E.S.A. specification No. | | $42, para. 7 (c). 

3 | Two-coat steam-rolled asphalt in accord- | Binder course 24 6-10 ton steam roller | oe 
ance with B.E.S.A. Specification No. | Wearing course 14 6-10 ton steam roller | Pre-coated 7} ee see B.S.S, 

2 342, para. 7 (¢ 

4 Compressed rock asphalt in accordance | Binder course 2} | 6-10 ton steam roller — 
with B.E.S.A. Specification No. 346, | Wearing course 14 Ramming with hand | Pre-coated chippings, see B.S.S. 

on binder course | , rammers | 342, para 7 (c). 

5 Mastic asphalt in accordance with B.E.S.A.| Binder course 2} | 6-10 ton steam roller | - 

Specification No. 346, on binder course | Wearing course 1} | By hand floats a a gee chippings, see B.S.S 
| | 346, para 6. 
Single-coat tar macadam, slag aggregate 3 8-10-ton roller 7 — 

7 — tar macadam, granite aggre- 3 | 8-10 ton roller oe! a with tar and chip- 

gate | pings. 

8 Two-coat cold asphalt, mixed hot, laid | Binder course 14 | 10-ton roller =e — 

cold | Wearing course $ 10-ton roller .| Chippings }-in. to ,4,-in. pre- 
coated with bitumen and 
| fluxing oil. 

9 Single-coat cold asphalt 2 10-12 tons, 3-wheel, | Material offers a roughened 
| steam roller mosaic surface without special 
| | | treatment 

10 Two-coat cold asphalt, mixed and laid Binder course 1} | 6-tonroller .. — 
cold | Wearing course # | 6-tonroller .. Material offers a roughened 


1 


| 11 | Single-coat cold asphaltic concrete 





Arrangements have been made to check the volume 
of traffic passing over the experimental sections by 
taking a traffic census every thirteenth day; vehicles 
travelling northward and southward will be recorded 
separately, and distinction will be made between 
pneumatic-tyred vehicles and those equipped with 
solid tyres. The finished surfaces will be inspected 
frequently, records will be made of the appearance and 
development of any defects which may occur, and full 
details of any repair works will be noted. Regular tests 
will be made to compare the resistance of the different 
surfaces to skidding under a wide range of weather 
conditions. 

The location of the sections is shown on the sketch 
plan annexed, and for the convenience of highway 
authorities and other interested persons who may wish 
to inspect the test sections, the limits will be indicated 
on the site by concrete markers. The leading parti- 
culars of the sections are given in Table I, on this page, 
while the authority or association responsible for 
laying the surfaces is shown on the sketch plan. 








THE HETEROGENEITY OF AN INGOT 
MADE BY THE HARMET PROCESS.* 
By Dr.-Ing. Ant. Kriz. 


THE paper given below is a report on the hetero- 
geneity of a nickel-chromium molybdenum steel 
ingot made at the steel plant of the Skoda Works at 
Pilsen, Czechoslovakia, by the Harmet method. In 
regard to the procedure of testing, it was the author’s 
wish to follow as closely as possible the scheme out- 
lined by the renowned Reports on the Heterogeneity of 
Steel Ingots presented during recent years by a com- 
mittee of the Iron and Steel Institute. The Harmet 
process is described fully in the paper on the compres- 
sion of steel during solidification in the ingot mould, 
presented to the Institute in 1902, by H. Harmet.t 

The installation for the Harmet process erected at the 
steel plant of the Skoda Works at Pilsen can be 
characterised by the following data. The inner section 
of the ingot mould is octagonal, with either plane or 
convex faces. The lower part of the ingot mould up to 
a height of from 900 to 1200 mm. (35:4 in. to 47-2 in.) 
(according to the size of the mould) has walls perpen- 
dicular to the base, the remaining part being conical. 
The taper is about 30 per mil. (0-4 in. per foot). The 
diameter at the base is from 1,050 mm. to 1,450 mm. 
(41-4 in. to 57-1 in.). The height of the ingot mould 
is from 4,270 mm. to 5,540 mm. (167-8 in. to 219 in.), 
and the compressed ingots weigh from 12 tons up to 
45 tons. The bottom plate of the mould fits freely into 
the lower cylindrical section of the mould, and can be 
moved upwards (or lowered) by means of the ram of a 
vertical hydraulic press with a plunger 1,270 mm. 
(50 in.) in diameter (see Fig. 1 on page 566). The 
upper section of the mould allows a top plate connected 
with the plunger of the upper press to be freely lowered. 
The latter plunger is 670 mm. (26-4 in.) in diameter. 
The top plate serves to exercise the necessary counter- 
pressure during the compression. The dimensions 





* Paper read before the Iron and Steel Institute, 
Prague, Czechoslovakia, on Monday, September 15, 1930. 
Abridged. 

+ See ENGINEERING, vol. Ixxiv, page 726 (1992). 


| surface without t.eatment. 
Hand roller, followed | Chippings spread before the 
by 6-8-ton roller | final set of the asphaltic- 


| concrete mixture. 


of the bottom and top plates are in accordance with the 
dimensions of the mould. 

The ingot mould is mounted on a solidly constructed 
bogie, through which passes the lower vertical ram. 
The bottom plate of the mould rests on the ram. In 
order that steel may be poured out of the ladle the 
mould is moved out from under the press on the bogie. 
After the casting of an ingot the mould is moved back 
under the press. The total height of the press is 
16,500 mm. (650 in.), the distance between the lower 
ram in the lowered position and the lifted upper ram 
being 7,900 mm. (311 in.). The maximum stroke of the 
lower ram is 1,330 mm. (52-4 in.), and that of the 
upper plunger is 2,400 mm. (94-5in.). The compressed 
ingot may have a height of from 2,000 mm. to 4,500 
mm. (78-8 in. to 177 in.). During the compression, 
the maximum pressure on the plunger of the lower 
cylinder that is attained is 790 atm.; that on the 
plunger of the upper cylinder is kept at 50 atm. The 
working pressure is produced by a_ three-piston 
hydraulic pump driven by-an electric 50-h.p. motor, the 
pump being combined with an accumulator. 

During the compression, the bottom plate moves 
upwards in the cylindrical part of the mould and forces 
the solidifying ingot into the tapered part of the mould. 
The top plate serves at the same time to exercise 
a counter-pressure and to resist the formation of a 
** head.” The compression being completed, the 
ingot is stripped by means of the upper plunger. The 
hydraulic pressure under the lower plunger is regis- 
tered automatically, while the pressure in the upper 
cylinder is indicated by a manometer. The pressures 
are regulated by valves. The movements of the lower 
and upper plungers are also automatically graphed 
against time. The pressure is so adjusted that the 
movement of the lower plunger may be uniform and 
progress along an empirical curve traced beforehand. 

he compression lasts, in accordance with the size of 
ingot, from four hours to seven hours. 

The casting temperature and the rate of teeming at 
the Skoda Works comply with the values normally 
used for the ordinary kinds of ingots. The compression 
is commenced from 15 minutes to 60 minutes after the 
end of teeming. This period depends upon the size 
of the ingot, its casting temperature, and its rate of 
pouring. The larger the ingot, the higher the casting 
temperature, and the higher the rate of pouring, the 
longer is the period of waiting. The cooling of the 
mould by water is commenced as soon as the teeming 
is finished, water being delivered at the upper portion 
of the mould and trickling down the hoops which 
encircle it. 

Production Data of the Ingot Investigated.—The steel 
was made in an acid open-hearth furnace of 35 tons 
capacity. The charge was made up of : 





9,100 kg. Swedish pig. 


26,130 ,, steel scrap with 1-5 per cent. of nickel. 
345 ,, nickel. 
340 ,, ferro-manganese. 

85 ,,  ferro-chromium. 
120 ,, ferro-molybdenum. 


The time from the melting down of the charge to its 
tapping was seven hours. The procedure of the whole 
process was normal. The chemical composition of the 
cast was determined by the analysis of a bar forged from 





the middle portion of a small test ingot of a total 
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weight of approximately 7 kg. The following was the | and ‘the final position of the compressed ingot in the 


analysis : 
Per cent. Per cent. 
Carbon 0-31 Sulphur 0-022 
Manganese ... 0°55 Nickel ... 2-09 
Silicon + BIS Chromium 0-41 
Phosphorus ... 0-028 Molybdenum 0-26 | 


The shape and dimensions of the ingot mould used 
in this case are to be seen in Fig. 2, on this page. The 
lower cylindrical portion of the mould was 1,070 mm. 





| ingot would be uniform at 800 deg. C. (1,480 deg. F.). 


varying in size from 60 sq. mm. to 220 sq. mm. 
(0-093 sq. in. to 0-341 sq. in.). The largest are in 
the uppermost quarter of the ingot height. 

Sulphur Print.—A sulphur print was taken on the 
section ground by hand. The photograph paper was 
soaked in a 5 per cent. solution of sulphuric acid. 
Finally, the ingot was left in the furnace to cool down | If the distribution of sulphur segregations be compared 
slowly. The shape and dimensions of the ingot are| with those met with in ingots of the same kind of 
to be seen in Fig. 2. The ingot was cut along its | steel and of the same size, cast in the usual manner 
longitudinal axis and the middle lines of opposite|in a mould with the upper section larger than the 


mould; they are shown by full and dashed lines 
respectively. After being stripped, the ingot was 
placed in a previously-heated annealing furnace, 
which was so fired that the temperature of the whole 





(42-2 in.) high. The remainder was tapered up to! faces. A sulphur print of the section was then taken. | bottom, it can be stated, according to the author’s 
the top. The taper was 30 per mil (0-4 in. per foot).| After being re-ground the section was etched for) experience, that: The A-segregations occur in the 
The mould was filled to a height of 4,170 mm.) primary crystallisation, and finally samples for chemical | Harmet pressed ingot only at a greater distance from 


(164-2 in.). For casting, a fireclay-lined tun dish, 
600 mm. (23-6 in.) in diameter at the top, was employed. 
The depth of metal in the tun dish was 700 mm. 
(27-6 in.). The diameter of the nozzle was 35 mm. 
(1-38 in.). The casting temperature at the end of 


| analysis in the form of drillings and of solid pieces | the ingot wall. 





It is evident that it is the result of 
were drilled out. The section showed the ingot to} the mould being encircled by iron hoops, and of its 
be quite free from pipe. being intensively cooled by water. The A-segregations 

Primary Crystallisation.—The designation “‘ primary | reach as far as the axis of the Harmet pressed ingot. 
crystal”’ is given here with a certain reserve, as it is} The central channel-like segregation seen in the 


teeming, measured by an optical pyrometer, was| difficult at the present moment to say whether the| ingots cast in the usual manner is not observed. 


Fig.3. 


THE HARMET PRESS. 
(DIMENSIONS IN "Ym.) 


Fig.1 
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1,375 deg. C. (2,507 deg. F.) uncorrected. The period 
of casting lasted altogether 40 minutes, the average 
pouring rate being 0-835 ton per minute. The ingot 
weighed 33-409 metric tons. 

The compression was commenced 35 minutes after 
the end of teeming. During that period of waiting 
the mould was cooled by water. The cooling required 
5 cu.m. (1,100 gallons) of water. After that the com- 
pression was commenced, lasting, in all, seven hours. 
The maximum final pressure was 550 kg. per square 
centimetre (8,000 lb. per square inch). The total 
amount of cooling water used was 55-7 cu. m. (12,260 
gallons). The procedure during the compression is 
well illustrated by Fig. 3. The diagram shows the 
way in which the pressure had to be regulated in 
order that the lower ram should rise in accordance with 
the given full curve, and the upper ram according to 
the dashed curve. The curve representing the pressure 
is shown by a dot-and-dash line. On the diagram the 
abscisse represent the time in hours and minutes. 
The pressure ordinates are given in kilograms per square 
centimetre, and ordinates representing the movements 
of the lower and upper rams are given in millimetres. 
A close study of the curves giving the movements of 
the lower and upper plungers reveals the differences 
between the rates of movement of both plungers 
during the same time intervals. These differences 
between the rates of movements are due to the forma- 
tion of the ‘“‘ head”? and to the pressing of the steel 
into the space which would otherwise be the pipe of 
the ingot. 

The figure showing the mould also gives the 
position of the original level of the molten steel, 





2. THE MOULD FOR THE INGOTINVESTIGATED. 
(DIMENSIONS IN Ym) 
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crystalline structure, revealed by etching, is actually F H i if 
a primary crystal or whether it was preceded by a i | ' lI 
5 crystal. The boundaries between the columnar | oe i ad 
and granular crystals are shown in Fig. 4 by dashed i ot 60 » Po 
lines. By ‘columnar crystals” are denoted those 1 : H 
crystals in which one dimension considerably pre- YA 
dominates. The “‘ granular crystals”’ are those, the a 
sections of which, are more or less equiaxial polygons. \ 
In the middle of the bottom near the cooling plate - 
the thickness of the columnar zone is oaly 80 mm. z 











(3-15 in.). It increases towards the lateral faces of 
the ingot, so that in the outer half of the radius of | 
the base it amounts to 150 mm. (5-90 in.). The} 
thickness of the columnar zone at the lateral sides of | The V-segregations, typical in the central zone of the 
the ingot is about 180 mm. (7-09 in.). This thickness | ingots cast in the usual manner, are not formed. 
of the columnar zone remains the same half-way up| The funnel-like contraction of the residual molten 
the ingot. In the upper half of the ingot it increases | steel is here counteracted by the artificial compression. 
towards the head from 300 mm. to 360 mm. (11-8 in.| The thick horizontal segregation under the head, 
to 14-2in.). At the bottom and the top the orientation evidently due to the compression, is typical. A further 
of the crystals is perpendicular to the edge. At the| typical segregation is in the upper quarter of the 
walls of the mould the crystals are inclined upwards, | ingot. These segregations run parallel to the side 
forming with them an angle of from 77 deg. to 66 deg. | wall. This case is evidently not the usual one, but 
The angle decreases towards the head of the ingot. ‘represents a row of isolated segregations partly 
The largest columnar crystals are the vertical! deformed by compression. 
crystals at the head, their sectional area being on| Chemical Composition—The axial section was 
an average 1,100 sq. mm. (1-705 sq. in.). The smallest | drilled for samples for chemical analysis. Altogether 
granular crystals are at the bottom in the layer in| 89 samples were analysed. The places from which 
proximity to the layer of columnar crystals; their|the samples were taken formed a regular network. 
sectional area is 6 sq. mm. (0-009 sq. in.). Another|'The border rows were 68 mm. (2-68 in.) from the 
zone of small granular crystals lies along the axis | side edges, 90 mm. (3-54 in.) from the bottom edge, 
in the second quarter of the ingot height, their sectional | and 150 mm. (5-91 in.) from the top edge. In each 
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area being 10 sq. mm. (0-016 sq. in.). The remaining | horizontal row seven samples were taken at equal 
zones of granular crystals are composed of crystals’ distances from each other. 


The distance between 
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the horizontal rows was 275 mm. (10-8 in.). The 
lowest row was curved towards the bottom, the 
uppermost one towards the top, all the others being 
straight lines. With regard to the taper of the ingot, 
the distance between the positions of samples in the 
lowest horizontal row was 200 mm. (7-87 in.), while 

Fig. 5. 
DISTRIBUTION OF CARBON. 
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Fig. 7. 
DISTRIBUTION OF SULPHUR 





0.020 
[Wn 49 * OGY FF 
O07 008 0M" 
” 0007 * 0037 ~ O05 ~ 
Pa9 0022 0022 00M 
0.020 0020 0018 * 
Y08 0019 | 0022 008 
007 ~ 0020" 0019 ~ 
bog 0018 0017 00/7 
0020 * 0-023" 008 
006 00/8 008 O08 
0-018 ~ 0020 0-019 © 
DO 00 | 00RS 00k 
002! 0020 008 
002! 0022 002 ong 
09 * 00/9 * 0022 
pao 0-02! 006 
0020 “ 0022 00M 
008 0017 0020 0020 
0020 “ 0-020 0-016 ” 
P02) 006 0018 007 
“0019 ~ 0017" owe ~ 
P08 008 0017 0u8 
O05 "006 ~ O06 
.0:020 00/8 


2 0020, 
020 2” Ob: 520 "0" 9 











in the top row it was 172 mm. (6-77 in.). 


obtained are summed up in Table I, and those for | percentage calculations instead of the “ 
in| because an arithmetical 
guarantees better the average values of the analyses. 





carbon, phosphorus and sulphur reproduced 
Figs. 5, 6 and 7 above. 
Tams 5 
aso enna a ee 
Average Lowest Highest 
Element. Value. Value. Value. 
Per cent. Per cent. | Per cent. 
Pee 
Carbon 0-30 0-27 | 0-48 
Manganese 0-55 0-53 0-58 
ilicon 0-17 0-16 0-20 
Phosphorus 0-031 0-026 0-058 
Sulphur 0-019 0-017 0-037 
Nickel 2-07 2-03 | 2-09 
Chromium : 0-40 0-39 0-43 
Molybdenum > 0-25 0-2 0-27 


“In Table I the lowest ar the highest valuee for | 
each element found by analysis are given. The average 
values given in the table have been calculated on the 





The results | arithmetical averages were taken as the basis for the 


| 


ENGINEERING 





567 








basis of the arithmetical averages of all the values 
found. Those average values were then taken as a 
basis for calculating the total percentage differences 
within which the analytical values of each element 
varied, the greatest negative and the greatest positive 
percentage differences being estimated as well. The 


Fig. 6. 
DISTRIBUTION OF PHOSPHORUS 
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DISTRIBUTION OF SILICATES 
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melt ” analyses, 
average of 89 samples 





Taste ITI. 
Sample | SiO2. FeO. MnO. 
No. | Per cent. Per cent. Per cent. 
6 71-8 4:5 10-4 
12 69-7 9-1 10-2 
15 71-0 4-4 9-8 
25 73°4 10-1 4-9 
46 67-7 7-4 16-5 
17 75-6 8-0 11-9 
88 | 83-7 4-6 5-4 





With aaa to the distribution of individual 
elements which show strong segregation, & minimum 
of phosphorus and sulphur is to be seen at the axis 
of the ingot. The position of these minimum segre- 





gations, however, appears nearer the bottom of the 
ingot than it does in the case of ingots cast in the 
usual manner. A clear maximum of carbon, phosphorus 
and sulphur is found at the positions of the character- 
istic sulphur segregation under the head. This 
segregation has already been referred to above in 
discussing the sulphur print. 

Silicate Inclusions.—Silicate inclusions were deter- 
mined by the modified Stead-Dickenson method. 
The results of analysis are shown in Fig. 8, on 
this page. In all, 65 determinations were carried 
out. The arithmetical average was calculated to be 
0-021 per cent. The minimum content was deter- 
mined as 0-013 per cent., and the maximum as 
0-047 per cent. Large amounts of silicates were 
determined at the ingot axis just at one-quarter of 
the ingot height from the bottom (0-033 per cent.), 
and also near the head in the top layer (0-039 per 
cent. to 0-047 per cent.). Some of the residues were 
analysed. The analysis of such minute quantities 
is very difficult, and the results should be taken as 
approximate only. The results are given in Table III. 








CATALOGUES. 


Electric Light Fittings.—Messrs. Korting and Mathiesen 
Electrical, Limited, 711, Fulham- road, ondon, 8.W.6, 
have sent us a priced list of their “ Steelopalite ” ’ diffusing 
reflectors, which are especially suitable for printing works, 
drawing offices, &c. 

Lubricant.—Messrs. Bell’s Asbestos and Engineering 
Supplies, Limited, 157, Queen Victoria-street, London, 
E.C.4, have sent us a circular describing Graphol, o 
graphite lubricant and dust solvent, which, it is claimed, 
will not attack metal, paint or cellulose. 

Instruments.—A leaf catalogue showing a room-type 

temperature recorder and a recording psychrometer, 
with specifications and prices, is to hand from Messrs. 
Drayton Regulator and Instrument Company, Limited, 
West Drayton, Middlesex. A descriptive catalogue has 
also been received relating to their M.S. automatic tem- 
perature regulator, including a water-operated model for 
use where air pressure is not available. 
Limited, Mount- 
street, Manchester, have issued a pamphlet containing 
a detailed description of their water-tube boiler with 
multiple drums and water-wall combustion chamber. 
Some of these boilers are in service at municipal power 
stations and in Welsh and Yorkshire collieries. The 
claims for improvement centre mainly on improved cir- 
culation and more equable heating, but also on the greater 
heat-storage capacity provided in the design. 

Ropeways.—A good description of the Bleichert aerial 
two-cable ropeway is = in a catalogue to hand from 
Messrs. Transporting Machinery and Engineering — 
pany, Limited, 76, Victoria-street, London, 8.W. 
The principal working pasts are described, and barn 
examples are illustrated sufficiently to indicate the 
conditions in which this mode of conveyance is applicable. 
Improvements in the loading and tipping gears, with 
automatic or semi-automatic action are dealt with. 

Graphite.—A clear and fairly stated description of the 
useful qualities of graphite is given in the preface to a 
catalogue of graphite manufactures received from Messrs. 
Graphite Products Limited, 220, Queen’s-road, Battersea, 
London, 8.W.8. The list of graphite products is extensive, 
including lubricating oils and greases, and preparations 
for belt and rope dressing, electric batteries, boiler clean- 
ing, brazing, gland packing, pipe jointing, polishing, heat- 
resisting, paints, &c. All are of British manufacture. 

Street Lighting —A new catalogue, to hand from 
Messrs. Holophane, Limited, Elverton-street, Vincent- 
square, London, 8.W.1, gives full particulars, with 
charts, of the lighting effect of their refractor glassware 
including various typ2s, described as bowl, dome, band 
and pedestal, and of lanterns, lamp standards and 
brackets. A table of calculations for three systems of 
layout of street lights, showing the height, spacing and 
other data, for various types of refractors, is also given. 

Boilers.—Messrs. Joseph Foster and Sons, Limited, 
Preston, Lancs., have sent us a copy of their catalogue of 
boilers, mountings, feed pumps, and steam line fittings. 
The boilers are of the Lancashire, Cornish, dry-back 
and waste-heat types, and the firm is now supplying 
batteries of the first-mentioned type for normal working 
pressures of 250 lb. per sq. in. There are many useful 
boiler data and tables in the catalogue, and the matter 
relating to waste-heat boilers and dry-back boilers is of 
considerable interest. 

Electric Radiators.—We havé received a catalogue of 
electric radiators from Messrs. The Morgan Crucible 
Company, Limited, Church-road, Battersea, London, 
S.W.1l. The elements, which are non-luminous, are 
made of ceramic material in the form of plates which are 
enclosed in the usual open screens or fixed bare at a short 
distance from the wall or ceiling. The resistor embedded 
in the plate is a graphite ribbon. The heaters can be 
supplied in a choice of colours. A further catalogue of 
suitable heat control apparatus is also to hand. 


Oil Engines.—A special catalogue of the Brotherhood- 
Ricardo high-speed oil engines is to hand from the 
makers, Messrs. Peter Brotherhood, Limited, Peter- 
borough. The normal speed is 900 r.p.m., which may 
be increased to 1,000 r.p.m. for the direct driving of 
alternators. The engine is suitable for the direct drive 
of fans and pumps, as well as alternators. It has also 
been applied successfully to Diesel-electric locomotives 
and for generating current for excavators and other 
machines in which several driving motors are employed. 
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THE CAMBRIDGE GIANT PRESSURE |is effected, and the necessary power supplied from an | 


external source, by the employment of an interesting 
GAUGE. ; and ingenious form of relay, the principles of which | 
Tue fact that modern boiler plant is operated at | may be explained with reference to Fig. 3. It should 
higher pressures than was formerly the case, and that | be pointed out, however, that this figure illustrates the | 
the working pressure must be maintained constant | mechanism in a purely diagrammatic manner, and does | 
within close limits, has led to the demand for a gauge | not represent the actual construction of the instrument. 
which will‘indicate small variations from the mean | Some of the differences will be obvious on comparing | 
pressure on a comparatively large scale. Evidently | the diagram with Figs. 4 and 5, and others will be | 
this is impracticable in an instrument having a scale | referred to later. | 
extending over the whole range from zero to the, Power for operating the gauge is obtained from a/| 
maximum, so that one with a set-up scale, i.e., a scale | spring-controlled oscillating motor A, Fig. 3, in which 
covering only a short range above and below the normal, | two electromagnets are mounted in a swinging frame 
must be employed. It is also desirable that the | with their inner poles close to a fixed soft-iron armature | 
instrument should be capable of being read accurately | B. As the frame swings, a push rod C connected to it | 
from a considerable distance, and it will be an important | closes a contact D once during the course of each | 
additional advantage if it can also be provided with | complete oscillation, and by this means current from a | 
means for calling attention to any pressure variation | 12-volt accumulator is supplied to the electromagnets, 
above or below the prescribed limits. A gauge which | thus maintaining the oscillations. The push rod C, 
appears to meet all these desiderata in a particularly | while closing the contact D, also operates a chopper | 
effective manner has recently been designed and con- | bar E, mounted above the inner ends of two levers F, F), 
structed by Messrs. The Cambridge Instrument Com- | pivoted at G, G,, the outer ends of these levers being 
pany, Limited, 45, Grosvenor-place, London, S.W.1. | hinged, as shown, to two rods H, H,. The upper ends 
It is appropriately described as the Cambridge giant | of the latter are connected to two levers K, K,, turning 
pressure gauge, being provided with a double-faced | freely on a shaft L and carrying friction pawls which | 
dial 3 ft. in diameter, covering a range from 225 lb. to | engage with the inner surface of the flange on a disc M 
275 lb. per square inch, in ‘he case of the standard | fixed to the shaft L. It will be understood that, with 
instrument, though other ranges can, of course, be | this arrangement, if the inner end of the lever F is 
provided for. depressed, the flanged disc M will be moved round in a | 
The instrument is shown in position in a boiler house | clockwise direction, while the effect of depressing the | 
in Fig. 1, on this page, and Fig. 2 illustrates it on a | inner end of the lever F, will be to turn the disc M in an 
larger scale, while Figs. 3, 4 and 5 show the operating | anti-clockwise direction. 
mechanism, which we propose to describe in some detail.| The depression of the levers F, F, is effected by the | 
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in a clockwise direction. As the indicating pointer is 
connected to the shaft L, an increase in pressure will 
be shown on the gauge. A fall in pressure, by moving 
the pin N to the right, will cause the lever F to be 
depressed by the chopper bar, and the reduction in 
pressure will be indicated in the same way, while, if 
no change in pressure occurs, the pin will remain in 
the central position in which neither of the levers 
F, F, is depressed, so that no movement of the 
pointer occurs. ; 

It will be obvious that, to bring the gauge pointer to 
rest after a change of pressure has been indicated, some 
means must be provided to restore the pin N to the 
central position independently of the Bourdon tube. 
For this purpose, the upper end of the light lever P 
is connected by a link to a follower Q, the lower end of 


| which is pivoted about a fixed point, while the upper 


end is drawn by a spring into contact with the edge of 
a snail-shaped cam mounted on and rotating with the 
shaft L. Thus, when the shaft is rotated in a clock- 
wise direction to indicate an increase of pressure, 2 
part of the cam having a smaller radius is brought into 
contact with the end of the follower, and the latter 
moves to the left under the action of the spring. 














We should first explain that a Bourdon tube is employed | chopper bar E, through the medium of a pin N, the | Consequently, the lower end of the lever P, carrying the 
for the actual pressure measurement, but it will be | position of which is controlled by the Bourdon tube. | pin N, is moved to the right, bringing the pin to the 
evident that, since the pressure range of 50 1b. per square | The free end O of this tube is connected to a light | central position when the rotation of the pointer 
inch is less than 20 per cent. of the maximum, the small | lever P, the upper end of which, for the moment, may | ceases. ; . . 

movements of the tube must be greatly magnified. | be regarded as fixed, while the lower end carries the| Referring now to Figs. 4 and 5, it will be noticed 


This, however, cannot be effected by a simple lever| pin N previously referred to. An increase in the| that the oscillating motor is mounted on the same 
system, since the power available would be insufficient | steam pressure will thus move the pin N to the left, 
to move the large and comparatively heavy parts|so that the chopper bar will depress the end of the 
Actually, the magnification | lever F and rotate the flanged disc M and shaft L | it. 


axis as the flanged disc and snail-shaped cam, the latter 
being visible in Fig. 5 with the follower in contact wit h 


quickly and accurately. The motor is started by pulling a chain, which 











sai sia NO SE 





pane 


Soar 




















OcT. 31, 1930.] 











ENGINEERING. 








RELAY-OPERATED PRESSURE GAUGE FOR BOILER HOUSES. 


CONSTRUCTED BY 


MESSRS. THE 


CAMBRIDGE INSTRUMENT COMPANY, 


LIMITED, ENGINEERS, LONDON. 





























Fia. 4. 


hangs from the bottom of the instrument. The Bourdon 
tube and its connections can be seen in both figures, 
the light lever, lettered P in Fig. 3, being most clearly 
shown in Fig. 5. It should be pointed out, however, 
that the pin N, in Fig. 3, carried by this lever, is moun- 
ted at the end of a light horizontal rod extending from 
the lever at right angles. The pin itself can be seen 
in the right-hand bottom corner of Fig. 4, between the 
chopper bar and one of a pair of short arms carried by 
two horizontal shafts which correspond to the pivots 
G, G, in Fig. 3. The push rod operating the chopper 
bar from the oscillating motor is cranked, as shown in 
Fig. 4, to give it a certain amount of resilience, and 
close to it will be seen the contacts through which 
current is supplied to maintain the oscillations of the 
motor. 

The mechanism for rotating the flanged disc corre- 
sponding to the levers K, Kj, rods H, H, and levers 
F, F,, in Fig. 3, can be followed in Fig. 5 without 
explanation, the silent pawls engaging with the inner 
surface of the flange being just distinguishable in that 
illustration. Two stops, mounted on pillars cast 
integrally with the frame of the instrument, are pro- 
vided to limit the downward movement of the levers 
and their connections. Attention may be called to 
the two wipers visible in Fig. 5, the object of which 
is to make electrical contacts for operating visual or 
audible signals when the pressure rises above or falls 
below the prescribed limits. In this case, lamps are 
lighted behind the red and green glass discs let into the 
lower part of the dial and represented by the black 
circles in Fig. 2. The red light shows when the pressure 
exceeds the normal and the green when it has fallen 
below by an amount chosen to suit the requirements 
of the particular case. Signals can be given within 
+ Ib. per square inch on either side of the normal 
pressure. 

It may also be mentioned that, although an in- 
dicating pointer is shown in Fig. 3, mounted on the 
main shaft L of the mechanism, in the actual instru- 
ment, two pointers, one for each dial, and both 
reading in a clockwise direction, are provided, these 
pointers being operated through bevel gearing and a 
vertical rod from the main shaft. This point will be 
understood on reference to Fig. 2, though the gearing 
is not actually visible in the illustration. 

To check its accuracy, the gauge can be com- 
pared with a standard instrument at any time, and 
means are provided to enable the former to be adjusted 
to correspond with the latter. As will be clear from 
Fig. 2, the dial readings can easily be taken to within 
3 lb. per square inch, and the makers state that the 
instrument is sufficiently accurate to justify the close- 
ness of these readings. 








THE CERAMIC SOCIETY. 


REFRACTORY MATERIALS SECTION. ° 


Tue Refractory Materials Section of the Ceramic 
Society held its autumn meeting at the Building 
Exhibition, Olympia, on September 22, 23 and 24. 
The Chairman, Mr. W. J. Gardner, presided, and was 
supported by a good attendance of members. 


Trensitze Tests or Bonpinc MATERIALS. 


The first paper, by Mr. J. H. Chesters and Mr. W. J. 
Rees, was entitled ‘‘The Application of Tensile Tests 
to the Study of the Bonding of Refractory Materials.” 
It dealt with the results of tensile tests on Austrian 
magnesite (dead burned), bonded with silicate of soda 
or boric acid, respectively, and on crushed silica brick 
bonded with dextrin alone, or dextrin plus boric acid, 
silicate of soda, borax, or soda glass, respectively. The 
tests were made after three days’ air drying and after 
burning at 1,000 deg. C., a standard cement-testing 
machine being used. Such tests give no indication as 
to strength at the burning temperature, but are useful 
for showing the strength of a body after burning. 
Higher burning temperatures—say, 1,600 deg. C.— 
would involve serious risk of cracking the test-pieces 
during the rapid heating and cooling in experimental 
work. 

It was decided to make apparatus in which burned 
or unburned materials could be heated up under 
tension, and their stability ranges determined. Such 
a test would have the same relation to the cold tensile 
test as the refractoriness under load test to the cold 
compression test. As far as possible, a straight-line 
rate of heating was maintained by rheostat control, 
and the curves, though strictly extension-time curves, 
are essentially temperature-extension curves. The 
curves obtained are all classified under four heads :— 
(1) The glass type. (2) The cracking or spalling type. 
(3) Gum type, some of which do not fail, whilst others 
do fail, owing to the burning out of the gum. (4) 
Expansion type. Tests with crushed silica brick were 
made, using as bond dextrin, sulphite lye, and after- 
wards mixtures of dextrin with silicate of soda, boric 
acid, or ball clay, respectively, these mixtures being 
used to extend the stability range. 

An ideal cement for use in a furnace should possess 
strength at all temperatures to which it may be exposed. 
A machine of the kind described in the paper seems 
well adapted for dealing with the problem of furnace 
cements. The stability ranges of various materials 
could be determined, and then, by proper blending, a 
material having a long stability range should be 
obtained. The tensile test may also be used as a rough 


unknown materials. The shape and dimensions of the 
expansion curve might serve to distinguish ganister 
from silica brick or fireclay grog. In order to obtain 
collapse curves on burned refractories under tension at 
high temperatures—which might throw some light on 
the problem of bonding—it is hoped that the much 
higher temperatures required may be obtained by 
using a small molybdenum-wire wound furnace. 


Grog. 


The next paper, read by Mr. C. R. F. Threlfall, was 
entitled ‘‘ Grog.” It was of quite exceptional interest, 
for, in a broad and critical survey, the author brought 
original ideas to bear on troublesome problems. He 
pointed out that grog was not the mere diluent of 
firebricks that it was usually considered to be, but that 
in super-refractories it formed the bulk of the brick, and 
that in lower qualities the percentage of grog kept on 
increasing. Mr. Threlfall defined grog as “‘ any material 
present in a wet batch in a non-plastic or comparatively 
non-plastic form,” adding that any definition of the 
word should “include not only previously burnt and 
inert clay, but also any non-plastic material or material 
with a lesser shrinkage, either in the drying or burning 
stages, than the plastic clay embodied in the brick.” | 

Most fractured firebricks showed numerous nodules 
having the appearance of grog. They were the burnt 
coarser portions of the green clay grind, which were 
practically non-plastic. The shrinkage of a Stourbridge 
brick fired to cone 8 occurred in about equal measure 
in the drying stove and the kiln. But the coarser non- 
plastic particles, not having absorbed any tempering 
water, could not shrink, so they must be regarded as 
grog, at least as far as the drying stage was concerned. 
Such particles were termed “ green grog” by the 
author. Considered as grog, the existence of these 
particles in bricks threw light on many puzzling 
experiences of manufacturers—the different bricks 
produced when similar clays were worked by different 
people, the difference in shrinkage of different batches 
of bricks, the cracking in drying of one batch of bricks 
and non-cracking of another batch, the failure in use 
of one particular lot when the bricks as a rule gave good 
service, and soon. Probably the one really uncontrolled 
factor was the day-to-day variation in the percentage 
of this green grog. A very slight alteration in the 
moisture content of the green clay going to the mill 
would largely affect the green grog percentage of the 
ground batch. Alteration in the speed or regularity 
of grinding would probably also have similar effects, 
and other contributory causes might operate. 

Faults of batch preparation, grinding, mixing, 
tempering, and pugging—invisible in a clay batch 





test for ascertaining something about the properties of 








—showed prominently in a highly-grogged batch. 
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A grog consisting of coarse sand or ground quartz 
could scarcely assist the drying of a wet brick in the 
same way as a porous grog from crushed firebricks. 
Grog bricks were, in general, harder than bricks made 
from green clay, and highly-grogged bricks were more 
resistant to spalling than green clay bricks. Thermal 
conductivity probably had much to do with the greater 
resistance to spalling, because of the more even size 
of the pores in grog bricks. Increased grog content 
implied reduced natural strains in the brick, and this 
was the main factor giving resistance to spalling. It 
was probable, also, that the average batch prepared 
for making highly-grogged bricks had a very much 
more uniform dispersal of water than a green clay 
batch. A highly-grogged brick consisted essentially of 
a grog (burnt or green), a bond clay, and a body clay 
or filler; all three might be of the same clay. The 
basis of the brick was the grog, and the only duty of 
the bond clay was to coat thoroughly every particle of 
grog, so that these particles would adhere on burning. 
The body or filler clay would do no more than provide 
the fine grades to fill up the interstices between the 
grog particles. These interstices might otherwise allow 
entrance to slags or gases, and would also form lines of 
structural weakness. The whole problem of making 
bricks with high grog content was to eliminate these 
interstices. 


(3) The atmosphere of the Hirsch type load-test 
furnace has been found to be oxidising. 

(4) At the temperatures at which these experiments 
were made (1,200 to 1,280 deg. C.) the action of steam 
appears to be negligible compared with that of a 
strongly reducing atmosphere. 

(5) The importance of taking into account the 
iron content of firebricks when considering the results 
of tests made under oxidising conditions becomes 
apparent. 

With reference to (2) above, the suggested tentative 
definitions of ‘ oxidising” and “reducing” were 
contained in the following sentences: ‘‘ An ‘ oxidising’ 
atmosphere is such that, at the temperature under 
consideration, FeO cannot exist in stable equilibrium 
with it but undergoes oxidation to a higher state, at 
least as far as the composition Fe,0,. Conversely, 
in a reducing atmosphere ferrous oxide (FeO) is the 
only stable oxide of iron. Provided that these defini- 
tions are used only in the present connection (they 
are not intended to apply to temperatures below those 
at which dissociation of ferric oxide occurs), they 
should help to avoid confusion.”’ 


DraTOMACEOUS EARTH. 


Mr. W. Hugill read the next paper, bearing the title 
|‘* Diatomaceous Earth. Part I. The Structure and 





standard rate of heating and soaking) was another 
accepted test of a refractory material. The so-called 
“absorption value’’ (volume of open-pore space 
indicated by quantity of liquid absorbed on immer- 
sion) after firing to a specified temperature was also 
important. 

Spalling tests were of limited use, and practical 
experience cast doubt upon their reliability for service 
conditions. Norton indicated that the tendency of a 
brick to spall was proportional to the coefficient of 
linear expansion. The coefficient, in most cases, varied 
with the temperature at which spalling occurred, and 
this had been found to he between 300 deg. and 
700 deg. C. Methods based on the study of the 
temperature gradient under known rates of linear 
flow of heat were readily applicable for approximate 
determinations (of heat conductivity) of practical 
value. 

With regard to the service test, in assessing the 
|factors which might contribute towards an increase 
|in the life of refractory materials there must be 
|accounted the supplementary effect of the external 
|sources of improvement: (1) furnace practice, (2) 
| technique in building, (3) care in handling of refrac- 
| tories, and provision for storage. With greater atten- 
| tion being paid to fuel economy, the loading, driving, 
| and general handling of the furnace came under more 





Any desired material, plastic or non-plastic, could | Properties of Diatoms in Heat-Insulating Materials.” | rational control, and there resulted from such practice 
be made into bricks without very much difficulty. | He said diatomaceous earth was also called diatomite, less wear and tear on brickwork. Speeding up generally 


Silica bricks had 98 per cent. non-plastic material 
with only 2 per cent. of clay bond. A technique of 
brick-making based entirely on the plasticity of the 
materials had been adopted as the basis of nearly 
all manufacturing processes dealing with non-plastics, 
and this fact had given rise to most of the troubles 
encountered. Faults which were obvious in 98 per 
cent. grog appeared also in bricks with not more than 
50 per cent. grog, though they might be masked by 
other circumstances. Mills that would grind, mixers 
that would mix, and pugs that would really produce 
a homogeneous article must be evolved. On the 
whole, manufacturing methods throughout the country 
were similar. The widest differences were in the 
preparation of the batch, where they were least 
noticeable, and in this direction study was necessary. 
Grog could be divided roughly into three main types— 
porous (calcined fireclays, broken firebricks, &c.), 
non-porous (sand, ground quartzite,  sillimanite, 
corundum, &c.), and “green grog.” As to grading of 
grog, proportions of 2 parts medium to 1 each of coarse 
and fine grain would generally answer fairly well. 
Porosity was very important. 

In the manufacture of highly grogged bricks the 
moulded brick would consist normally of a bond clay, 
a body clay, and grog, or even of grog mixed only with 
a body clay which would also act as a bond clay. The 
body clay was merely ground as fine as possible. The 
grog was also prepared and ground to the suitable 
grade, and was then soaked (to avoid the grog sucking 
the water out of the covering bond clay film afterwards). 
The bond clay should next be blunged, or, if no special 
bond clay was used, part of the body clay should be 
blunged. Proper quantities of slip and soaked grog 
should be put into another blunger and worked until 
every grog particle was coated with a film of bond- 
clay slip. The slip-coated grog was then mixed 
with the body clay (ground as fine as possible). Blunging 
was the cheapest and best way for dealing with a 
plastic clay. The author has found ball clays to 
give the best and simplest bonding medium. Unfor- 
tunately vitrification went on very rapidly at tem- 
peratures well below 1,000 deg. C. If the rapid 
vitrification point were 200 deg. C. higher, a better 
bond could hardly be wished for. 


Tue INFLUENCE OF ATYOSPHERE ON LOAD-BEARING 
Caracity. 

The third paper, read by Mr. H. T. S. Swallow, was 
entitled ‘‘ The Influence of Atmosphere on the Load- 
Bearing Capacities of Firebricks.” The five firebricks 
used in the experiments described were representative 
commercial samples from various localities. Reducing 
conditions were secured by pouring coal gas into the 
furnace from the top. Analyses of samples of furnace 
atmosphere under conditions similar to those existing 
during an underload test all sl owed absence of carbon 
monoxide and presence of free oxygen at temperatures 
up to 1,550 deg. C. The atmosphere of the load test 
furnace was probably always normally oxidising below 
this temperature. For a steam atmosphere, steam was 
blown into the furnace through two tubes. 

The author summed up the results of his work in the 
following :— 

(1) It is suggested that the influence of a reducing 


&e. The present paper was concerned with the 
structure of living and fossil diatoms. Diatoms were 
extremely small plants of very simple structure, but 
had the power—exceptional in the vegetable kingdom— 
of providing themselves with minute siliceous shells. 

In various parts of the world were found considerable 
accumulations of remains of diatoms, consisting almost 
entirely of the siliceous shells (or frustules, as they are 
called) mixed up with broken fragments of shells. 
Some diatomaceous earths offered for sale were so 
finely broken up that they were useless for making 
heat insulators. 

Works Tests ON REFRACTORIES. 

Mr. R. J. Sarjant read the next paper, on ‘‘ Works 
Tests on Refractories and Service Conditions.” This 
was another paper of unusual value. The investiga- 
tion was concerned with problems of special interest 
to steel works, but results of research work often find 
applications beyond the limits contemplated by the 
investigators. The paper dealt with the subject 
primarily from the point of view of the consumer. 
Requirements demanded of refractories varied widely 
in different types of furnace, and universal tests should 
cover normal refractoriness, refractoriness under load, 
and slag attack. 

The test for normal refractoriness measured only 
the action of temperature, rate of heating, and the 
atmospheric conditions. As service conditions involved 
simultaneous action of heat, pressure, and foreign 
impurities, there was seldom any direct connection 
between service conditions and normal refractoriness, 
but the latter was useful as a criterion of relative merit 
jas between different classes of refractories. Refrac- 
toriness under load was more important. It was a 
| fact of general experience that those refractories which 
give good under-load tests, provided a certain standard 
was reached as regards resistance to spalling and slag 
attack, give useful service in the crowns and arches of 
furnaces operating in the upper ranges of temperature 
for which such materials were suitable—namely, forge 
furnaces and certain types of melting furnaces. 

Slag attack, and more particularly slag erosion, 
combined with the influence of the furnace atmosphere, 
constituted, in most types of furnaces, a dominant factor 
in the normal wear of the refractory. A satisfactory 
slagging test would supply a useful indication as to 
'the economical value of the material. None of the 
| methods yet proposed had attained general acceptance, 
| primarily because no simulative test yet proposed took 
|into account the many variables of slag attack in 
| practice. Apparently there was need for the standardi- 
| sation of a series of tests to meet classified types of 
| service, such as penetration or solution tests for melting 
| furnaces, and powder erosion tests for flame furnaces. 
| Slag attack was not purely chemical action; important 
| physical factors were the porosity of the refractory and 
the viscosity of the slag. 

In ladle bricks, good service was due to a combination 
of factors: (1) the specific chemical resistance of the 
refractory to the chemical action of the slag, particu- 
larly as regards the character of the cementing matrix ; 
(2) the grading and resistance of the grog particles ; 

| (3) the value and nature of the porosity, the evidence 
| of smallness of size, and even character of. distribution. 








atmosphere on the behaviour of firebricks in use in| The most satisfactory ladle bricks had, in general, a 
high-temperature furnaces is apparent more in an fairly high apparent density (about 2), porosity about 
increase in the amount of contraction than in a reduc- | 16 per cent., a highly aluminous or bauxitic character, 
tion in refractoriness or load-bearing capacity. and a low content of fluxes. Unduly large pore spaces 


(2) Definitions of the terms “ oxidising’ and should be absent. 
The “ after contraction ’’ (the measured contraction 


observed on firing to a specified temperature at a 


‘* reducing,” considered in connection with the influence 
of furnace atmospheres on refractories, are suggested. 


| had the opposite effect as.regards refractories. Skilful 
| building, as well as the handling by the shop personnel, 
| had a value in determining the life of the refractory— 
| properly keyed arches, joints thin and evenly set, and 
proper allowances for expansion in brickwork and 
tie-bars. All these considerations increased the diffi- 
culties of obtaining truly representative service tests. 


REPEATED BurninG OF Lime-BonpeEp Sm1ca Bricks. 


The last paper, by Messrs. W. Hugill and W. J. 
Rees, was on “‘ The Effect of Repeated Burning on the 
| Structure and Properties of Lime-Bonded Silica Bricks. 
| Parts If and III.” In Part I the effect of 11 re-burns 
| on the mechanical strength, porosity, powder density, 
and structure of a batch of lime-bonded silica bricks 
had been described. Part II was concerned with the 
determination of the proportions of quartz, cristobalite, 
| and tridymite in the same bricks, and Part III with 
the determination of the reversible thermal expansions. 

There was a rapid fall in the proportion of unchanged 
quartz up to the third burning, but. in subsequent 
burnings, the rate of change was much lower. The 
tridymite content increased and the cristobalite content 
decreased rapidly up to the sixth burning, but this 
change also slowed down in subsequent burnings. After 
11 burns, there was still 7-9 per cent. by volume, or 
9-1 per cent. by weight, of quartz in the bricks. By 
extrapolation of the curve it was indicated that these 
bricks would have to be re-burned at least 20 times 
at the same burning temperature to invert the whole 
of the quartz. The results emphasise the importance 
of the high-temperature soaking period in the burning 
of silica bricks. 

The results of reversible thermal expansion deter- 
minations were shown by graphs. After one burn 
only, the change from one variety of quartz to the 
other was quite noticeable on the expansion curve, 
but after three burns the inflexion in the curve from 
this change was very small. The linear expansions 


were :— 
15 to 240 deg. C. 15 to 1,000 deg.C. 
Per cent. Per cent. 
One burn 0-73 1-152 
Three burns 0-74 1-130 
Six burns.... 0-75 1-104 
Twelve burns 0-49 0-840 








THE WORLD POWER CONFERENCE, 
BERLIN. 
(Concluded from page 505.) 

WE give below summaries of papers presented to 
Sections XVI and XXIX at the recent World Power 
Conference in Berlin. With these summaries we 
complete our survey of the valuable mass of papers 
presented at the Conference, having dealt with every 
Section, except two which covered subjects of legal 
rather than of technical interest. 


WatER-PowER RESOURCES. 


The papers submitted in Section XVI, “« The Water- 
Power Industry in Individual Countries,” although 
fairly numerous, were by no means comprehensive, 
and, we fear, do not help much towards the prepara- 
tion of a much-needed world survey. They were 
naturally mainly statistical, so that there is no point 
in attempting to summarise them, but among them 
were a few items which we believe to be of general 
technical interest. : 

Among these was Mr. M. E. Piaggio’s paper, entitled 
“Die Gezeiten als Kraftquelle in Argentinien.” It 
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was shown that the tidal range along the Atlantic sea- | similar commissions in other countries. It should be | possible, as the sale of current developed, to operate 
board of Argentina is very great, increasing towards | possible, by this means, to reach some measure of | plant at sea level up to a total base-load of 250,000 h.p., 
the south, and that the numerous indentations were so | uniformity without consideration of nationality, but it | with another 40,000 h.p. from the Mardola, and auto- 
promising that a National Commission was appointed, | was essential that these commissions should have the | matic minor plants of 11,000 h.p. on certain smaller 
in 1923, to study the possibility of power generation. | ultimate power of sanction, so far as new works were | streams. In view of the probable slow growth of 


In 1928, they reported favourably on the gulf of San | concerned. 


José, the area of which is 780 sq. km., while th 


power demand, it was proposed to carry out only the 


€| In discussing “ Die Wasserkraftnutzung der éster- | tunnel work in full, and to add the pipes and machinery 


mouth is 7 km. wide and there is a tidal range of | rischischen Donau mit Beziehung auf die internationale | as and when required. It was anticipated that ulti- 


4-5 m. at neaps and 8-2 m. at springs. 


fluctuation of 2-6 m. in the basin, there would be, 
for five hours during each six-hour tide period, an | and also to be a solution to the question of how far | 
available head of from 0-5 m. to 2:25 m. during neaps, | the prejudices of international shipping interests should | 


and more with spring tides, which are adequate fo 


With a| Schiffahrt,” the union of Austria with Germany mately it would be possible to sell in bulk at 0-4 to 





appeared to Mr. C. Griinhut-Bartoletti to be inevitable, | 0:5 dre per kilowatt-hour at the factories. 
INTERNAL-COMBUSTION ENGINES. 
To Section X XIX, “‘ Stationary Internal Combustion 


T | be allowed to restrict the development of the Danube | 


Kaplan-type turbines. It was found, however, that a | for the production of power. These interests claimed | Engines and Research Work in this Connection,” Mr. 
runner of 10-m. diameter at the lowest head would only | that power plants should not only not hinder navi- | Alan Chorlton contributed a “ Note on Heavy-Oil 
develop 232 kw., and, in the 7-km. breakwater dam, | gation, but must definitely improve it. If this restric- | Engine Research.’”’ In spite of his statement that it 


there would not be enough room to provide sufficien 


t | tion were removed, the 153-m. fall in the 343-km. length | must not be regarded as constituting a paper, it filled 


openings to pass the necessary quantity. Consequently, | could be arranged to generate a maximum total of | @ gap which, it is to be regretted, still exists in many 
a design was prepared with draught tubes, of two sizes, | 1,140,000 h.p. in 13 plants, which, according to the | sections of the Conference Proceedings. Briefly, it was 


8-m. and 10-m. bore, the draught tubes of the turbine 


1 . e 
8 | characteristic ‘‘ gorge” or “inundation area” river | @ directory of the most recent and current work in 


discharging into the throats and so augmenting the | stretches, would be of three types: (a) Built square | British laboratories and works test houses, indicating 
working head on the runners. Of these it was proposed | across the river in the gorges; (b) with a canal taking | progress made, the experimenters concerned, and work 
to instal 265 of 10-m. diameter, each runner developing | off above a weir and through an inundation area sup- yet to be done. While the Report does not lend itself 


a minimum of 715 kw., and 111 of 8-m. diameter, a: 


S plying the plant at the far end; and (c) with a canal | to further summarising, we may note that it covers the 


well as 41 other turbines of smaller diameter The with free intake, similarly traversing an inundation area | departments of combustion processes, fuel injection, 
estimated cost is 18,000,000/. for a daily output of toa power station, but passing only a part of the low- | charging, supercharging and scavenging, turbulence, 
10,000,000 kw.-hr. minimum, which would be trans- water flow. Several of these areas were of such small | heat flow, vibration, mechanical efficiency, and the 
mitted 1,100 km. to Buenos Aires, where it would be yalue that they could be used as storage or flood retar- | study of materials in the light of heat and mechanical 


sold at 0-25 paper pesos per unit. 


Other gulfs are’ dation basins, but, owing to the number of glacier-fed | stresses, as well as wearing properties, concluding with 


being studied, and the author hoped that a 60-kw. tributaries, the discharge fluctuated but little, the|@ comprehensive bibliography of publications in 
experimental plant would soon be erected on a creek of ‘really low flows occurring simultaneously with and | English. 


the Descado river. 


Mr. F. T. M. Kissel described the ‘‘ Waikaremoana cease in any case. 
Power Development,” starting from the lake of that 


due to the freezing-up, when shipping must very nearly; Mr. M. Gercke and Dr. A. Bannwarth, in “ Neueste 
| Entwicklung des Dieselmotors unter besonderer 


Mr. V. Pavlousek, dealing with “Die Pumpspeich- | Beriicksichtigung seiner Verwendung fiir Spitzenkraft- 


name, which is peculiar in that its only discharge takes erung in der Tschechoslowakischen Republik,” de- | werken,’’ compared the economics of steam-plant and 


place through leaks in the bottom, the outlets, several 


plored the slow development of this system of peak- | Diesel engines for handling peak loads. The basic data 


hundred feet down the hillside, being only some feet load supply. This was due to the plentiful supply of | were :—Steam plant absorbing 16,700 B.Th.U. per 
wide of the edge of the lake. The region is one of sharp cheap coal in pre-war days, which caused the almost | kw.-hr. from coal of calorific value, 13,700 B.Th.U. 
ridges, steep escarpments, and winding torrents. It is universal installing of steam standby plant even at| per lb. costing from 20s. to 40s. per ton, and Diesel 
proposed to lower the lake and plug as many leaks as | water-power stations. Since, however, the prime | engines absorbing 10,350 B.Th.U. per kw.-hr. from 


possible, so that water may be 


drawn off near the | essential of a standby set was instant readiness, this | either imported gas oil of 18,000 B.Th.U. per lb., costing 


maximum elevation of 2,015 ft., and to make three ' could not be regarded as a sound solution, and fre- | 110s. to 150s. per ton, or home-produced tar oil of 
drops, of 450 ft., 645 ft., and 365 ft., with a regulating | quently an incapacitated turbine could be repaired | 16,000 B.Th.U. per lb., costing 40s. to 50s. per ton. 
basin formed on the Kaitawa plateau by a low earth before the steam plant could carry the load. With | It was shown that only very exceptional circumstances 
dam, and another by merging several small basins into the newer post-war conditions, industrialists were | permit of the use of Diesel engines for base-load, but 
the Whakamarino lake by a number of concrete arch | compelled to study pumped-storage, and the author | that, comparing the alternative fuels, it usually paid 
dams. The whole plant of three stations will develop | described several plants, some being very favourably | to use the gas oils when their price was not more than 


140,000 kv.-a., and be controlled from station No. 1 at 


situated, for example, where, at an existing stream- | twice that of the tar oils. This followed from the fact 


Kaitawa, while the output will be delivered to the | flow plant, the banks rose in the immediate neighbour- | that the great advantage of the Diesel engine for peak 


existing grid of the Mangahao development. 


hood to 500 m. on one side, and to 310 m. on the | load supply lay in its instant readiness for taking up its 


In addition to describing the ‘“‘ Storage Reservoirs | other, and it was possible to arrange for pumping | work, which was attained reliably only with the more 


in Canada” in detail, Mr. O. Lefebvre also gave/and return with an overall efficiency of about 55 per 


volatile oil. The fuel cost was usually very much less 


details of the control exercised. Each province has a| cent. Unusual conditions arose when the Schwarzsee | than 50 per cent. of the total generating cost, and the 


hydraulic commission (the titles vary), and, in some 
cases, this body actually builds the impounding reser- 
voir, making a charge on the various power companies 
based on the increase of output resulting from the 
enhanced minimum flow. In other cases it operates 
the power plants as well, selling current in bulk to 
distributing companies, while in the remainder it 
supervises the operation of reservoirs built by private 
companies, to ensure that the river regime shall be that 
which provides the greatest advantage to the province. 
A natural corollary is that benefited third parties 
must also pay, and the schemes are apparently popular. 
The winter ice cover has rarely been found to form 
where a spillway or gate is open; hence the earlier figure 
for ice thrust of 50,000 lb. per foot of dam has been 
accepted as too high, and a value of 20,000 Ib. is now 
used. Experience showed also that ice cover was 
rarely formed within 20 miles downstream of a large 
station, and even for the next 30 miles the cover was 
not safe to travel upon. The discharge coefficients 
have been found to be, for culverts, from 0-68 for small 
sizes to 0-96 for openings 74 ft. by 12 ft. high; while 
for spillways, the figures used are from 3-2 for low 
heads, up to 3-8 for high heads, and from 3-0 to 3-7 
for stop logs, the head varying from 1 ft. to 10 ft. 

‘“* Stand des Ausbaues der dsterreichischen Staubeck- 
enanlagen und ihr Einfluss auf die Rationalisierung 
der Wasserkrafte,” by Mr. F. Kihnelt, after describing, 
by means of sketches and some pages of tabulated 
dimensions, practically every considerable water-power 
plant in Austria, shows that they still, in general, fall 
short of the desideratum of 10 per cent. to 15 per cent. 
(of the mean annual output) storage capacity, and then 
submits some interesting proposals. It was recognised 
that the constitution of the authority entrusted with 
the granting of permission for the construction of such 
plants, including dams, was usually governed by 
political rather than technical considerations, and that 


in Bohemia was utilised. This was not merely a notable | authors showed useful charts for various combinations 
beauty-spot, but was unique in its wealth of fauna and | of capital and fuel charges. Some saving in initial 
flora. Hence it was stipulated that everything should | costs of a station could be made by driving the peak 
be kept underground, and that the daily draw-down | generator through a loose coupling, using it, when the 
must not exceed 5 cm., or, in a year, 43 cm., while the | Diesel engine is standing, as a phase-advancer. At 
velocity through the intake screens was not to exceed | Hamburg, a nine-cylinder double-acting two-stroke 
0-4 m. per second. Fundamental conceptions for | air-injection engine, 2 ft. 10 in. bore by 5-ft. stroke, 
the evaluation of pumped-storage, the author concluded | developed 10,500 kw. at 94 r.p.m., with an absorption 
to be, that only in small-output plants could regulation | of 9,950 B.Th.U. per kw.-hr. or 0-55 Ib. per kw.-hr., 
on a yearly basis be attempted, but a daily basis was/ while at Berlin, a 10-cylinder engine, solid injection, 








always practicable, and sufficient to remove the need 
for steam stand-by plant, when the pump capacity 
was practically the same as the capacity of the whole 
plant; it was notably profitable if surplus current 
could be purchased at one-third the price obtained 
for the peak-load current generated ; and finally, the 
return water from the storage should not be used for 
anything but the development of peak load. A detail 
rarely given its due consideration was the provision 
of special slow-closing reflux valves on the pump 
main, but this had been carefully watched on all the 
Czech plants described. 

Mr. E. Svanée’s paper on the “ Ausnutzung der 
Aura-Wasserkraft durch Ueberfiihrung nach dem 





from the extended use of direct current for the large 
electro-chemical industries. The poor efficiency of 
transmission, or of the alternative conversion, had made 
it profitable to extend the water conduits to such an 
extent that the power-station was situated within 
the area absorbing its electrical output. The particular 
example described concerned the development of the 
Lilledals, Aura, and Mardola rivers, which rose fairly 
near each other, but while the two latter discharged 
into a fjord some 30 miles from that into which the 
Lilledals ran (the Sunndalfjord) it was at the latter 
that the industries were to be found. The original 
concession of 1913 provided for a plant of 135,000 h.p. 








they usually confined themselves to enforcing com- 
pliance with the regulations drawn up by their technical 
advisers. This allowed of absolutely no elasticity to 
fit changing conditions, and militated against progress 
and invention. The author suggested, therefore, the 


establishment of a permanent commission of technical | its waters into the Lilledals Valley and using the string 
men who should not only examine the designs for new | of lakes thus formed as storage. Short dams sufficed 


on the Aura, with a joint 72,000 h.p. on the sea-level 
from the Aura and Mardola, and with 100,000 h.p. at 
Sunndalfjord from the Lilledals. Much of the work 
had been done when the later proposal was mooted, to 
dam off the entrance to the valley of the Aura, diverting 





dams, but should also co-ordinate all research and, to | for this, and the land submerged was only summer pas- 
derive the utmost advantage, should co-operate with! ture. Since the Sunndalfjord was ice-free, it would be 





Sunndalfjord”’ dealt with a class of problem arising | buying 523 kw. from the “ grid.” 





2-ft. bore by 3-ft. stroke, developed 9,500 kw. at 
214 r.p.m. with the same consumption. Three years’ 
records from Hamburg showed that although the 
10,500-kw. Diesel set only generated about 5 per cent. 
| of the units produced by the 52,500-kw. steam plant, 
the effective full-load running hours of the latter were 
increased thereby from 2,055 hours to 2,430 hours per 
annum, while the heat consumption was reduced by 
250 k.cal. per kw.-hr., and the load factor raised from 
22 per cent. to 25-75 per cent. Similar data from the 
Bremen water-power plus steam-power plus Diesel 
| station, showed equally profitable running, while an 





half-year by the running of a 500-kw. Diesel set and 
Future develop- 
ments must aim at increased size of units, and while 
supercharging and other improvements could enable 
the four-stroke type to attain large power, the mere 
existence of these auxiliaries nullified the instant 
readiness which a peak-load unit must possess; hence 
it was likely that the double-acting two-stroke type 
would hold the field. The limits now accepted were 
12 cylinders per engine with a piston speed of about 
1,300 ft. per minute, but designs for a 20,500-h.p. 
engine of eight cylinders were discussed, and a probable 
grouping of four engines of 12 cylinders around a single 
high-speed generator of, say, 36,000 kw., was suggested 
as an early development. The paper concluded with 
a strong appeal for the abandoning of the view that 
gas and electric undertakings were antagonistic. 
They could, and should, be complementary and under 
one control, since the electric peak-load sets could be 
run either off gas works by-products, or, as gas engines 
direct from the mains, while the types of load 
(lighting, heating, power) could be well and profitably 
apportioned. 
A most interesting feature of Mr. A. L. Bird’s paper 


| English station mentioned saved 3,347]. each winter 
| 
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on ‘Some Characteristics of Nozzles and Sprays for | efficiency, and is offered only in small sizes, and where 
Oil Engines” was his description of the irregularities | low first cost is a prime consideration. Comparing test 
found in the preliminary work. In endeavouring to | results over a range from light to 25 per cent. overload, 
correlate earlier experiments with his present results, | the solid-injection Diesel engine was shown to have a 
he carried out tests by injecting oi] through nozzles | lower first cost to the extent of 15 per cent., approxi- 
of 0-013 diameter with length diameter ratios from | mately the same reduction in occupied space, and a 
0-4 up to 10, and found, for ratios between 2 and 3, | fuel consumption 8 per cent. to 10 per cent. less than 
and again between 7 and 8, sudden humps in his curves | that of the air-injection type. Dealing next with the 
of coefficients of velocity, discharge, and contraction, | great advantage of the Biichi supercharger, it was 
the oil pressure being 3,000 lb. per square inch. A shown, by means of indicator diagrams, that a self- 
40-times scale model was then tried with water at contained and self-regulating set of this type, with a 
various pressure, and a 300-lb. test was made with | supercharge pressure of only 0-25 to 0-3 atmosphere, 
water through nozzles the diameters of which ranged | gave an increase of power of from 40 per cent. to 50 
from a few millimetres up to 4 cm. In each case,| per cent., and, since the mechanical efficiency, on 
the same result was found so long as the Reynolds’ | test, increased from 78 per cent. to 82 per cent., the 
number, based on the diameter, was below 130,000. | increase in internal friction was negligible. A further 
Assuming a law of the form p « v”, logarithmic plotting | overload of some 25 per cent. could be carried for several 
of the oil results gave values of n = 1-2 for p =| hours without trouble arising, while, since the silencer 
1,000 lb. per square inch; and n = 2 for p = 5,000 Ib. | and water-cooled exhaust piping were no longer needed, 


regenerative feed heating. It was, however, often 
more advantageous to use the waste gas for direct 
heating of boilers and furnaces, rather than in gas 
engines, so that engine development was very slow. 
Professor N. Briling’s paper, ‘‘ Untersuchung des 
Arbeitsprozesses und des Warmeiibergangs in der 
Dieselmaschine,” described investigations made in 
Russia on a 40-h.p. single-cylinder air-injection Sulzer 
four-stroke engine of normal speed 200 r.p.m. at loads 
from light to 25 per cent. overload and speeds from 
50 r.p.m. to 250 r.p.m. Preliminary runs showed the 
most efficient blast-pressure for each loading, and this 
was used throughout. The mechanical friction of each 
detail was measured separately, and the proportion of 
the heat carried away in the cooling-water was deter- 
mined for the separate items of friction, radiation, 
conduction, eddies due to injection and due to air 





| 


inlet, as well as the heat leakage from the exhaust- 
head. In this respect, Nusselt’s theory was found to 


per square inch, but values between 2 and 3 were | and the more uniform pressure called for a smaller | break down, and the author evolved a new and lengthy 
obtained for intermediate pressures. A dimensional | flywheel, the increase of total weight was less than 5 per | formula for the calculating of the total heat transfer, 


analysis giving R « Va a(® requires that a +- c| 


cent. If, however, a supercharged engine was built | but also gave a simpler empirical formula from the 
| of equal power to a normal engine, its length would | tests. Of the total work done by the compressor, 


= 2, anda = b; hence, if a> 2, c becomes negative, | be only 77} per cent., and its weight 67 per cent., if |rather more than 40 per cent. ‘was directly recovered 
which explained the anomaly, and, incidentally, | the strokes were equal, while, if each had the same | in the engine. Useful data were obtained on the rela- 


indicated a fall in the discharge for an increase in oil | stroke-bore ratio, the length and height of the super- 
temperature at the consistent Reynolds’ number. With | charged would be 80 per cent. of those of the normal 
his latest apparatus, he was able to photograph the | engine, and its weight only 60 per cent. or less, while 
combustion phenomena with oil pressure up to 3,500 lb., | its weight would be only 80 per cent. of that of a 
air pressures up to 400 Ib., temperature up to 500 deg. C., | single-acting two-stroke, which, even if it were super- 
fixed or moving piston, excess air coefficients from 2} charged by the usual reciprocating air-pump, would 
to 13, a nozzle of 0-015 diameter by 0-024 in. long, | use 25 per cent. more fuel at full load and 70 per cent. 
with a valve lift of 0-028 in. and a timing of 0-03 | more at quarter-load. 
second. Experiments showing the undesirable effects| A thoughtful, and at times caustic, analysis by 
of air turbulence, the slow combustion of unignited | Mr. J. Kuttner, of the “‘ Development of the Stationary 
injections, and the effect on the rate of burning and | Diesel Engine under the Conditions of American 
flame travel, of contamination of the air charge by | Power Economics,” indicated the friction that mis- 
residual CO, and excess nitrogen, were described and | apprehension of American conditions caused in the 
photographs exhibited. earlier stages. The general striving of the European 
Dr. F. Merkl, in ‘ Vereinigte Brennkraft- und | originators for high fuel-efficiency, resulting in serious 
Dampfkraftmaschine,”’ traced the developments in| complications of mechanical design, was entirely 
the recovery of energy from the exhaust-gas heat | waste effort so far as the American power user, or 
content from the earliest attempts to drive a separate |even the engine manufacturer under licence was con- 
hot-air engine, which failed, due to the low specific | cerned, as the market was so decidedly “ clean-cut,” 
heat, low conductivity and large sizes, through the | i.e., large territories existed in which the Diesel was 
separate steam-driven set to the Still engine. This he | the obvious engine to use, without question, while in 
regarded as not satisfactory, since the steam was|equally large areas it would have been absurd to 
generated outside the cylinder. Consequently, he pro- | suggest its use. 
posed an arrangement on which he had experimented| In two regions not far apart, electric power prices 
and was in course of developing, in which he pumped | were 4-18 cents and 1-06 cents per kilowatt-hour, and 
water through the engine parts. Starting from the | such variations again helped to make artificial market 
underside stuffing box in a cover which projected into | opportunities for the Diesel-engine maker, although 
and nearly filled, the cavity in the piston, the water | at times the rumour of mergers between power plant 
passed through a slot machined around the cylinder | companies retarded engine sales, while further obstacles 
top end, into the top cover, through a heater surround- | were found in the flouting of American laws against 
ing the exhaust box from the two-stroke top cylinder, | price discrimination between purchasers of power. 





thence being admitted through a spray valve actuated | Makers had recently combined to study sales, those | 


by the piston approaching bottom dead centre into the | responsible for 90 per cent. of the country’s output 
cavity in the piston. Here, still as water, it whirled | having joined. The whole output of about 400,000 h.p. 
around the cavity, and its temperature of about | per annum came from 38 firms, of whom one produced 
310 deg. C. and suitable pressure, caused an explosive | 160,000 h.p., and as a result of the development of 
vaporisation, while additional superheat was given from | the cruder designs suitable for rough circumstances, 
the high-temperature piston end and cylinder walls. | we now found European firms building Diesel engines 
Thus it did work on the ascending piston, working as | under licence to American designers. A case in point 
a “ uniflow ” cylinder, until the piston skirt uncovered | was the W. T. Price engine, of which, in spite of its 
the exhaust ports, through which it entered a con-| high fuel-consumption, tendency to cylinder-head 
denser, to repeat the cycle. The author estimated that | failures, and, strange to say, higher price, one licensee 
the thermal efficiency of the top side of 35 per cent. | alone had already sold 467,000 h.p., mainly to South 
would be increased to an overall efficiency of 68 per | America and China. The Diesel engine owed its sur- 
cent. at a negligible increase in cost of manufacture, | vival to the “oppressive rates” of public utilities, 
and it would be possible to make the engine auto- | and could not exist if a real deflation of their finances 
matic in the sense that the action of the governor on | took place, except in such industries as could not 
the Diesel side automatically reduced the heat avail-|saffer the voltage fluctuations inseparable from the 
able, and so controlled the steam side. | presence of long and exposed transmission lines. 
The experience gained by designing staff and work- | Much development work was still being done, however, 
men during many years of steam-engine work accounted | more especially on high-speed supercharged two-stroke 
according to Professor P. Ostertag in ‘‘ Die Entwicklung | engines. Fuel consumption had already been brought 
der Verbrennungsmotoren in der Schweiz,” for the | below 0-38 lb. per brake-horse-power hour, and the 
great success they had had with Diesel work. Messrs. | heavy task now facing the American manufacturer 
Sulzer naturally were the first to collaborate with their | was that of educating the power user. 
famous ex-designer, and started with the four-stroke| Mr. C. Mahacek’s paper on ‘‘ Grossgasmaschinen in 
type, gradually evolving the two-stroke, and soon | der Tschechoslowakei,” dealt principally with large 
appreciated that the modern demand for large units | twin or twin-tandem engines using blast-furnace gas of 
could only be met by the type upon which they were | 27 per cent. to 30 per cent. CO content, which could be 
still working, very large sums having been spent on | freed from dust down to a content of 0-02 gramme to 
what was the most powerful single-cylinder yet made. | 0-06 gramme per cubic meter by two-stage washing, 
This experimental cylinder developed 2,400 h.p. at | or to 0-01 gramme to 0-4 gramme by electrical separa- 
120 r.p.m., and was of the double-acting, supercharged, | tion, leaving the latter apparatus at about 60 deg. C., 
two-stroke type, the extra air being controlled by a|and needing to be cooled to about 25 deg. C. The 
piston-valve actuated by an eccentric on the main | maximum practical power per unit was about 8,000 kw., 
shaft. The firm have also developed a wide range of | with cylinders of 1,500 mm. bore by 1,700 mm. stroke, 
engines from 750 h.p. to 2,000 h.p. for locomotive | and such an engine would have a thermal efficiency 
work. The developments of the Schweizerische Loco- | of 23-9 per cent., increased to 28-6 per cent. by exhaust 
motiv-und. Maschinenfabrik, Winterthur, were also | utilisation, and to 31-8 per cent. by further use of 


tionship between blast pressures, degree of atomisation, 
and combustion efficiency, the latter rising from 60 per 
cent. to 80 per cent. as the pressure rose from 48 atmos- 
pheres to 62 atmospheres, and effect of after-burning 
was shown to lie in the increase of the expansion index 
from about 1-1 at the commencement of the working 
stroke to about 1-6 at the end. A procedure was 
evolved to enable the theoretical diagram to be drawn 
allowing for this variation, and the intersection of the 


diagram with the adiabatic curve showed a satisfying - 


agreement with the heat-transmission calculations, 
but a further check was sought and found in the 
earlier tests of Munzinger, Nagel, and Stauss. Each 
stroke was investigated separately, and it was concluded 
that, of the heat transmitted to the cooling water, 
from 9 per cent. to 13 per cent. entered during the 
compression stroke, about 14 per cent. during the 
actual firing, and about 57 per cent. during expansion. 
In all, the author submitted 30 charts and three tables, 
and was of the opinion that the data contained therein 
could be usefully applied to any geometrically similar 
engine, provided adjustment were made to allow for 
other piston-speeds and indicated pressures. 








ELECTRICAL LOAD-DISPATCHING 
IN BERLIN. 

In the course of a Presidential Address which he 
delivered before the Association of Supervising Electri- 
cal Engineers on Tuesday, October 21, Mr. S. B. 
Donkin said that the frequency of the group of power 
stations which supplied electricity to Berlin was con- 
trolled from the largest and most efficient, that at 
Klingenberg. The aggregate maximum load on the 
system was about 500,000 kw., and the peak on any 
day could be predicted to within about 2,000 kw., if 
the weather did not change unexpectedly. Klingenberg 
was the base-load station, ordinary peaks being dealt 
with by a new station in the west of Berlin and emer- 
gency peaks by the thermal-storage station at Char- 
lottenburg.* It was said that the degree of frequency 
control carried out by Klingenberg might cause the 
load on this station to fluctuate by about 10,000 kw. 
on a total load of 120,000 kw. 

The normal method of load dispatching was to 
predict the load for all moments of the day on a curve 
and to correct these predictions by observations of 
the actual loads, which were telemetered from all the 
stations. These telemetered loads were summated 
at Klingenberg, and were transmitted over pilot 
wires to the other stations, which were instructed to 
take a given proportion of it. This proportion was 
decided by the load dispatcher. In cases of sudden 
darkness, such as might be caused by thunderstorms, 
there appeared to be some difficulty in preventing 
stations from taking more than their share of the 
increased load. A device had, therefore, been in- 
stalled at Klingenberg to falsify the summated loads 
given out to the other stations and, if the load dispatcher 
wanted a station to take less load, this device was 
adjusted so as to make the load appear lower than it 
really was. It also appeared that individual stations 
tended to hang on to their share, while the load as a 
whole was dropping, thus taking the base load on 
Klingenberg. In such cases, the falsifying device was 
also used to make the engineer believe that the load 
was falling more rapidly than it actually was. Simi- 
larly, it was employed to exaggerate the peak as it 
came on, so as to encourage more rapid steam raising. 





discussed by the author, but formed the subject of 
a separate paper by Mr. A. Biichi, entitled ‘‘ Bemer- 
kenswertes tiber die Entwicklung im Verbrennungs- 
motorenbau,”’ and may, perhaps, rather be summarised 
under that head, if only to emphasise the decided 
views expressed in favour of the four-stroke type. The 
two-stroke engine is regarded as being too low in 





hot-water for industrial purposes, — Piste or 
for years with 2-5 per cent. idle time for cleaning, an 

5 i i J WRECKAGE OF THE R_ 101.—Messrs. 
oe a ee. ee ra Thos, W. Ward, Limited, Albion Works, Sheffield, have 
25°C per cont. was ost imated for 8 15,000 kw. been entrusted by the Air Ministry with the removal 
20,000 kw. steam-turbine plant with stam at 120) of the wrecked airship R 101, lying at Beauvais. 
atmospheres, and 480 deg. C. with intermediate super- 
heating at 16 atmospheres and 195 deg. C., and with 











® See ENGINEERING, vol. cxxix, page 764 (1930). 
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POWDERE)-FUEL FIRING IN 
RESTRICTED FURNACE SPACES. 
By Haraup NIELsEN. 


Untizt quite recently large furnace spaces were 
considered essential for the efficient and effective 
combustion of powdered coal, and a long flame 
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ment of powdered fuel burning very considerably, 
but when the theory of powdered fuel combustion 
began to be better understood, it was found that it 
was possible to effect combustion in a much smaller 
furnace space than had hitherto been believed 
possible. 





In the combustion of powdered fuel the two main 
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fluid and the surfaces to absorb heat is available, the 
number of B.Th.U’s. absorbed will be very much 
greater per unit of surface exposed, the quantity of 
heat transferred depending, of course, mainly on 
the mean temperature difference. 





It was also believed that the higher the flame 
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travel was also desired. The result was the installa- 
tion of very large and cumbersome combustion 
chambers, with attendant high costs of erection and 
maintenance. More modern investigations have 
shown that large combustion chambers are not 
necessary, and, in fact, very often they are a decided 
disadvantage. The necessity for employing a large 








combustion space hindered the rational develop- 





factors governing the overall efficiency are the 
release of the greatest possible number of B.Th.U’s. 
in the smallest combustion space and the shortest 
time period, followed by the greatest possible absorp- 
tion of the B.Th.U’s. liberated. It will be readily 
understood that brick-lined combustion chambers 
do not form the ideal medium for absorbing B.Th.U’s., 
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temperature in the combustion chamber, the quicker 
the combustion and the greater the release of heat 
units. The high flame temperatures led to difficulty 
with the melting and slagging of the ash, the deposit 
of slag in the form of birds’ nests, and often, when 
the furnace walls were constructed of acid bricks, 
for instance, and the ash was of a basic nature, to 
the destruction of the firebrick material in a very 
short time. It has now been realised that, although 
thermal reactions take place at high temperatures 
at a more rapid rate than at lower temperatures, 
the heat released is not directly proportional to the 
flame temperature. 

Another disadvantage with high flame tempera- 
tures is that the volume of the combustion products 
is increased, and consequently their velocity, so 
that the necessary time factor for the combustion 
of the carbon particle is not available, the results 
being a long flame, incomplete combustion, and the 
deposit of partially consumed carbon in places 
where it is not desired. Experience has proved that, 
provided the flame temperature does not fall below 
1,350 deg. to 1,400 deg. C., the thermal reactions 
are sufficiently rapid to secure consumption of the 
carbon particles in a reasonable time, and, more- 
over, at these temperatures the slagging of the 
ash and the attendant drawbacks are not so pro- 
nounced, in a very great number of cases the ash 
being not fused at all. 

By fine grinding and reducing the carbon particle 





and that with water-cooled walls, where a relatively 


as much as possible, the surface presented to the 
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oxidising air is considerably increased 





way the flame length can be reduced, but against determined rate, irrespective of the quantity passing | 


this it must be said that extremely fine grinding is into the burner body. 
The adding a double cone, streamlined body, which 


difficult and expensive to attain in practice. | 
obvious remedy is, therefore, to secure the most | 


intimate mixture and contact between the powdered | orifices in the burner body. Subsequent tests 
showed the soundness of the principle. Figs. 3 and | 


fuel to be consumed and the air for oxidising. This 
can be obtained by causing what is known as turbul- 
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, and in this secondary air could be maintained at a pre- | without the employment of preheated air, since 


experience has shown that firing systems on these 
lines are more flexible and less dependent on 
auxiliary plant and machinery. 


(To be continued.) 


This was achieved by| 


would simultaneously reduce or enlarge the throat | 








4 show this type of burner, Figs. 7 and 8 being | LITERATURE. 


ence, and the turbulent type of burner was the reproduced from photographs of an actual burner. | 


next development of the plain tubular or long flame 
burner. 

It was not recognised that one of the factors 
governing the speed at which a carbon particle can 
be consumed is the possibility of the quick removal 
of the reaction products surrounding the coal par- 
ticle, so as to enable the particle itself to present 
to the surrounding atmosphere new surfaces to be 
oxidised. By turbulence this is only partially 
secured. It must be realised that the weight of the 





single coal particle is very small, and consequently 
the effect of gravity does not assist the process to 
any extent. Owing to this fact the coal particle 
will travel at practically the same speed as the 
surrounding atmosphere when turbulence only is 
relied on. ‘The result is that the small relative 
velocity difference between the coal particle and 
the atmosphere does not effect the desired scrubbing 
or removal of the envelope of oxidation products 
surrounding the coal particle. If, therefore, a rela- 
tively low-flame temperature is desired which will 
permit a slow travel of combustion products, which 
again will permit a reasonable sized combustion 
chamber, it is essential (1) that a most intimate 
mixture of air and the powdered fuel to be burnt 
be provided for; (2) that a great relative velocity 
difference between the solid carbon particle and the 
gaseous atmosphere must be achieved ; and (3) an 
abundance of free oxygen must be available where 
it is required. 

Condition (1) can be met by permitting the total 


| 
| 
| 





quantity of air required for the combustion to be! 


mixed with the fuel in the initial stage. 
subsequently prevent the lamination which is 
observed when powdered coal is blown into the 
furnace by means of so-called primary air and 
afterwards mixed in the furnace in an imperfect way 
with the secondary air required to complete the 
combustion. 

Condition (2) can be met by causing the mixture 
of powdered fuel and air to pass through Venturi 
nozzles, where pressure is resolved into kinetic 
energy, permitting the gaseous atmosphere to ex- 
pand. In this way the kinetic energy stored up on 
the carbon particles will come into play and cause 
them to travel at a much greater velocity, thus 
creating the necessary friction between the solid 
and the gaseous mediums and, by this scrubbing, 
effecting the removal of the envelope of reaction 
products. 

As regards condition (3), when all the air required 
for the combustion is available at the burner nozzle, 
not only will a greater initial volume be dealt with, 
but greater velocity obtained, and all the oxygen 
required will be available at the initial stage. Since 
no secondary air is required to complete the com- 
bustion at a later stage, and all the air required is 
present in the initial stage, a sufficient quantity of 
oxygen for the combustion is available and perfect 
mixing is assured. 

A type of burner embodying these principles has 
been designed and tested, and the results obtained 
in practice have fully supported the theory. It has 
also been found that low volatile materials, such as 
steam coals, distilled residues from bituminous coals, 
lignites and brown coals, can be burnt very effi- 
ciently without the necessity of resorting to heated 
primary or secondary air. The type of burner is 
shown in Figs. 1 and 2, on page 5/73, and comprises 
a Venturi mixing chamber, in which the primary 
air and fuel are mixed with the secondary air 
required for the complete combustion, and leave 
the Venturi chamber through a series of small holes 
also of a Venturishape. After exhaustive tests, it was 
found that it would be of considerable advantage 
to provide a means for the simultaneous adjustment 
of the total volume of primary air and fuel and the 
secondary air, so that once the requisite amount of 


This will 





fuel and air was decided upon, the throat velocity 
conditions for the primary air and fuel and the 


| Borsig, Krupp and others, was carrying out highly- 


It must be here remarked that practically con- 
temporary with this work being carried out in this | 
country, the Studiengesellschaft, which is a body | 
composed of various large powdered fuel interests | 
in Germany, such as Henschel, Schwartzkopff, 
successful tests on the firing of locomotives with | 
powdered fuel on almost identical lines. Theit work | 
has already been referred to in these columns. | 


Se 
The Development of the Federal Program of Flood Control 
on the Mississippi River. By ARTHUR DeEWIrT 
Frank. New York: Columbia University Press. 
London: Messrs. P. 8. King and Son, Limited. [Price 
17s. net.] 
Any comment on this useful work can only be in 
the nature of a brief review of what in fact is a 
review in itself, for the book is essentially a history 
of the attempts to control the great flood waters 
of the Mississippi River catchment area by artificial 


The author came to the conclusion that perhaps | yorks, The volume is a compendium of facts with 
it would be possible to obtain the same burner| the most complete references by footnotes and a 
conditions by substituting for the great number! .omplete bibliography. These taken together, refer 
“4 me — ~ a — of -_ 0 tet | one to practically all the available official literature 
e Venturi effect was maintained, and this ifi- | on the subject. 
cation is shown in Figs. 5 and 6. The only modifi- | ‘Naturally the slow and, as yet, incomplete 
cation was an arrangement whereby the throat of | conquest of this great river by man cannot have 
the Venturi ring could be adjusted in such a way the same appeal to Englishmen as to Americans. 
that it could be either enlarged or diminished in | The author is inclined to regard the Mississippi as 
unison with the position of the streamlined double | affording special problems different from all others ; 
ae ena _ pipe — mo be — but in this view he is probably not strictly correct, 
pal wertdeaged rss : The ¢ os ra rie 6 yee | a8 it is only in magnitude that exceptional difference 

sag oe rae ie . a thie maf wi, lies. The book is a fascinating one of the border- 
te ee cna ih M3 ine lm ine ly om enn tn 

, , ok, but rather an index to governmenta TS 
were correct. Neither this type of burner nor those and engineering reports. a its pages agit 
previously described require a pre-furnace or other | of the early struggles of the settlers of different 
auxiliary, formerly thought necessary. It is flexible, | nationalities and of the divided efforts by States, 


easily adjusted, and has shown itself capable of 
burning efficiently a maximum quantity of powdered | 
fuel in a minimum of combustion space. The flame 
is different from that obtained with other tyres of 


‘individuals and municipalities to control the river 


by the construction of levees (or embankments) 
and of their early expenditure of very many million 


dollars being almost entirely negatived by the 


burners, in that it is more uniform and is of a soft, | destruction of their works by the opposing armies 
soaking nature, resembling the flame produced when of the Civil War of the ’sixties, in their military 
burning carbon monoxide gas with heated air; in | efforts to flood the country in a way best suited to 
other words, it is a uniform flame cloud devoid of | their own ends. About 1879 the beginnings of 
pitting flames. It isof a highly radiant nature, and Federal control appear in the creation of the Missis- 
when operating in a boiler furnace, water-cooled, | sippi River Commission, who at first had the thank- 
without the presence of a firebrick lining, the maxi- | Jess task (not unknown in Europe) of trying to 
mum flame temperature is found at a distance of 4 ft. | co-ordinate the efforts of Levee Boards and other 
to 5 ft. from the burner outlet. The release of thermal ' }ocal authorities, similar in their local constitutions 
energy per hour per cubic foot of combustion space is | to the various Land Drainage Commissions in this 


of the order of 50,000 -60,600 B.Th.U’s. when burning | 
an average British bituminous coal with a reason- | 
able moisture content, no preheated air being em- | 
ployed. It has been observed that by increasing | 
the velocity at the burner nozzle the flame length 
is perceptibly shortened, thereby indicating that a 
more rapid and effective removal of reaction pro- | 
ducts from the surface of the carbon particle takes 
place. 

The figures given above are actual observations, | 
and the indications are that by employing two or | 
more burners in parallel a still greater heat release | 
per cubic foot of space can be obtained. No} 
difficulties were experienced with slagging, and 
the average flame temperature did not exceed 1,450 
deg. to 1,500 deg. C. The length of flame was judged 
by the distance at which the highest flame tempera- 
ture was found from the burner plate or outlet. 
Most of the tests were carried out in a single flue 
Scotch marine type boiler, and the flue gas was 
analysed continually, showing that the content of 
CO, averaged 14 per cent. to 15 percent. The stack 
temperature at the base varied between 300 deg. 
and 350 deg. C., showing that the heat released was 
being effectively absorbed. The ease with which 
this type of burner can be installed and operated 
makes it highly suitable for marine boilers, for 
locomotive work, and, in short, wherever efficient 
combustion is required in confined spaces. It is 
interesting to note that in the latest work carried 
out in Germany by Professor Rosin, on behalf 
of the Reichskohlenrat and the fuel development 
associations, he has followed very similar lines, 
namely, the development of a burner operating on 
these principles, and he has independently come to 
the same conclusions. 

It is believed that a great step in the right 
direction will be achieved when it is possible to 
burn powdered carbonaceous material efficiently 








country. 

The concluding chapters lead on to the records 
of the great floods of 1927, so vividly reported and 
illustrated by our own Press at the time, and to the 
ensuing Jones-Reid Legislation of 1928, with the 
presumed satisfaction of all parties carrying matters 
subsequently up to November, 1929. The book 
gives many facts of the Mississippi flood areas and 
delta and of effects of the floods—600,000 refugees 
were cared for directly by the Red Cross Society 
(a stupendous undertaking), 3,000 miles of railway 
were out of action and postal services to big towns 
two days late ! 

The reader is introduced to various schools of 
civil engineering thought in regard to flood control. 
The main principles in connection with the Missis- 
sippi appear to be: (i) The control of floods by 
embankments only; (ii) Control] by embankments 
and detention reservoirs ; (iii) Control by methods 
(i) or (ii) or both, with spillways and diversion 
channels in addition. The author brings out de- 
finitely that the action, for example, by the New 
Orleans City authorities in breaching nearby em- 
bankments at their own risk proves beyond doubt 
that diversion channels are a necessity in some 
degree. As in the experience of lesser problems it 
is shown that the shortening of river bends by cut- 
offs and the canalising of a river tend to increase 
the height of floods. The standard section of a 
levee as recommended by the Commission will pro- 
bably seem a rather fragile one to English engineers 
when it is realised that flooding raises the river 
level at times more than 50 ft. 

The author employs an excellent literary style. 
perhaps more English than American throughout. 
though we regret the repeated use of a word like 
* unconstitutionality.” 

It is seldom one finds such a thorough guide to 
all the authorities on a subject of so great importance 
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to America, and in this respect the work is a classic. 
The book suffers, in our view, from the very great 
disadvantage that it contains no map whatever and 
reading is therefore spoilt by the necessity of con- 
stant reference to an atlas. The most interesting 
chapter to engineers is the longest, being that 
entitled “‘ Proposed Plans for the Control of Missis- 
sippi Floods.” 





Handbuch der Experimentalphysik. Vol. 1V Hydro-und 
Aerodynanuik, Part 3, Technische Anwendungen. Leipzig. 
Akademische Verlagsgesellschaft, m.b.H. [Price 55 
marks. } 


THE use of the word “ Handbook” to describe a 
work which embraces the whole domain of physics is 
not without a grim sort of humour in its implication 
of German scientific capabilities. Already, since 
1926, some thirty separate parts have appeared and 
several more volumes are due for publication before 
the work is complete. In reserving Volume IV 
to the later stages of the Handbook the publishers 
have been influenced by the vigour with which 
experimental aerodynamics has been developed 
during recent years. On account, moreover, of the 
abundance of relevant material it has been necessary 
to issue the tourth volume in three parts, of which 
only the third is, as yet, published. The latter, a 
handsome book of over 500 pages, is devoted to the 
technical applications of fluid motion, the more 
general problems of flow and resistance, and their 
experimental technique being dealt with in Parts 
1 and 2. Part 3 comprises eight articles, each the 
work of a specialist in one discrete branch of experi- 
mental research, whose object has been to present, 
not a record of original work, but an ordered and 
critical survey of existing knowledge drawn as much 
from Europ2an and American publications as from 
first hand acquaintance. References to the sources 
of information are abundant, and serve as starting 
points of more detailed inquiry alike to the engineer 
and the research worker who, if they are themselves 
to produce, have time neither to keep in touch with 
every extension of their own province nor to digest 
the accumulating facts of collateral sciences. 

The first article is an admirably thorough treatise 
on ship resistance and propulsion. After an outline 
of the theoretical basis of ship model exp2riments 
the author describes the design and equipment of 
experimental tanks and the manipulation of force 
measuring apparatus. The characteristics of pro- 
pellers and rudders, their interference effects on the 
ship and the influence of artificially produced waves 
are all considered. Tank predictions of the resis- 
tance of flying boat hulls and the air resistance 
of ships are, however, not discussed. 

A short chapter on spherical balloons deals with 
the relative merits of inflating gases and the effects 
of meteorological variations. In these matters it 
forms a useful supplement to the article on airships 
in which buoyancy, stability and navigation in test 
flights are considered. Some account is given of 
experiments with water-filled models to solve the 
rigging and fabric-shape problems of non-rigid | 
airships. The chief interest, however, centres 
round the profile and skin-friction components of , 
drag in straight and curved flight, and the relations | 
between wind-tunnel data for airship models and | 
theoretical results for a spheroid. In addition, an | 
extensive account is given of instruments used during | 
construction of rigid airship frameworks and the 
prosecution of full-scale research. 

Full-scale experimental methods and instruments 
again occupy a prominent place in the chapter on 
aeroplanes. The brief discussion of the aerodyna- 
mic characteristics of aircraft components does less 
than justice, however, to the enormous mass of 
fundamental data derived from wind tunnels. 
Similarly, the analyses of stability and of the pheno- 
mena of flight are of the most elementary character 
and contain no references to the important mono- 
graphs on spinning and flutter recently published in 
England. Distinctly more satisfactory is the treat- 
ment of airscrews and windmills. It includes a! 
consideration of the momentum and blade-element 
theories, and of the experimental investigation of 
airscrew performance, both with and without the 
interference due to engine bodies. Articles dealing 
with centrifugal pumps, water turbines and air 
pumps are remarkable only for the emphasis placed 
om the production of high vacuum. In the final 











chapter, entitled ‘ Ballistics,” the aerodynamics | to the work of Fresnel, on waves and corpuscles in 


of projectiles, and the correlation of their resistance 
laws with those which hold at speeds well below that 
of sound, are dismissed all too cursorily. The major 
attention is given to subjects outside the scope of 
aerodynamics—the calorifics of explosives and the 
experimental] determination of high muzzle velocities. 

The last chapter and that on balloons exemplify 
a tendency which is observable in varying degree 
throughout the whole book. A too liberal inter- 
pretation of the technical applications of aeru-dy- 
namics, and a propensity on the part of the authors 
to enlarge on the irrelevant details of their specialised 
knowledge, are probably responsible for the exclu- 
sion of much important matter. It is certainly 
disappointing to find no details of the design and 
operation of wind tunnels and their equipment, and 
no mention of the aerodynamics of vehicles and struc- 
tures. A less culpable detriment, almost insepar- 
able from the production of a symposium on a 
rapidly developing experimental science, is that some 
of the apparatus and methods have become obsolete, 
and others improved out of recognition, before the 
work can appear in print. In this respect the present 
treatise suffers remarkably little, although the 
editing to this end has perhaps removed much 
valuable, if controversial, matter. Despite some 
imperfections, however, the book has compensating 
merits amply to justify its inclusion in aerodynamic 
libraries, both as text book and work of reference : 
in this capacity, its value is enhanced by Roman 
type, some 270 clear illustrations, and excellent 
name and subject indexes. 





Recueil d’Exposés sur les Ondes et Corpuscules. By Louis 
DE Broeue. Introduction a l’ Etude de la Mecanique 
Ondulatoire. By L. DE Broeiim. Confeérences d’Actu- 
alites Scientifiques et Industrielles. 1929. Paris: 
Librairie Scientifique, Hermann et Cie. [Prices of 
the three volumes: 20, 85 and 35 francs, ] 

WE notice these three volumes together because they 

appear to have the common aim of assisting the 

bewildered man who finished his college studies 
with the past century, and would like to cling to the 
belief that the physical theories of those days retain 
their value although their apparent definiteness has 
gone. Science has become less assertive and more 
eautious and sceptical. The established facts of 
former days are now merely statistical probabilities, 
and the insistance upon the physical meaning of 
theories and symbols is not accentuated and is even 
deprecated. How that profound scepticism could 
arise and spread is explained by Professor L. de 

Broglie of the Paris Sorbonne, who is in the front 

rank of modern theorists. The photoelectric effect 

forced us back into a belief in the existence of 
corpuscles in addition to electro-magnetic waves. 

Planck packed the radiation into bundles of definite 

frequency and energy h.v. Einstein made the 

corpuscle give up part of its energy to the electron 
it struck. Compton showed that, in the case of 


| X-rays, these collisions were associated with a loss 


infrequency. Then L. de Broglie warned us against 
neglecting the wave, as we had previously neglected 
the corpuscle; wave and corpuscle had to be 
considered together, in matter as well as in radiation. 
Schrédinger taught that the old mechanics corres- 
ponded to the special case of wave propagation 
according to the laws of geometrical optics ; and that 
the corpuscle was itself a cloud of waves which, 
in the opinion of Broglie, guided the corpuscle. 
Both these and other views involving difficulties, 
Heisenberg and Bohr suggested that the wave is not 
really a physical phenomenon taking place at a 
definite spot in space, but merely a symbolical 
representation of what we call the corpuscle. From 
that standpoint we are not able to fix the actual 
position of a corpuscle, for instance an electron in 
its orbits, at any particular moment, i.e., in space- 
time and the definite state of its energy. Thus, 
determinism and the causality of ancient dynamics 
vanished, and we were left with statistical probabi- 
lities. The dualism of corpuscle and wave is now 
largely accepted. How we are to understand it 
remains mysterious. 

Those views are developed in the second volume 
under notice which runs into 292 pages. The first, 
shorter, volume contains five papers by Professor 
L. de Broglie, dating from 1927 to 1929, which lead 
up to the modern views on theoretical physics and 





actual physics, on the recent crisis in undulatory 
optics, on the interferences between electrons and on 
determinism and causality in contemporary physics. 
The third volume of 270 pages is of a different and 
more practical type and deals with various subjects. 
There is a paper by Professor G. Fo#x, the collabo- 
rator of P. Weiss in his work on the magneton, who 
discusses the so-called liquid crystals of Lehmann, 
which he regards as mesomorphous crystals which 
have lost their discontinuity but not yet attained 
isotropy. Other papers are by E. Bloch on atoms of 
light and quanta ; by L. Bloch on structure problems 
and modern mechanics; by L. Dunoyer on photo- 
electric cells; by G. Ribauld on radiations of 
incandescent bodies ; by Colonel Jullien on electric 
production of sound, and by R. Mesny on directed 
radio communication. Finally, we may mention a 
paper by Professor V. Kammerer on high-pressure 
steam, its properties, advantages, applications and 
possibilities. Most of these articles are well written. 





Ship Construction and Calculations. By Grorar Nroov. 
Fifth edition, enlarged. Glasgow: Brown, Son & 
Ferguson, Ltd. [Price 25s. net.] 


Tuts text-book has reached its fifth edition. It is 
designed to meet the requirements of the entrants 
to the operating staffs of the Mercantile Marine. 
whose courses of study are to some extent influenced 
by the Board of Trade Examinations. The new 
edition has undergone considerable revision and is 
re-arranged in two main parts. 

Part I deals with the principal details of the steel 
structural work of various types of vessels, with 
numerous illustrations. The details described are 
representative of modern practice. The illustrations 
in this part are within. page size, and although in 
some cases this has necessitated a reduced scale, 
the clearness is commendable. The last chapter of 
this part deals with ship repairs—a useful subject 
to the class of reader for which the book is intended. 

Part II is devoted to ship calculations. Several! 
chapters are very elementary, while others deal 
with the problems of strength, stability, flotation, 
and trim. The subject of freeboard and the allow- 
ances that have to be made in the application of 
statutory rules to the various types of vessels has 
been well treated, and we regard this section as 
being useful not only to intending ships’ officers. 
but to all engaged in the preliminary work of ship 
design. The chapter on the new Load Line Regu- 
lations, now that the International Conference has 
completed its labours, brings this particular subject 
up to the present date. The appendix chapters could 
in our opinion well be incorporated in Part IT. 

While we recognise the difficulty of bringing all 
the necessary branches of such a subject conveni- 
ently into one volume, we may remark that the 
book lacks some features that one might expect in 
a volume intended for ships’ officers. We notice 
this, perhaps, more because of the excellence of the 
treatment of certaia sections on the practical side 
and in the section on freeboard. There is no 
reference to the subject of tonnage and tonnage 
measurement, except in relation to the freeboard. 
On the practical side no consideration has been 
given to the Classification Rules and Board of 
Trade requirements affecting various important 
ship installations and outfits, 

Part I contains a summary of the Convention 
Rules relating to Watertight Subdivision and 
Bulkheads, a subject to which full consideration can 
only be given by the expert and which also is one 
chiefly concerning the ship designer. The other 
Convention requirements and the latest Board of 
Trade requirements relating to safety and habita- 
bility could have been introduced at the expense 
of eliminating some of the elementary chapters. 
Nowadays so much has been done in organising 
courses of study that it can be safely assumed that 
all readers or students are familiar with the elemen- 
tary problems of mensuration and mechanics before 
they take up the main subject such as is set forth 
in a volume like this. 

The sections on Watertight Bulkheads in Pas- 
senger Steamers and Design of Bulkheads, which 
are placed in the practical Part I, could with 
advantage be placed in Part II. 

The title of the book, Ship Construction and 
Calculations, can be made to cover a very wide 
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field, and as the author has seen fit to include in 
its scope such subjects as freeboard and water- 
tight subdivision, there is justification for the 
expectation that in future revisals some space may 
be found for chapters on ships’ outfits, installations, 
and the other features of the Merchant Shipping 
Act which affect ship design and management, 
in order to enhance its value to intending ships’ | 
officers. | 





By Marc Stern, M.E. London: 


Die-Casting Practice. 
[Price 


McGraw-Hill Publishing Company, Limited. 





12s. 6d. net.] 

THE extensive use made of die castings amply 
justifies the publication of a book dealing solely | 
with these, covering the subject as it presents itself | 
to the manufacturer, but intended especially for | 
those interested in their use. This involves questions | 
of the properties of parts made of different metals 
and of the design of the parts to enable them to be 
produced in an economical manner. Numerous 
examples are given showing how comparatively 
complicated pieces can be produced, sometimes 
involving the use of a second operation die or of 
inserts around which the metal is cast. These are 
naturally more expensive than when a single 
operation die can be used, partly by reason of the 
cost of the insert and also because the speed of 
operation is reduced by the extra handling required, 
and will be avoided if possible. The design of the 
dies themselves is of the utmost importance in 
successful working, and this is dealt with very 
fully, including examples of die assemblies with 
ejector pins and side cores. The material used for | 
the dies naturally varies according to the metal 
to be cast; thus aluminium alloys require a harder 
and more costly alloy steel suitably heat treated, 
compared with the steel used for the low melting 
tin and lead alloys. 

Considerable progress has been made with regard 
to the alloys which are used, which vary greatly 
in such matters as strength when hot. Thus an 
alloy which gives clear detail and good finish may 
be in such a state of internal strain that failure 
will result in service, while others simply disinte- 
grate with the passage of time. The author dis- 
cusses generally the factors affecting the actual 
production of the castings, also those which affect 
their value from the point of view of the consumer, 
and then deals in turn with the alloys having tin, 
lead, zinc and aluminium bases respectively. He 
then proceeds to consider the actual casting opera- 
tion, emphasising the necessity for careful ‘‘ break- 
ing in” of a new die, and for control of the casting 
temperature by an adequate pyrometer equipment. 
Die-casting machines are analysed according to the 
type of pressure chamber for the molten metal, #.e., 
whether plunger or pneumatic, the type of frame 
for holding the die, and the relative positions of the 
frame and pressure chamber, with illustrations of a 
number of the machines which have been developed. 

Attention is called to the importance of the finish 
given to die castings, not merely from the point of 
view of the service to which they are to be put, but 
also that of its appeal to a possible purchaser. The 
author gives useful information regarding polishing, 
cleaning and plating with nickel, cadmium and 
chromium, as well as other decorative finishes. 
The concluding chapter deals with the practice in | 
preparing and controlling the alloys, which naturally | 
varies in different plants according to local con- | 
ditions, and gives methods of analysis for alloys | 
with zinc, aluminium, tin and lead bases. | 














MAGNESITE PRODUCTION IN THE UNITED StTatTes.— 
According to reports furnished by producers to the 
United States Bureau of Mines, Department of Com- 
merce, the total quantity of crude magnesite mined in | 
the United States during 1929 was 187,660 short-tons, | 
valued at 1,500,000 dols. approximately. This quantity | 
is the largest mined since 1920, and represents an | 
pega of 47-5 per cent. over the corresponding figure | 
or 1928. 








Dry Ice Prant iN MELBOURNE.—A CO, or “dry” | 
ice plant has been installed in Melbourne by Messrs. | 


THE WELLAND SHIP CANAL— 
XV.*—(continued). 


WHEN dealing with the harbour at Port Weller, 
we explained how the inner harbour walls were 
made of cribs built first at Port Dalhousie and later 
at Port Weller itself, and floated to site and sunk. 
Similarly, the harbour entrance was constructed 
by means of cribs handled in like manner and backed 
by filling, while the long gap extending from the 
inner harbour cribs to those at the entrance was 
bridged by wide embankments. The layout of 
the walls built by means of these cribs was not 
regular, as will be clear from the plan, Fig. 629. 
and a variety of patterns were used to provide 
rounded corners at projecting ends, the entrance to 
the spare gate dock on the east side, and so on. 
The head blocks at the entrance were made of two 
cribs back to back, the outer corners of the pair 
being also rounded. It is not necessary to deal in 
detail with all patterns, nor is it of interest to list 
the numbers and types. We propose therefore to 
confine our description to a standard rectangular 
crib to which design many units were built for the 
straight runs of the walls, and it will suffice to 
supplement this by a few notes only on some of the 
special types. 

The standard crib which we illustrate in Figs. 630 
to 638, on page 577, had a length over end walls of 
110 ft. 4 in., and a width of 38 ft. Projecting 


Fig.629. 
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in the side walls, the lower end resting on the 3-in. 
by 12-in. cross-bearers. By means of screw jacks 
the lower ends were forced apart, and, when the 
floor was firmly pressed down, a distance piece and 
folding wedges were set between the strut ends. 
Alongside the wedges was placed, as shown in Fig. 
643, a 7-ft. wooden lever, which could be pulled in 
order to free the struts, and so release the floor, the 
mode of operation being similar to that described in 
connection with the bridge caissons already dealt 
with.* The watertight joint between the floor and 
concrete ledge was made with 1}-in. soft rope 
wrapped in }-in. felt, as shown in Fig. 642. 

The cribs at such points as the entrance head 
blocks were finished at one corner or another 
according to position, as indicated by Fig. 644, on 
page 578, toa 12-ft. radius, and the end wall and that 
part on the curve was of heavier scantlings than the 
standard. Details of these parts are given in Figs. 
645 to 648. Atsuch parts the walls had a thickness 
of 21 in. at the base, and 15 in. at the top, and the 
coping beams in the end divisions were 18 in. thick 
as compared with the standard of 12 in. The round 
corner introduced some modification of the tempor- 
ary bottoms, the latter in the divisions affected 
being cut down to a smaller rectangle than usual, 
and the balance being finished with 12-in. reinforced 
floor slab. This was supported along its edge by an 
inverted beam 2 ft. deep and 12 in. thick, to help 
to carry the load. Another special arrangement was 
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from each end were two vertical lugs standing out 
9 in. and 1 ft. 10 in. wide, the two at one end 


being on the outside and the two on the other set | 


in 2 ft., so that lugs on adjacent cribs interlocked. 
Each crib was divided by a longitudinal wall and 
cross walls into 18 pockets, the party-walls extend- 
ing to a height of 22 ft. up from the base in a total 
height of 34 ft. The outside wall thickness was 
18 in. at the base reduced to 12 in. at the top, while 
the inside walls had a thickness of 14 in. at the base 
and 10 in. at the top. The outside walls were 
reinforced by horizontal {-in. rods at the bottom and 
}-in. rods above, the latter size being used for the 
party-walls. 
walls and from 6 in. to 18 in. in the inside walls. 
The crib was finished at the top with beams 4 ft. 
deep by 10 in. thick, exactly over the division 
walls below. Such beams were provided with ample 
bent bar reinforcement to take the deck load. In 
addition a further longitudinal beam 12 in. thick 
and 4 ft. deep was set back 7 ft. from the front wall 
face, to support the coping blocks, as will be 
described later. These coping beams were heavily 
reinforced with bent bars and stirrups, the former 
of { in. and the latter of } in. dia. 

These cribs were not provided with bottoms. 
Round the inside bottom edge of each pocket was a 
projecting ledge 6 in. wide and 12 in. thick. This 
in the normal division or pocket left an opening 
9 ft. 10 in. by 16 ft., which was closed by a wooden 
temporary bottom. The bottom, shown in Figs. 639 
to 643, on page 578, was built up of 6-in. by 10-in. 


galvanised sheet. The bottom boarding was fixed 
to two 10-in. by 12-in. longitudinals, above which in 


The spacing was 6 in. for the outer | 
































| devised in connection with a float well incorporated 
| in one of the cribs in a sheltered corner of the spare 
gate dock. Here, in one of the inside pockets, a 3-ft. 
diameter well was arranged at the intersection of 
the longitudinal and one of the cross division walls. 
From this a 2-in. galvanised pipe has been laid, 
embedded in the concrete and terminating in a 
strainer in a pocket in the wall face. 

The details previously given relating to the 
construction of the cribs for Port Weller may be 
supplemented by the views reproduced in Figs. 659 
to 662 on page 588. The cribs were built on floating 
pontoons with detachable sides, above which form- 
work was erected as the work proceeded, the whole 
| sinking deeper in the water as progress was made. 
When completed, the form-work was removed, as 
well as the sides of the pontoon, and the pontoon 
itself was then flooded and sunk away from the crib 
bottom. In Fig. 659 may be seen the concreting 
plant as re-erected after the war at Port Weller, 
with a crib being built alongside. In the fore- 
ground is a pontoon, with its sides and ends detached, 
and some of them floating alongside. The sides 
and ends are in position in the crib under the plant, 
and form-work is shown in progress. The forms 
for all corners and junctions of cross and side 
walls were erected ahead of the rest, the inter- 
'vening spaces being filled in with long standard 

panels. The pontoon sides were 6 ft. high, but 
the standard panel form had a height of only 3 ft., 
and the concreting was done in lifts of this amount. 
There were thus two panels inside facing the 








| timber, and covered on the underside by 26-gauge | pontoon walls, after which the standard panelling 


| was continued upwards both inside and out. The 
‘next view, Fig. 660, shows the standard panelling 


Carba Dry Ice (Australia), Limited. With the exception | turn were fixed three 3-in. by 12-in. cross pieces. at a more advanced stage. The vertical re- 


of one machine, the whole of the plant has been made 
in Australia. The system employs CO, drawn off from 
burning coke used for steam raising in a special boiler 


plant. In one of the most successful American plants 
the necessary CO, is drawn from a molasses plant, as 
a by-product. Th 

welded building. 


mentioned above, by means of three sets of struts. 





e Melbourne plant is installed in a) * The first part of article XV appeared on page aed 
ante, 


| The bottoms were held down in position on the ledge | inforcement is well shown in these views, but the 


| horizontal bars were only put in as the lifts pro- 


| The upper ends of these struts were placed in pockets | ceeded, and are therefore hidden by the outside 


‘forms. Fig. 661 shows one of the first cribs being 





* See ENGINEERING, vol. cxxviii, page 671 (1929) 
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towed from Port Dalhousie to Port Weller, and 
Fig. 662 shows several of the cribs sunk in position 
and in process of being filled, back filling, in its 
early stages, also proceeding on the left hand 
at the time this view was taken. 

The coping for the entrance walls was made of 
pre-cast base blocks resting on the front wall and 
coping beam, and surmounted by a continuous 
coping. Details explanatory of this part of the 
work are given in Figs. 649 to 651, on this page. 
The base blocks varied with position, but the 
standard form had a length of 9 ft. 3} in. on the 
front face; was 9 ft. deep front to back; and the 
length at the back was 8 ft. 9} in. These dimen- 


sions gave clearances of 6 in. between the ends at 
the back for adjustment. 


The face of these base 
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Pi PLAN OF LEFT HAND CORNER CRIB. 
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blocks was set to the theoretical face line regardless 
of slight irregularity in the position of the cribs 
themselves. The blocks were 3 ft. deep, and had a 
lengthwise depression in the upp2r side. This was 
9 in. deep and 2 ft. 9 in. wide at the bottom, the 
sides sloping to 45 deg. Projecting into this 
groove were two stirrups to key the coping monolith 
down to the base. These also acted as lifting 
eyes, for setting. The coping, poured in sections 
equal to the length of the cribs, was 9 ft. wide, 
with the standard slope for the upp2r 30 in. of 
the face, and a back on a slop2 of 12 in. in 3 ft., 
thus reducing the actual top to a net width of 
7 ft. 6 in. The vertical thickness was variable 
to allow for irregularity of surface between the 
base blocks on the several cribs, the coping level 
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being maintained uniform by means of this adjust - 
ment. The pre-cast base blocks were reinforced by 
transverse rods near the bottom, and these blocks 
and the coping proper had bars behind the face. 
The coping beam described as forming part 
| of the standard crib dealt with above was introduced 
only when the work had progressed some distance. 
In the earlier cribs placed it was lacking, and in 
these the arrangement of base blocks and coping 
just referred to had therefore to be supplemented by 
some form of support for the back of the base blocks 
over the rock-fill. This was provided by a beam 
of L section long enough to extend over one divi- 
sion and a half division on each side. This arrange- 
ment is shown in the drawings, Figs. 652 to 657, 
on page 579. A single pile was driven in the centre 
of each pocket under the line of these beams. End 
beams extended over 1} pockets. The beams were 
pre-cast of reinforced concrete. They were, as shown 
in Figs. 654 and 655, 3 ft. deep and as much wide, 
and facing outwards the ledge was 1 ft. 6 in. deep by 
12 in. wide. Inclined stirrups were embedded in the 
concrete to serve as lifting eyes, and also assisted 
bonding with the coping. The base blocks to corres- 





pond, shown in Figs. 656 and 657, were cut away on 
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Fig. 652 
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Fic. 658. Pracine Corrine Biocks IN Position. 


the back face for a width of 12 in. and height of 
| ft. 6 in., and were reinforced with diagonal and 
other bars, to a much greater extent than the 
standard blocks. These blocks were only 7 ft. wide 
back to front so that when assembled on the front 
wall and L beam, the total width of beam and 
block was 9 ft. as in the case of the standard blocks. 
The coping was cast above this combination in 
the manner already described. The view repro- 
duced in Fig. 658 shows the L-section beam in 
position, and base blocks being placed ; several of 
the latter are lying behind some form-work on the 
left. The projecting stirrups will be noticed. 


(To be continued.) 








_ GENERATION OF ELEcTRIcITY IN GREAT BRITAIN.— 
he official returns rendered to the Electricity Commis- 
sioners show that, during the first nine months of the 
present year, the total amount of electricity generated 
by authorised undertakers in Great Britain, was 7,721 
million units, against 7,291 millicn units during the corres- 
ponding period of 1929, representing an increase of about 
5 +9 per cent, 


|PLATE-ROLL FINISHING MACHINE. 


| We have, within the past year, given accounts of 
two different machines for finishing long rolls with a 
curved surface.* The method by which the desired 
curvature is obtained differs in both machines, and 
we now propose to describe a third machine in which 
the same end is attained in still another, and what 
is a very simple, way. This machine, unlike the 
other two, is of continental origin, being manufactured 
by Messrs. Société Anonyme des Anciens Etablisse- 
| ments Fetu-Defize, 55, Quai de Longdoz, Liége, and 
| has aroused considerable interest at the Exhibition, 
| just closed, in that city. We illustrate our description 
| by Figs. 1 to 10 on Plate XL, and Figs. 11 to 14 on 
pages 580 and 581. We should point out that the 
latter figures represent the actual machine exhibited, 
which is smaller than that shown in the figures on Plate 
XL. The characteristic features of both machines 
are the same, but the figures of the larger one display 
them in a more recognisable form. The smaller 
machine, which is intended for the finishing of rolls 
for mills rolling thin plates or sheets, can deal with 











* See ENGINEERING, vol. cxxix, page 538 (1930), and 
) page 289 ante, 
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those having a maximum diameter of 2 ft. 8 in., and‘a 
[ comtees surface about 4 ft. long. 4 

Briefly, the machine consists of a long bed formed 
with two parallel pairs of slides, on one of which are 
arranged the tail-stock and steady-rests for supporting 
the roll to be ground, and along the other is traversed 
a saddle carrying a grinding wheel which is advanced 
towards or away from the roll during the traverse 
according to the particular contour of the curved 
surface required. The roll is rotated by an electric 
motor on the headstock, while two other motors 
traverse the saddle and drive the grinding wheel, 
respectively. The required curvature of the roll surface 
is ensured by the use of templates with contours of 
exaggerated form, so that there is less liability to error 
in their manufacture. Referring to Plate XL, Figs. 
1, 2, and 6, it will be seen that the bed is carried on a 
number of levelling screws provided with lock nuts, 
while from the latter figure it will be apparent that 
it is well ribbed. The slides for the wheel saddle are 
both Vee-shaped with an oil groove at the bottom. 
They are provided at intervals with lubricating rollers, 
and are protected from grit from the grinding wheel by 
a thin plate extending the whole length and through 
the saddle. These cover plates are readily made 
out in Figs. 2 and 3, which show also the spring device 
at each end by which they are kept taut. The slots 
in the saddle through which they pass are clearly seen 
in Fig. 4 on Plate XL, and Fig. 14 on page 581. 

The two slides for the headstock, &c., consist of an 
inverted Vee and a flat surface respectively. Between 
the two sets of slides is a trough which receives the spray 
ing water from the wheel. The headstock slides are 
protected by a number of portable cover plates inclined 
towards the trough as shown in Fig. 6, and divided 
into irregular lengths as shown in Fig. 3, to give a 
wide range of adjustment to suit the position of the 
steady rests, &c. The water is drained off at each 
end of the trough into settling tanks, communicating 
with a channel formed in:the concrete of the foundation 
along the side of the bed and visible in both Figs. 4 
and 5. It will be noticed in Fig. 6 that the apex of 
the inverted Vee slide is cut off, a rack being situated 
at this point by means of which the steady rests are 
moved into position. Another rack seen in this 
figure between the wheel saddle slides is used to effect 
the longitudinal traverse of the saddle. 

The headstock seen at a, Fig. 1, comprises a gear- box 
and a 30-h.p. motor, both bolted to the bed. The 
final pair of gears is cut with double helical teeth to 
conduce to smoothness of working. The number of 
changes provided varies according to whether a con- 
stant or variable-speed motor is fitted. The gear-box 
is oil-tight and lubrication is effected by the small 
rotary chain-driven pump seen to the left of the gear 
box. The suction of this pump is coupled to a settling 
box into which the gear box drains, and the delivery 
is divided into 12 pipes providing individual lubrication 
to the various parts. The gear-box spindle is furnished 
with a square recess. This takes one end of a coupling 
bar, not less than 3 ft. long, which is provided at the 
otlier end with a socket for the usual quatrefoil end 
of the roll. The use of this coupling bar, which is 
virtually the ordinary wobbler coupling of the normal 
rolling mill drive, provides the necessary play between 
the drive and the work to neutralise any want of 
alignment between the axis of the spindle and that of 
the roll being ground. 

The tailstock b is, of course, adjustable along the 
bed, and here again any small defect in alignment is 
provided for, as, instead of the usual conical centre, 
a large-diameter hardened-steel ball is provided, 
which is housed in @ casing permitting a small degree 
of lateral movement whilst maintaining a thrust. From 
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the above remarks on the centreing of the roll it will 
be clear that it is supported by the steady-rests. These 
rests carry the journals of the roll, and ure seen at c in 
the several figures. They are adjustable longitudinally 
along the slides. The weight of the roll is taken mainly 
on a bottom shoe which has a bearing surface with a 
semicircular back to accommodate journals of differing 
diameters. Its adjustment in a vertical direction is 
effected by the lower screw seen at the extreme right 
of Fig. 6. This actuates a small-angle wedge, and a 
fine degree of adjustment is therefore obtainable. The 
remainder of the roll weight and the grinding thrust is 
taken by the back shoe. Horizontal adjustment is 
effected by a vertical wedge actuated by the upper 





larly the former, that there is no special traversing 
motor, but that this movement is provided by a belt 
drive from the headstock motor. 

It is at the gear-box, as is evident from Fig. 1, that 
the controls are grouped, and in this connection appears 
a novel feature of the design. Instead of the more 
usual arrangement of stops along the bed for controlling 
the saddle traverse, the movement of the saddle is 
reproduced on a smaller scale on the vertical column f. 
This mechanism is, perhaps, best followed in Fig. 11. 
A vertical screw operated by the movement of the 
saddle carries a nut which travels up and down as the 
saddle is moved one way or the other. A rod connected 
with the reversing gear is provided with adjustable 


stops with which the nut makes contact towards the 
ends of the traverse. In the small machine shown in 
hinged part above the bearing shoe in each case is an | Fig. 11 the action of the stops is mechanically trans- 
oil reservoir fitted with a felt pad, which ensures; mitted, a clutch being fitted on the traverse-shaft. 
constant lubrication of the journal. When rolls of | In the larger machine the connections are electrical. 
very small diameter are being ground, special steady-|This very neat arrangement of a vertical column 
rests having an adjustable top arm are used. These| occupies the minimum of space on the operating 
are illustrated in Figs. 7, 8, 9, and 10. The three. ! platform and enables the operator to adjust and watch 
point bearing thus provided makes up for the want of | the stops from the platform. 
stability inherent in a light weight small-diameter; Although for the sake of simplicity the saddle was 
roll. | earlier described as consisting of two parts, it will be 
The saddle consists primarily of two parts—namely, | evident that the wheel must be capable of being 
a base running on the slides and carrying the traversing | moved transversely for setting at the beginning of the 
motor, and an upper part carrying the grinding wheel| cut. The upper, and tilting, part of the saddle is 
and its motor. The upper part rests upon a shaft | therefore itself really formed of two parts, one carrying 
lying in a V-shaped groove along the inner edge of the | the wheel and motor sliding transversely on the other. 
base and, at the outer edge, on the end of a vertical | The wheel is moved up to the roll, or vice versa, either 
screw the rotation of which tilts the upper part, and | by the large hand-wheel seen immediately above it in 
so moves the grinding wheel towards or away from | Fig. 5 or, more rapidly, by power, a selecting lever at 
the roll. The saddle as a whole is both long and heavy, | the end of the gear-box enabling the latter to be 
and is therefore stable and free from vibration. In the | engaged when required. This cross-traverse is effected 
large machine shown on Plate XL it is 8 ft. long,| by a screw and nut in the ordinary way, but any play 
and with the operating motors and accessories weighs |on the nut is automatically taken up by the long 
about 6 tons. The traversing motor at d is mounted | cylindrical counterweight g, shown in Figs. 2 and 5. 
upon a box containing the electro-magnetic clutches | This weight is suspended at the ends from the trans- 
and other reversing mechanism. Adjoining this box | versely sliding part of the saddle and is prevented 
is a gear-box e, providing different rates of traverse. | from displacement laterally by being threaded on a 
The final transmission is through a worm gearing and/| guide rod situated on the fixed part. A slightly 
a pinion gearing with the rack between the slides. In/ different form is adopted in the small machine, as 
the smaller machine, however, it will be clear from | shown in Fig. 14. It may be here mentioned that the 
Fig. 11, above, and Figs. 13 and 14, on page 581, particu- | photograph reproduced in this figure was taken when 


screw at the right of Fig. 6. The two circles in this 
figure represent journals of different diameters. The 








ENGINEERS, LIEGE. 














Fie. 12. GrinpiIncg WHEEL AND GUARD. 


the machine was in the erecting shop, hence the some- 
what rough nature of the water channel in which the 
weight is suspended. 

The method of securing the curvature of the surface 
of the roll by tilting the wheel—that is, causing its 
centre to move through an arc during its longitudinal 
traverse—may now be described. The tilting part of 
the wheel carriage consists of a bearing housing h, 
with the overhung wheel & on one side and the driving 
motor on the other. A reference to Fig. 2 will show 
that the point of the tilting screw at 7 comes at about 
the virtual centre of the group, and of the hinge shaft 
on the inner edge of the saddle. The screw is rotated 
through a small angle, causing a vertical movement 
of the outer edge of the saddle, by means of the lever /. 
This lever is provided with a roller, adjustable along 
its length, the roller bearing upon one or other of the 
two templates m, m, according to whether a convex or 
concave curve is required on the roll. The curves of 
the templates are, of course, at right angles to the 
vertical side of the bedplate on which they are carried, 
so that the lever is deflected in a horizontal direction 
and the tilting screw is turned. It will be clear that, 
with a template of one curvature, say a regular arc, 
any number of curves of similar contour but differing 
in degree of flatness may be produced by simply 
altering the position of the roller bracket along the 
lever. The roller is displaced in a horizontal plane by 
exactly the same amount on passing from one end of 
the curve to the other, but the angular movement of 
the screw is less the longer the leverage. The minimum 
ratio between the actual curve generated on the roll 
and that of the template being 1 to 40, it is evident 
that any slight error in the template will be reduced 
to negligible proportions on the work. The lever is 
graduated, and the degree of curvature corresponding 
to any particular position of the roller bracket is 
ascertained from a table. The templates are adjustable 
along the bed, so that their centres can be synchronised 
with that of the roll, by a rack-and-pinion mechanism. 
The arrangement of the curve-generating gear is well 
shown in Fig. 14. It may be noted that the degree of 
accuracy obtainable with this simple gear is within 
a half-thousandth of an inch. 

The grinding wheel k, which is 30 in. in diameter and 
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Fie. 14. Rear View SHOWING CuRVE-GENERATING MECHANISM. 


may be from 3 in. to 8 in. wide, is driven through a 
multiple-strand Texrope drive, by a 60-h.p. motor. 
The wheel spindle is of hardened steel running in two 
bronze bearings. which have a special adjusting device 
to enable play to be taken up without altering the 
axial position of the shaft. The driving pulley is 
mounted on the shaft between the bearings, and 
endways movement is prevented by a double ball-thrust 
bearing. The bearings are water-cooled by the wheel- 
spraying water which circulates through chambers in 





them before discharge. Lubrication is effected by a 
constant-level oil bath, fed by a reservoir containing 
2 gallons of oil, i.e., sufficient for two months’ service. 
The wheel hub is mounted at the end of the spindle 
on a cone which is provided with an adjustable device 
to facilitate balancing. The normal equipment of the 
machine includes also a mandrel and two knife-edges 
for preliminary balancing. The wheel is put on the 
spindle by the hinged mounting device seen on the 
headstock casing in Fig. 2, the saddle being run up to 





the headstock for the purpose. As will be seen in 
Figs. 4 and 5, the wheel is very adequately encased. 
The casing’is provided with a door on its outer side. 
and it can be adjusted to suit the amount of wear of 
the wheel, by-a hand-wheel regulator. An attachment 
for a setting apparatus to ensure parallelism of the 
roll and wheel traverse is also provided on the casing. 
ae motor, drive, and all other working parts are water- 
tight. 

The cooling water is supplied by a centrifugal pump 
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with its axis vertical and submerged in the water 
channel in the foundation, so that it is always primed. 
The pump is driven, through bevel gearing, by a belt 
from the end of the wheel-motor spindle. The drive 
is well shown in Fig. 14. The discharge from the pump 
is led by a flexible pipe, so that the tilting of the carriage 
may be free, to the spindle bearings. After passing 
through the bearings the water is led by two pipes to 
a pair of heads above the wheel, each provided with 
a number of nozzles, so that a copious supply to the 
wheel is ensured with a minimum of splashing. This 
arrangement can be made out in Figs. 1, 3, and 4. 
The small machine has only one nozzle, as shown in 
Fig. 12. This figure also shows the general construc- 
tion of the casing. From an inspection of the appro- 
priate figures it will be appreciated that the controls 
are conveniently grouped near the operator, who can 
manipulate the whole of the movements whilst keeping 
a watch on the work. The circular disc seen in an 
opening of the platform in Fig. 3 is a pedal, a pressure 
on which, in case of emergency, opens the whole of the 
electric switches and stops all the movements of the 
machine. In addition to the high degree of finish 
obtained in grinding, this machine is noteworthy as 
regards capacity. A roll for producing thin plates, 
32} in. in diameter and 47} in. length of contact 
surface, can be reconditioned by the removal of 1 mm. 
on the radius in an hour and a half, including time 
occupied in setting up and taking down. 








THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by Str George WILLIAM 
Humpareys, K.B.E. 

I propose briefly to review some of the main features 
of the London of to-day, as evolved by the march of 
events and moulded by the activities of the engineer. 
The first remarkable feature is the growth of popula- 
tion. In the Greater London area, which contains 
about 693 square miles, comprises the Metropolitan 
and City Police area, and is an area used in the Census 
and Registrar-General’s returns, the inhabitants, who, 
in 1801, were 1,114,644, now number nearly 8,000,000. 
In recent years, however, the population in the Central 
area (the inner 19 square miles), as also in the County 
of London proper, has decreased, while there has been 
a steady increase in the population of Greater London 
and the surrounding area, the perimeter of which 
extends month by month, with a consequential engulf- 
ment of what was formerly open country by organised 
streets and dwellings. This growth is, in a large 
measure, the outcome of development of those inven- 
tions whereby space is bridged for both intercourse 
and speech, a development for which engineering 
science is responsible. There is, therefore, a close 
relation between the labours of the administrator and 
the engineer, and it behoves the former largely to 
model the framework of his ordinances on the advice 
and counsel that the engineer alone can give. 

The Act of 1888 established the County of London 
as an administrative area. It contains 116-95 square 
miles, absorbing 628 ecclesiastical parishes and 44 civil 
parishes. The Metropolitan Board of Works, which 
before that date was the Central Authority, was merged 
into the London County Council, whose duties and 
responsibilities have been further increased by the 
control of education being assigned to it in 1904, and, 
as recently as April of this year, the control of Poor 
Law administration for the county, functions hitherto 
performed by the Metropolitan Asylums Board and the 
Boards of Guardians. The Act of 1888 was followed 
by the Act of 1899, which established 28 metropolitan 
borough councils and preserved the identity of the 
City of London. There are row, therefore, in effect, 
29 contiguous towns, the local government of which, 
as far as general services are concerned, is vested in the 
London County Council, while local services are 
administered by the separate borough councils and the 
cities of London and Westminster. To the 4,500,000 
persons located in the administrative county must be 
added the 3,250,000, who mhabit the immediately 
surrounding area. London, in effect, now covers an 
area in which the limits of the county are indicated 
only by obscure boundary stones or marks, and 
of which no outer limit exists or can even be fore- 
told. This expansion presents features of peculiar 
interest to the engineer. It has already attracted 
much thought and attention, and time will only 
intensify the magnitude of the considerations that 
arise from this continued aggregation of population. 
Adequate means of communication, whether roads, 
railways or waterways, are among the essential require- 
ments of a modern community. Not less important 
are an adequate supply of pure water and facilities 
for its removal by drainage after it has played its 
part in our daily life. 

The experience and position of London in respect of 
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drainage present many remarkable features. Between 
1815 and 1855, the control of drainage was vested in a 
number of separate bodies named Commissioners of 
Sewers. The nearest stream, a tributary of the Thames, 
and also the Thames itself, received untreated sewage 
from the adjoining buildings. The Thames is a tidal 
river throughout London, and the distance to open 
waters is such that the contents of the river throughout 
London at high water cannot reach the sea on an ebb, 
being met by the incoming tide after a passage of 
about 12 miles down the river. A portion of the 
ebb, diluted by the flood, is therefore brought back 
for a part of this distance, and the time requisite for 
a final expulsion of a zone of water in the river, polluted 
or otherwise, extends over several tides. This period 
of time is a function of the volume of the inflow into 
the river below Teddington weir of the main stream 
itself, and the discharge of tributaries and of effluents 
from London and surrounding areas. The continual 
discharge of crude sewage into the river within the 
confines of London constituted a nuisance owing to 
the tidal oscillations, and public opinion loudly called 
for a remedy. After much deliberation a scheme was 
evolved for intercepting the sewage and conducting 
it by means of artificial channels to outfalls downstream 
of, and beyond, London. The functions of the Com- 
missioners of Sewers were handed over to the Metro- 
politan Board of Works, and the position of the 
outfalls was fixed at Barking and at Crossness for the 
areas north and south of the Thames, respectively. 

The sewage on arrival at the outfalls was originally 
stored in reservoirs, and discharged only on an ebb 
tide, and in its crude state, but at a later date sedimen- 
tation tanks were added, from which the sludge was 
systematically cleaned out, loaded into sludge vessels 
and deposited at sea about 43 miles below Gravesend, 
the tank effluent continuously flowing into the river. 
This system of sludge abstraction and ‘deposition, 
commenced in 1887, is still in operation, and has 
hitherto proved to be sufficient. The increase in the 
volume of effluent since that date, and consequent 
abstraction of oxygen from the river in the summer 
months when the upland water flow is diminished, 
has, however, directed attention to the advisability of 
obtaining a better effluent than that obtained from 
sedimentation alone. There were advocates twenty 
or twenty-five years ago of the installation of contact 
beds or percolating filters as an adjunct to the sedimen- 
tation channels. We must congratulate the London 
ratepayer that these counsels did not prevail, but the 
time has now arrived when some definite steps should 
be taken to test the efficacy of known means for 
improving a portion, at any rate, of the London effluent. 
After experimenting on a modest scale, it was decided 
last year to install at the Barking Outfall an activated- 
sludge unit of a capacity sufficient to treat 5,000,000 to 
10,000,000 gallons of tank effluent. The construction 
of this unit is now actively proceeding, and the working 
results will be of great interest. 

Intimately connected with the question of the 
capacity of the tidal Thames to receive the County 
effluent without nuisance, is that of the volume and 
character of effluents from areas surrounding the 
County, increasing as these are in population, and 
draining eventually as they do into the tidal Thames. 
The County drainage system, moreover, already 
receives sewage from outlying areas, so that a total area 
of about 180 square miles drain to Barking and Cross- 
ness. Other adjacent local government areas have 
applied for drainage facilities, but such facilities have 
had to be denied. The problem of making provision 
for the drainage of these additional areas is a large 
and important one. It is now engaging the attention 
of the Ministry of Health, and, on account of its mag- 
nitude alone, presents many difficult features. The 
area, which should form the basis of the considera- 
tion of the problem is indefinite, but obviously must 
have relation to the area draining to the tidal Thames, 
and neglect local government areas, which do not, as a 
rule, follow watersheds. It is interesting to note what 
has already been done in the way of the inclusion of 
area for engineering and other services of Greater 
London. The following table sets these out :— 

Square miles. 
18 


The London main drainage area contains ... 0 
The London postal area contains ... bas 232 
The London water area contains _.... Se 574 
The London telephone area contains are 735 


The London and home counties electricity 
area contains |... or ~~ wh: oss E5707 
The London traffic area contains... -.- 1,820 
Within a radius of 25 miles of Charing Cross (that 
is, an area of about 490 square miles) are to be found 
about 200 separate sewage-disposal works, small and 
large, including those at the Barking and Crossness 
Outfalls, the effluents from which find their way to the 
tidal Thames. Many of these are taxed to their 
| capacity, allowing little or no margin for increase of 
| population, and the question of providing for sewage 
| disposal over a drainage area even greater than Greater 
|London and on a comprehensive and co-ordinated 
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system should soon be decided. Before leaving the 
question of drainage in London, the provision for 
dealing with storm water should be briefly referred to. 
London is, in the main, drained on the combined 
system. In later years, an attempt has been made in 
less densely populated parts of the County to introduce 
a separate system, but the time has gone by for a 
radical change in this direction all over London. To 
try to effect the complete alteration would be to 
attempt almost the impossible. Very intense and 
sudden rainfalls are occasionally experienced in the 
County, and if these occur about the period of low water 
in the Thames, the run off does not meet the same 
obstacle as exists if the fall coincides approximately 
with the time of high water. To cope with the circum- 
stances arising from the latter condition, as also to deal 
with storm-water falling upon large areas below high 
water mark, storm-water pumping stations have been 
constructed. They are equipped with pumps driven 
by gas engines, and a staff is constantly in attendance, 
whose duties are, like the fireman’s, to be ready 
whenever the call comes. The pumps being set to 
work, an artificial gradient towards the pumping station 
is established, and the contents of the sewer are pumped 
into the nearest available spot in the Thames, through a 
channel discharging, where possible, below the level of 
low water. To maintain a drainage gradient through- 
out all areas in London sufficient to prevent all flooding 
at times when a very intensive rainfall might coincide 
with high water in the Thames, complicated as the 
matter is by the existence of deep basement premises, 
would, however, entail such a huge equipment of 
channels and pumps as to render their provision 
financially impracticable. 

Closely allied to the removal of water and sewage from 
a thickly populated area is the removal and disposal of 
house and trade refuse and garbage, together with the 
dirt arising from the cleansing of thoroughfares. 
Public cleansing in London has been necessary, if not 
actually provided, for many a century, and is a service 
on which the health of the community is intimately 
dependent. The Ministry of Health has lately exam- 
ined, and now has under review, the general questions 
involved in the public cleansing services of London. 
Last year a comprehensive report* on the matter was 
prepared by Mr. I. C. Dawes, O.B.E., who is of opinion 
that the collection side of the business, as also the 
methods employed in street cleansing, can be improved 
upon, and that the cost can be reduced, by co-ordina- 
tion of effort and centralisation of control. Although 
it may be fairly said that the hygienic aspect is well 
dealt with as regards the cleanliness of our thorough- 
fares and the efficient and prompt removal of refuse from 
our homes, the same cannot be said, in many instances, 
as regards the disposal of the refuse. To separate the 
putrescible matter from the harmless, to extract that 
which has a commercial value from the worthless, and 
to do this in the most economical and hygienic manner, 
complicated as the matter is by a seasonal variation 
in yield, is the problem. Mr. Dawes estimates that 
48 per cent. of the annual yield is disposed of by 
dumping, and it is this procedure that leaves much to 
be desired. It has been thought that there is a com- 
mercial calorific value in the material. Destructors 
have been tried and incinerators installed as an adjunct 
to local electricity works. The experience hitherto in 
this respect is, however, not fortunate. The seasonal 
variation in the supply of combustible and putrescible 
material has proved to be so great that a constant 
supply of heat units cannot be depended upon. Tipping 
at sea has also been suggested. Whatever might be 
the cost of such a method it should be noted that 
conditions in the Thames estuary are not favourable for 
it. The approaches to London by sea are compara- 
tively shallow, and no really deep water can be found 
within a practicable distance. The deposition of a 
cargo of sewage sludge, of which about 92 per cent. is 
water, while the remainder consists principally of 
organic substances, is a different matter. There is, 
therefore, great scope for research work on the problems 
of how to dispose of the huge quantity of London refuse 
from time to time so, as to prevent the unmistakeable 
nuisance that has arisen and will increase in the future 
with the advance of buildings towards the vicinity of 
dumps, and, how to find a substituted method that 
will be both innocuous and satisfactory financially to the 
ratepayer. 

The part played by the Thames in affording an 
outlet and disposal ground for these waste products of 
London is thus all-important. It is rivalled only by 
its role in supplying the inhabitants of the Metropolitan 
water area of 574 square miles with the greater part of 
the water they use, and that of forming the main high- 
way that links the whole world with the heart of the 
Empire. At the close of the last century, proposals 
culminated for the amalgamation of the eight water 
undertakings then supplying a London water area, 
and the Metropolitan Water Board was constituted in 
1903. Our Past-President, the late Sir Alexander 


* See page 77, ante, 
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Binnie, prepared a scheme for the London County 
Council designed to impound the headwaters of the 
Wye, the Towey and the Usk, and to bring to London 
the water from the reservoirs thus to be created 
in mid-Wales. The cost was estimated to exceed 
15,000,0007. But after exhaustive examination it was 
agreed that large storage reservoirs in the neighbour- 
hood of London, to impound the waters of the Thames, 
and also of the Lee, offered the better solution of the 
problem. The Metropolitan Water Board has available 
to-day storage reservoirs totalling 2,734 acres in extent, 
of a total capacity of 19,657,000,000 gallons, equivalent 
to a supply for about 714 days. Supplies of London 
water are drawn as to about 58 per cent. from the 
Thames, 24 per cent. from its tributary the Lee, and the 
balance from springs and wells in the Lee valley, Kent, 
and the southern district. Certainly it can be said 
that the Board’s efforts to supply a water of good 
quality have been successful, and the storage capacity is 
now such that it should be sufficient, as far as the greater 
part of the London area is concerned, to tide over the 
duration of any period of drought that is likely to occur. 
Some inconvenience was caused in parts of London 
during the very dry summer of 1929, by reason of 
restriction of use. This was due, however, to delay 
having taken place in the programme of revision, since 
completed, of certain arrangements, and to quite 
abnormal use of water immediately before it became 
necessary to limit the supply. 

Another ad hoc authority, but of more recent creation, 
which plays a large part in the everyday life of London, 
is the Port of London Authority. Constituted by Act 
of Parliament in 1908, for the purpose of exercising a 
unified control over the docks and the tidal portion of 
the Thames, its sway is exercised from Teddington to 
the open sea, defined by a line drawn from Havengore 
Creek in Essex to Warden Point, Kent. The capital 
expended since its constitution has been about 
40,000,000/., which includes the purchase of the old 
dock undertakings and 17,000,000. spent on improve- 
ments. The most notable additions to the undertakings 
have been the King George V Dock, an adjunct to 
the Victoria and Albert Docks, providing an additional 
64 acres of water with a depth of 38 ft. and 2 miles of 
quay ; extensions at Tilbury, including an entrance lock 
1,000 ft long and 110 ft. wide, with 45 ft. 6 in. of water 
over the sill at Trinity High Water, a passenger floating 
landing stage, 1,142 ft. long and 80 ft. wide, available 
for any vessel using the port at any stage of the tide, 
and a new dry dock, 750 ft. long, 110 ft. wide, with 37 ft. 
on the blocks at T.H.W.; and alterations at the West 
India and Millwall Docks, linking them all by means 
of passages and providing a new entrance lock 584 ft. 
long, 80 ft. wide, and 35 ft. deep at T.H.W. In 
addition to the foregoing, systematic improvement by 
dredging of the river approaches has been undertaken, 
and it is hardly necessary to emphasise its immense 
importance. A channel 1,000 ft. wide, giving 30 ft. at 
low water, is being obtained from the Nore to Cold- 
harbour point (opposite Erith), narrowing to 600 ft. 
above the latter place until it reaches the Royal Albert 
Dock. Farther upstream, widths naturally become 
less for certain lengths, and the depths to be obtained 
are 20 ft., 16 ft., and 14 ft., for such respective lengths 
up to London Bridge. The depth of channel must 
obviously depend upon the width of the river and the 
size of the vessels likely to use it. Moreover, the 
presence of cross-river communication, in the shape of 
tunnels, exercises an influence. In this connection, it 
became necessary last summer to decide upon a depth 
for the projected new tunnel between Dartford and 
Purfleet, Parliamentary sanction for which was obtained 
in August last. To determine this meant, in effect, 
forecasting the probable draught of ships over, at any 
rate, the next century, or placing an obstacle in the 
way of such ships of the future coming farther up the 
river. After much deliberation, an agreement was 
arrived at, and the Act provides that the level at which 
the tunnel may be made shall be such as to permit of a 
channel over it having a depth of 50 ft. at low water. 
There are those who think that the draught of the vessel 
of the future will be too great for this depth, but, as is 
usual in questions of this kind, the matter was one of 
judgment and compromise, very serious difficulties 
being attendant upon sinking the tunnel to a greater 
depth, while the form which a bridge would have to 
take to cross at a height sufficient to avoid interference 
with the ship of the future assumed impracticable 
proportions. . 

The presence of the river in our midst has, however, 
brought about conditions that have called for the skill 
of the engineer to provide ready means of crossing it. 
he inadequacy of the foundations of some of the piers 
f Waterloo Bridge, necessitating the support of the 
bridge by temporary measures, focussed attention upon 
it in 1923-24, and the story of the endeavours, extend- 
ing now over six to seven years, to find a solution for 
what is in the main an engineering problem, is an 
eloquent illustration of the delays attendant upon a 


however, not an easy one. The existing requirements 
of modern road users are not yet clearly understood ; 
much less are those that will arise in the future. 
Waterloo Bridge is too narrow, as it stands, to play its 
proper part in the maelstrom of to-day’s traffic flow ; 
moreover, owing to its position on a bend of the river, 
it can only be navigated under helm, and utility calls 
loudly for a wider bridge for road traffic and one with 
fewer and consequently more commodious arches. On 
the other hand, it is a structure which in its present 
form has commanded widespread admiration for its 
simple and dignified treatment. Many hold the view 
that it is the only type of structure that will harmonise 
and accord with its setting. We can only express the 
hope that the wisest counsels may eventually prevail, 
and that a reconciliation of divergent views may be 
speedily forthcoming. 

If the Thames can be a good servant, it can also, if 
permitted, become a hard master. In early days, its 
expanse at high water covered many square miles of 
what is now agricultural or inhabited land. Artificial 
banks or walls to confine the river have been con- 
structed. They date from very early days and are 
probably not less than 300 miles in length. In South 
London alone and within the County, there are over 
10 square miles of densely populated area below 
Trinity High Water mark (+ 12-50 0.D.) and 26 square 
miles below the level of many of the high tides normally 
experienced. The most recent exceptionally high tide 
occurred in the early morning of January 7, 1928, when 
all previous records were broken, the water rising above 
the prescribed level for river banks (+ 18-00 O.D.) 
in the County of London. Extensive flooding took 
place and inquiry demonstrated that the height of this 
tide was due to a particular condition of severe weather 
in the North Sea producing a heaping up of water at 
and around the Thames estuary, coinciding with high 
water of a spring tide at a time when there was a heavy 
discharge of upland water at Teddington, due to 
floods in the Upper Thames valley. It is fortunate that 
this coincidence did not take place at a time when a 
higher spring tide was astronomically possible. 

In conjunction with our past president, Sir Frederick 
Palmer, the London County Council asked me to ex- 
amine the question of the adequacy of the prescribed 
height for river defences in London. We advised, and the 
London County Council has ordered, that the defence 
works shall be raised throughout the county in progres- 
sive steps from east to west. In the course of the 
investigations, it became apparent that the question 
possesses many difficulties and uncertainties, not the 
least of the former being that the control of the banks 
from London to the sea is vested in many different 
authorities, and that for the stretch from the County 
boundary on the west up to Teddington, no autho- 
rity is responsible. In the last session of Parliament, 
an Act has been passed for land drainage conferring 
new powers and creating authorities for what are 
termed catchment areas. In the case of the Thames, 
this area is to be the area draining to Teddington, so 
that the tidal part of the river will be outside the pur- 
view of the authority for the catchment area. Co-ordina- 
tion between this authority’s proposals and the require- 
ments of the authorities through whose territories the 
tidal portion flows will undoubtedly be obligatory if 
difficulties are to be avoided. A complete hydro- 
graphic survey of the area draining to the tidal and non- 
tidal Thames appears to be called for, in order that the 
problems of drainage and flooding can be considered as 
a whole and not sectionally. It has been urged that a 
proposal put forward some time ago for the construction 
of a barrage across the river in the vicinity of Tilbury 
would have, amongst the other advantages claimed 
for it, that of removing any danger to be feared from 
abnormal tides. Whatever advantage it might possess 
in this respect would, I think, be nullified by the 
obstruction which such a structure would present to 
the free passage of shipping, and from the drainage point 
of view it should stand condemned ; it is the fall of the 
tide in London that renders its drainage practicable. 

The services to which I have alluded are all adminis- 
tered by local authorities or by public trusts or boards. 
There are others which depend upon the work of the 
engineer in which public money is concerned. These 
include the telegraph and telephone services, the 
provision of transport facilities, and the supply of 
electricity. As regards transport, a pooling of public 
passenger conveyances with partial public ownership 
was projected, but is in abeyance, though there are 
indications that it will soon be resumed. The other 
service for the supply of heat, power and light, namely 
gas, is, in London, entirely in the hands of private enter- 
prise, though, as in the case of electricity, the charges 
are controlled. The increase in numbers, speed and 
weight of vehicles using the streets has added to the 
responsibility of the gas engineer, as indeed also of the 
water engineer, in connection with their mains under- 
lying such thoroughfares ; disturbances due to settle- 
ment and transmission of blows from heavy fast- 





multitude of counsellors. The problem is admittedly, 





moving traffic have increased the liability to fracture 
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or leaky joints. The advisability of placing gas mains 
in subways has lately been questioned. A small 
leakage of gas into the’air of a subway may result in the 
formation of an explosive mixture, and although no 
explosion has occurred in London in a subway con- 
taining gas mains, circumstances on more than one 
occasion have been more than favourable for such. 
Opinion now inclines to the exclusion of gas mains 
from subways, and to a continuation of the practice 
of laying them in the ground. The damage done in 
December, 1928, by the explosion in the Post Office 
subway at Holborn emphasi-ed the necessity for the 
precautions that should always be taken for free venti- 
lation of all underground chambers and passages. 

In the early part of this address, attention was called 
to the process of steady absorption of open country by 
streets and buildings that is daily taking place in 
Greater London. One is led to ask oneself the question 
‘** How far will this process of absorption extend ?” 
and to speculate even whether it should be assisted to 
extend. An ordered and considered policy for the 
lay-out of towns and cities, as distinct from enactments 
governing methods of construction of buildings and 
width of new streets, has only recently formed the 
subject of studied legislation. The Town Planning 
Act of 1925, consolidating previous Acts, marks a 
definite step in the attack on the problem; but it is 
early yet to speak of what success will attend efforts in 
this direction as far as London and its huge built-up 
areas are concerned. A Greater London Regional 
Planning Committee is now in being. It is represen- 
tative of the various local authorities in London and the 
Home Counties, and issued its first report last December. 
The area under their review is that of the London and 
Home Counties traffic area. Dr. Raymond Unwin, 
their technical adviser, is of the opinion that the 
minimum requirements for this area as regards open 
spaces and playing fields is not less than 206 square 
miles. The provision of adequate open spaces and the 
proper lay-out of main lines of communication obviously 
form the skeleton or framework of the picture that a 
well-ordered community should present, the details of 
which time alone can fill in and bring to fruition. 
Conceptions have been formed of a green or agricultural 
belt around London, so that an arresting hand could be 
placed on its annual advance. The idea is an attractive 
one, but to effect its purpose it seems that the belt 
would require to be several miles in width. Its location 
would be all important and the financial considerations 
involved would, no doubt, be enormous. 

London has also not been backward in its efforts 
to provide adequate housing accommodation for the 
working classes. The contributions of the London 
County Council and the Borough Councils since the 
war amount to the provision of about 40,000 and 11,000 
dwellings, respectively, and their quota is still incom- 
plete. The London County Council has, since 1920, 
in addition to other smaller estates, been able to create 
what are small townships, namely, in the Borough of 
Lewisham, the Bellingham and Downham estates, 
approximately 2,000 and 6,000 dwellings, respectively, 
also at the Watling estate in the parish of Hendon, 
about 4,000 dwellings. Another large estate, to be 
known as St. Helier, is being developed near Morden, 
in the County of Surrey, and will consist of about 
10,000 houses, with a population approaching 50,000, 
exceeding that of many English country towns. Its 
largest estate, Becontree, near Dagenham, in the County 
of Essex, an area of over 2,800 acres, now contains 
over 18,000 dwellings in occupation and orders for over 
6,000 more dwellings have bec n given. 

I have endeavoured in the foregoing remarks to 
refer to most of those activities as affecting our 
Capital in which the engineer is called upon to play a 
prominent part. I have had to call attention to the 
activities of the legislator and administrator. This, 
I submit, is necessary because the division between 
policy as laid down and interpreted by these two, and 
action, the special function of the engineer, is not a 
hard and fast line. It is situated somewhere in the 
featureless and trackless divide that lies between chaos 
and order, where direction posts are wanting and the 
paths to success or disorder can be discerned only 
with the aid of the expert guide. The huge agglomera- 
tion of individuals and their needs in our London and 
its outlying areas have produced a set of conditions 
that call for exceptional, if not exclusive, treatment, and 
I fear that its growth has, in some respects, outgrown, 
I will not say the capacity of the community, but its 
preparedness for dealing with them. There is more 
than a tendency in recent years to defer coming to 
conclusions until the views of a large number of people 
are ascertained, many of whom, on a strictly impartial 
review of their qualifications and interests, would not 
be able to contribute much of real value to the question 
under examination. The engineer by tradition and by 
virtue of his training is the exponent of action, but not 
infrequently he has to regret that a solution or step 
recommended by him as the proper and fitting one to 
take is nevertheless delayed or abandoned. 
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THE A.E.C. HIGH-SPEED AIRLESS- 
INJECTION ENGINE. 


OMNIBUSEs equipped with heavy-oil engines have been 
in regular service in certain Continental, cities for some 
time, but up till the present, only experimental models 
have been tried out in London. The decision has now 
been reached, however, to initiate regular services with 
six omnibuses constructed by Messrs. The Associated 
Equipment Company, Limited, of Southall, Middlesex, 
and fitted with 95-h.p. airless-injection engines of the 
firm’s own make. The omnibuses are being taken over 
by the London General Omnibus Company immediately, 
and will be seen on the streets at an early date. After 
investigating the various types of engine already in 
use, both in England and on the Continent, the 
Associated Equipment Company reached the conclusion 
that an engine running on the Acro system was most 
suitable for the required purpose, and the Acro form of 
head was therefore selected as the basis for the experi- 
mental work on which the final design of the engine was 
to be based. In order to determine the most suitable 
compression ratio, and other points connected with the 
design of the engine, a single-cylinder experimental unit 
was constructed. This unit is shown in Fig. 5, on the op- 
posite page, and it will be noticed that it has a detachable 
head and overhead valve gear, and that the fuel pump is 
mounted on a bracket bolted to the timing-gear case. 
Apart from the determination of such primary factors as 
the compression and stroke-bore ratios, this engine was 
employed to investigate such points as the ratio of 
the volume of the auxiliary air chamber to that of the 
main combustion chamber, the shape and size of the 
Venturi connecting passage, the duration and rate of 
injection, andsoon. The object aimed at was to secure 
an engine which, while being flexible, should be smooth 
running, free from Diesel knock, and give a clean and 
odourless exhaust. It was considered important that 
the final model should be interchangeable with the 
firm’s corresponding petrol model, and that the power- 
weight ratio should be comparable with that of the 
latter. 

The design finally decided upon was a six-cylinder 
engine with a cylinder bore of 110 mm. (44% in.) anda 
piston stroke of 142 mm. (5}% in.) giving a capacity of 
8-1 litres (630 cu. in.). 





The engine is illustrated in 
Figs. 1 to 4, on this and the opposite pages, and it will be 
seen that the monobloc form of construction has been 
adopted. The main-bearing bolts are brought up through 
the top of the crank case to form the anchorage for the 
cylinder block. The cylinder heads are detachable, and 
are made in two groups, each covering three cylinders. 
The arrangement of the auxiliary air chamber, which is 
located in the head and not in the piston, together with 
that of the Venturi passage, are shown in the section, 
Fig. 4. Special attention was given to the rigidity of 
the crank case, which is exceptionally heavily ribbed. 
as shown in the same figure, in order to ensure a rigid 
bed for the crankshaft bearings. The operating gear 
for the valves is also shown in Fig. 4, and hardly calls 
forcomment. It may be mentioned, however, that the 
valves are made from silico-chrome. The pistons are 
made from heat-treated Y-alloy, and the hollow gudgeon 
pins are of exceptionally large diameter, being 40 mm. 
(1 ¥ in.). The connecting rods are of the usual H section, 
and are made from nickel-chrome steel. The white metal 
is run directly into the big ends, thus following standard 
automobile practice. The gudgeon pin is clamped in 
the small end and runs directly in the piston. The 
crankshaft, which is shown in Fig. 3, is extremely 
stiff, the main journals being 85 mm. (3§ in.) in diameter 
and the crank pins 75 mm. (2% in.) in diameter. The 
shaft is mounted in seven bearings, and the flywheel is 
bolted to a flange at the rear end. Both the main 
and crank-pin journals aze hollow to reduce weight. 
The loading conditions on both the main and big-end 
bearings were analysed, and it was found that the 
duration of the maximum load was shorter than in the 
case of a petrol engine. The bearings were, however, 





given ample area with a view to ensuring a long wearing 
life. The camshaft and the whole of the auxiliaries, | 
including the fan, are driven by a single triplex roller | 
chain from the crankshaft. The chain is kept at the | 
correct tension by means of an automatic device, and, | 
being of considerable length, insulates the auxiliaries | 
from shock and possible crankshaft vibration. 

The main and crank-pin bearings are lubricated 
under pressure, and the camshaft, pistons and gudgeon 
pins by splash. The main oil system is bled to obtain 
a supply of oil at low pressure for the valve-rocker 
lubrication. The oil is fed into a channel in the rocker 
shaft at the rear end, and reaches the rockers through 
holes drilled in the shaft. The surplus oil is carried down 
at the front of the engine, and is fed on to the spiral 
gears driving the oil pump. The location of the pump 
is shown in Fig. 4. The fuel pump is mounted on 
the near side of the engine, as shown in Fig. 1. It is 


of normal Bosch type, but with a special camshaft to 
give the rate of injection decided upon as a result of 
the research work already referred to. 





The injection- 
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Fie. 1. 


NEAR-SIDE OF ENGINE. 

















Fig. 2. 


OFF-SIDE OF ENGINE. 

















Fie. 3. CRANKSHAFT. 


advance device has also been modified to give an 
increased advance range, as the engine is designed to 
run up to 3,000 r.p.m. The pump is driven at half the 
crankshaft speed, and the fuel is fed to it from a tank, 
mounted on the frame, by means of a diaphragm pump. 
The fuel is supplied to the Bosch pump at a pressure 
of about 3 Ib. per square inch. 


An unusual fitting on the engine is the vacuum pump, 
visible in Fig. 1, in front of the fuel pump. It is of the 
rotary-vane type, and serves to produce the vacuum 
required to operate the servo brakes with which the 
chassis is fitted. The suction side is connected to a 
vacuum tank mounted inside the frame, the pipe from 
the servo system being connected to the tank instead of 
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to the inlet manifold as in the case of a petrol engine. 


The air passed through the brake cylinder enters the | 
crank case through the base of the pump, which is | 


splash-lubricated through the discharge opening. A 
relief valve is fitted to limit the vacuum to 22 in. 
of mercury, thus avoiding overheating, which would 
occur if too high a vacuum were reached. To avoid 
losing the vacuum when the engine is idling, a non- 
return valve is provided, incorporated with the relief 
valve in_a single unit mounted directly on the vacuum 
pump. 

The engine, complete with all accessories, weighs 
xbout 1,350 1b., giving a weight of 14 1b. per brake horse- 
power, at the rated horse power of 95. The speed range 
obtained in service is from 300 r.p.m. to 3,000 r.p.m., 
and is thus much greater than that of any similar type 


of engine so far constructed. The power developed | 


and the fuel consumption at various speeds up to 2,500 
'.p.m, are shown in Fig. 6, the curves representing full- 
load conditions. With the engine fitted to a fully-loaded 
‘* Majestic” chassis, an average distance of 12-1 miles 
per gallon of fuel has been covered on the road between 
Bagshot and London the corresponding figure for the 
same vehicle fitted with a petrol engine being 5 m.p.g. 
to 6 m.p.g. As the load is gradually decreased, the 
consumption increases rapidly in the case of the petrol 
engine, while in that of the oil engine, there is a slight 
decrease down to about 70 per cent. of full load, followed 
by @ relatively gradual rise. At one quarter load, the 
consumption of the oil engine is only about half that of 








585 








ASSOCIATED EQUIPMENT COMPANY, 


AIRLESS-INJECTION 


LIMITED, ENGINEERS, 


ENGINE. 


SOUTHALL. 

















Fia. 


Fig. 7. COMPARATIVE COST. 







Pressure Lb. per S¢ In. 


Pence per HP per Hour 


& AD 


(5.4) Percentage of 


“ENGINEERING” 


the petrol engine. The average load is probably about 
40 per cent. of full load, at which point the consump- 
tion for the oil engine is about 60 per cent. of that of the 
petrol engine. 

The relative fuel costs of the two engines at various 
loads are shown in Fig. 7, and it will be noticed that, at 
40 per cent. of full load, the cost per brake horse-power 
hour is about 0-25d. for the oil engine, and 1-3d. for 
the petrol engine. The comparison is based on Diesel 
oil at 4d. per gallon, and petrol at 1s. per gallon. A 
typical indicator diagram is reproduced in Fig. 8. As 
will be seen from this diagram, the compression 
pressure is 545 lb. per sq. in. and the maximum 
pressure, which is attained about 10 deg. after the 
top dead centre, is 840 lb. per sq. in. 








FisH-FREEZING AND CoLD STORAGE IN IcELAND.—In 
order to develop the fisheries of Iceland, it is proposed 
to erect six fish-freezing stations. These are to be 
similar to, or larger than, the new fish-freezing installa- 
tion at Reykjavik, which has a’capacity of 80 tons a 
day, and is one of the largest in Europe. These installa- 
tions will be erected, one at Hafvafjord, near Reykjavik, 
one in the Vestmann Islands, and the remainder in the 
western and northern part of Iceland. It is understood 
that the scheme is being promoted by an American 
concern, with the sanction, and under the control, of 
the Government. As, however, it will be necessary to 
construct harbours at all six of the freezing stations, 
English engineers are to be called in to prepare plans 
and estimates for these works. 
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THE LATE MR. ALFRED 
PEARCE. 


WE regret to note the death, on October 30 last, at 
his home in Lee-road, Blackheath, London, S.E.3, of 
Mr. Alfred Pearce, engineer to Messrs. Samuel Williams 
and Sons, Limited, Dagenham Dock, Essex. A civil 
engineer of wide experience, Mr. Alfred Pearce was a 
son of Mr. John Swayne Pearce, and was born on 
July 17, 1865. He received his education at Charter- 
house and at King’s College, London, and afterwards 
went to the Crystal Palace School of Practical Engi- 
neering, Sydenham. From 1884 to 1888, he was a pupil 
of Sir John Wolfe Barry and Mr. I. K. Brunel. Upon 
the completion of his pupilage he was appointed assis- 
tant engineer of the Barry Dock and Railways under- 
taking, but was soon afterwards given the task of 
setting out and making contract drawings for the 
Vale of Glamorgan Railway. In 1890, Mr. Pearce 
went to Ireland to take up the position of resident 
engineer on a section of the Stranorlar and Glenties 
Light Railway, County Donegal. After his return to 
this country, in the autumn of 1891, he carried out 
Parliamentary work at Hull for Sir John Wolfe Barry. 
A few months later he was appointed engineer to 
Mr. John Band, contractor for the Grays and Tilbury 
Sewerage Works, and continued to occupy this position 
for some three years. In January, 1896, he became 
resident engineer on the Lisburn Water Works, Ireland. 
Ten months later, however, he was given charge of the 
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setting out of the Rhymney branch of the Barry Rail- 
way by Sir John Wolfe Barry, and continued in this 
capacity for several years. The line, the construction 
of which he supervised, is nearly seven miles long, and 
the operations comprised, in addition to several bridges, 
a tunnel through rock and a viaduct 500 yards long. 
The latter work formed the subject of a paper entitled 
“The Erection of the Walnut-Tree Viaduct on the 
Rhymney Branch of the Barry Railway,” read by 
Mr. Pearce before the Institution of Civil Engineers in 
1902. 

Subsequently, Mr. Pearce carried out work in connec- 
tion with the Whitechapel and Bow Railway. He 
afterwards acted as resident engineer, under Mr. W. W. 
Squire, then engineer to the Bristol Docks Committee, 
on the construction of the Royal Edward Dock at 
Avonmouth, Bristol, from the commencement of the 
undertaking until March, 1907. It is of interest to 
recall that, as stated in our columns at the time, the 
first sod was cut on March 5, 1902, and the dock was 
opened by H.M. King Edward VII on July 9, 1908. 
Furthermore, important extensions to the dock were 
carried out some two years ago, illustrated descriptions 
of which appeared in EnctneERING. After acting for 
some time as resident engineer on the Singapore 
harbour works, Mr. Pearce opened a private practice 
as consulting engineer in Westminster, and became 
engaged on work connected with various water, 
sewerage, and power schemes. In 1915, he was appointed 
Superintending Inspecting Engineer of the Aldershot 
and Southern Commands, and continued in this 
capacity until 1919. Early in the following year he 
became engineer to Messrs. Samuel Williams and Sons, 
Limited, Dagenham Dock, Essex, which position he 
continued to hold until his retirement on May 31 of 
this year. While in this capacity he was responsible 
for the maintenance of the dock, sidings, roads, and 
buildings. During his tenure of office, extensions 
were made to the wharves of the Company, new 
offices were built, and the pile foundations for factories 
for various other firms were put down under Mr. 
Pearce’s direction. A former student of the Institu- 
tion of Civil Engineers, Mr. Pearce became an associate 
member of the Institution on December 2, 1890, and 
was elected to full membership on February 20, 1900. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Metal Spirals.—The supply of 10,000 metal spirals 
for fixing coach screws into reinforced-concrete sleepers. 
The article is embedded in the concrete, and acts as a 
bush for the coach screw for fixing flat-bottomed rails. 
Board of the Port and Railways, Lourenco Marques ; 
November 17. (Ref. No. A. 10,451.) 

Wheels and Axles,—The supply of carriage and wagon 
wheels and axles. The South African Railways and 
Harbours Administration, Johannesburg ; November 17. 
(Ref. No, A.X. 10,464.) 

Lighthouses, d&-c.—The supply of lighthouses and lights, 
destined for the coasts of the Spanish territories of the 
Gulf of Guinea. The Director-General of Morocco and 
Colonies, Spain; closing date, 30 working days from 
October 22, 1930. (Ref. No. A.X. 10,469.) 

Water Meters.—The Mexican Government intends to 
install water meters in the houses of Mexico City. (Ref. 
No. A.X. 10,474.) 








Conrracts.—Messrs. The Ford Motor Company have 
placed an order with Messrs. Crompton Parkinson, 
Limited, Bush House, A'dwych, London, W.C.2, for 
1,460 ‘ Klosd”’ alternating-current motors. — Messrs. 
George Cohen, Sons and Company, Limited, 600, 
Commercial-road, London, E.1, have purchased the 
Aden State Railway. This railway, which was of metre 
gauge and about 29 miles long, has been dismantled and 
stacked at port. The purchase also includes rolling-stock 
and complete workshop equipment.—The Great Western 
Railway Company proposes to proceed at once with the 
purchase of an additional 152 new motor vehicles and 
tractors, to the value of 89,786/., for use in connection 
with its freight services. 





TRIALS OF H.M.I.S. ‘ Hinpustan.’’-—The twin-screw 
mine-sweeping sloop Hindustan, built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, Wallsend-on- 
Tyne, for the Government of India, recently completed 
her trials off the mouth of the Tyne and sailed for 
Bombay. She is the first purely combative ship built 
for the Indian Navy since the reorganisation of that 
service, which came into being on November 11, 1928. 
The vessel is propelled by means of steam turbines with 
single-reduction gearing, giving a speed of 17 knots. 
The propelling machinery and the oil-fired water-tube 
boilers have been supplied by Messrs. R. and W. Haw- 
thorn, Leslie and Company, Limited, Newcastle-on- 
Tyne. In addition to her armament of quick-firing guns 


the vessel carries the latest type of mine-sweeping 
equipment. 
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United States Bureau of Mines. Technical Paper No. 470. 
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Stock Distribution and Gas-Solid Contact in the Blast 
Furnace. By C. C. Furnas and T. L. Joserx. [Price 
30 cents.] No. 477. A Study of the Lubricant Fractions 
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With Chapters on the Action of Solvents on the Heavy 
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[Price 15 cents.] Washington : Government Printing 
Office. 
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C. W. Daniel Company. [Price ls. net.] 

Department of Scientific and Industrial Research. Sum- 
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Part II. London: His Majesty’s Stationery Office. 
[Price 2s. net.] 

Department of Overseas Trade. Report on the Conditions 
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THomas M. ArnscoucH. London: His Majesty’s 
Stationery Office. [Price 3s. 6d. net.] 
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Resources Paper, No. 63. Atlantic Drainage (South of 
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1927-28. By K. G. CatsHotm. Ottawa: Dominion 
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Canada, Department of Mines. Mines Branch, No. 714. 
The Gypsum Industry of Canada. By L. H. Cote. 
Ottawa: Department of Mines. Mines Branch. 


[Price 30 cents. ] 

Rensselaer Polytechnic Institute. Engineering and Science 
Series, No. 27. Investigation of the Thermal Con- 
ductivity of the System Copper-Nickel. By G. F. 
Sacer. No. 28. An Investigation of the Magnetic and 
Electrical Properties of Some Iron-Chromium Alloys. 
By F. K. Fiscuer, Troy, N.Y.: Rensselaer Poly- 
technic Institute. 

Dominion of Canada. Department of National Defence. 
Report on Civil Aviation and Civil Government Air 
Operations for the Year 1929. Ottawa: Department 
of National Defence. [Price 25 cents. ] 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel_—While the recent revival experienced 
in some sections of the local steel and engineering 
trades has been maintained, a state of stagnation con- 
tinues in other directions, The slump in export business 
has done much to militate against improvement, while 
requirements on home account are of only moderate 
dimensions. A satisfactory feature is the increase in 
the number of inquiries in circulation. Despite the fact 
that British manufacturers are able to offer attractive 
quotations, coupled with the accepted high quality of 
their products, great difficulty is being met with in 
attracting foreign business as the result of fierce com- 
petition from Continental manufacturers, who are 
assisted by cheaper labour and transport, and the 
operation of Government bounties. The raw and semi- 
finished steel trade continues work under a big dis- 
advantage. The majority of furnaces are out of action, 
and prospects of their being relighted in the near future 
are poor. Gross output is on a low level as a result of 
users being content with sufficient supplies to cover 
immediate use. Speculative buying is_ practically 
negligible. Acute shortage of work is reported by 
makers of rods, bars, and sheets. The heavy engineering 
trades are marking time, though in isolated instances 
pronounced activity is to be found. Large orders received 
locally for patent buffers will call for something like 
2,000 tons of steel. Unsettled conditions in India, 
China, and South America have had much to do with the 
curtailment of railway orders. Makers of ship steel, 
forgings, and castings are only moderately employed. 
A fair measure of progress is being made by producers 
of all kinds of electrical apparatus, both on home and 
foreign account. Another line where headway is being 
made is in the production of weighbridges and machines. 
Contracts have been completed for several overseas 
markets. Motor-car producing centres are calling for 
increased tonnages of light forgings and castings, high- 
class special steels and alloy materials. Mixed conditions 
prevail in the tool trades. Hand tools are in healthy 
demand, while twist drills, hack saws and blades, and 
quarrying and road tools, have recovered some of the 
ground recently lost. Files, saws, plantation tools, and 
farm and garden implements, however, continue de- 
pressed, 


South Yorkshire Coal Trade.—The coal trade locally is 
making little headway. The amount of export business 
leaves much to be desired, though the home demand 
tends to expand. Largely in consequence of the de- 

ressed condition of the iron and steel trades, industrial 

uel is difficult to dispose of in large tonnages, while the 
gross demand does not reach a satisfactory level. Steam 
coal is steady, as are all grades of bunkering fuel. Domes- 
tic coal is disappointing, considering the time of the 
year. Consumption of foundry and furnace coke shows 
a slight shrinkage, but gas coke remains firm. Quota- 
tions: Best branch handpicked, 25s. 6d. to 27s. ; Derby- 
shire best brights, 20s. to 22s. 6d.; Derbyshire best 
house, 19s. 6d. to 20s. 6d. ; screened house coal, 17s. 6d. 
to 19s. ; screened house nuts, 14s. 6d. to 16s. 6d. ; York- 
shire hards, 14s. to 15s. 6d.; Derbyshire hards, 14s. 
to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty slacks, 
6s. 6d. to 7s.; smalls, 3s. to 5s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is cheerless in 
tone. Transactions are still confined to narrow limits, 
and the prospect has not improved. Little business in 
Cleveland pig is passing, beyond direct small sales by iron- 
masters to local and other home consumers. Most of the 
limited output continues to be absorbed at makers’ own 
works, and the small surplus production that is available 
for the market barely satisfies the very moderate demand. 
Stocks are low and more likely to decrease than other- 
wise. Second hands have very little Cleveland pig to 
dispose of. Overseas sales are few and small. Fixed 
minimum prices remain: No. 1 grade, 66s.; No. 3 g.m.b. 
63s. 6d.; No. 4 foundry, 62s. 6d.; and No. 4 forge, 62s. 

Hematite.—Conditions alter little in the East Coast 
branch of trade. Home sales are vastly below what could 
be desired, but are not falling off, and both makers 
and merchants manage to sell occasional small parcels 
to Continental customers in spite of the comparative 
cheapness of foreign hematite. Producers are hampered 
by heavy stocks, which are, however, slowly but steadily 
falling. Values are maintained. Ordinary qualities are 
71s., and No. 1 is 71s. 6d. 

Foreign Ore.—There is hardly any demand for foreign 
ore. Consumers have a good deal on hand, and are heavily 
bought. Supplies coming forward against old contracts 
were purchased on terms substantially above rates at 
which contracts could now be made. Best rubio is no 
more than 17s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and difficult to dispose of, local users being 
unwilling to pay the rates named. Sellers, however, 
are not disposed to reduce quotations. They ask 17s. for 
good average qualities, delivered early to works in this 
district, and are not prepared to enter into forward 
contracts except at a higher figure. 

Manufactured Iron and Steel.—Orders for manufactured 
iron and steel are scarce, but quotations are unaltered. 
Prices for semi-finished materials are easy, in face of 
keen Continental competition. Common iron bars are 
101. 15s. ; best bars, 111. 5s. ; double best bars, 117. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 111. 5s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 10s. ; steel billets (medium), 7/. 12s. 6d; steel 
billets (hard), 81. 2s. 6d.; steel rivets, 111. 5s.; steel 
ship plates, 8/. 15s.; steel angles, 8. 7s. 6d.; steel 
joists, 8/. 10s. ; heavy sections of steel rails, 8/. 10s. for 
parcels of 500 tons and over, and 9. for smaller lots ; 
fish plates, 127. 10s. ; black sheets (No. 24 gauge), 8/. 15s. ; 
and galvanised corrugated sheets (No. 24 gauge), 
11L, 12s. 6d. 

Scrap.—All descriptions of scrap are in very ample 
supply and weak in price. Borings are offered freely at 
30s., and turnings at 37s. 6d.; while heavy ordinary 
cast iron is on sale at 51s., and heavy machinery metal 
at 53s. 6d. Heavy steel scrap is placed at 45s. 

Imports of Iron and Steel—Returns just issued by the 
Tees Conservancy Commission show the total imports 
of iron and steel to the Tees, from foreign countries and 
coastwise, during the twelve months ending October 31 
last, to have been 157,081 tons, as compared with 184,490 
tons for the same time a year ago, and only 54,564 tons for 
the corresponding pre-war period of 1913 and 1914. Pig 
iron imported in the year just ended amounted to 17,255 
tons, as against 28,793 tons for the same months a year 
ago, and 1,427 tons in the pre-war periods. Semi-finished 
material unloaded in the past twelve months reached 
105,197 tons, as against 109,874 tons a year ago, and 33,655 
tons in the pre-war period. Finished materials unloaded 
to the end of last month totalled 34,629 tons, as against 
45,823 tons a year ago, and 19,482 tons in the pre-war 
period. 

Shipments of Iron and Steel.—Of the aggregate 63,668 
tons of iron and steel from the port of Middlesbrough 
last month, 22,944 tons were pig iron, 3,654 tons manu- 
factured iron, and 37,070 tons steel. Clearances of pig 
iron were nearly 9,000 tons more than September loadings, 
and were the heaviest shipments for the past twelve 
months, but despatches of manufactured iron and steel 
were nearly 2,700 tons below those of September, and were 
the smallest tonnage of any month this year. Scotland 
was the largest buyer of pig iron last month, accepting 
7,837 tons, the Union of South Africa took the most manu- 
factured iron, 1,505 tons; and Argentina, with an import 
of 4,220 tons, was the principal steel customer. 








NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Coal Trade.—Though the present agreement 
between the Welsh coal owners and miners terminates 
in rather less than three weeks, no definite progress has 
been made towards effecting a new arrangement. The 
joint sub-committee appointed has held four meetings, at 
which a close examination has been made of the general 
position, with a view to attempting to arrive at an under- 
standing for recommendation to the respective parties. 
The men’s representatives have put forward tentative 
proposals, but it is not expected that the committee will 
be in a position to put forward an agreed recommendation, 
as it is understood that considerable differences of opinion 
exist. The committee will report to a meeting of the 
Conciliation Joint Board. Meanwhile, though inquiries 
circulate rather more freely, actual business remains 
very limited, buyers being content to follow a hand-to- 
mouth policy. Stocks of large and small are plentiful, 
and, despite temporary pit stoppages, due to the inability 
of colliery owners to secure a clearance of loaded wagons, 
supplies remain excessive. Prices, in the circumstances, 
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are stationary on the basis of the minima schedule 
which now applies to every description of large and small 
coal. The only section in which collieries are able to 
obtain a premium, on the scale, is for sized varieties. The 
make of sized coal is limited by the unsatisfactory 
position of large, and the consequent reduction in output 
caused by pit stoppages. On the other hand, the demand 
for sized coal is fairly good, with the result that supplies 
have become somewhat scarce, especially beans, which, 
in some cases, command more than nuts. Shipments of 
coal foreign last week totalled 412,080 tons, or 300 tons 
more than in the preceding week, Cardiff clearing 
247,120 tons, Newport 45,530 tons, Swansea 79,030 tons, 
Port Talbot 31,800 tons, and Llanelly 8,600 tons. Ship- 
ments to Italy were raised by 15,000 tons to 59,470 tons, 
to Portugal, by 11,000 tons to 24,270 tons, and to 
Spain, by 13,000 tons to 30,250 tons, but to Canada 
were reduced by 13,000 tons to 15,950 tons, and to France 
by 23,000 tons to 129,110 tons. Amongst new inquiries 
was one from the Portuguese State Railways for 130,000 
tons of small to be delivered over the first four months 
of next year. 

Changing Nationality.—The Cardiff-owned and regis- 
tered steamers Lord Aberconway and William Griffiths, 
belonging to the Tredegar Associated Collieries and 
Shipping Company, Limited, are to be transferred 
from the British flag to French nationality. This will 
mean that the crews, numbering 50, will be replaced by 
Frenchmen. The reason for this step is that foreign 
consumers of Welsh coal often stipulate that preference 
must be given to national vessels in the carrying of the 
coal. Since the Lord Aberconway and William Griffiths 
were acquired by the Tredegar Company early last year 
they have been almost continuously employed in carrying 
Welsh coal for the French railways. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—No change of any importance 
falls to be recorded in connection with the Scottish steel 
trade since last week’s report, and makers are little dis- 
appointed that recent inquiries have not resulted in an 
increased demand. The volume of business passing of 
late has been very small, both on home and export 
account, with the result that plant cannot be kept 
running steadily. General home trade has not become any 
better, and pending signs of a revival, several important 
schemes requiring a goodly tonnage of structural and 
other steel material have been hung up meantime. The 
makers of black steel sheets have been finding things a 
little more difficult during the past few weeks, and orders 
have not been so plentiful. Both light and heavy sheets 
have been affected, and the demand for galvanised sorts 
has also fallen off considerably. The following are the 
current market quotations :—Boiler plates, 10/. 10s. per 
ton ; ship plates, 8/. 15s. per ton ; sections, 8. 7s. 6d. per 
ton; black steel sheets, } in., 87. 15s. per ton; and gal- 
vanised corrugated sheets (No. 24 gauge), 11/. 17s. 6d. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade—tIn the West of Scotland 
malleable-iron trade there has been little movement, and 
dealings have been of a limited nature. Few orders of 
any note seem to come into the market these days, and 
inquiries are also somewhat scarce. The re-rollers of 
steel bars are still complaining of poor business and the 
severity of the Continental competition, as the prices 
quoted are solow. The market quotations are as follow : 
‘*Crown ”’ bars, 10. 5s. per ton for home delivery and 
91. 15s. per ton for export ; re-rolled steel bars, 7/. 7s. 6d, 
per ton for home delivery and 7/. 5s. per ton for export, 

Scottish Pig-Iron Trade.—There is still little activity in 
the Scottish pig-iron trade; local consumers are very 
quiet, and overseas buyers are not sending on orders of 
any volume. Pig-iron from India and other sources 
continues to arrive here. Current market prices are as 
follow :—Hematite 77s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 79s. per ton, and No. 3, 
76s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 1, amounted to 521 tons. Of that 
total 485 tons went overseas and 36 tons coastwise. 
During the corresponding week of last year the figures 
were 1,059 overseas and 70 tons coastwise, making a 
total shipment of 1,129 tons. 

Scottish Shipbuilding.—The shipbuilding industry in 
Scotland continues to keep moving along, but many say 
it is moving nearer to a standstill, or something 
approaching that. At any rate the amount of tonnage 
on hand does not represent much employment, and 
certainly nothing like what we are accustomed to in this 
country. While the output of new vessels continues good, 
the fixing up of fresh contracts is definitely unsatisfactory. 
On the other hand, however, very few contracts are on 
offer, as owners are determined not to enter the market 
until such time as they can see the possibility of a re t- 
able return for their outlay. During the past month the 
output of new vessels was a very good average and was 
21 vessels, with a total of 63,630 tons, which was more 
than double the output for September. The details are 





as under :— 
The Clyde 18 vessels 55,627 tons. 
The Forth 1 vessel 288 tons 
The Tay owe --. 1 vessel 7,700 tons 
The Dee & Moray Firth 1 vessel 15 tons 
21 vessels 63,630 tons 


The Clyde total was the fourth best monthly tonnage for 
the year and brings the output for 1930, to date, up to 
172 vessels of 467,070 tons. This is a highly satisfactory 
tonnage, considering the unsettled state of the world’s 
commerce, but the immediate outlook is not bright. 





NOTICES OF MEETINGS. 


Puysicat Socrety.—To-night, 5 p.m., Imperial College 
of Science, South Kensington, S.W.7. ‘‘ The Absorption 
and Dissociative or Ionizing Effect of Monochromatic 
Radiation in an Atmosphere on a Rotating Earth,” by 
Mr. S. Chapman. “Turbulent Flow through Tubes,” 
by Dr. W. N. Bond. “‘ The Spectrum of Trebly Ionised 
Cerium (Ce IV),”’ by Mr. J. S. Badami. ‘‘ The Photo- 
graphic Effects of Gamma-Rays,”’ by Mr. J. 8. Rogers. 

InsTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Thomas Hawksley 
Lecture. ‘The Machinery of the Earth,”’ by Professor 
J.W.Gregory. Yorkshire Branch : Thursday, November 
13, 6.30 p.m., Literary and Philosophical Society, Halifax. 
“The Influence of Fashion in Machine Design,” by 
Mr. W. Anderson. 


Junior INsTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Luminous Electric 
Tubes” (Neon, Helium, &c.), by Mr. H. Marryat. 
Friday, November 14, 7.30 p.m., Annual General Meeting. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch : 
Saturday, November 8, 4 p.m. ; Royal Technical College, 
Glasgow. ‘“‘The Moulding and Casting of Bronze 
Plates,” by Mr. R. Liddle. Wales and Monmouth 
Branch : Saturday, November 8, 6.30 p.m. University 
College, Cardiff. ‘‘ Nickel in Cast Iron,’ by Mr. W. T. 
Griffiths. Lancashire Branch, Burnley Section: Tuesday, 
November 11, 7.15 p.m., Technical College, Omerod- 
road, Burnley. ‘‘The Aims and Objects of the Insti- 
tute of British Foundrymen,” by Mr. R. W. Stubbs. 
London Branch: Thursday, November 13, 8 p.m., 
Edibell Sound-Film Apparatus, Limited, 89-91, Wardour- 
street, W.1. ‘‘ Foundry Theory and Practice in the 
United States,’ by Mr. J. G. Pearce. Middlesbrough 
Branch: Friday, November 14, 7.45 p.m., Cleveland 
Technical Institute, Corporation-road, Middlesbrough. 
‘* What Happens to the Metal inside a Cupola,” by Mr. 
F. Hudson. Hast Midlands Branch: Saturday, Novem- 
ber 15, 6 p.m., College of Technology, Leicester. ‘‘ Foun- 
dry Sands of Nottinghamshire and District,” by Mr. F. 
Hudson. 

InsTITUTE OF TRANSPORT.—Monday, November 10, 
6.45 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Annual General Meeting. At 
7 p.m., Joint Meeting with Institution of Automobile 
Engineers, and Commercial Motor Users’ Association. 
‘‘Commercial Motor Vehicles,’ (a) “‘ Goods-Carrying 
Vehicles,” by Mr. C. le M. Gosselin. (6) ‘‘ Passenger- 
Carrying Vehicles,’’ by Mr. G. J. Shave. Birmingham 
and District Section: Tuesday, November 11, 6 p.m., 
Queen’s Hotel, Birmingham. ‘“ The Function of Canal 
Transport To-day,” by Mr. G. Cadbury. Newcastle-on- 
Tyne and District Section: Friday, November 14, 7.30 
p.m., Y.M.C.A., Blackett-street, Newcastle-on-Tyne. 
**Road Transport Amenities in North-East England,”’ 
by Mr. A. J. Lyddon. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 10, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘“ V.I.R. Cables, 
their Failures, their Future and their Rivals,” by Mr. 
A. Stevenson. North-Eastern Centre: Monday, 
November 10, 7 p.m., Armstrong College, Newcastle-on- 
Tyne. ‘The Cooling of Electrical Machines,” by 
Mr. D. B. Hoseason. North Midland Centre: Tuesday, 
November 11, 7 p.m., Hotel Metropole, Leeds. ‘‘ The 
Medical and Surgical Applications of Electricity,” by 
Dr. B. Leggett. Scottish Centre : Tuesday, November 11, 
7.30 p.m., Institution of Engineers and Shipbuilders in 
Scotland, 39, Elmbank-crescent, Glasgow. ‘“‘ The Theory 
and Performance of Phase Advancers,” by Dr. J. J. 
Rudra and Professor M. Walker. London Students’ 
Section: Friday, November 14, 6.15 p.m., Victoria- 
embankment, W.C.2. “The Economic Application 
of Electricity to Space Heating,” by T. I. Illingworth. 

Institute oF MeEtats.—Scottish Local Section: 
Monday, November 10, 7.30 p.m., Institution of Engi- 
neers and Shipbuilders in Scotland, 39, Elmbank-crescent, 





Glasgow. ‘‘The Applications of High-Nickel, Nickel- 
Copper Alloys and Pure Nickel in Industry,” by Mr. N. C. 
Marples. Swansea Local Section: Tuesday, November 


11, 6.15 p.m., Y.M.C.A., Swansea. ‘‘ Alloys—Some 
Reasons for their Composition,” by Dr. H. W. Browns- 
don. Birmingham Local Section: Thursday, November 
13, 7 p.m., Chamber of Commerce, New-street, Birming- 
ham. “ Metals and Alloys of the Future,” by Dr. W. H. 
Hatfield. Sheffield Local Section : Friday, November 14, 
7.30 p.m., the University, St. Georges-square, Sheffield. 
“* Unsoundness in Metals,” by Dr. H. Hyman. 

Royat Instrrution.—Tuesday, November 11, 5.15 
.m., Albemarle-street, W.1. “ ts of Radioactivity,” 
y Dr. C. D. Ellis, Thursday, November 13, 5.15 p.m. 

** Physiology of Water,”’ by Dr. J. B. Haldane. 

InsTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 11, 6.30 p.m., 85, The Minories, E.C.3. ‘‘ Tubes 
for High-Pressure Water-tube Boilers,” by Mr. 8. F. 
Dorey. Junior Section: Thursday, November 13, 
7 p.m. ‘‘ Waste Heat Recovery,” by Mr. E. R. Hall. 

Society or Guass TEcCHNOLOGY.— Wednesday, Novem- 
ber 13, 2.30 p.m., North Staffordshire Technical College, 
Stoke-on-Trent. Joint Meeting with the Ceramic 
Society. ‘The Structure of Glasses; The Evidence of 
X-Ray Diffraction,” by Mr. J. T. Randall, Mr. H. 
Rooksby and Mr. B. 8S. Cooper. ‘‘ A Method for Deter- 
mining the Plasticity of Clays and Clay Mixtures Suitable 
for Glass House Refractories,” by Mr. E. J. C. Bow- 
maker. ‘ Specifications for Tank Blocks,” by Mr. W. J. 
Rees. ‘“ Notes on the Casting of Refractories,” by 
Mr. W. Emery. 

INSTITUTION OF ENGINEERING INSPECTION.—Wednes- 

day, November 12, 5 p.m., Royal Society of Arts, John- 





street, Adelphi, W.C.2. ‘‘ Some Legal Clauses and Con- 
sequences of Engineering Contracts,” by Mr. C. L. Nordon. 

INSTITUTION oF CrIviL EnNGrINErRs.—Wednesday, 
November 12, 6 p.m., Great George-street, S.W.1. 
Informal Meeting. ‘‘ The Mechanical Characteristics of 
Clays, with Special Reference to the Construction of 
Engineering Works,” by Mr. H. Berridge. Manchester 
and District Association: Thursday, November 13, 
6.45 p.m., Manchester Literary and Philosophical Society, 
36, orge-street, Manchester. ‘“‘ With the P.W.D. in 
Nigeria,” by Mr. J. Lea. 

INsTITUTE oF FuEL.—Wednesday, November 12, 
6 p.m., Chemical Society, Burlington House, Piccadilly. 
W.1. ‘“‘ Graphical Methods of Fuel Control,” by Mr. J, 
Cunningham. 

BELFast ASSOCIATION OF ENGINEERS.—Wednesday , 
November 12, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Modern Methods of Motor Vehicle Repairing,” 
by Mr. J. A. Chambers. 

Royat Society or Arts.—Wednesday, November 12, 
8 p.m., John-street, Adelphi, W.C.2. ‘The Royal 
Society of Arts’ Competition of Industrial Designs,” 
by Professor A. E. Richardson. 

Royat AERONAUTICAL SocteTy.—Thursday, Novem- 
ber 13, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Testing Aeroplane Controls,” by Mr. 
H. L. Stevens. 

InstituTION oF STRUCTURAL ENGINEERS.—Thursday, 
November 13, 6.30 p.m., 10, Upper Belgrave-street, 
8.W.1. ‘“‘ A Comparison of English and Foreign Building 
Laws,” by Mr. C. H. Cottew. 

Optica Soctety.—Thursday, November 13, 7.30 p.m., 
Imperial College of Science and Technology, South Ken- 
sington, 8.W.7. Demonstrations of ‘‘ Photo-electric Cell 
Fs grad by The Research Staff of the General 
Electric Company, Limited. ‘‘ The Use of the Spectro- 
graph in Metallurgical Analysis,” by Mr. D. M. Smith. 
‘*A New Spectrophotometer,” by Mr. H. Buckley and 
Mr. F. J. C. Brookes. 

INsTITUTION OF WeLpDING ENGINreERS.—Thursday, 
November 13, 7.45 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘‘ Metal Surface Harden- 
ing,”’ by Mr. A. E. Shorter. 

Nortu-East Coast InstITuTION oF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 14, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘Disembarkation of 
Passengers in Emergency at Sea,”’ by Mr. E. F. Spanner. 

InLuMmnaTION ENGINEERING SocretTy.—Friday, Nov- 
ember 14, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ The Lighting of Offices and Public 
Buildings,” by Mr. J. A. Macintyre. 

Society oF CHEMICAL INDUSTRY, CHEMICAL ENGINEER- 
Inc Group.—Friday, November 14, 6.30 p.m., Armstrong 
College, Newcastle-on-Tyne. Joint meeting with New- 
castle Section. ‘‘ Caustic Embrittlement,” by Mr. W. 8S. 
Coates. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
November 14, 7.30 p.m., Queen’s Hotel, Keighley. ‘“‘ Sal- 
vage work on Ex-German Fleet at Scapa Flow,” by Mr. 
E. F. Cox. 

INSTITUTION OF MUNICIPAL AND County ENGINEERS.— 
South-Eastern District : Saturday, November 15, 2 p.m., 
Railway Hotel, Heathfield. ‘‘ Some Rural Difficulties,” 
by Mr. W. O. Humphrey. “ Practical Notes on Super- 
vision,”’ by Mr. G. H. Ockenden. 








DEMONSTRATION OF METALLURGICAL SPECTROGRAPHY. 
—At a meeting of the Optical Society, to be held on 
Thursday, November 13, at the Imperial College of 
Science and Technology, Imperial Institute Road, South 
Kensington, London, 8.W.7, at 7.30 p.m., Mr. D. M. 
Smith, of the British Non-Ferrous Metals Research 
Association will give a demonstration of metallurgical 
spectrography, including the latest aids to quantitative 
analysis by this means. The entire process of making 
a photographs of specimens and projecting 
them as lantern slides will be shown, and the practical 
uses of the spectrograph in metallurgical work will be 
explained. All interested in the subject are invited to 
attend the meeting, for which no admission ticket is 
required. 





Norrsu-East Coast INSTITUTION OF ENGINEERS AND 
SHIpBuILDERS.—The 1929-30 session of the North-East 
Coast Institution of Engineers and Shipbuilders has been 
an active and successful one. In addition to Mr. 
Launcelot E. Smith’s presidential address, which was 
delivered on October 25, 1929, ten papers were read at as 
many ordinary meetings of the Institution, held during 
the session. In addition, one paper was read at the 
summer meeting in Holland. The report of the Council 
for the 1929-30 session states that special consideration 
has been given to measures for inc: the membership 
of the Institution, included among which was the suspen- 
sion of the entrance fee. The number of members en- 
rolled, during the session, was 100, as compared with 76 
in the previous session. The members on the register 
on July 31, 1930, totalled 1,218. The Council records 
with regret the loss by death of 24 members. These 
include His Grace the Duke of Northumberland, Messrs. 
A, E, Seaton, H. Walker, A. B. ——, J. G. Latta, 
and Sir James Readhead. Mr. Andrew Laing, already a 
fellow of the Institution, has been elected an honorary 
fellow. The income for the year ending July 31, 1930, 
was 4,315/., and the expenditure 4,304/. The Council 
has given careful consideration to the desirability of 
establishing an engineering and industrial museum on 
the North-East Coast. A small sub-committee has been 
appointed to consider the possibility of establishing the 
proposed museum. 
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THE GOVERNMENT OF LONDON. 


WE remember the Marquess of Crewe, when 
called upon to reply to the toast of ‘‘ London,” pre- 
facing his remarks by saying that the person best 
qualified to deal with the subject was the Commis- 
sioner of Police, not so much because that official 
undoubtedly possessed an unrivalled knowledge 
of the doings of, at least, certain classes of the popu- 
lation. but because the area (693 sq. miles), over 
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since each year more and more ground, which was 
country, is becoming rapidly covered by streets 
and dwellings. It also lies partly in the fact that 
the London County Council is a comparatively 
|new body, and has therefore been faced from its 
‘inception by a phalanx of vested interests, which 
|it was either disinclined to fight or which were 
better fitted than it was to administer a particular 
service. It would appear, moreover, that it is 
never likely to attain the ascendancy it might once 
have had, but may even lose ground. It is now 
becoming clear that many public health services, 
using the term in its widest sense, can best be dealt 
with on a large scale and that it would be unwise 
to impair their efficiency by a too rigid regard for 
existing local government boundaries, however wide. 

This point is well brought out, at least by infer- 
ence, in the Presidential Address which was deli- 
vered by Sir George Humphreys to the Institution 
of Civil Engineers, on Tuesday, November 4. Sir 
George has been connected with the London County 
Council for 28 years and is, as is well-known, at pre- 
sent chief engineer of that body. He is, therefore, 
in an excellent position to review the part that engi- 
neering is playing in the life of London, and also 
to discuss, more particularly, the activities of the 
Council itself in that field. Of these activities the 
more important are drainage, bridges, river embank- 
ments, town planning and housing, though, in addi- 
tion, it is concerned more or less directly with a 
number of other matters. 

As regards drainage, sewage is now collected 
jin sedimentation tanks at Barking and Crossness 
on the north and south banks of the Thames, 
respectively, whence the sludge is conveyed to 
sea in barges, while the effluent is allowed to flow 
continuously into the river. This system has been 
in successful operation for about 43 years, but some 
means of improving the effluent, the amount of 
which has greatly increased during that period, is 
now necessary. This is being effected by the instal- 
lation of an activated sludge unit. The Thames is, 
however, the natural receptacle for the sewage of 
an area considerably larger than London proper, 
the population of which is rapidly increasing. The 
sewage of a small portion of this area is also dealt 
with at Barking and Crossness, but similar faci- 
lities have had to be denied to the rest. How 
to deal with this position is a problem to which 
the Ministry of Health is now giving its attention, 
but its importance can be gathered from the state- 
ment that within an area of 490 square miles, with 
Charing Cross at its centre, there are 200 separate 
sewage disposal works, all of which drain into the 
tidal Thames. A comprehensive and co-ordinated 
scheme of disposal is therefore desirable and would 
seem, unless we are mistaken, to point to the 
establishment of another ad hoc authority. 

An analogous problem is that of refuse disposal, 
which, as we have already said, is at present dealt 
with by the smaller local authorities. Of these, 
there are 29 within the County Area with, of 
course, a much larger number outside. This service 
is performed more or less efficiently, not always the 
former, and has recently, as readers of ENGINEERING 
will remember, been the subject of a report* by 
Mr. J. C. Dawes, of the Ministry of Health. In 
this document, centralisation of control was also 
recommended with a view, both to saving money and 
to improving the conditions under which the work 
is carried out. And although both Sir George 
and Mr. Dawes deal only with the matter as it 
affects the County of London, it seems arguable that 
any unification that is attempted should be applied 
to a much wider area. 

Again, the London County Council is concerned 
with the correlated subjects of town-planning and 
housing. In the seventeenth century, town- 
planning in London took the form of forbidding 
further building, a policy which, it is unnecessary 
to add, was entirely and completely unsuccessful ; 
and it was not until 1909, at the earliest, that a 
definite step towards attacking this problem in a 
more satisfactory way was made by passing the 
first of the Town Planning Acts. In 1927 a further 
advance was made by the establishment of a 
Greater London Regional Planning Committee, 
which is responsible for an area of 1,820 square 











* See ante, page 77. 
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miles, The object of this body, as expressed by 
its technical adviser, Dr. Raymond Unwin, is to 
plan ample tracts for building on a background of 
open lands, rather than, as hitherto, to reserve 
limited tracts of open space on a background of 
unlimited housing development. To carry this 
policy into execution would mean the allocation of 
some 206 square miles, or 11:3 per cent. of the 
total, for playing fields and other open spaces, 
probably in the form of a green belt round 
London. As is well known, too, one of the 
greatest of post-war civic needs has been houses. 
London, Sir George tells us, has responded to this 
demand by building 51,000 dwellings within the 
county, while many thousands more have been 
erected in the immediate vicinity. Though this is 
a form of activity, which is to be highly commended, 
it cannot be denied that it has often been carried 
out with but the slightest regard for the policy we 
have just mentioned. And an examination of the 
situation again leads to the conclusion that the 
County Council, whose position is only that of 
landlord, possesses neither sufficient powers, nor 
authority over a large enough area to exercise 
control of the kind required, and that some change 
in the present arrangements must be made, if a 
state of affairs, which is already causing consider- 
able anxiety, is to be remedied before it is too late. 

The useful information given by Sir George thus 
leads us to deduce that, as regards drainage, refuse 
collection and town planning, the area administered 
by the London County Council is too small, from 
the points of view both of administrative efficiency 
and general welfare. The problem remains, how 
the change, it is felt to be necessary, is to be brought 
about. The establishment of a number of ad hoc 
authorities representative of the interests con- 
cerned, and each dealing with one of these problems, 
would be one way out of the difficulty. It is, of 
course, the method of the moment and, where it has 
been applied, it seems to have worked well. Its 
adoption is, however, surrounded by certain 
obvious difficulties. First, there is the human 
element. These authorities cannot work in water- 
tight compartments, and it would be extraordinary, 
therefore, if the town-planning authority always 
saw eye to eye with the refuse collecting authority, 
and the drainage authority with the traffic autho- 
rity. Again, if these bodies are to be representative 
of all the interests involved, their governing unit 
must be large, and the range of opinion within 
them will, therefore, be equally wide. Such 
bodies, from their constitution, are extraordinarily 
irresponsive to external influences, with the result 
that individual members of the public, and even 
larger societies, may suffer. These disadvantages 
would be mitigated, rather than removed, by 
providing one series of authorities for the area 
North of the Thames, and another for that to the 
south. The only other alternative, apart from 
remaining as we are, would seem to be the estab- 
lishment of one or two enormous authorities to deal 
with all these matters. Such a solution would, 
undoubtedly, have most of the disadvantages, 
which we have already outlined, and it is proble- 
matical whether these would be outweighed by the 
advantages. It is perfectly clear, however, that 
the question will have to be faced, and faced before 
very long, since the position will only become 
worse the longer it is neglected. Though it is 
difficult to determine the correct solution, Sir 
George is to be congratulated on stating the various 
engineering aspects of the problem so clearly that 
the position can be accurately appreciated. 

There are two other problems, to which Sir George 
referred, that are primarily of more engineering 
interest than those with which we have dealt above. 
These are the bridges over the Thames, of which 
the County Council controls all but four, and the 
protection of the land adjacent to the river from 
flooding. As regards the former, especially that 
relating to Waterloo, and the proposed Charing 
Cross, bridges, we can only subscribe to his hope 
that the wisest councils will prevail, while as regards 
the latter, it is interesting to learn that the existing 
defence works are being gradually raised, though 
here again a difficulty is imposed, either by the 
number, or, in some cases, by the absence of 
authorities controlling the banks. The problem is 





also complicated by the fact that the tidal part of 
the river is outside the purview of the authority for 
the new catchment area, so that co-ordination 
between the latter and those whose territory is in 
the tidal portion will be obligatory, if difficulties 
are to be avoided. We agree that a complete hydro- 
graphical survey of both areas is essential if 
the problems of drainage and flooding are to be con- 
sidered as a whole, and not sectionally, so that once 
again the King Charles’ head, which it has been 
impossible to keep out of this article, makes its 
re-appearance. 

One thing is, however, clear: Whatever policy is 
adopted and whatever means are employed to 
carry it out, it will be the engineer who will be 
largely responsible for its success, even if he is not 
entirely to be blamed for its failure. The problems 
of London, as Sir George well says, have largely out- 
grown the capacity to deal with them. But this 
difficulty can be overcome by those concerned 
taking the engineer, the exponent of action, into 
their confidence. They may be assured that that 
confidence will not be misplaced. On the other hand, 
the engineer has been so largely responsible for the 
present position that he must therefore not refrain 
from lending his assistance to any scheme for its 
improvement. 








ECONOMIC CONDITIONS IN SPAIN. 

Spain in the last few years has experienced 
political upheavals of a character such as might be 
expected to affect her economic position. She still 
exists under the threat of further disturbances. 
It is of importance to consider the effects of these 
events upon the commerce between Spain and Great 
Britain. A report, recently prepared for the Depart- 
ment of Overseas Trade by Mr. Alexander Adams, 
the Commercial Secretary of His Majesty’s Embassy, 
Madrid, entitled ‘“‘ Economic Conditions in Spain ”’ 
affords much information on these matters, as well 
as indications of the developments of transport 
facilities and power supply, on which the future 
prosperity of any country must largely depend 
After the establishment of the dictatorship the 
deficits in the Treasury accounts were not so 
considerable as previously, owing largely to the 
discontinuance of the long drawn-out warfare in 
Morocco; and the prevailing tendency manifest 
in the national accounts during the last few years 
has been towards the contraction of these deficits. 
Certain expenditures of funds have been made, 
however, which apparently are not covered by this 
general statement. They have been met almost 
entirely by issues of Government stock of which 
the Railway Fund is an example. Since 1926, the 
excess of national payments over receipts has 
amounted to, roughly, 1,000 million pesetas, and 
the expenses incurred under the Railway Fund 
amounted to 1,512 million pesetas should, perhaps, 


be added to this to obtain a true statement of the | 


Treasury position. This money is distributed for 
renewals and replacements on existing lines, as well 
as renewals of rolling stock, and for the construction 
of new lines. It is a matter of opinion whether 
the expenditure of the Railway Fund should be 
dealt with as reproductive capital expenditure, or 
should be brought into the Treasury statements of 
accounts as part of the ordinary annual expenses. 
This difference of opinion is apparent from the 
actions of the present and the previous governments. 
Under General Primo de Rivera the application of 
this Fund was regarded as a reproductive expendi- 
ture of capital, but the present Government look 
upon the matter as one of annual expenses. 

The most important economic question relating 
to Spain to-day is the depreciation of the peseta. 
The continued quotation since early in 1929 on a 
level much below the average of the previous two 
years, has affected the outlook of importers who 
show no desire to enter into heavy forward com- 
mitments. In January, 1929, the average rate was 
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from participation in the railway undertakings, 
petroleum refining and distribution, and the develop- 
ment of water power. Attempts to arrest the fall of 
the peseta by the action of a Committee for the 
Control, of Foreign Exchanges proved unavailing 
and the committee was disbanded, but a new 
body has recently been set up for the regulation of 
dealings in foreign currency and the control of the 
exchange. 

Spain had plentiful harvests last year, not only 
of cereals but also of fruit ; while the wine production 
was good, and the quantity of olive oil obtained 
was much larger than the national market could 
absorb. The economic position of the country is, 
therefore, such as does not warrant any disquiet. 
Cotton cultivation continues to make great progress, 
the area devoted to it in 1929 being five times that 
of 1925. Coal production in Spain is a subject of 
interest to the mining interests in Great Britain. 
Although the Spanish concerns increased their 
output, from 6,800,000 tons in 1928 to 7,380,000 tons 
in 1929, this had no marked effect upon the importa- 
tion from this country, the market for which was 
only affected to the extent of 55,000 tons (1,837,000 
tons in 1928 and 1,782,000 tons in 1929). Mineral 
ores continue to show increased returns. From 1913 
to 1928 they rose 57 per cent., while the value of the 
metal output has grown no less than four times 
during the same period. There has been a fair 
amount of activity in shipbuilding during the last 
two years. At the Ferrol yards of the Sociedad 
Espanola de Construccion Naval two cruisers of the 
“Washington ” type are on the stocks. They will 
be launched early next year. Recently the Bilbao 
yards of the same company launched the 11,600 tons 
passenger steamer San Antonio for the Vasco- 
Andaluza company and two other ships of the same 
type are in contemplation by the same owners. 
Four tankers, of 10,000 tons each, are being built 
for the Petroleum Monopoly Company at the Eu- 
skalduna yards at Bilbao, two of 8,000 tons are 
being fabricated at Cadiz, and one of similar size is 
on the stocks at Valencia. 

As far as Spain’s foreign trade is concerned the 
latest available figures for complete years are those 
for 1928, but the reports for the first quarter of the 
two years 1929 and 1930 have been published. 
The full yearly statements show increases both in 
exports and imports over previous years, and it is 
of interest to note the continued increase in the 
absorption of British manufactured articles. In 
the first quarter of 1930 the adverse trade balance 
showed a marked diminution. It only amounted 
to 27,000,000 pesetas as compared with 190,000,000 
pesetas for the similar period in 1929. This remark- 
able change seems to be primarily due to a reduction 
of importation of foreign foodstuffs and a great 
increase in the exportation of Spanish produce. 
The British position mm the various markets is 
hopeful. Practically, the whole of Spain’s coal 
imports come from Great Britain. Germany and 
the United Kingdom supplied between them the 
250,000 tons of sulphate of ammonia required. 
Cotton piece goods, a market dominated by Lan- 
cashire, increased in imports from 787 tons in 1927 
to 1,155 tons in 1928. Similar increases were shown 
in woollen piece-goods, another market in which 
Great Britain led. The Empire supplied one-half 
of the total annual requirements, 2,182 tons, of 
crude rubber, a market showing continued expan- 
sion. Machinery of various kinds has also increased 
since 1925, while the value of the British trade in 
this respect reached 1,186,000/. in 1928. Other 
branches of trade in which Great Britain has a good 
position are coal-tar pitch, coke and manufactured 
fuel, chemical products, electrical goods and appa- 
ratus, tin, cycles and woollen goods. In spite of 
the general setback in international trade, it is very 
satisfactory to note that the volume of exports from 
the United Kingdom to Spain was greater last year 
than it had been at any time since the European 


29-75 pesetes to the pound, and by May, 1930, the | War. 


last period mentioned in the report, it had fallen to 
39-77 pesetas to the pound. Since then further 
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Steady increases in recent years are shown in the 
railroad carriage of goods, and the number of 


depreciation has occurred, and at the time of writing | locomotives in service and wagons in use is con- 
the value has become 42-95. It is suggested that|tinually growing. New construction is in progress 


the accentuation of the depreciation of the peseta 
has been due to the nationalistic theories of the 
government causing the exclusion of foreign capital 





in many parts of the country, and electrification oi 
lines is making good progress. The total recommen- 
dations in this respect now amount to 2,200 km., fo: 
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which 200,000 h.p. will be required. Groups of manu- 
facturers of plant and of important banking con- 
cerns have been established to co-operate in the work 
of electrification and the construction of the equip- 
ment. The works at Beasain, producing wagons 
and railway carriages, have been extended and 
modernised. These activities are all evidence of 
the desire to obtain supplies from Spanish sources, 
and thus it must be owned that the opportunities 
for the British producers of locomotives, steam or 
electrical, wagons, carriages, and their equipments 
are becoming restricted. 

Under the government of General Primo de Rivera 
attention was devoted to road transport in a way 
which had not previously been seen in Spain. A 
scheme of arterial roads has been prepared, and the 
work of widening existing thoroughfares undertaken. 
This improvement scheme has opened up the country 
in such a way that the policy of road transport 
expansion will, in all probability, be carried out by 
future Governments to an extent commensurate 
with the funds available for it. The development 
of maritime communication has also received con- 
sideration. Contracts were recently invited for 
trans-oceanic services to New York, Argentine, 
the Pacific ports, and to Spanish colonial possessions. 
Increasing advantage is being taken of commercial 
aviation. The services are maintained by a company 
of which one-third of the capital is held by each 
of the three interests—the Spanish banks, the 
air line organisations, and the constructors of aero- 
planes. Airports are in being or nearing completion 
at Madrid, Seville, Burgos and Barcelona, and 
preparatory work is in progress at Valencia, Vigo, 
and Irun. 








NOTES. 


EXPERIMENTAL RESEARCHES ON TURBINE PUMPS. 


In ENGINEERING, vol. cxxviii, page 855 (1929), we 
gave an abstract of a paper read at the Tokio 
meeting of the World Engineering Congress by 
Professor Masanao Yendo. In this paper, the 
author described experiments undertaken with the 
object of separating out the losses in the impeller 
of a centrifugal pump from those originating in the 
diffuser. In the “Reports of the Yokohama 
Technological College” for June last, Professor 
Yendo gives a detailed description of this research, 
including complete tables and diagrams. The 
paper thus embodies a mass of experimental data 
which are probably more complete and comprehen- 
sive than any hitherto generally available. It has 
long been recognised that the usual text-book 
theory of the turbine pump is so imperfect that 
results deduced by its aid require very large and 
purely empirical corrections to bring them into 
accord with experience. Attempts have been made 
to improve the theory in the light of the Lanchester- 
Prandtl circulation hypothesis, but the conditions 
are so complex that the advance so far achieved is 
small. These facts add to the value of Professor 
Yendo’s paper. In his experiments, several different 
impellers and a number of different diffusers were 
tried. Some of the impellers had a single suction 
eye, whilst others had two. An important point 
brought out was that the difference between the 
theoretical and the observed velocity of the fluid 
at the impeller periphery was a nearly constant 
fraction of the theoretical. At low rates of dis- 
charge there was found to be a return flow along the 
back of the impeller vanes. The paper is written 
in English, and is published at the Yokohama 
Technological College, Japan, but its price is not 
stated. 

THe Sarety or ReEsERvoIRs. 

The Reservoirs (Safety Provisions) Act, 1930, 
lays down that, after January 1, 1931, it shall be 
illegal for any engineer to design, or officially 
inspect, a reservoir for storing 5,000,000 gallons 
or more above the natural level of any part of the 
adjoining land, unless he is a member of a panel 
which the Home Secretary is empowered to set up. 
An engineer must make application to be admitted 
to such panel, and the Secretary of State may accede 
to that application without further ado, though he 
is instructed to act in conjunction with the Minister 
of Health and the Department of Health for Scotland 
In carrying out this duty. The only curb on his 
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autocracy is that he may consult with the President 
of the Institution of Civil Engineers, or a Committee 
appointed by that body, as to the advisability of 
forming different panels for the purposes of the Act 
or for different classes of reservoirs and on the appli- 
cant’s qualifications. Moreover, he may remove any 
engineer from a panel, if satisfied, after similar con- 
sultation, that the engineer is not fit to remain on it. 
We are now informed that the formation of two 
panels is contemplated, one of which will be limited 
to engineers who are qualified to design, construct or 
alter large reservoirs, and the other which will com- 
prise those who are merely qualified to make the 
periodical inspections required under the Act. Any 
engineer desiring to be placed on either panel should 
apply in writing, and in triplicate, to the Under 
Secretary of State, Home Office, Whitehall, London, 
S.W.1, stating his name in full, his business address 
and place of birth, and giving full particulars of his 
technical education and present and past employ- 
ment, including the size and cost of the engineering 
works for which he has been wholly or partly respon- 
sible. The disadvantages of such an arrangement 
were ably set out by Mr. Percy Griffiths in a 
letter which we published on page 211, ante, the 
greatest undoubtedly being that the careers of a 
certain section of engineers are placed for good or ill 
in the hands of inexpert Government officials. As, 
however, the measure has become law without any 
protest, either from the Institution of Civil Engi- 
neers or any other body of engineering opinion, it is 
a little difficult to see what can be done. We wonder, 
however, whether the Act will really achieve its 
avowed object of preventing dam failures, which 
hardly seem to be of sufficient frequency in this 
country to warrant such drastic action. 








PULVERISED-FUEL PLANT ON 
THE S.S. ‘*LORAIN.’’ 


A PULVERISED-FUEL plant of an unusual, if not a 
unique, nature has just been installed on the S.S. Lorain 
by Messrs. Todd Dry Dock Engineering and Repair 
Corporation, Brooklyn, New York, U.S.A., and although 
the vessel is only now making her first voyage under 
the new conditions, so that performance results are not 
available, some account of the plant should prove of 
interest. The S.S. Lorain is owned by the United 
States Shipping Board, and is operated on the North 
Atlantic between the United States and France by a 
subsidiary company of the Cosmopolitan Shipping 
Company, of 42, Broadway, New York, U.S.A., viz., 
the American-France Line. The vessel is 395 ft. 6 in. 
long between perpendiculars, with a moulded beam of 
55 ft. and a moulded depth of 34ft.1lin. The draught, 
loaded, is 27 ft. 0} in., and the deadweight 9,759 tons. 
The normal speed at sea is 10-5 knots. She was built 
in 1919 and fitted for burning oil in three single-ended 
Scotch boilers, each having three furnaces and con- 
structed for a working pressure of 210 lb. per square 
inch. Measured on the United States Shipping Board’s 
efficiency scale, the 8.S. Lorain was rated at better than 
100 per cent. for vessels of her class. The standard 
set for comparison with pulverised fuel is, then, high, 
and it is to be hoped that when the results of the 
working with this fuel are made available, some log 
data on previous oil consumption will accompany them 
for comparison. 

It is in this latter connection that the installation is 
unusual, as the whole of the original oil-heating and 
pumping equipment has been left in place, the only 
change made being that the oil-settling tank just 
forward of the stokehold bulkhead was moved a 
frame space forward to allow more space for the coal 
chutes, &c. The oil burners remain in the furnace 
fronts, being adapted for use as lighting-up burners 
for the pulverised coal, and a change over from coal 
to oil can be made when the ship is under way by 
simply changing the burner nozzles. The stokehold 
personnel would be the same in number with either 
fuel. The great advantage of this dual method of 
firing is, of course, that the vessel can utilise the 
cheapest fuel which happens to be available—that is, 
either coal or oil, the oil being bunkered and handled 
exactly as before. From the point of view of compar- 
ing the efficiency of the two fuels it is, however, very 
valuable, in that coal could be burned for one half of 
a long voyage and oil for the other, thus enabling 
results to be recorded for a vessel in practically uniform 
conditions of load, trim, and hull cleanliness. Dock 
and other trials have been run at New York on pul- 
verised coal, which, we understand, have indicated 
a high degree of efficiency, but, as the vessel was light 
at the time, the results obtained are not considered of 
equal value to those which it is proposed to record 
under sea-going conditions. 





The coal drawn from the bunkering port is stored 
in spaces between decks, which are filled through a 
coaling hatch on the boat deck just abaft the funnel, 
and through two hatches opposite No. 3 cargo hatch. 
The latter hatch has been cased in to the upper deck 
and coal trunks provided on the outboard sides of the 
casing, so that both ’tween-deck spaces can be filled 
with the minimum of trimming. The raw coal is 
fed to a grizzly with 6-in. squares fitted in the top of 
the service bin at the upper deck level, and from them 
passes into a crusher situated just below the grizzlies. 
This crusher has a capacity of 12 tons per hour, is 
fitted with a tramp-iron separating pocket, and is 
driven, through speed-reducing gear, by a 15-h.p. 
steam turbine. From the crusher, the coal falls into 
the service bins. Other grizzlies at the top of the 
service bin allow the small coal, not needing crushing, 
to fall directly into the service bin. There are no 
elevators or conveyors in the entire system, the down- 
ward flow of coal throughout the processes of bunkering, 
trimming, and feeding to the pulverisers being effected 
by gravity. There are three triplex pulverising mills 
each driven by a 30-h.p. steam turbine, and connected 
to the Todd burners on the furnace fronts by steel 
flexible hose 4 in. in diameter. The operating instru- 
ment equipment is very complete, and includes nine 
CO, connections, three smoke detectors, and nine 
thermo-couples connected to a nine-point selector switch 
voltmeter, as well as the ordinary draught gauges, 
pressure gauses, &c. The Fuel Conservation Com- 
mittee of the United States Shipping Board certainly 
deserve the thanks of the American Mercantile marine 
for their enterprise in experimenting with pulverised 
fuel in such a practical way as that described above. 
Previous installations with which it has been concerned 
are the S.S. Mercer and the 8.8. West Alsek, both of 
which have already been described in these columns. 








THE MOTOR-BOAT SECTION OF 
THE OLYMPIA EXHIBITION. 


(Concluded from page 554.) 


In our previous issue, we stated that Messrs. 
Renault, Limited, of Western Avenue, Acton, W.3, 
were showing a six-cylinder airless-injection en- 
gine, in addition to the four-cylinder engine illus- 
trated on page 556, ante. The six-cylinder unit is 
illustrated in Fig. 13, page 592. It differs from 
the four-cylinder model in that it operates on 
the four-stroke cycle, and as it runs at 1,200 
r.p.m., instead of 800 r.p.m., it is more suitable 
for relatively high-speed craft. The six-cylinder 
engine is of the direct-injection type, and is 
started by means of an electric motor with a 
Bendix drive. The cylinder bore is 115 mm. 
and the piston stroke 180 mm. The compres- 
sion pressure varies between 430 lb. and 500 Ib. 
per square inch, and the engine develops 55 
brake horse-power at 1,000 r.p.m., and 70 brake 
horse-power at 1,200 r.p.m. The cylinder block is 
made of cast iron and has a detachable head, also 
of cast iron. The injectors are located in the 
heads at the centre of each cylinder, and the inlet 
and exhaust valves are also mounted in the head. 
Decompression cocks are fitted to enable the engine 
to be turned over by hand. The pistons are of 
aluminium alloy, and are fitted with five rings. 
The gudgeon pins are of hardened steel, and the 
connecting rods are of heat-treated steel with split 
big ends. The crankshaft is of nickel-chrome steel, 
and runs in seven bearings. The timing gear is 
at the forward end, and the flywheel at the after 
end. The camshaft is in the usual position for an 
overhead-valve engine, and is driven from the 
crankshaft by a train of gears. 

The fuel-pump unit is of Bosch type, and is 
arranged with the governor in a similar manner 
to that employed in the four-cylinder engine. The 
cooling water is circulated by a pump of the plunger 
type, driven from the crankshaft by a double belt. 
Forced lubrication is employed, the oil being circu- 
lated by a gear pump. The lower half of the crank- 
case acts as an oil sump, and is fitted with an oil 
filter and gauge. The engine is fitted with a 
dynamo supplying current to the batteries at 
24 volts. 

An airless-injection engine exhibited by Messrs. 
Alfred Wiseman, Limited, of Glover-street, Bir- 
mingham, is illustrated in Fig. 14, on page 592. 
This has four cylinders, 4 in. in diameter, with a 
piston stroke of 6 in. The continuous rating is 
48 b.h.p. at 1,500 r.p.m. The engine can be slowed 
down to run steadily at 300 r.p.m., or accelerated to 
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2,000 r.p.m., the speed being under governor 
control throughout the range. With ordinary 
Diesel oils, etc., the fuel consumption at full load 
is given as 0°39 lb. per h.p. hour. The cylinders of 
this engine are a monobloc iron casting, the liners 
being in the form of hard centrifugal iron castings. 
The main bearings are white metal-lined gunmetal. 
The cylinder heads are separate. The crankshaft 
is a nickel-chrome steel forging. The reverse gear 
is of the Gleniffer type, enclosed in the flywheel 
casing. Electric-starting gear is provided. A 
feature of this engine is a new fuel pump to 
which more detailed reference is made below. 

The engine illustrated in Fig. 15, on the opposite 
page, which was shown by Messrs. J. W. Brooke and 
Co., Ltd., of Lowestoft, affords a good example of a 
model designed to give satisfactory service over a 
long period. The makers have had an exceptionally 
wide experience in marine work, and it is interesting 
to compare the latest engine with earlier models 
which have been described in our columns. The 
engine illustrated in Fig. 15 has six cylinders with 
a bore of 3% in., the piston stroke being 4} in. 
The normal speed is moderate, being 1,200 r.p.m., 
at which 32 brake horse-power is developed. Such 
a speed is ample for a wide variety of craft, and 
ensures comparatively low working stresses on the 
moving parts, with a corresponding freedom from 
rapid wear. In an emergency, the engine can be 
speeded up to 1,400 r.p.m., when it develops 
35 brake horse-power. Cast-iron pistons are em- 
ployed with four gas rings, and an additional ring 
holding the gudgeon-pin in position. The pin is 
hollow and is of case-hardened steel. The connecting 
rods are straight-steel drop forgings, and the crank- 
shaft, is carried in seven bearings. 

The valves are of the side-by-side type, and are 
operated from a camshaft in the usual position. 
They are interchangeable and have hardened stems. 
The camshaft is driven by chain at the forward 
end of the engine. A point to which the makers 
attach importance is the position of the auxiliary 


units, all the electrical units being on the star-’ 


board side of the engine, while the carburettors 
are on the port side, to minimise the risk of 
fire. The lubricating oil is circulated by a gear- 
type pump mounted on the port side, on the 
front of the timing-gear casing, the engine being 
lubricated on the forced wet-pump system. The 
pistons are splash-lubricated, the crank case being 
fitted with wash plates, and the small-ends are 
lubricated by an oil jet from the big-ends. ‘ The 
usual suction and delivery strainers are fitted on the 
oiling system. The oil-pump spindle is extended 
through the back of the timing-gear casing and 
serves to drive the water-circulating pump, which 
is of the sliding-valve type. In addition to the 
cylinder jackets and heads, the exhaust manifold is 
water-cooled. A drive is provided for a revolution 
counter on the front of the gear casing. The engine 
is fitted with an electrical starter and dynamo, and, 
in common with earlier models manufactured by the 
same firm, is of neat appearance. The reverse gear 
is of the makers’ standard type, with sun-and-planet 
pinions for the astern motion, and a single-plate 
clutch for the forward drive. 

A brief reference may here be made to the out- 
board motors exhibited at Olympia. Until recently, 
the majority of engines of this type employed 
on British craft have been of foreign origin, and 
the majority of them are well known. Several 
British makers are, however, now catering for this 
market, and amongst these may be mentioned 
Messrs. The Coventry Victor Motor Company, 
Limited, of Coventry, who have achieved a high 
reputation for their motor cyvles. The outboard 
engines shown by this firm were of the horizontally- 
opposed type, with water-cooled cylinders, operating 
on the four-stroke cycle. The engines are made in 
three sizes, one having a capacity of 688 c.c., and 
the remaining two a capacity of 749 c.c. Of the 
latter, one is a side-by-side valve model, and the 
other an overhead-valve model. All the engines 
are fitted with pump lubrication and magneto 
ignition. The casing and under-water gear are of 
non-corrosive Alpax alloy, and the propeller is 
driven by a roller chain. 

In addition to the outboard models, Messrs. 
Coventry Victor Motor Company showed a range of 
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both water-cooled and air-cooled engines for in- 
board installation, all the engines again being of the 
horizontally-opposed type. 

The model shown in Fig. 16, on the opposite page, 
is a water-cooled model with side-by-side valves. 
The cylinder bore and piston stroke are both 78 mm., 
giving a capacity of 750 c.c. The nominal rating is 
6 h.p. to 8 h.p., but the engine is actually capable 
of developing 28 b.h.p. at 4,500 r.p.m. The com- 
pression ratio is 5 to 1. The pistons are of alu- 
minium alloy, and are fitted with two gas and one 
scraper ring, all above the gudgeon pin. The pins 
are of the full-floating type. The connecting rods 
are of H section, and as the crankshaft is built up, 
the big ends are not split. The crankshaft is 
carried in two bearings in the lower half of the 
crank case, which has a horizontal joint at the level 
of the shaft. The main bearings are white-metalled 
and only the lower halves are provided with oil 
ways, the makers stating that there is less liability 
to score the shaft with this arrangement. Holes are 
drilled through the main shaft to ensure an adequate 
supply of lubricant to the upper half of the bearing. 
The camshaft is carried in the upper half of the 
crank case, and is driven from the crankshaft by 
helical gearing. The motion is transmitted from the 
camshaft to the tappets by rocker arms. The valves 
are made from Silchrome steel. The oil pump is 
driven from the end of the camshaft, and is of the 
gear type. It forces the oil to the main bearings, 


and thence through the drilled crankshaft to the 
big ends. The pistons and gudgeon pins are splash 


lubricated. Magneto ignition is employed, the 
magneto being mounted above the camshaft, from 
which it is driven by chain. The carburettor is 
mounted on a bracket cast on the timing gear cover. 
Removal of this cover exposes the whole of the 
timing gear and magneto drive. 

Apart from the engines described, a number 
were shown which have been previously dealt with 
in our columns. Among these may be mentioned 
the 140-h.p. six-cylinder engine exhibited by Messrs. 
John I. Thornycroft and Company, Limited, of 
Thornycroft House, Smith Square, 8.W.1, described 
in ENGINEERING, vol. cxxviii, page 327 (1929). 
The same firm exhibited several other engines, 
which have also been described in our columns, 
together with a high-speed cruising hydroplane 
fitted with a 12-cylinder 375-400-h.p. main engine, 
and a 4-cylinder 10-h.p. auxiliary engine, the 
former giving a speed of 40 m.p.h. and the latter 
a speed of 6 m.p.h. Messrs. Morris Motors, Limited, 
of Cowley, Oxford, exhibited the 24-h.p. four- 
cylinder engine described in ENGINEERING, vol. 
exxviii, page 329 (1929), together with three larger 
engines, and Messrs. J. and H. McLaren, Limited, 
of the Midland Engine Works, Leeds, showed 
two- and four-cylinder engines of the well-known 
McLaren Benz airless-injection type. A description 
of the four-cylinder engine will be found in the last- 
mentioned volume of ENGINEERING, on page 343. 

It is not possible to refer at length to the hull 
exhibits, but it may be said, in general, that these 





did not present so many points of novelty as 
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the engines. The only striking new departure was 
the appearance of aluminium-alloy hulls, which 
are little more than half the weight of those built 
in wood. In addition, such hulls are obviously 
more suitable for tropical conditions. It is, of 
course, essential that the alloy selected should be 
highly resistant to.sea-water corrosion. The hulls 
shown by Messrs. The Birmingham Aluminium 
Casting (1903) Company, Limited, of Smethwick, 
Birmingham, were constructed of “ Birmabright ” 
alloy, which is said to be quite satisfactory in this 
respect. We understand that this is a magnesium- 
aluminium alloy containing a small percentage of 
silicon. As regards the construction of the hull, 
in one of the boats shown, the bottom, sides, 
deck and transom are all castings, while in a second 
larger boat, the frame was built up of castings, the 
sides and deck being plated with sheets of the alloy. 

In concluding our account of the Exhibition, 
attention may be drawn to the extent to which 
foreign fuel pumps are being employed on the airless- 
injection engines. Only one example of an engine 
fitted with an entirely British pump was on view. 
The position is thus very similar to that existing 
with regard to magnetos on petrol or paraffin 
engines a few years before the war, and suggests 
that we, as a nation, are incapable of satisfactorily 
designing such an essentially simple unit as a fuel 
pump. Such a suggestion is really absurd, and 
there are, as a matter of fact, several British 
engines on the market employing pumps of the 
maker’s own design. It is somewhat unfortunate 
that these were not exhibited at Olympia, as they 
would have gone some way to correct the impres- 
sion which must have been left on the mind of the 
ordinary visitor. We propose shortly to describe 
a British pump of general application designed 
to meet the need to which we have just referred. 
Reference has already been made to the Wiseman 
pump, shown on the airless-injection engine of the 
same make exhibited by Messrs. Alfred Wiseman, 
and described above. The pump in question is 
of very ingenious design. There are two plungers 
in separate cylinders with a common delivery, 
each plunger being operated through a separate 
rocker arm bearing on a common cam. During 
one period in the cycle, both plungers will be 
moving up, and injection occurs when both have 
passed the suction ports, which are simply holes 
drilled at right angles to the cylinder bore. Due 
to the fact that the cylinder centres are on opposite 
sides of the cam centre, one plunger will commence 
to descend while the other is moving up. This 
position corresponds to the point of cut off, as the 
trapped oil will follow the descending plunger, 
instead of being forced through the atomiser. The 





points of both injection and cut-off can be varied 
at will by a lateral movement of the rocker arms, 
and the pump has the advantage that both plungers 
are perfectly plain and free from ports of any kind. 








SIXTH INTERNATIONAL ROAD 
CONGRESS AT WASHINGTON. 


By Cuartes Ranpotrex Tuomas. 

Tue sixth International Road Congress held in 
Washington, D.C., during the week beginning October 6, 
was attended by engineers and officials of 62 nations. 
Previous meetings of the Permanent International 
Commission of Road Congresses have been held in Paris, 
1908; Brussels, 1910; London, 1913; Seville, 1923 ; 
Milan, 1926. The next meeting will be in Munich, 
Germany, in 1934. The registered attendance at the 
Congress was 1,343; the attendance at the International 
Exhibit of Road Machinery and Materials held by the 
American Road Builders’ Association in conjunction 
with the Congress, was probably double that figure. 
The British delegation was the largest in attendance 
from overseas. 

The programme as arranged by the American Orga- 
nising Commission was divided in two sections, devoted 
to construction and maintenance, and to traffic and 
administration, there being three questions under each 
section. The questions for discussion were prepared 
by the Permanent International Commission. 

A noticeable feature of the Congress, apart from the 
fact that engineers throughout the world very clearly 
have many similar problems and ideas about the 
construction and use of highways, which contributed 
to the success of the meeting, was the use of a telephone 
system connected to each seat, and the interpretation 
of the remarks of each speaker as he talked into the 
four languages of the Congress : English, French, Span- 
ish, and German. Animated discussion was maintained 
regardless of the language of the speaker by means of 
this system. While most of the delegates spoke English, 
every facility in the way of signs in different languages 
was provided. The daily Bulletin of the Congress was 
printed in the four official languages. 

Apart from the discussion of technical road matters, 
the plenary session adopted two general resolutions, 
as follows :— 

(1) The Congress resolves that the attention of the 
public powers should be drawn to the present impor- 
tance of the road problem, and the advantages which 
would be derived from devoting increasingly higher 
sums to the improvement of road systems. 

(2) In order to supplement the efficient work being 





carried out by the Permanent International Commis- 
sion of Road Congresses, the Sixth International Road 
Congress, held in Washington, resolves to request the 
Governments represented in this Congress and adhering 
to the Permanent International Commission of Road 
Congresses in Paris that they should each appoint a 
national commission which will co-operate with the 
Permanent International Commission in its important 
campaign for the improvement of roads throughout the 
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Taking first the three questions concerned with con- 
struction and maintenance :—Question 1 was concerned 
with the results obtained by the use of (a) cement, 
(6) bricks or other artificial paving. This question 
covered the methods employed for road construction 
and also maintenance with these materials. 

The general conclusions arrived at on the first part 
(a) of this question were that :—(1) Cement was 
coming into general use as a paving material and had 
many inherent advantages. Rapid-hardening cement 
had special advantages in particular circumstances. 
(2) Cement had been used successfully in the construc- 
tion of cement concrete base courses for other surfaces, 
for cement concrete pavements, and for cement-bound 
macadam. (3) Cement concrete pavements and also 
cement concrete base courses protected by appropriate 
wearing surfaces were suited to heavy traffic. (4) 
Where a large volume of steel-tyred traffic was encoun- 
tered, if cement concrete was adopted as a pavement 
material, a two-course pavement with the upper layer 
composed of very hard aggregates should be used 
instead of a single-course pavement. (5) Single-course 
pavements had successfully carried maximum volumes 
of traffic and maximum wheel loads when the traffic 
was largely rubber-tyred. (6) Cement-bound macadam 
had been successful on roads carrying light traffic 
not inimical to the macadam type of construction. 
This method seemed especially advantageous in loca- 
tions where the condition of drainage or exposure 
were unfavourable to the use of ordinary water-bound 
macadam. A _ protective wearing surface seemed 
equally indispensable on cement-bound and water- 
bound macadam. (7) In designing cement-concrete 
pavements and cement-concrete base courses to be 
surfaced with other materials, the resulting pavements 
should have equal load-carrying capacity or structural 
strength when similar traffic conditions were to be 
met. (8) Competent engineering, supervision of design, 
construction, and maintenance of cement-concrete 
pavements was necessary to ensure good results. 
(9) It was desirable that sub-grades be uniform and 
stable. (10) Pavement slabs must be designed to 
carry expected loads. Edge thickening was advan- 
tageous as a means of producing an economic and 
balanced structural design for concrete pavement 
slabs. (11) Longitudinal and transverse joints were 
commonly used, and must be designed to meet traffic, 
sub-grade, climatic conditions and shrinkage of con- 
crete, but, in view of the fact that a number of concrete 
roads had been successfully constructed without joints, 
it was advisable that further research should be made 
on the whole subject of joints and cracks. (12) Scien- 
tific design of concrete mixes and weight proportioning 
of aggregates represented the most modern practice. 
(13) Construction operations were performed mostly 
by machinery, with resulting lower cost and better 
workmanship. The value of a cement-concrete road- 
way depended to a large extent on the perfect execution 
of the work and, in particular, on the homogeneity 
of the concrete. (14) Thorough curing of concrete 
surfaces was essential. (15) Maintenance of concrete 
surfaces, properly constructed, was relatively simple and 
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comprise immediate filling, with suitable material, of 
the expansion joints and of any cracks which might 
occur. 

On the second part (b) of Question 1 the following 
conclusions were reached. With regard to brick 
paving it was agreed that, subject to suitable founda- 
tion, bricks on edge would make satisfactory paving 
for light, medium, or heavy traffic, according to the 
country in which they were used. It was also held that 
specifications and tests for paving bricks should be 
prepared and submitted to the next Congress, with a 
view to standardisation. 

Rubber block paving had enjoyed as yet only a limi- 
ted application. It was, however, a silent paving and 
suitable for certain positions in large towns. Research 
should, therefore, be continued in the following direc- 
tions :—(a) Most suitable quality of rubber for street 
paving. (6b) Most suitable type of block and method of 
laying. (c) Production and method of application of 
a suitable joining material. (d) Reduction of costs. 

Question 2 dealt with the most recent methods 
adopted for the use of tar, bitumen, and asphalt in 
road construction. This question was responsible for 
three lengthy conclusions, of which the first declared 
that tar, bitumen (asphaltic bitumen), and asphalt 
were suitable materials for use in the improvement of 
all classes of roads, subject to the limitations imposed 
by the characteristics of the material, the intensity of 
traffic, and local physical conditions. It was especially 
desirable to note the extended use in recent years of 
superficial coatings, in particular those effected with 
emulsions. Certain governing conditions generally 
recognised were : (a) The use of the correct grade and 
amount of bituminous binder for the particular type 
of work and aggregates to be used. (b) Suitable 
aggregates, correctly graded. (c) Provision for prompt 
maintenance. When the foundation was adequate, 
and when the surface could be maintained at reason- 
able cost, an advantage of the types of roads built 
with these materials was that they could be kept in 
good condition by maintenance of the surface without 
the need of extensive repairs to the foundation. 
(d) Proper proportions of the constituent materials, 
thorough mixing and thorough compacting. (e) Com- 
petent technical supervision of design, construction, 
and maintenance. (f) Attention should be given to 
the reduction of slipperiness. 

In connection with the latter point it was recorded 
that valuable results had been attained by adopting 
suitable compositions containing the maximum per- 
missible proportions of large aggregate; the rolling 
of plain or precoated chippings into newly-laid sur- 
faces; the use of the minimum practicable camber of 
surface and proper degree of super-elevation on curves ; 
and the treatment of existing surfaces with a suitable 
surface dressing compound, covering with coarse hard 
chippings, and rolling. 

The second conclusion stated that the need for 
research into thefundamental factors involved in the 
use of tar, bitumen, and asphalt in road improvement 
and maintenance was recognised, and the attention of 
the members of the Congress was especially directed 
to research into the constitutions and characteristics 
of bituminous materials and their combinations with 
other materials and to the study of their application 
in the treatment of earth roads; the improvement of 
mechanical equipment for use with these materials 
and their combinations with mineral aggregates ; 
research into factors affecting the durability and 
serviceability of roads, such as climate, subsoil, traffic 
density, and road design. It was desirable also that 
data should be compiled on economic factors, such as 
costs of transport over various types of road, including 
vehicle operation costs and roadway costs, with the 
study of their application in the treatment of earth 
roads, and the relation between maintenance costs and 
intensity of traffic for various types of roads. 

The third conclusion was in favour of the inter- 
national classification of materials, combinations of 
materials, construction methods, and road _ types, 
which would correlate the terms in use throughout the 
world, both commercial and scientific, in order to 
facilitate mutual understanding. 

Question 3 referred to the construction of roads in 
new countries, such as colonies and undeveloped regions. 
The conclusions arrived at wer> set out in 13 clauses, 
which we summarise herewith. It was considered that 
it was desirable, in the first place, to form a central 
body with legal authority to co-ordinate and assist 
the general planning of the road communications of a 
country and the acquisition, or reservation, of necessary 
land. The perfection which had been attained in the 
building of motor vehicles often permitted highways to 
render service, in the exploration and development of 
new territories, which formerly could be rendered only 
by railways. The highway had the advantage over 
the railway of allowing the expense of construction and 
maintenance to be made proportionate to the import- 
ance of the traffic to be served. The present-day 
motor vehicle being able to run on very difficult 
roads, as a beginning it was only necessary to esta- 
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blish simple tracks, the only essential structures being 
those over permanent watercourses which were not 
fordable. This type of road could ultimately be im- 
proved by the construction of a roadway provided 
with appropriate surfacing, and the construction of 
structures for crossing streams and valleys, in pro- 
portion as the development of traffic made available 
new resources for the execution of the work. Adequate 
land should be acquired to provide for the eventual 
expansion of the traffic. Before actual construction 
was begun, the general highway layout should be pre- 
pared with due regard to the ultimate requirements of 
the permanent road system. In countries of low density 
of population, and where the construction of a large 
mileage of roads adequate even for light traffic was 
limited by the scarcity of available funds, the pro- 
gressive system of construction by stages should be 
adopted. Every endeavour should be made to insure 
that the initial alignment, grading, and subsequent 
surfacing should be such that all work executed should 
be capable of being utilised in the ultimate develop- 
ment of the road structure. In the first instance, the 
road or track should be constructed so as to be usable 
for motor traffic, but economically since costs should 
be reduced as much as possible. Cuttings should be 
avoided where they presented difficulties from the 
point of view of drainage, and light fills were to be 
preferred. Where traffic was light, both numerically 
and in unit weight, earth roads had proved economical 
and satisfactory, but to conserve the surface of such 
roads until they could be improved it was essential 
to restrict the weight per unit width of tyre, and the 
speeds of individual vehicles to the extent necessary 
to prevent undue erosion or disintegration of the road 
surface. A width of 3 m. per traffic lane should be 
provided, and, on structures, a width of 3 m., or even 
multiples of 3 m., should be reserved for traffic. It 
was recommended that from the beginning two-lane 
roadways be provided on important structures, at 
least in so far as the foundations were concerned. 
Uniformity of design throughout the length of a 
location should be attained by avoiding heavy grades 
and sharp curves in any particular stretches of road, 
if in general such were absent. 

Tests had been made of mechanical grading of 
roads in desert regions, and it was thought desirable 
that such tests should be continued. It was also 
considered that systematic research should be under- 
taken to determine the physical properties of mixtures 
of clays and sands which constituted the natural soils, 
including soils containing hygroscopic salts, with a 
view to collecting useful data for the construction of 
earth wearing surfaces. 

(To be continued.) 








Fiotitta LEADER FOR YUGOSLAVIA.—Some months 
ago, Messrs. Yarrow and Company, Limited, Scotstoun, 
Glasgow, W.4, received an order from the Royal Yugoslav 
Government for the construction of a powerful flotilla 
leader. Messrs. Yarrow now inform us that the propell- 
ing machinery of the vessel consists of turbines developing 
42,000 s.h.p., and supplied with steam from Yarrow 
water-tube boilers. The vessel has a displacement of 
2,400 tons, and its main dimensions are: Length, 371 ft. 
6 in; beam, 30 ft.; and depth, 22 ft. 9in. Her arma- 
ment will comprise four 5}-in. guns and two triple torpedo 
tubes. The builders state that the vessel is the largest 
and most powerful flotilla leader ever built in this country, 
either for the British or for any foreign navy. 


Tae FEDERATION OF BRITISH INDUSTRIES REGISTER.— 
What is stated to be the largest association of manufac- 
turers in the world, the Federation of British Industries, 
was formed as recently as 1916. Broadly speaking, its 
aim is to encourage and develop British manufacturers, 
and to safeguard the interests of British producers at 
home and abroad. Among the publications of the 
Federation is the F.B.I. Register of British Manufacturers, 
the tenth annual edition of which has just been issued. 
The volume is arranged in six main sections, the first of 
which contains a general survey of the organisation and 
activities of the Federation. The second section is 
entitled, ‘‘ Products and Services,’ and comprises an 
exhaustive alphabetical list of the manufactures, &c., 
of members of the Federation. The third section 
contains the names of member companies and firms, 
arranged alphabetically. After each name is given a 
succinct description of the nature of the firm’s products ; 
then follow head office, works, and cable or telegraphic 
addresses, and, in some instances, the addresses of 
branches and agents. The fourth section is a directory 
of trade associations, and the fifth, a list of brands and 
trade names ; the sixth section is devoted to the publicity 
announcements of various member firms. The volume 
constitutes a handy and valuable directory of British 
goods and the firms manufacturing them. It is un- 
doubtedly of real service, not only to members of the 
Federation, but also to all users or purchasers of British 
goods at home and abroad. We understand that over 
116,000 copies of the volumes have been distributed in 
overseas markets and in the United Kingdom. Firms 
desiring copies should communicate with the director of 
the Federation, 39, St. James’s-street, London, S.W.1. 
After January 1, 1931, the address will be Tothill-street, 
London, 8.W.1. 
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LAUNCHES AND TRIAL TRIPS. 


‘Pato Picazo” and ‘ Pato Overo.’’—Steam tugs, 
for service in the Port of Buenos Aires; trial trip, 
October 16. Main dimensions, 50 ft. by 14 ft. 10 in. by 
8 ft. Built by Messrs. Philip and Son, Limited, Dart- 
mouth, for Messrs. The Forestal Land Timber and 
Railways Company, Limited. 

Motor Launcu.—A single-screw steel motor launch 
for service abroad ; four-cylinder type 4 D.P. ‘“‘ Atlantic” 
engine. Delivery recently. Main dimensions, 55 ft. by 
13 ft. by 3 ft. 3in. Built by Messrs. James Pollock, Sons 
and Company, Limited, 3, Lloyds-avenue, London, 
E.C.3, for British owners. 

‘“* ToBaGo.”’—Twin-screw passenger and cargo steamer 
for service between the islands of Trinidad and Tobago. 
Launch, October 21. Main dimensions, 150 ft., by 
29 ft. by 12 ft. Built by Messrs. John I. Thornycroft 
and Company, Limited, Woolston, Southampton, for 
the Crown Agents for the Colonies, 

‘British Scrence.’”’—Single-screw oil-tank motor 
ship ; four-cylinder Doxford opposed-piston oil engine. 
Launch, October 21. Main dimensions, 456 ft. by 
59 ft. 3 in., by 33 ft. Built by Messrs. Palmers Ship- 
building and Iron Company, Limited, Hebburn-on- 
Tyne, for Messrs. British Tanker Company, Limited, 
London, 

“Pan Norway.”—Single-screw oil-tank motorship ; 
six-cylinder, two-stroke Wallsend-Sulzer oil engine 
supplied by Messrs. Wallsend Slipway and Engineering 
Company, Limited. Launch, October 21, Main dimen- 
sions, 483 ft. by 65 ft. 6 in. by 39 ft. 9 in. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limi- 
ted, Wallsend, to the order of Mr. L. Hoegh, Oslo, Nor- 
way, for Messrs. A./S. Arnstein. 

‘* Memnon.”—Twin-screw_ passenger, pilgrim and 
cargo motorship; eight-cylinder, four-stroke, single- 
acting oil engines, supplied by Messrs. Burmeister and 
Wain, Copenhagen. Launch, October 21. Main dimen- 
sions, 453 ft. 6 in., by 59 ft., by 35 ft. 3 in. Built by 
Messrs. The Caledon Shipbuilding and Engineering Com- 
pany, Limited, Dundee, for Messrs. Alfred Holt and 
Company, Liverpool. 

‘* GRAPHIC.”’—Single-screw oil-tank motorship ; four- 
cylinder Barclay Curle-Doxford Diesel engine, supplied 
by Messrs. Barclay, Curle and Company, Limited, Glas- 
gow. Launch, October 22. Main dimensions: Length, 
435 ft.; beam, 57 ft. 6in. ; deadweight carrying capacity, 
9,500 tons. Built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Newcastle-on-Tyne, to the order 
of Sir W. H. Cockerline, of Hull. 

** RreTBOK.’’—Twin-screw suction hopper dredger for 
service at Durban. Launch, October 23. Main charac- 
teristics: Length, 382 ft.; hopper capacity 5,000 tons ; 
designed to dredge to a depth of 70 ft. of water, and to 
fill her own hopper in less than 60 minutes. Built by 
Messrs. W. Simons and Company, Limited, Renfrew, for 
the South African Railways and Harbours Administra- 
tion. 

** OraRI.”” — Twin - screw cargo motorship; nine - 
cylinder, single-acting, two-cycle Sulzer Diesel engines. 
Launch, October 23. Main dimensions: 490 ft. by 
67 ft. by 40 ft. Built by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, Govan, for Messrs. New 
Zealand Shipping Company, Limited, London. 

“San Jose.”—Single-screw cargo steamer; four- 
cylinder, triple-expansion engine. Launch, October 23. 
Main dimensions: 430 ft. by 57 ft. by 37 ft. 6in. Built 
by Messrs. Harland and Wolff, Limited, Belfast, for La 
Compagnie Générale Transatlantique, Paris. 

‘“* BENVOLIO.”’—Steel screw trawler. Launch, October 
23. Main dimensions: 140 ft. by 24 ft. 6 in., by 14 ft. 
3 in. Built by Messrs. Cochrane and Sons, Limited. 
Selby, for owners at Hull. 

“‘ Somerssy.”’—Cargo steamer; triple-expansion en- 
gines. Trial trip, October 24. Main dimensions : 
434 ft. 4 in., by 54 ft. 3 in., by 30 ft. lin. Built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Messrs. The Ropner Shipping Company, 
Limited. 

‘ CorDELIA,”’—-Single-screw oil-tank motorship ; eight 
cylinder, four-stroke, Burmeister and Wain-type Diesel 
engine, supplied by Messrs. J. G. Kincaid and Company, 
Limited, Greenock. Launch, October 24. Main dimen- 
sions: Length, 460 ft.; beam, 59 ft. 6 in. ; deadweight 
| carrying capacity, 11,000 tons. Built by Messrs. Swan, 
| Hunter and Wigham Richardson, Limited, Wallsend, 
|for Messrs. C. T. Bowring and Company, Limited, 
| Liverpool. 











Farapay House Oup Strupents’ Assocration.—The 
twenty-second annual dinner of the Faraday House Old 
| Students’ Association was held at the Savoy Hotel, 
| London, on Friday, October 17, Mr. S. B. Haslam being 
| in the chair. Proposing the toast of ‘‘ Faraday House 
| and its Old Students,” Mr. C. C. Paterson, President of 
| the Institution of Electrical Engineers, said that a special 
| relationship was maintained between Faraday House and 
| electrical engineering by the use of the sandwich system. 
This not only provided the student with a sound training, 
| but enabled him to decide what class of work would suit 
| him best and give him a better knowledge of his own 
| capabilities. Dr. Russell, in reply, gave an account of 
| the varied activities of his students. It may be added 
| that one old student obtained the Doctorate of Science 
| in the University of Paris, and another the Doctorate of 
| Philosophy in the University of Cambridge. ‘ The 
| Guests’? was proposed by Major C. E. Prince, and 
| 





Lieutenant-Colonel K. Edgeumbe and Mr. E. F. Trench 
‘replied. Colonel Sir Thomas Purves proposed the toast 
of “‘ The Chairman.” 
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LABOUR NOTES. 


Mr. A. L. Ayre, of the Burntisland Shipbuilding 
Company, Limited, Burntisland, has been elected 
president of the Shipbuilding Employers’ Federation 
for the ensuing year, in succession to Mr. J. H. Edwards, 
of the Middle Docks and Engineering Company, 
Limited, South Shields. Mr. R. H. Green, of R. and 
H. Green and Silley Weir, Limited, London, and 
Mr. J. B. Hutchison, of Scotts’ Shipbuilding and 
Engineering Company, Limited, Greenock, have been 
re-elected vice-presidents, and Mr. G.Tristram Edwards, 
assistant managing director of Smiths’ Dock Company, 
North Shields, Middlesbrough and Stockton, has been 
elected a vice-president. Colonel H. Beale, of Swan, 
Hunter and Wigham Richardson, Limited, Wallsend, 
has been appointed chairman of the Conference and 
Works Board of the Federation, and Mr. George G. 
Parker, of Lithgows, Limited, Port Glasgow, vice- 
chairman. 





In the report of the General Federation of Trade 
Unions for the third quarter of the current year, 
Mr. Appleton, the General Secretary, says that, in 
their search for excuses or whipping posts, Ministers 
of the Crown, and others who pose as leaders, are 
to-day declaring that the cause of unemployment is 
a fall in world prices. Such a statement contains, in 
Mr. Appleton’s opinion, only a portion of the truth. 
‘* Had their courage been equal to their responsibilities,” 
he writes, ‘‘ they could have said—a fall in world prices, 
without that corresponding fall (which the Cunliffe 
Committee anticipated) in the cost of non-productive, 
or only indirectly productive, services. To talk of a 
fall in world prices as if it were the only cause of British 
unemployment is disingenuous and unwise, because it 
helps, amongst other things, to obscure the fact that 
prices have fallen more rapidly outside Great Britain 
than inside, and because it tends still further to 
mystify an already perplexed industrial population and 
to sustain hopes that are no more likely to be realised 
than the war and post-war promises of new heavens 
and new earths.” 





‘When he speaks of reducing costs, the economist 
means,” Mr. Appleton says, “all costs. He would be 
unworthy of his title and of his association with 
economic thought if he considered only the wages paid 
to productive workers. Taxes, rates of interest, costs 
of transport, and other overhead charges come within 
his purview when he attempts to set out effects of 
costs and prices and to indicate possibilities of con- 
tinuing production and finding employment. He 
knows, and usually quite well, that the prominence 
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Herald’s Berlin correspondent, the settlement terms 
were adopted by 40,500 votes to 33,000, more than 
62,000 men abstaining “ because they had already 
resumed work.” 





The New York correspondent of The Times states 
that the American Federation of Labour, after pointing 
out that even in the most active business years there 
is a large decrease in employment between October and 
February, estimates that by the middle of the winter 
there will be 5,000,000 persons idle in the United 
States and, therefore, 20,000,000 threatened with 
actual need. The estimate of 5,000,000 is based upon 
President Hoover’s statement that 3,500,000 are now 
idle, a figure much lower than that of many other 
estimates. In making its forecast, the Federation 
noted that, though business conditions were good in 
1928, unemployment increased by 47 per cent. between 
October, 1928, and February, 1929; that between 
October, 1929, and January, 1930, it increased by 
71 per cent.; and that by February, 1930, unemploy- 
ment was double what it was in October, 1929. Of 
the Federation’s own membership of 800,000, more 
than 168,000 are now idle and 120,000 working short 
time. 





At a meeting in London on Sunday of members of the 
Associated Society of Locomotive Engineers and Fire- 
men, Mr. J. Bromley, M.P., the General Secretary, 
stated that it was intended to make the following 
demands in the organisation’s negotiations with the 
railway companies :—(1) The restoration of the ls. per 
day reduction in the wages of drivers confined to 
shunting engines. (2) The restoration of the full 
guaranteed day on Sunday. (3) The abolition of the 
nine-hour roster of a day’s duty and a return to eight 
hours. (4) Payment of the minimum firemen’s rate to 
cleaners after seven years’ service. 





In the course of a reference to the joint meeting 
next week with the railway companies, Mr. Bromley 
said that the Associated Society would refuse to repre- 
sent the non-unionist in meetings with the companies. 
‘We shall,” he declared, ‘‘ make it plain that we do 
not speak for him, and refuse to sign any agreement 
covering him. We shall stand solidly for the present 
conditions and wages of our members, and if the com- 
panies want financial relief let them negotiate separately 
with the non-unionist crowd and take what they can 
obtain from them, and then we shall see what courage 
that unholy gang has. It will be amusing to see a 
strike of non-trade unionists to prevent the companies 
reducing their standard of living; and may the gods 





given to wage reductions as remedies for high prices 
arises, in the main, from the appearance of immediate | 
relief which they offer and the ease with which they | 
can be attempted. Wages are within the employers’ | 
direct superintendence ; they confront him weekly, | 
and in respect of them he can at least attempt to say | 
‘yea’ or ‘nay.’ Over wages there are, broadly 
speaking, two parties to any controversies which may 
arise—employers and employees. When, however, 
those other concomitants of actual productive costs— 
taxes, transport, and externally determined overhead 
charges—have to be tackled, laws and interests outside 
the direct control of the employer or his workpeople 
offer almost insuperable bars to action. The employer 
may fight his own workpeople, but he cannot indivi- 
dually fight the State, or those external interests which 
pile up costs and reduce the possibility of sales; and 
so, often without considering either the wisdom or 
the justice of his action, he attempts to reduce costs 
by reducing wages.” 





_The number of societies affiliated to the General 
Federation of Trade Unions is 92, of which 58 are on 
the higher scale, 31 on the lower scale, and three on 
both scales. The gross membership is 526,861, of 
whom 295,610 are on the higher scale, 219,010 on the 
lower scale, and 12,241 on both scales. 





__ The proposal of the Engineering Trades Joint Wages 
Movement that the Government should set up a 
‘ribunal to inquire into the state of the engineering 
industry has been rejected by the Ministry of Labour, 
which suggests that the proper course is for the industry 
itself to carry out such an investigation. The decision 
was considered by the Executives concerned at a 
‘meeting in London yesterday. 





The strike of Berlin metal-workers against the 
itbitral award reducing their wages by from 6 per cent. 
to 8 per cent. has been settled on terms arranged by the 
German Ministry of Labour. Work has been resumed 
under the old conditions, and a new award, which will 
be final, is to be issued as soon as possible. About 
135,000 men were involved. According to The Daily 


be with them in their fight, for we shall not.”’ 


The official weekly organ of the International Labour 
Office states that, at its recent meeting in Brussels, the 
Governing Body considered a proposal by Mr. Schiirch 
for a thorough study of the principal causes of unem- 
ployment, in particular tariff competition between 
States, the unsatisfactory distribution of capital and 
raw materials, the unsatisfactory distribution of 
national wealth between the various classes of the 
population, the difficulty of adapting production to the 
requirements of consumption, the development of new 
industries and changes in industrial technique. It 
was decided that the proposed special study should be 
carried out, and that the Unemployment Committee 
should settle the programme of work. The size of the 
Unemployment Committee is to be increased from 3 
to 12 (4 from each group) and it will be authorised to 
consult experts. 





In the course of the discussion, Mr. Lawson (British 
Government representative) pointed out that public 
opinion might receive a false impression from the total 
figures of unemployment. In Great Britain, for 
example, the unemployment statistics for the last 
quarter gave a total of 2,000,000 unemployed. This 
did not, however, mean that all these 2,000,000 workers 
had been unemployed for the whole period covered by 
the statistics. Probably more than half the number of 
people who appeared in the unemployed register had 
been employed within the last six weeks of the quarter. 
Many of the unemployed included in the figures were 
part-time unemployed. Only about 5 per cent. of the 
workers unemployed during the year had been un- 





of whom not less than 2,500,000 were in regular receipt 
of unemployment benefit. These figures did not 
include the families of unemployed persons. The 
annual expenditure on unemployment benefit was 
about 2-2 milliard marks. Experience had shown that 
unemployment could not be combated by national 
effort alone, but that practical international collabora- 
tion was necessary. 





Alluding to the effects of increased industrial 
efficiency, in their annual report, the Executive Council 
of the American Federation of Labour stated that 
industries on which 40 per cent. of United States wage- 
earners depended for their living actually employed 
900,000 fewer wage-earners in 1929 than in 1919, 
although the business handled was far greater. In 
manufacture, factories produced 42 per cent. more 
with 546,000 fewer wage-earners ; on railroads, 7 per 
cent. more business was handled with 243,000 fewer 
employees; in coal mines, production per worker 
increased 23 per cent. and 100,000 fewer miners were 
employed. But the effect of reduction in the number 
of workers in these industries was far more serious than 
these figures at first indicated, for, in the ten years from 
1919 to 1929, the population had increased and about 
7,000,000 more persons were looking for work as wage- 
earners and small salaried occupations. 





Early this year, a National Conference of the United 
States Mercantile Marine adopted a resolution approving 
the provisions of the London Convention of 1929 on 
Safety of Life at Sea, and recommending the Govern- 
ment to ratify it. The resolution was opposed by 
Mr. Furuseth and Mr. Olander, President and Secretary 
of the International Seamen’s Union of America, on 
the ground that the ratification of the Convention by 
the United States would diminish the country’s freedom 
of action in regard to protective legislation for seamen. 
An alternative resolution was therefore put forward, 
urging the President and Senate of the United States to 
refrain from entering into a treaty with a foreign nation 
the effect of which would be to surrender the right of 
Congress to enact laws to determine the conditions 
under which vessels, foreign as well as American, should 
be permitted to operate out of American ports or which 
would have the effect of nullifying any of the existing 
laws of the United States governing the operation of 
merchant vessels. Only Mr. Furuseth and Mr. Olander 
voted for the amendment. 





On October 27, 1930, the number of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,551,095 wholly unemployed, 581,614 tem- 
porarily stopped, and 104,792 normally in casual 
employment, making a total of 2,237,501. This was 
38,213 more than a week before and 1,003,113 more 
than a year before. The total on October 27, 1930, 
comprised 1,621,578 men, 60,232 boys, 504,501 women, 
and 51,190 girls. 





At a meeting of the Unemployment Grants Com- 
mittee on Monday, Lord St. Davids in the chair, a 
number of schemes of works submitted by local authori- 
ties and other statutory bodies for the relief of unem- 
ployment were approved for Government grant. The 
estimated cost of the schemes so approved was 250,000I. 
to provide employment for approximately 1,250 men. 
Schemes before the committee for approval, which are 
now the subject of inquiry, number 1,222, and are 
estimated to cost 19,930,000I. 





The Works Council of the Bata Shoe factory, in 
Czechoslovakia, which has an output of 160,000 pairs 
daily, was recently informed by Mr. Bata that, as 
from October 13, he intended to introduce a five-day 
week with the following daily hours:—7 a.m. to 
12 noon, and 1 to 5 p.m. (45 hours a week). Mr. Bata 
intimated that the proposed changes would not entail 
either a reduction of wages or an increase in marketing 
prices. 





The step does not appear, Industrial and Labour 


Information says, to be a consequence of unemploy- 


ment, or a reduced business turnover; it has been 


taken in order to meet the requirements of the Eight- 


Hour Day Act, which stipulates that women shall 


unemployed for the whole time, the rest were part- 
time unemployed. 





Mr. Weigert (German Government representative) 
said that Germany was one of the countries which were 
at present suffering most severely from unemployment. 
This was due partly to world economic conditions, and 
partly to national economic conditions and the special 


cease work on Saturday at 2 p.m. After a study of 
the economic, technical, administrative and social 
advantages of the five-day week over the five-and-a- 
half day week, Mr. Bata decided to introduce the new 
system, which he has advocated since 1928. As a result 


of this announcement, the Busi boot factories in Trebic, 
which employ 3,000 operatives, adopted, in accordance 
with the demands of the Federation of Hides and 
Leather Workers, a similar system of working hours, 
which came into operation on September 29 without 








obligations of Germany. Of a total of 20,000,000 
workers in Germany there were 3,000,000 unemployed, | 


affecting the weekly wage rates. 
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IMPROVEMENTS ON THE GREAT 
WESTERN RAILWAY. 


Tue Great Western Railway Company are under- 
taking three engineering improvements with a view 
to dealing more expeditiously with their increasing 
traffic to the West of England. The most extensive of 
these is in the neighbourhood of Taunton, and has 
as its objective the removal of the present “ bottle- 
neck’ between Cogload Junction, where the lines 
from London and Bristol and the north converge, and 
Norton Fitzwarren 74 miles to the west. This section | 
includes Taunton station, which is an important junc- 
tion at which there is a heavy exchange of passengers 
and freight between the local and through trains. The | 
works will comprise the quadrupling of the lines 
between the two points mentioned, thus necessitating 
the reconstruction of sixteen bridges and the removal 
of 140,000 cub. yards of earth works. At Cogload 
Junction a fly-over bridge, carrying the down Bristol 
line over the two London lines, will be built so that 
trains from both these points can run into Taunton. 
The passengers and goods stations at the latter place 
are also to be rebuilt. The former will consist of 
four main line platforms and seven bays, compared 
with two main line and eight bays as at present. One 
of the main platforms will be 1,400 ft. long and the 
other three 1,200 ft. A new subway, booking hall 
and other buildings will also be erected and the exist- 
ing parcels office will be enlarged. The goods shed 
will be increased to nearly double its present size, and 
will be equipped with improved mechanical appliances. 
A new marshalling and reception yard will be laid out 
at the West End of the Station, and Norton Fitzwarren 
station will be rebuilt on a new site with four, instead 
of two, platforms. The cost of the widening scheme 
is estimated to be 360,000/. and the contractors are 
Messrs. Scott and Middleton, Limited, 28, Victoria- 
street, London, S.W.1. 

The other works comprise the building of “ by- 
passes at Westbury and Frome, where the severe 
curves present necessitate speed reductions to 30 and 40 
miles per hour. This will not only enable a saving of 
some minutes to be effected in the journey times of 
express trains, but will assist in the working of those 
that continue to use the stations. At Westbury the 
by-pass will be 2} miles long and will run on an easy 
S curve to the south of the present station. At Frome 
it will be 2 miles long and will be to the east of the | 
station and practically straight. There will be seven 
bridges on each section and some 455,931 cubic yards | 
of earth will have to be moved. The estimated cost 
is 220,000/., and the contractors are Messrs. Logan 
and Hemingway, of Doncaster. | 

It is expected that all three schemes will be com- 
pleted by the middle of 1932. 











THE WoRLD POWER CONFERENCE. BERLIN : ERRATUM. 
-——A slight error has crept into our report, on page 478 | 
ante, of Mr. L. Roesler’s paper, presented at the World 
Power Conference, Berlin, dealing with the use of internal- } 
combustion engines on the Danube. About a third of 
the way down the middle column, a full stop should be 
placed after the words, ‘*. . . a fuel consumption of only 
0-175 kg.” The opening words of the subsequent new 
sentence should read: ‘The working expenses were, | 
roughly, 30 per cent. less than, &c.”’ i 

PERSONAL,—-Messrs. United Strip and Bar Mills, | 
Limited, Sheffield, having been absorbed by Messrs. | 
The United Steel Companies, Limited, under the recent | 
scheme of arrangement and amalgamation, and _ the | 
reorganisation of the company’s Sheffield works being 
at the same time completed, the arrangements made 
for the management of those companies, as a group, 
during the past three years, have come to an end. 
general manager of Messrs. Steel, Peech and Tozer, 
Limited, and Messrs. United Strip and Bar Mills, Limited, 
will be appointed in due course. Mr. Scott-Smith, who 
undertook the duties of general manager of the Sheffield 
group during the period of reconstruction, has resumed 
the general managership of Messrs. Samuel Fox and 
Company, Limited, Sheffield, and undertaken, in addition, 
that of Messrs. Daniel Doncaster and Sons, Limited, | 
Sheffield.—Sir Henry Fowler has been appointed assistant 
to the vice-president for works of the London Midland 
and Scottish Railway Company, as from January 1, 
1931. Sir Henry’s knowledge and experience will be 
devoted mainly to research and development, and he 
will take charge of the company’s laboratories and the 
central testing bureau. Consequent upon this, Mr. 
E. J. H. Lemon, the company’s carriage and wagon 
superintendent, has been appointed to succeed Sir Henry 
Fowler as chief mechanical engineer.—Mr. Arthur 
Dorman has been elected president, and Mr. J. H. | 
Humphryes vice-president of the British Steelwork 
Association, for the coming year.—Messrs. Newton, 
Chambers and Company, Limited, Thorncliffe Ironworks 
and Collieries, near Sheffield, have purchased the good- 
will, designs, specialities, and patterns of the Engineering 
Department, of Messrs. Dewhurst’s Engineering Com- 
pany, Limited, Vulcan Works, Sheffield. The services of 
the technical director and staff have also been secured.— 
Mr. P. E. Rycroft has resigned his position with Messrs. 
Babcock and Wilcox, Limited, to accept the appoint- 
ment of chief engineer and manager of the Great Yar- | 
mouth Corporation Electricity undertaking. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for 


lead are for English metal, whilst those for spelter are for virgin metal. 
| for steel plates and rails, and also for hematite and Cleveland pig-iron. I 8 
| plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
| prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
| bottle, the contents of which vary from 70 lb. to 80 Ib. The price of tin-plates is per standard box, but in 


“fine foreign” and “‘ standard”’ metal respectively. 


The prices shown for 
Middlesbrough prices are plotted 
The prices given in the case of steel 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


ENGINEERING TRAINING AND 
EDUCATION. 


University of London, University College.—The calen- 
dar for the session 1930-1931 of University of London, 


| University College, Gower-street, London, W.C.1, has 
, just been issued. As has been the case for many years 


past, the Calendar contains detailed prospectuses of 


‘the Faculties of Arts, Science, Engineering, Laws, and 


Medical Sciences. Lists are also given of professors 
and staff, College officers, Professores Emeriti, former 
Professors, and fellows of the College. The volume also 
contains full particulars regarding the scholarships and 
exhibitions tenable at the College. An interesting out- 


line history of the institution, by the late Dr. G. 
Carey Foster, is included. The book concludes with 
lists of prizes and certificates awarded, and honours and 
appointments gained by past and present students and 
other persons connected with the College. 


The volume 





is bound in the usual buff cloth cover, and is published 
by Messrs. Taylor and Francis, Red Lion-court, Fleet- 
street, London, E.C.4. 








New Locks on THE GRAND Union Canav.-—The 
provision of larger locks on the Grand Union Canal has 
been necessitated by the great volume of traftic passing 
between Regent’s Canal Dock, Limehouse, and Birming- 
ham, quite apart from that over shorter distances 1" 
busy Midland areas. The work will take six years to 
complete and will cost some 1,000,000/. In order not 
to interfere with the present traffic, it has been decided 
to build entirely new and larger locks alongside the old 
ones, which will continue in use while the work is going 
on. Many bridges, passing places, pumping stations. 
and other works will be reconstructed. It is expected 
that the scheme will give a fillip to the motor-barge 
industry, and that the completion of the work will 
witness the gradual disappearance of the barge horse from 
the canal, at all events between London and Birmingham 
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SOME CONSIDERATIONS AFFECT- 
ING FUTURE DEVELOPMENTS OF 
THE STEAM CYCLE.* 


By K. Baumann. 


In the development of steam power plant during 
recent years there has been a continued trend towards 
the use of still higher steam pressures and temperatures, 
with the object of improving the efficiency of power 
stations. Table I gives main particulars of the high 
pressure or temperature plants which have recently 
been put into operation or which are under construction. 


TABLE I.—PROGRESS IN 





ENGINEERING. 





597 








blading in the low-pressure end of the turbine. In this 
country and in France, the tendency has been towards 
the use of higher temperatures, the necessity for re- 
heating being avoided by limiting the initial steam 
pressure. For such plants, a temperature of 850 deg. F. 
and pressures of 600 lb. per sq. in. have been adopted in 
many cases. This development has involved designers 
and manufacturers in a considerable amount of investi- 
gational work to enable them to produce, at reasonable 
prices, plant which is as reliable as that previously 
produced for lower steam conditions. It is one object 
of this paper to consider a few of the factors which affect 
and limit this development. 


STEAM CONDITIONS. 


cussed in this paper in some detail. The main factors 
which enter into this question are :— 

(1) Reliability and continuity of service. 

(2) Overall economy, i.e., is the additional capital 
expenditure required in conjunction with the use of 
higher pressures and temperatures justified by the 
improvement in coal consumption ? 

The second question is one which it is usually difficult 
to answer, not only because conditions vary from site 
to site, but also because the capital expenditure depends 
to a large extent on the individual designs of the power 
stations as a whole and the design of the plant in detail 
This paper will not deal with this aspect of the question, 
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A large number of plants of pressures above 1,000 Ib. 
per square inch are in operation, particularly in the 
United States, with temperatures generally below 750 
deg. F. In the recent projected extension for the State 
Line Generating Station of the Commonwealth Edison 
Company, of Chicago, the use of a temperature of 
850 deg. F. is contemplated, with the relatively high 
pressure of 1,200 lb. per square inch. Power stations 
for still higher pressures, in connection with the use of 
Benson boilers, are under construction on the Continent. 
Reheating has been necessarily adopted for these instal- 
lations in order to prevent excessive erosion of the 





* Paper read before the. Institution of Mechanical 





Engineers, North-Western Branch, at Manchester, on 
November 6, 1930. 


Regenerative feed-water heating is now invariably 
adopted in all modern power stations. The question 
arises whether this practice has not been exaggerated in 
some cases, as by the use of a great number of feed 
heaters and heating the water to a high temperature 
the efficiency or the cost of the boiler plant may be 
affected adversely. It is a further object of this paper 
to determine the economic feed temperature for a 
given set of conditions from the point of view of both the 
engine-room plant and the boiler plant and their res- 
pective costs. The increase in final feed-water tem- 
peratures, particularly in conjunction with high-steam 
pressures, has accentuated the difficulties previously 
experienced in handling and regulating the delivery of 
the feed water from the condenser to the boiler. The 
various factors bearing on these problems will be dis- 


but will be restricted to the consideration of those 
factors which limit the use of high pressures and tem- 
peratures from the point of view of constructional 
design, of reliability, and of suitability for continuous 
operation over long periods. 

Steam power plants have proved to have a long life, 
and to be capable of sustained operation for long periods 
without overhaul. It is essential, therefore, that in the 
endeavour to improve efficiency this reputation for 
reliability should not be jeopardised. Although a plant 
usually produces the major portion of its total units 
during the first seven or ten years of its life, it is never- 
theless desirable that it should be available for use for 
20 years. Further, the prime mover should be capable 
of being kept in continuous operation for at least 





12 months without examination and without developing 
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such defects as steam leaks, &c. The design of steam 
plant to meet these requirements, when operating at 
high pressures and temperatures, is necessarily based 
on @ knowledge of the behaviour of materials at high 
temperatures, and, in particular, on the phenomenon 
which has become known as the “ creep” of steel at 
high temperatures. 

During the last ten years, investigations on creep 
of steei at high temperature have forced designers to the 
conclusions that the old methods of stress analysis are 
wrong in principle, because they are based on Hook ’s 
law, i.e., on the proportionality of strain and stress. 
Experience has shown that Hooke’s law does not apply 
at high temperatures. At the most, it applies only during 
a short initial period of use and is profoundly modified 
during later stages. This is due to the fact that steel, 
when submitted to stress at high temperatures, con- 
tinues to extend very slowly beyond the initial elastic 
extension which occurs immediately the load is applied. 
This slow and continuous extension, called ‘ creep,” 
increases with the stress and the temperature to which 
the material is submitted. If the stresses are not 
uniformly distributed throughout the structural element 
immediately the load is applied, then the parts sub- 
mitted to higher stresses will creep at a greater rate. 
and, in due time, the material will be more uniformly 
stresse |, provided the stresses are still above the true 
creep limit. 

The question to be answered in the first place, there- 
fore, is whether stresses above the true creep limit are 
permissible, or whether a creep limit actually exists. 
Whereas a few years ago many workers assumed, in the 
absence of sufficiently refined testing apparatus, that 
the creep limit is obtained when the rate of creep is less 
than 10°® per hour, that is, when the rate of creep at 
which the material under stress increases in length is 
less than one millionth part of its length in one hour, 
recent experiments with improved apparatus have 
shown that material may creep for long periods at a rate 
of 10-*(é.e., one millionth part of its length in 100 hours) 
at stresses which are considerably below what have 
previously been assigned to the “‘ creep limit.’’ These 
experiments have fully justified R. W. Bailey’s sugges- 
tion made a few years ago that a creep limit does, in 
fact, not exist.* It follows, therefore, that it is only a 
question of the actual time required to enable the 
stresses in machine elements to become more uniform 
under given normal operating conditions. 44) 
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The question will then arise as to the amount of | 
creep which is permissible under normal operating 
conditions. Certain parts, such as bolts for flanges, if | 
stressed to what has been called the “ creep limit,” | 
i.e., at stresses that will produce a creep of 10-*, would | 
cause considerable difficulties, due to steam leakages. 


for 
f = 6,000 lb. per square inch 
C=1x 10-6, 


The rate of creep in bolts under the stress applied | 


should, therefore, be of the order of about 10-° per 
hour. 

The same limits apply to the turbine cylinder itself 
if the condition has to be met that the cylinder should 
not increase in diameter more than one 0-001 in. in 

Fig.1. PHYSICAL PROPERTIES OF 
0-15 CARBON STEEL. 
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Fig4. CREEP PROPERTIES OF 
Cr-Ni-Mo. ALLOY STEEL. 
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| internal pressure do, in fact, cause a creep in circum- 

ferential direction only, so that the difficulties just 
|referred to, fortunately, are not. likely to occur. It 
would seem permissible to design steam piping (apart 
from bolted flanges) for a creep of .10-7 per hour, which 
would mean, roughly, that the diameter of the pipe 
would increase 1 per cent. in 10 years. The same creep 
rate could also be admitted for water tubes in boilers. 
For superheater tubes, creep rates of 10-6 should be 
permissible, or an increase in diameter of 10 per cent. in 
10 years. For some of the more exposed parts of a 
superheater even 10-° per hour may be permitted, 
provided these parts are easily replaceable. We thus 
obtain permissible creep rates for various parts in 
steam plants as follows :— 


(1) Turbine disc pressed on shafts, 10-". 
(2) Bolted flanges, turbine cylinders, 10-*. 





Fig.2. PHYSICAL PROPERTIES OF \. 
Cr.-Ni.-Me. ALLOY STEEL. 
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stress for bolts will depend on the time which is required e Ri Ratio to Inside Radius. 
for the material to creep to an extent equal to the 41-2 
elastic deformation under the stress applied. This xd W777 > A 
time can be calculated as follows :— lf v 4 7) 
. «18 
S_opor! — tr 220 TTT TTA 
E c ea 4) Sense ail joints, boiler tubes, 10-7 
where | lin. in 10 years. For parts which depend upon shrink (3) Steam piping, welded joints, boiler tubes, : 
f == Stress to which the material is subjected. fits for their satisfactory operation and which are not (4) Superheater tubes 10-® 10-°. "i 
EK = Modulus of elasticity at a given temperature. | subject to adjustments, such as turbine discs shrunk| These creep rates are, of course, conditional on the 
C = Rate of creep at stress and ata given temperature. | on shafts, an even lower limit for creep rate must be | further condition that the stresses be well below the 
r = Time required to obtain a creep equal to the | provided for; that is, a creep rate of the order of 10-°. | yield point of the material at the particular temperature. 


elastic deformation (elastic strain creep time). | For parts which are not riveted or bolted, but jointed 

If the bolts are to remain tight for two years, then | by welding, for instance, or for parts which have no 
the elastic strain creep time must be roughly 20,000! such joints, as in the piping itself, higher creep rates 
hours. Therefore : | are permissible provided that a change in size or shape 
- 20,000 x 30,099,000 does not affect the safety or operation of the plant. 


60 x 1910 





Cc Thus, for instance, creep causing an increase in the 
sl | diameter of a pipe is quite permissible, whereas an 
C= @, x lo-ws | increase in the length of a pipe may cause difficulties. 


Test 8 recently carried out* have proved that pipes under 





* Discussion on paper by F.C, Lea on “ Effect of Load 


and High Temperatures on Materials,” Inst. of Mech. 
Eng., 1924. See ENGINEERING, vol. cxix, page 10 (1925). 


| 
. 


* R. W. Bailey on “ Thick-Walled Tubes and Cylinders 
under High Pressure and Temperature,’’ ENGINEERING, 
vol. exxix, pages 772, 785, and 818. 


‘A factor of safety of three relative to this yield point. 
or a factor of two relative to the limit of proportionality. 
is at least required. 

The development of high-temperature plant is 
seriously handicapped by the lack of information 
available with regard to the creep properties of material 
suitable for high temperatures. Figs. 1 and 2 show 
the ultimate tensile strength, yield point, and creep 
strength of, respectively, a 0-15 carbon steel used for 
steam piping and an alioy steel suitable for high tem- 
peratures. 

Short-time tests for ultimate tensile strength are 
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relatively easily carried out, but, unfortunately, they 
provide no criterion of the suitability of the material for 
high temperature, because the test result depends upon 
the rate of extension applied during the test, and this is 
usually not specified or controlled. Whilst the yield 
point of carbon steels at low temperature is quite 
definite, at high temperature the phenomenon charac- 
teristic of this yield point disappears. At these higher 
temperatures, the limit of proportionality, shown in 
Fig. 1, has been determined from stress-strain diagrams. 
The yield stress, shown in Fig. 2, has been determined in 


the-manner commonly adopted for commercial tests. | 


The limit of proportionality is, roughly, 30 per cent. 
lower. 

In presenting the curves for creep strength, it is 
necessary to explain that they have been produced 
from data collected over the last eight to ten years, but 
the field for investigation is so wide that there is still 
a great amount of work to be done. Until much more 
information, particularly for lower rates of creep, is 
available, they should be regarded only as an intelligent 


Fig.6. TUBE STRESSES. 
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Fic. 6. PRESSURE AND TEMPERATURE STRESSES 
IN TUBES. 


Tube 1}-in, inside diameter and 2 in. outside diameter, 
carrying internal pressure of 1,400 lb. per square 
inch, gauge. Pr = radial stress. P6@ = circum- 
ferential stress, Pz = axial stress. 

Stresses shown positive are tensile. 

) == Heat transmitted inwards across tube, in B.Th. U. 
per square foot per hour, measured on outside sur- | 
face of tube. | 

=" A,, and A; show elastic stresses (Hooke’s | 
saw ). 

Curves B,, B,, and B, show stresses under steady creep 
(Bailey’s method), based on 0-15 per cent. carbon | 
-— (Fig. 3) with inside wall temperature of 900 deg. | 

anr, 
anticipation of the creep properties. It is probable 
that these will not differ greatly from the figures given. 
In Figs. 3 and 4, stresses for different temperatures are 
plotted against the logarithms of the creep rate. These 
curves show the rapid decrease in the creep strength | 
with higher temperature and the continued creep | 
at very low stresses. 
The stresses in pipes subjected to high internal 
pressures have usually been calculated on the basis of | 
Hooke’s law, but this has been shown to provide a) 
fallacious approach. The curves A, B, C, D and E, | 
in Fig. 5. show the distribution of the stresses calcu- 





lated in this manner for varying thickness of wall; 
the maximum stress is shown by curve G. If creep 
exists, as it does at high temperatures, the actual 
maximum stress would approximate to the mean stress 
calculated on the approximate formula :— 
pd=f x 2t 
where 
p = internal pressure, 
d = internal diameter of pipe, 
t = thickness of wall, 


f = stress. 7 


The mean stress shown by curve F is considerably 
lower than the stress calculated on the basis of Hooke’s 
law. 

The physical properties of material available for 
steam piping are given in Fig. 1. The calculation of a 
pipe of 10-in. internal diameter suitable for a pressure 





varying from 800 deg. F. to 1,000 deg. F., as given 
| below, would be based on the following conditions :— 
| (1) Creep rate 10°’ per hour. (2) Factor of safety 


Fig.7. TEMPERATURE IN TUBE WALL. 
TUBE /%'INS.DIA. 2°OUT.DIA. 


Q-Heat Transmitted Inwards across 
Tube. B.Thv.U. per Sq.Foot Hour 
measured at Outside of Tube. 
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(2293.F) 
related to limit of proportionality, 2. (3) Material : | 
0-15 carbon steel. 


0 | 1,000 


900 95: 


| 

Temperature, deg. F. .., 800 | 850 | 
Stiess for creep rate = | | | | 

10-7 tons per sq.in. ..| 8-5 | 2-7 | 2-0 | 1-5 | 1:0 | 
Halt limit of prop., tons | ! | | 

per sq. in. ae oe} 3-4 2-2 2:0 |;1-8 | 1-6 
Permissible stress*, tons 

per sq. m. | 2-4 2:2 | 2:0 1:5 1-0 


Minimum 


F | 
thickness of | | | 
pipe, in. P ..| 0°93 1 | 1:10} 1-5 | 2-2 





* The calculation of the permissible stresses is based on the 
creep performance as ascertained by tensile-creep tests In his 
paper to the World Power Conference at Tokio (ENGINEERING, 


| February 21 and March 7, 1930), R. W. Bailey arrives at the 


be calculated from consideration of the creep strength, | 
unless higher creep rates are permissible. It is not | 


necessary, however, to calculate the stresses at tem- 
peratures below 900 deg. F., on the basis of Hooke’s 
law, as creep will still operate towards equalisation of 
the stresses within a relatively short period. Creep 
will also be beneficial with regard to bending stresses 
resulting from pipe expansion. If these exceed the 
real creep limit, which, of course, they do, if they are 
of a magnitude worth consideration, the bending 
stresses will be relieved after a certain period, when the 

ipes are at normal operating condition. Bending 


| stresses only reappear when the temperature of the 


pipe is lowered, the bending stresses being a maximum 
when the pipes are cold. Under these conditions, these 


' stresses should not exceed a value equal to half the 


limit of proportionality at atmospheric temperature, 
or less if the thrust resulting from expansion should 


| become excessive for other reasons, or if the maximum 


bending moment occurs at pipe joints. 

Tubes transmitting heat may be divided into two 
categories :—(1) Tubes transmitting heat by convec- 
tion. (2) Tubes subject to radiation. In the first 
case, the tubes absorb heat practically uniformly over 
the whole surface, and the distribution of temperature 


| within the tube is the same in all radial planes. If 


the material is in purely elastic condition, and pro- 
vided no creep takes place, internal stresses are set up 
due to the temperature varying in a radial direction. 
If creep takes place, the stress distribution will become 
more uniform, but will not be equalised to the same 


of 1,000 lb. per square inch, gauge and temperatures | 


| H.M. Consul-General at Lourengo Marques. 
| this country who may be interested in the matter should 


| 
degree as in the case of pipes not transmitting heat. 


If heat is transmitted from outside, the outer parts 
of the tubes will be hotter, and will, therefore, be 
subject to a greater creep rate. The result will be that 
the stresses on the inside of the tube will be greater 
than on the outside, the difference depending upon the 
temperature difference, which again depends on the 
amount of heat transmitted per square foot area and 
the heat-transmission coefficient of the material. 

In the article already referred to, Bailey has deve- 
loped a method for the calculation of the strain and 
stresses of the tubes, provided the creep rates of 
the material are known. The results of calculations 
based on the elastic theory (Hooke’s law), and on the 
theory developed by Bailey are shown in Fig. 6 for ° 
a tube of 14-in. internal diameter and 2-in. outside 
diameter. The following conditions were considered :— 
(1) No heat transmission (curves A, B,). (2) Heat trans- 
mission inwards: 10,000 B.Th.U. per square foot per 
hour, referred to outer surface (curves A,B,). (3) Heat 
transmission inwards: 100,000 B.Th.U. per square foot 
per hour (curves A,B,). The temperature of the inner 
wall was assumed to be 900 deg. F. in all cases, and 
the creep properties of 0-15 carbon steel, shown 
in Fig. 3, were taken as the basis of the calculations. 
The temperature of the metal wall is shown in Fig. 7, 
for a tube of 1} in. inside diameter and 2 in. outside 
diameter. Q = heat transmitted inwards across the 
tube in B.Th.U.’s per sq. ft. per hour, measured on 
the outside surface of the tube. The curves shown 
in A,B,, Fig. 6, prove the conclusion arrived at in the 
previous section, i.e., that creep equalises the circum- 
ferential stress. Whereas, according to Hooke’s law, 
| the stress varies from 1-6 tons per square inch at the 
‘outer surface to 2°3 tons p*r square inch on the 
inner surface. Bailey’s analysis shows that the 
corresponding surface stresses vary only from 1:9 
tons per square inch to 1-8 tons per square inch. 
With a h at transmission of 10,000 B.Th.U. per 
square foot per hour, such as may occur in extreme 
cases of transmission by convection, the circumferen- 
tial stress (curve A,) varies, according to the elastic 
theory, from 1-1 to 2-8 tons per square inch, but 
when the effect of creep is considered the stress 





‘(curve B,) becomes practically uniform throughout 
| the whole thickness of the walls. 


With a heat trans- 
mission such as may occur in extreme cases of radiation 
in boiler furnaces, the elastic theory tells us that the 
circumferential stress (curve A,) varies from 3-4 tons 
per square inch compression at the outer wall to 8-2 
tons per square inch tension at the inner wall, but, 
according to Bailey, the stress varies only from 1-1 tons 
per square inch to 2-55 tons per square inch. 

It has been concluded by many authorities in the 


| past that, on account of the great increase in stresses 


at the inner wall, an increase in the thickness of the 
| walls of tubes beyond a certain limit was undesirable. 
| Their conclusion was based on calculations of the 
| stresses according to the elastic theory. The com- 
| parisons given above may suffice to show that these 
| conclusions do not apply when the material is subject 
| to creep, such as is bound to occur in boiler and super- 
| heater tubes. It is beyond the scope of this paper to 
deal in detail with all considerations affecting tubes 
transmitting heat at high temperatures, or with the 
requirements for materials suitable for high tempera- 
| tures. Its purpose is to draw attention to the necessity 
| of reviewing the conditions obtaining in tubes subject 
| to high temperatures in the light of existing knowledge 


| on creep of steel. (To be continued.) 





| 
conclusion that, for conditions obtaining in pipes subject to | 
internal pressure ouly, where the axial stress is equal to half the | 
circumferential stress, the circumferential creep is roughly one | 
half that obtained in tensile-creep tests. If this is taken into 
account, the permissible stress calculated for creep could be 
increased by roughly 20 per cent, 


At temperatures above 900 deg. F., the pipe must 








| * Sate or Motor Cars, PortuGUESE East Arrica.—- 
A confidential report on the market for motor cars in 
Portuguese East Africa has been prepared by the Depart- 
ment of Overseas Trade from information furnished by 
Firms in 


communicate with the Department, at 35, Old Queen- 
street, London, S.W.1, quoting Reference No. A.X. 
10,311. 





Tue Markine or Importep Goovs.—The Board of 
Trade is to hold an inquiry into the question of the mark- 
ing of tools and implements covered by Part 4 of the Mer- 
chandise Marks (Imported Goods) No. 5 Order, 1929, at 
11.30 a.m. on Monday, November 17. On June 2 last, 
the Board directed that the articles in question, if 
imported before December 17, 1929, and sold, or exposed 
for sale, before July 1, 1931, might bear an indication 
of origin applied to each article by means of a label, 
instead of being required to have the indication stamped 
or engraved on the implement. Representations having 
been received from certain interests concerned, the 
Standing Committee of the Board will hold the above- 
mentioned inquiry in order to ascertain whether the 
Order should be amended. At 11.30 a.m. on November 24, 
and at 10.30 a.m. on November 25, the Standing Com- 
mittee will hold another inquiry as to whether air and 
gas compressors, exhausters, pneumatic tools and appli- 
ances, and various parts thereof, should be required 





to bear an indication of origin. Both inquiries will be 
held at the Board of Trade Offices, Great George-street. 
London, 8.W.1. All communications should be addressed 
to the Secretary, Mr. E. W. Reardon, at that address. 
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TAP-SHARPENING MACHINE. 


CONSTRUCTED BY MESSRS. HERBERT HUNT AND SONS, ENGINEERS, MANCHESTER. 




















Fie. 1. Hrapstock AND FEEDING GEaR. Fia. 2. 


TAP-SHARPENING MACHINE. | 


THE apparatus which is illustrated in the accom- | 
panying Figs. 1 to 3, is a novel and ingenious machine | 
for sharpening taps by a grinding wheel, the tap being 
turned about its axis while in contact with the whecl, 
and being at the same time fed towards the wheel 
with a gradually progressive motion. The tap is 
thereby ground with a truly convex surface having 
the correct amount of clearance or relief. The 
machine is made by Messrs. Herbert Hunt and Sons, 
Old Trafford, Manchester, in two forms, of which Fig. 1 | 
shows the mechanism common to both. This mechan- 
ism is mounted, in Fig. 2, on the table of a cutter- 
grinding machine, while Fig. 3 shows it in its more | 
usual form built as a complete self-contained machine | 
with fast-and-loose pulley drive for use with either a | 
line-shaft or an electric motor on the base of the | 
machine. As regards capacity, two sizes are manufac- | 
tured. The first, which will sharpen taps from }-in. to 
3 in. in diameter, has a grinding wheel 94 in. in diameter | 
by 14 in. wide, running at a speed of 1,580 r.p.m.; the | 
second, with a wheel 12 in. in diameter by 2 in. wide, 
running at 1,320 r.p.m., is suitable for taps from }-in. 
to 6 in. in diameter. 

The characteristic features of the machine are best | 
seen in Fig. 1. A headstock, at the left, and a tailstock, 
at the right, are mounted upon a shaft underneath | 
their common axis, so that this common axis, which is | 
the centre line of the tap, can be rocked to and from the 
grinding wheel. The tailstock, it will be noticed, can 
be adjusted longitudinally on the shaft, its rotation | 
with the shaft being ensured by a groove in the latter | 
with which a screwed pin is engaged. The end of the 
shaft beyond the tailstock is carried in a bracket adjust- 
able longitudinally on a slide. The headstock is also | 
adjustable along the same slide, these adjustments being 
provided to accommodate different lengths of taps. 
The slide can be rotatea in a horizontal plane upon a 
saddle and clamped in any angular position desired in 
order to give an entrance taper to a tap, a quick 
taper being required at the end of a plug tap. The 
saddle can be moved towards or away from the wheel | 
by the handwheel seen in Fig. 3. The lever at the right | Fie. 3. Setr-ContTAINED MACHINE, 
of this handwheel provides a traversing motion parallel | 
to the face of the wheel for grinding a tap longer than | 
the width of the face. Small and medium taps are | teeth being used when the tap being sharpened has a 
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held in a self-centring chuck on the headstock, and may | relatively large number of flutes, and, in consequence, | 


be also supported by a centre on the tailstock. Large | has to be rotated through a small angle. The lever is 
diameter taps with square shanks are supported between | egnnected to the spindle and chuck through the ratchet 
the internal cone of the spindle and the tailstock centre. | wheels, and the tap is therefore rotated in one direction 
The spindle is hollow to permit the passage of the shank | only; that is, it remains stationary relatively to the head- 
of a long tap, such as those used for boiler stays, &c. stock during the return of the lever and the idle stroke 
The handwheel feed is only used to bring the tap into | of the ratchets. On the left hand of the ratchet wheels, 
the correct position suitable to its diameter relative to | stil] referring to Fig. 1, is the dividing plate. This is 
the wheel, the cutting feed being effected by the crank- | graduated for taps with uniform spacings of 3, 4, 5, 6, 
handle lever seen at the left hand of Fig. 1. 7, 8, 9, 10 and 12 flutes, a line on the clamp at the 

The rotating feed motion is imparted to the swivelling | bottom registering with the graduations. The dividing 
part of the headstock in the following way: Upon the | plate is carried over the teeth of the ratchet wheel at the 
spindle is mounted a pair of ratchet wheels with which | bottom to form a stop for the ratchet. This limits the 
are engaged one or other of the two ratchets carried on | rotation of the lever and spindle according to the 
the lever arm. The ratchet wheels, as will be seen, are | position in which the dividing plate is set, the pulling 


fos) 


cut with different sized teeth, respectively, the finer | forward of the lever being the feeding stroke. The! 
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return stroke is limited by a spring device of which 
the upper part is seen to the right of the lever. 

The method of rotating the tap will be clear from the 
remarks above. It now remains to describe the way in 
which it is fed up to the wheel during rotation. The 
bottom part of the lever is expanded into a disc against 
which, to the right, is situated a disc cam. The peri- 
phery of this cam bears against a vertical bar attached to 
the fixed part of the ueadstock, contact being main- 
tained by a tension spring of which the housing is 
visible to the right of the bar. The cam disc is adjust- 
able relatively to the lever in an angular direction, by 
| means of an eccentric pin. This pin is controlled by the 
| knurled knob at the end of the lever, so that when it is 
in its neutral position a cylindrical part of the cam is 
in contact with the vertical bar and movement of the 
lever merely rotates the spindle without displacing its 
axis laterally. When, however, the cam is set to give 
the required clearance, a suitable contour on its peri- 
phery is brought into contact with the vertical bar and 
the headstock, with the tap, is swung over as the lever is 
pulled down, thus giving the gradually increasing feed 
necessary to grind a convex relief surface on the tap. 
| The return of the lever to the original position does not, 
| as already explained, rotate the tap, but withdraws it 
| from the face of the wheel due to the reverse action of 
| the cam and contraction of the spring. The tap is 
| originally set, by lining up with a setting finger, so that, 
during the return stroke, the wheel clears itself in the 
| flutes of the tap. It is not recommended that a tap 
|should be ground in the flutes, other than during 
| manufacture, but that it should be simply sharpened 
| up on the cutting portion. Both right and left hand taps 
| can be ground, by suitable adjustment of the cam disc. 
| 

PERMANENCE OF DIMENSIONS 
| UNDER STRESS AT ELEVATED 
| ‘IEMPERATURES.* 

By Dr. W. H. Hartrrevp. 

| Iv will be generally conceded that one of the most 
| difficult problems before the metallurgical and engi- 
| neering world at the moment is that of determining 
| fundamental data for the use of the designer, which 
| will enable him to be certain that the stresses with 
| which he has to deal at elevated temperatures can be 
| carried without deformation. 

The author writes under no misapprehension of the 
| difficulties in the way of a complete solution. The 
| study of the properties of steel at elevated tempera- 
| tures, however, will become easier when agreement is 
| obtained as regards the more simple problems asso- 
| ciated with the characteristics at ordinary tempera- 
‘tures. Can one have permanence of dimensions under 
| stress at normal temperatures? Dickenson, Bailey, 
| and others assert that there is no absolute permanence ; 
| but if this assertion is examined as to their ultimate 
meaning, qualifications are made which leave the 
| assertion simply in the position of an abstract idea at 


| 














| * Paper read before the Iron and Steel Institute, 
| Prague, Czechoslovakia, on Monday, September 15, 
1930. Abridged. 
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present incapable of proof or disproof, owing to our 
inability to deal experimentally, at present, in an effec- 
tive way with the time factor. Engineering experience 
over long periods of time, however, really gives the 
answer, which is, of course, that for all practical pur- 
poses permanence of dimensions under heavy stress 
is undoubtedly attained within measurable accuracy 
over very long periods of time. The question is, 
however, of great interest, and it is, indeed, theoreti- 
cally necessary to endeavour to establish the fact one 
way or the other by experiment. 

One such experiment is still continuing in the Brown- 
Firth Research Laboratories, Sheffield, and may be 
usefully described, since the results are of sufficient 
interest in their bearing upon the problem. The author 
recently postulated that, to be sure that a bar 10 ft. 
in length, submitted in tension to a given stress, would 
not increase in length by plastic deformation to a 
greater amount than 0-001 in. in a period of twenty 
years, the rate of flow under that stress must be 
determined to be less than one twenty-thousand- 
millionth of an inch per inch per hour. The experiment 
consists of stressing, at 25 tons per square inch, a strip 
of cold-rolled rustless austenitic chromium-nickel steel 
(limit of proportionality, 27-4 tons per square inch ; 
0-1 per cent. proof stress, 60-7 tons per square inch), 
the extensometer being constructed also of rustless 
steel. The selection of rustless materials removes a 
danger of corrosion during the life of the experiment. 
Since June 1, 1929, to date, June 12, 1930, there has 
been no movement within an accuracy of measurement 
of one forty-thousandth of an inch ; the length between 
gauge points of the specimen is 8 in. A simple calcu- 
lation, therefore, will disclose that if movement is 
taking place under this very considerable stress, it is, 
at any rate, of a less order than one two-thousand- 
eight-hundred-millionth of an inch per inch per hour. 
The nature of this experiment will bring home the 
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| ment must be the deciding factor, affecting the result 
| to a very substantial degree. Even the slight elastic 
stretch of the specimen may affect the bearings of the 
screw-points fixed on the specimen for measuring 
purposes, and this may actually cause a premature 
indication of ultra-elastic extension. The “ time” 
effect—that is, the slow yielding of the specimen in 
the early stages—must be added to these effects. An 


to be the limit of proportionality may be so small as to 
escape observation when the speed of testing is normal, 
but this movement may be so magnified during the 
testing period in a slow test as to become distinctly 
measurable, and cause the observer carrying out the 


limit. These effects are very noticeable when tests 
are carried out at elevated temperatures, but are not 


varies with the stress applied and the nature of the 
material, and may be attributed to various causes. 

Internal stresses left in the piece, after heat treatment 
or machining, are an obvious cause for obtaining perma- 
nent set, at times, with relatively low stresses. The 
applied stress, being additive to the internal stress at 
certain zones in the sample, causes a local high stress 
not represented by the normal stress deduced from the 
load. Local yielding causes a redistribution of the 
stresses, usually in the direction of equalising them, 
and after a small initial movement this cause of 
inequality may disappear. Inaccuracy of the test- 
piece, lack of straightness, untrue gripping, &c., which 
should not be present under proper conditions of 
testing, are not always satisfactorily eliminated. 
These features operate in the same manner as internal 
stresses, 

Following these factors, we have what may be called 
the “‘ true” behaviour of the material. The causes of 





STEEL, NORMALISED FROM 890 Dea. C. 











{ | | | 
| Limitof | 0-1 percent. Maximum | 
‘Seemann | Proportionality. | Proof Stress. 1s Pee. | Stress. | Elongation Reduction 
i per on 2 in. of Area. 
- | oF Tons per Square Inch Tons per Per cent. Per cent. 
Square Inch. Square Inch. | q . | Square Inch. | . ° 
| | | | | 
Deg. 0. Deg. F | | | 
15 59 | 17-75 20-6 | 20-6 | 33-9 30-0 63-6 
100 sis .. | 18-3 18-3 | 18-7 | 35-95 26-0 } 61-0 
200 392 .. rl 13-8 18-2 | 18-5 | 38-7 | 18-0 | 45-0 
250 482 .. wet 12-0 19-0 19°5 40-0 | 20-0 | 44-8 
300 572 | 10-5 14-2 | 15-0 | 38-7 | 30-4 | 50-9 
400 752 7-0 10-6 13-9 } 29-4 35-9 H 65°3 
500 932 | 4:85 | 10-0 | - 12-8 20-6 | 37-0 | 65-8 
600 1,112 2°5 | 5°75 | 7°5 12-15 | 62-4 | 90°5 








Test-pieces 0°357 in. in diameter by 2 in. 


extreme difficulty of dealing with the whole question of 
stability of dimensions. 

The time for such an experiment may be shortened by 
increasing the sensitivity of measurement ; for instance, 
if the measurements be made to an accuracy of a 
millionth of an inch it may be reduced to a period of a 
few months. The effect of temperature variations, 
however, inducing changes according to the coefficient 
of expansion of the steel, requires to be dealt with. 
Indeed, a casual draught, changing the temperature of 
@ 10-in. test-piece 1 deg. C., would change the extenso- 
meter reading by one ten-thousandth of an inch, a 
variation of a tenth of a degree would affect the 
observation by one hundred-thousandth of an inch; 
therefore, it will be seen that the value of super- 
sensitive measurement of dimensions is entirely at the 
mercy of the provision of a sufficiently constant tem- 
perature. In any case, the reading-off of the actual 
temperature and of the dimensions must always be 
synchronised. 

There is another aspect of such experiments which 
cannot be neglected, at any rate in the initial stages 
of the stressing—namely, the thermal effect of the 
stress. The adiabatic effect during loading which 
results in a definite drop of temperature must not be 
forgotten. Again, if the stress is high enough to 
cause plastic deformation, the temperature will rise 
through the heat so generated. It is thus clear that 
time is necessary for stability of temperature to be 
attained at any given stress. The “ initial movement ” 
which occurs on loading, prior to the settling-down 
either of a test-piece or of a structure, is, obviously, 
an important item in practice, although the degree of 
importance will naturally depend upon the exact 
conditions. 

Time, obviously, plays a part in the extent to which 
this initial movement is observable in carrying out a 
test. For example, in the ordinary testing of a piece 
at room temperature with an extensometer, the deter- 
mination of the primitive “limit of proportionality ” 
is usually rendered somewhat difficult by doubts 
due to the limitation of the accuracy of measurement. 
Since, strictly speaking, the value obtained should 
represent the point at which the slightest departure from 
proportionality begins to occur, the fineness of measure- 


s 


parallel. Elongation measured on 1} in. 


initial movement here are chiefly variations in the 
orientation of crystals or grains within the mass, 
deciding whether such grains are favourably or un- 
favourably disposed for early slipping. Once slip 
has occurred in such crystals, adjustment has occurred 
within the mass, and the stresses are then redistributed 
so as to make the further opportunities for yielding 
more equal amongst the various crystals. This early 
yielding of certain disposed crystals is most to be 
expected in materials having a clearly defined crystal 
structure, such as a mild steel treated to have a fairly 
coarse structure. The later stages of yielding are 
controlled, in the main, by the necessary amount of 
‘“‘cold-working”’ of the specimen by deformation 
required to raise artificially the stress-carrying capacity 
to balance the stresses imposed. With certain metals 
at ordinary temperatures and with practically all 
materials at elevated temperatures, some annealing of 
the worked condition will occur during the test, 
especially if it is prolonged, and further yielding may 
or may not occur. 

The severe limitations as regards the absolute 
determination of possible movement under continued 
stress, and many factors which may obscure the 
degree of intrinsic deformation on initial loading, 
have now been mentioned. It therefore remains for 
the author to state concretely his views, and then to 
present some experimental evidence which can be 
judged upon its own merits. That which the designer 
wishes to know is essentially : (1) Can steels maintain 
large values of stress and retain permanence of dimen- 
sions even at elevated temperatures? (2) What is 
the permissible stress at a given temperature for a 
particular steel ? (3) If there is initial movement which 
early comes to an end, what is its magnitude? With 
regard to (1), the answer is that for practical purposes 
permanence of dimensions within a certain range of 
stress is obtained. With regard to (2), permissible 
stress, suggestions will be found in this paper. With 
regard to (3), initial movement of consequence, in 
excess of elastic deformation, does not really take place 
within what may be termed the practical elastic range 
of the material. 

The ordinary tensile test, which is the practical 
appeal of the engineering world, in its most refined 








ultra-elastic movement in the region of what is thought 


test to report a lower value for the proportionality | 


absent at ordinary temperatures. The amount of | 
initial movement occurring under a given load naturally | 
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reception test form, gives the yield point as a proof 
stress which corresponds to a permanent deforma- 
tion of the specimen, within the gauge length of 
2 in., of 0-5 or 0-1 per cent. This is obviously crude 
when judged from our present standpoint, but much 
less so than the ordinary commercial method of 
judging the yielding of the material. Incidentally, 
the test is carried out in anything from 1 to 5 minutes, 
and therefore yielding with time is not considered 
nor to any appreciable degree permitted. These aspects 
of the ordinary tensile test, when considered as a 
means of determining the characteristics of a material, 
must be borne in mind. 

The Time- Yield.—When considering the response of 
steels at elevated temperatures—and in this paper 
the author proposes to deal with temperatures up 
to 600 deg. C. (1,112 deg. F.)—the characteristic 
known as “creep” comes into play, that is, the 
influence of time becomes of great consequence, 
| particularly at temperatures in excess of 300 deg. C. 
(572 deg. F.). 

The limiting “‘ creep ”’ stress is the stress above which 
there is a steady continuous creep of a measyrable 
| rate within the accuracy of the observer’s measure- 
ments. Test-pieces are loaded for long periods of 
time at different values of stress, and the rate of 
creep to which the pieces settle down is determined. 
From these rates of creep, a curve is drawn from which 
a close estimate is made of the limiting creep stresses ; 
four to five months are required to obtain a satisfactory 
value of limiting creep stress at one temperature. 
Quite clearly, therefore, researches having as their 
object the improvement of steel as regards an increase 
in the limiting creep stress, are severely handicapped 
owing to the great time required for a discriminating 
examination of steels of varying composition and diverse 
heat treatments. Incidentally, as will be shown 
later, the limiting creep stress is a value well within 
the zone of stress which produces definite plastic 
deformation, and hence knowledge of the value is 
not in itself of complete service to the designing 
engineer, What he really wishes to know is the stress 
which can be safely imposed without change of dimen- 
sions within the time in which he is interested. This 
matter has been dealt with in the author’s investigations 


test likely to be helpful in this direction. The method 
adopted consists in discovering, by static loading, the 
stress within which, at the given temperature, stability 
of dimensions is attained within a period of 24 hours 
|for a further period of 48 hours, with an extension 
not exceeding the elastic deformation of 0-5 per cent. 
on the gauge length, and with limitation as regards 
measurement for permanence of dimensions of the 


This value the author named the ‘“ time-yield.” It 
will be seen that a single test for a given temperature 
|in search of this value is obtained by this method in 
| three days, and the matter is, therefore, brought, in 
point of time, within the limits which permit a large 
number of tests to be made in a reasonable period. 

The author hopes that a general survey of the 
evidence contained in this paper will lead to agree- 
ment as regards his suggestion that if the time-yield is 
determined in this manner, then a stress, say, of 
two-thirds of that value can be regarded as a safe 
stress—that is, one that will produce negligible initial 
deformation and will not produce change in dimensions 
with time. It must, however, be emphasised that 
this suggested ‘“‘safe stress” refers to the actual 
stress, and therefore imposes upon the designer the 
extremely difficult task of determining that value. 
The author has found this method of great service 
for some time now, in giving opinions as to the safety 
or otherwise of designs in various types of steel applied 
to a wide range of purposes, put before him by the 
companies with which he is associated. 

Mild Steel.—It is useful to consider, in the first place, 
the properties of mild steel from the standpoint of 
the variation in the safe stress range with increasing 
temperature. For this purpose, acid open-hearth 
steel with 0-25 to 0-28 per cent. of carbon, and a 
manganese content of 0-65 per cent., will be considered. 
Such a ste! is largely used, and particularly for 
forgings, solid and hollow, at elevated temperatures. 
The characteristics of this steel may later be regarded 
as a basis from which to compare data obtained from 
other steels. In Table I will be found a set of figures 
illustrative of the data derived from the tensile test 
at different temperatures up to 600 deg. C. on a 0-25 
per cent. carbon steel in the condition as normalised 
in the form of 1}-in. round bar. It will be noticed 
that much attention has been paid to the beginning 
of the range of stress in which plastic deformation 
occurs—that is, figures are given for the limit of 
proportionality, for the proof stress at 0-1 per cent. 
extension, and for the ordinary yield point. 

The limit of proportionality has been obtained 








with measurements of a sensitivity of 0-0001 in. The 
0-1 per cent. proof stress has been read off the stress- 
strain diagram. The yield point is the ordinary 


by arbitrarily deciding the conditions of a standardised _— 


order of one millionth of an inch per inch per hour, 
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commercial reading—that is, practically equivalent 
to 0-5 per cent. extension—and is necessarily some- 
what arbitrary, but can thus be compared with similar 
determinations. A comparison of the figures given 
in Table I with tests from heavy forgings, depending 
upon mass and heat treatment, brings out an interesting 
feature—namely, that the yield points in Table I are 
definitely higher in the lower range of temperature, 
but that in the higher range of temperature this 
difference tends to disappear. This is, no doubt, 
largely explained by the coarser structure and larger 
crystals in the material cut from the heavy forgings. 
This earlier yielding with the coarser structure is to 


TABLE II. ikeneantuadal mieiad ORDINARY benacmiatad STEELS. 


The curve produced by the limit of proportionality values 
shows a slight maximum at 100 deg. C., and then falls 
rapidly. The time-yield values produce a curve which, 
at 300 deg. C., is a little below the proof stress value, 
but which increasingly diverges in a downward direc- 
tion from the proof stress curve, cutting across that 
of the limit of proportionality at a temperature a 
little in excess of 450 deg. C. Thus the effect of 
time in the time-yield tests is well brought out. The 
values produced by the author’s suggestion that 
two-thirds of the time-yield may be taken as the safe 
stress, result in the production of the curve of safe 
stress, and the range of stress thus indicated as safe 





Physical Laboratory. If the work of other investi- 
gators is considered, interesting confirmation of the 
soundness of the present deductions is obtained. 
Dickenson’s work is brought completely into line, 
since, for instance, a stress of 8-5 tons per square inch 
at 500 deg. C. is nearly double the value of the National 
Physical Laboratory creep limit, and therefore would, 
in the light of our present knowledge, be expected to 
produce actual rupture with time. The works of 
Prémper and Pohl, Pomp and Dahmen, Guillet, 
Galibourg and Samsoen, and Cournot and Sasagawa, 
all produce data indicating that experimental evidence 
to date confirms the safe stress values postulated. 











Tensile Test at 15 deg. C. | 


Time- Yield. 
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Analysis. Tons per Square Inch. 
setae ttscneaamionias _ 2. ee 
Steel. Condition. | | | | | semttet | ‘Ytekd 
| c. | Mn. | Si. | Ni | Cr. | Mo. | v. | AL | Propor- | Point. | Stress. nl Redue- | 300 | 400 | 500 | 550 
Per | Per Per | Per | Per | Per Per | Per | tionality. oneitn:. |nokiinen: (tee: deg. | deg. | deg. 
cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | Tons per | Tons per | Tons per ler cont. Per cent. Cc. Cc. Cc. Cc. 
| | | | sq.in. , 8q.in. | sq. in. | F — | 
! ' j { | | | 
i ap ae GAT GES < ae ke a {eon | oe 
"Sean D. oe | | | | | | ! 1f 17-5 | 20-6 | 33-9 30-0 63-6 | 13-5 8-1 4-2 | 2-3 
. | e se | r H x = : ; { . | 20: i 3. . . . . . . 
Mild carbon .. Annealed, 660 deg. ©. for ‘tote laced tial teal 14-7 | 16-5 | 20-8 32-0 60-0 | — | 6-3] 8-5 | 1-68 
| 48 hours | | | | | | 
Higher carbon Ssenmaiieed. 850 deg. °C. ..| 0-33 | 0-58 | 0-21 | 0-20 | - | 19-5 | 23°5 38-2 28-0. 60-7 et |} 8-1] 4°65 | 2-5 
3 per cent. nickel, low- | } Normalised, 850 deg. C. ..| 0-24 | 0-55 | 0-20| 3-3 | Nil — | 21-6 | 26-2 | 40-85 | 26-4 | 62-6 | — | 10-2] 4-7 | 2-1 
Nickel-chromium- 
molybdenumn-vana- -| ee yo eee listed lait laches | 3-10 | 1-85 | 0-55 | 0-22 | — | 41-2 | 54-4 | 60-0 os | ee | ~ see) FeO 
Chromium-alumi- WhO 050 Beg-O:, D48011 eae | acko have \cn: Mee oes ee; eee ae tl anaes ’ nee eee ee ‘ ; 
nium ‘ ..| deg. C. for three hours Hate ied ena cate Lai? lel — 1-01 | 44-0 | 58-4 | 67-6 16-5 53-0 | | 6-5 | 2-2 
| I u j | | | | | ve ee i, 
O.-H. = oil-hardened. T. = tempered. 
T TABLE fone —RUST., ACID., AND HEAT-RESISTING STEELS. 
| Time-Yield. 
Analysis. | Tensile Test at 15 deg. C. | Tons per Square Tach. 
aes eer , eee 
Steel. Condition. | | Limit of | Yield |Maximum!| Elonga- | Reduc- | | | 
| C. | Mn. | Si. Cr. ee Propor- | Point. Stress. tion tion of | 200 300 | 400 | 500 550 | 600 | 700 
| | Per | Per Per Per Per | Per | tionality. on 2in.,| Area, deg. | deg. | deg. | deg. | deg. | deg. | deg. 
} cent. | cent. | cent. | cent. | cent. | cent. | Tons per | Tons per; Tons per Per Per | Cc. Cc. | C. Cc. Cc. Cc. Cc. 
| sq. in. | sq. in. | sq.in. | cent. cent. | | 
| 1 | | ! 
lcs a. eo es e io | - Te ae Sk ‘chokes ae, | i oe 
Bilicon-chromium ..|{ Of. 90 | des. « | 0-51 | 0-88 | 3-16 | 8-26 0-16) — | s1-5 | 46-9 | 60-2 | 26-7 | 549 | — | — 19-00 25; — | — | — 
| | | | | 
Stainless 4S oobager me 0-15 | 0-36 | 0-81 14-66 0-19, — | 26-2 | ss-4 | 45-1 | 32-0 | 54-0 | — | — |14-75| 60) — | — | — 
: | H 
Stainless OF 0d oT. 3 0-20 | 0-28 | 0-30 18-04 | 0-35 | — | 28-5 | 36-0 | 48-0 | 29-0 | 59-0 | — | 25-0 [14-5 | 5-75) — | — | — 
16/8 chromlum- —\.| softened, 1,150 deg. C...| 0-16 | 0-30 | 0-29 17-82 | 8-04) — 9-8 | 15-7 | 44-1 | 57-0 | 59-2 | 10-0 | 7-75 | 6-75| 62| 30] — | — 
Bienen um -\) Softened, 1,050 deg. C... 0-51 | 0-63 | 0-40 (12-64 | 9-81 | 3-75 | 21-0 | 26-0 | 56-2 | s2-0 | 40-5 | — | — [10-5 | 12-6] 7-5] 4-2 | 2-0 
o° | H | | | | | | ] | 
0.-H. = oil- hardened. re C. = air-cooled. 0.-Q. = oil- -quenched. 
TABLE IV. Biatondh AND HIGH-SPEED STEELS. 
: = ere ee : Rs ee = 
: | . Time-Yield. 
| Analysis. | Tensile Test at 15 deg. C. ee oor teuabe Tachi 
| TTT SOE Ne ee eS Men cs al te Se Se et 
Steel. Condition. | | | | Limit of | Yield |Maximum| Elonga- | Reduc- | | 
| | C. | Mn. Si. | W. | Cr. Co. Mo. LA Propor- | Point. | Stress. tion tion of | 400 | 500 | 550 | 600 | 700 
Per | Per Per Per | Per | Per Per Per | tionality. | on2in.,| Area, deg. | deg. | deg. | deg. | deg. 
| cent. | cent. | cent. oo | cent. | cent. | cent. | cent. | Tons per | Tons per; Tons per Per Per Cc. Cc. C. Cc. Cc. 
| | | | | 8q. in. | sq.in. | sq. in. cent. cent. | 
_ oe) ee. ee se eee ee ie pin i L Se 
Carbon - chromium | A. 6. Pee deg. C., oad ai [ess ee st | eee : Mie | a | wi ; : = 
molybdenum oof eg. C.. 1-70 0-34 | 0-51 te 12-45 fa 0-86 \0-°87 | 45-0 | 68-0 | 70:3 3-0 5-0 hoses 7-75 3-5 | 0-60 
es | ont G15 deg. C1) 9.35 | 9.21 | 0-28 |10-14 | 3-37) — | — [o-4s | 61-0 | 84-6 | 89-2 8-0 | 29-0 | 52 | 20-0] 18-0}1-0 | — 
“iepeeeese | | | | | | | it 43-0 52-7 | 60-5 11-0 21-4 | — | 525] 30] 1-0 | 0-50 
| arden 20 deg. || 9.67 | 9.39 | 9. saa }-aves | cz a BE | | | 
High-speed A i C:, T. 590'deg. C.for | 0-67 | 0-32 0:37 eT | aa! | | or en 
3 ho | | | ais = iis sad at | == [gts wens 4 = 
| ( Anmesled, 900 der. C. ) | | | (| 40-0 | 45:5 | 57-7 9-3 14-0 | — | 6-25| 40)2-3 | - 
ened, 1,320 deg .74 | 9-09 | 0-45 : 3-86 . -18 J | } | 
High-speed B ) CT 000 deg, fer im 74 | 0-23 | 0-42 18-06 | 8-82 | 4-15 | — 1-18) | | | 
ic three hours J } | | U _ —- | _— —— | —- |= |22-0 —_ 3-0 = 
Se Ghee a> ke = ts i ee NEA ee Pe i, eae oe =: ' pon es : a 58 ' - 
A.-C. = aineocted. = tempered. 0.-Q. = oil- quenched. : 


be expected at the lower temperatures, but it is of 
great interest that the same difference does not con- 
tinue with the higher temperatures. In Table II, 
above, will be found the time-yield values of this 
steel for temperatures from 3+)0 deg. to 550 deg. C. 
for the normalised condition of the steel in bar form. 
Values are also given for the annealed condition. 
The data derived from tensile tests, and from the 
special tests, enable the collective diagrammatic 
presentation of the figures for this carbon steel, in the 
normalised condition, to be made in the Fig., on page 
603. Stress in tons per sq. in. is plotted against tem- 
perature in both Centigrade and Fahrenheit degrees. 
— curve of maximum stress takes the form to be 
ted, with a maximum value near to 250 deg. C. 
The proof stress (0-1 per cent. extension) is plotted as 
the refined form of yield point, and will be found to 


may be considered in direct relation with the other 
data and, of course, with accumulated experience. 
It is of interest to consider these time-yield and safe 
stress curves with the deductions from the work of 
contemporary investigators. The very valuable work 
executed at the National Physical Laboratory enables 
the “creep” limit curve to be marked out; this 
curve has been superposed upon the others in Fig. 1. 
It will be found to commence at 300 deg. C., midway 
between the proof stress and maximum stress—that is, 
in the midst of the zone of plastic deformation ; it 
subsequently diverges with increasing temperature 
from the curve of maximum stress, and tends to 
converge with the time-yield curve when temperatures 
of 500 deg. C. are attained. The relation of the curve 
to those produced by the other values confirms the 
author’s comments above. The work of Lea presents, 





approximate in form to the curve of maximum stress. 


As regards the well-known research of French, Cross, 
and Peterson, the author suggests that the results 
appear to indicate that for some reason their values 
are on the low side. 

Carbon and Ordinary Alloy Steels.—In Table II 
will be found the time-yield values determined for 
different temperatures in the case of two carbon 
steels, a 3 per cent. nickel steel, a nickel-chromium- 
molybdenum-vanadium steel, and a chromium-alu- 
minium steel. The analyses, heat treatments, and the 
mechanical properties, as disclosed by the ordinary 
tensile test at normal temperature, are given. The 
time-yields in tons per square inch at 400 deg., 500 deg., 
and 550 deg. C. are stated. The results are instructive. 
It will be seen that when a temperature of 550 deg. C. is 
reached, the time-yield is in no instance as high as 3 tons 
per square inch. At 500 deg. C. the nickel-chromium- 





in effect, a higher creep range than that of the National 


molybdenum-vanadium steel shows outstanding merit. 
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When the carbon steels are considered, it is seen 
that the disparity in tensile values, at normal tem- 
perature, resulting from increased carbon content is 
not reflected in the time-yields at the higher tem- 
peratures. The effect of annealing is sufficiently 
marked to be taken note of. Bearing upon the effect 
of modified structure resulting from heat treatment, 
it must always be borne in mind that with a sufficiently 
high temperature during exposure to stress, changes 
in the internal] architecture will be brought about, as, 
for instance, the spheroidising of the carbide ; but the 
author has no evidence that such a change in that 
particular respect is induced until temperatures in 
excess of 500 deg. C. are attained. 

Rust-, Acid-, and Heat-Resisting Steels —This class 
of steel has now become of consequence, and data 
are given in Table III, on page 602, which are com- 
parable with those given for the previous steels. 
At 500 deg. C. there is only one outstanding steel— 
namely, the nickel-chromium-tungsten heat-resisting 
steel, which has a time-yield of 12-6 tons per square 
inch; comparatively high values are maintained by 
this material up to 700 deg. C., at which temperature a 


value of 2 tons per square inch is still obtained. The | 


fall in the values obtained from the silicon-chromium 
steel and the stainless steels, on raising the temperature 


from 400 deg. to 500 deg. C., is most marked. The, 


0-25% CARBON STEEL (SIEMENS), 
NORMALISED FROM 830° C. 


Tons per Sq.Inch. (1Ton -2240Lb.) 





Centigrade 





212 — 932 iz 
(ee) Temperature,Degrees akrenhett. - 


tigures derived from the tests on the austenitic nickel- 
chromium steel are very interesting. Commencing 
with a very low yield at normal temperature, it will 
be seen that the fall in the time-yield with increase in 
temperature is relatively gradual, and that the figure 
at 500 deg. C. is equal to that of the three preceding 
steels which had, at normal temperatures, a range of 
permissible stress obviously more than twice as great. 

Die and High-Speed Steels.—In Table IV, on page 602, 
will be found data relating to this class of steels. 
The author thought that, surely in this class at least, 
some high values would be obtained, but this was 
not found to be the case. Although a high-carbon 
high-chromium steel, a 10 per cent. tungsten steel, 
and high-speed steels are included, it was found that 
at 600 deg. C. no value for the time-yield was obtained 
in excess of 3-0 tons per square inch. 

Concluding Remarks.—Essentially, the author has 
been content simply to present the data obtained in 
the experiments. Having carefully stated his point 
of view and the conditions of the manner in which the 
time-yield is obtained, he prefers that those who are 
interested shall evaluate the results. In the light of 
information to date, the author is prepared to advise 
the designing engineer to accept a figure of two-thirds 
of the time-yield as his safe stress in tension. With 
regard to the sensitivity of measurement in the experi- 
ments dealt with, movement in excess of 0-000025 in. is 
detected; regarding the maintenance of the tem- 
perature, the amplitude is +1 deg. C., but the sen- 
sitivity with which the temperatures are determined 
is to 0-1 deg. C. The reading of the change in length 


and of the temperature is synchronised. This system , 


.| of such a nature as to protect the steel from progressive 


Steel Tuhes.—A catalogue of weldless steel tubes with 
spigot and socket connections has been received from 
: : - Messrs. The Steel Union Trading Company (Great 
There is one reservation which must be made Britain), Limited, Finsbury-court, London,  E.C.2. 


concerning the determinations made at the higher g.veral forms of joint are illustrated, and the sizes in 
temperatures—namely, it is difficult to know when)) stock range from 1} in. to 24 in. bore. 

the temperature is reached at which structural changes} 4 42.mobiles.—Messrs. The Associated Equipment 
will take place, with time, in the s e.] under test.’ Company, Limited, Southall, Middlesex, give illustration 
Regarding this serious disability, it naturally follows of new.omnibuses and other vehicles, with price lists 
that the implication is that parts under service con- | of new chassis and spare parts in stock, in their monthly 
ditions, at such temperatures, would also be so affected. | “ A.F.C. Gazette,” together with practical notes on 
It is difficult to imagine serious structural changes , the work of cleaning and maintenance. Fey 
still continuing after stability of dimensions has been| | Llectric Street Bores.—A catalogue of street distribu- 
attained over 48 hours within the accuracy of measure- Henleys Tolegrook, Works C eemece omer ge ot 
ment employ od. PE ar vaonigere has not, a ap hares Viaduct, Landa E.C.1. These are made of sheet-steel 
the SerLeue modi cation which occurs in the modulus pressings and standardised parts, and are put forward 
of elasticity within the range of temperature under 4s an improvement on the cast-iron boxes. 

discussion. The work in the author’s laboratories) 4 ;» Compressors.—Messrs. The Hamworthy Engineer. 
simply confirms the excellent work of Lea, Iokibé ing Company, Limited, 76, Victoria-street, London, S.W.1, 
and Sakai, Tapsell and Kikuta. Those interested in have sent us a catalogue of small air compressors, of 
the question of high temperatures are, no doubt, stationary and portable types, with petrol-engine or 
familiar with the established curves illustrative of electric-motor drives. The capacities are 3 and 6 cubic 
the fall in the modulus, which becomes very steep with , ft. per minute and the pressures up to 150 Ib. per sq. in. 
temperatures in excess of 300 deg. C. 


Valves.—Messrs. Hopkinsons, Limited, Huddersfield, 
| The subject of the influence of elevated temperatures have issued a new catalogue of Stainter valves for high 
upon steel cannot be left without a word as to the working pressures. The bodies and covers are made from 
resulting corrosion effects. Everything depends upon mild-steel drop forgings, the spindles of stainless steel, 
the nature of the atmosphere i which on steel is -_ — ceo “tt — pan gia pow “450, 

JS are from }-in. to 1} in., an @ pressure range ¢ 50, 
| subjected, and therefore each case must necessarily | 600 and 900 Ib. per sq. in. P a , 
| be considered upon its merits. Researches in this | 
‘field have been in hand for some considerable time 


has been in operation in the Brown-Firth Research 
Laboratories for about five years. 





Coal-Grinding Mills.—We have received from Messrs. 


time | Kennedy-Van Saun Manufacturing and Engineering 
/in the Brown-Firth Research Laboratories, and it is Corporation, 2, Park-avenue, New York, U.S.A., a 
| hoped to publish some of the results at an early date. | circular illustrating a tube mill for pulverising coal and 
|In the meantime, reference may be made to one, ® sluggor-roll crusher for reducing coal and shale to pass 
'particular case—namely, the effect of steam upon |® ?{-in. — ng am — Ra a bits 
| mild carbon steel at high temperatures and pressures. standing out from the cylindrical surface, and the rolls 
| = . yee are in contact under spring pressure. 
Experiments to date appear to indicate that a layer eae 
0 cule in initialie f ad. which. indeed evet'e Ghent Electric Motors—A new catalogue of flame-proof 
F CERES Sey Sees Sie eee oo induction motors has been received from Messrs. Metro- 
period of time, would indicate a definite scaling factor 
too considerable to be ignored ; but cumulative evidence | 


politan-Vickers Electrical Company, Limited, Trafiord- 
v park, Manchester. The range of horse-powers is from 
| tends to show that the characteristics of this scale are 


1} to 140, in squirrel cage and slip-ring types for two- 
and three-phase circuits up to 600 volts. These motors 
are tested in mixtures of air with methane and pentane, 
and may be safely operated in the presence of petrol 
vapour. 

Spectroscopic Kxamination of Steel.—The Steelorcope is 
a spectroscope moditied for the special purpose of rapicdl 
revealing the presence of other metals, such as nickel, 
chromium, tungsten, &c., in steel, and has been made 
suitable for practical work such as sorting and checking 
stock, scrap, Sc. It is the invention and product of 
Messrs. Adam Hilger Limited, 24, Rochester-place, 
Camden-road, London, N.W.1, who have sent us a copy 
of a descriptive catalogue with prices. 

Tools.—We have received a number of leaf catalogues 
from Messrs. The Consolidated Pneumatic Tool Company, 
Limited, 170, Piccadilly, London, W.1, dealing with 
pneumatic and electric tools. These include garage 
equipment for cleaning and repairs, portable oil-engine 
compressor sets, rock drills, concrete breakers, coal picks, 
clay diggers, &c., as well as hand-grip grinding aie 
electric scaling tools and a special vice for holding a 
riveting hammer for use as a bench machine. 

Ball Bearings.—The application of ball bearings to 
cutlery grindstones is the subject of an interesting article 
in the journal issued by Messsrs. The Skefko Ball Bearing 
Company, Limited, Luton. The stones are up to 10 
ft. in diameter and 12 in. wide, and run at 100 r.p.m. 
when full size, the speed being increased as the diameter 
is reduced by wear. A new general catalogue shows five 
distinct types of ball and roller radial bearings, in addition 
to single and double thrust and taper roller bearings. 

Oil Engines and Tractors.—We have received from 
Messrs. Marshall Sons and Company, Limited, Gains- 
borough, a list dealing with their type H cold-starting 
four-cycle horizontal oil engines, made in 8 sizes with 
single cylinders, developing from 16‘b.h.p. to 80 b.h.p. 
and in 3 sizes with 2 cylinders, developing 110, 130 and 
160 b.h.p. Another circular refers to a new design of 
oil-engine tractor of 30 brake horse-power and 50-cwt. 
deadweight. The first number of a quarterly publica- 
tion, in which it is intended to deal with new products and 
improvements has also come to hand. 

Steel Sleepers.—In a catalogue of steel sleepers, to 
hand from Messrs. The United Steel Companies, Limited, 
Workington, Cumberland, several designs are illustrated, 
the main difference depending upon whether bull-head 
or flat-bottom rails are employed. The inverted trough 
section is adopted in all designs and the chairs can be 
formed out from this section by cutting and pressing. 
Other designs avoid any cutting or piercing of the sleeper, 
the chairs being fixed by fillet welding. The weight 
of the steel sleeper is about 190 lb. Corrosion, it is 
claimed, may be counteracted by including 0-2 per cent. 
of copper in the steel. 

Cables, Overhead Tine Materials.—Messrs. British Insu- 
lated Cables, Limited, Prescot, Lancs, have issued a new 
catalogue of 200 pages dealing specially with the materials 
for the construction of overhead lines, Everything, from 
poles to the smallest fitting and the necessary tools for 
the work of erection, is shown for power, traction, tele- 
graph and telephone lines, except the cables, for which 
another catalogue is issued. The data given make the 
catalogue a useful reference book for contractors and 


attack. It thus appears probable that more complete 
investigation will show that danger from excessive 
scaling within the ranges of temperature at’ present 
| under consideration—up to 1000 deg. F. (538 deg. C.) 
| —is not likely to be anything like as serious as was first 
| anticipated. It should, however, be borne in mind 
| that if the scale functions in this suggested protective 
| manner, it is essential that local damage, from any 
j cause, be prevented. This is, however, too large a 
| subject to be deal. with in the present paper. 











CATALOGUES. 


Road Materials.—Messrs. The British Portland Cement 
| Association, Limited, 20, Dartmouth-street, London, 
| S.W.1, have issued a pamphlet with descriptions and cost 
data for cement-bound roads. 


Petrol and Oil Engines.—Some notes on the perform- 
ances of small petrol and oil engines, for lighting and 
other plants, are given in the “ Monthly News ”’ issued 
by Messrs. Petters, Limited, Yeovil. 


Motor Starters and Controls.—Messrs. Brookhirst 
Switchgear, Limited, Chester, have issued now catalogues 
of automatic starters for motors up to 7 h.p., and a 
circular describing centralised electric controls for ships. 


Ladders, &:c.—We have received illustrated and priced 
lists of ordinary and special steps, ladders, trestles, 
telescopic tower wagons, trolleys, barrows, &c., from 
Mr. J. H. Heathman, Parson’s Green, Fulham, London, 
S.W.6. 

Boilers.—A circular, to hand from Messrs. The Inglis 
Boiler Syndicate, Limited, 65, West Regent-street, 
Glasgow, illustrates the construction of the land and 
marine types of their patent boiler with brief descriptive 
particulars. 

Automobile Accessories—Messrs. Brown Brothers 
Limited, Great Eastern-street, London, E.C.2, give, in 
a monthly journal, a useful list of tools, materials and 
accessory parts for commercial and private motor vehicles 
and repair shops. 

Electric-Motor Starters —A new list of automatic 
star-delta motor starters for three-phase squirrel cage 
motors is to hand from Messrs. Igranic Electric Company, 
Limited, 147, Queen Victoria-street, London, H.C.4. 
These starters are made for all voltages up to 550. 

Oil Engines.—The bulletin issued by Messrs. Atlas 
Diesel Co., Ltd., New Oxford Ho., Hart-street, London, 
W.C.1, contains illustrations and descriptions of engines 
constructed for cargo ships, trawlers, mills and a power 
station, and also of pneumatic tools applied to rock cutting. 

Aeroplanes.—We have received a further number 
of the journal issued by Messrs. Junkers Company, Berlin, 
illustrating several of their aeroplanes and giving a 
report on a load test of one of these machines after eight 
years’ service. An English translation of the report 
is given. 

Cupolas.—Messrs. The Constructional Engineering 
Limited, Birmingham, have reprinted and 





C r ; : 
go their catalogue publications, Mr. John} maintenance engineers. We have also received leaf cata- 
Gamaenn’s paper on the Poumay cupola. The paper | logues of compound joint boxes for cables up to 660 volte, 

Coraline soldering paste, and jointing and other tapes. 


contains a great deal of data taken from practice com- 
paring different systems of melting. 





The firm has recently issued a list of cable sizes, &c. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 35, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Speci fication is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “Sealed "’ is appended. 

Anu person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


AERONAUTICS. 

327,060. A. E. Short, Rochester, and H. O. Short, 
Rochester. Amphibian Aircraft. (4 Figs.) June 5, 
1929.—The invention relates to amphibian aircraft of 
the type in which a float is employed located below the 
body of the machine, and refers more particularly to 
devices to enable it to land on ground. According to 
the invention, landing wheels 11 are carried in forks 








10 on the ends of an axle 3, and this axle is angularly 
adjustable by hand-operated gearing 16, 17, which, in 
turning the axle, raises and lowers the wheels as re- 
quired. The axle 3 is 8 tag on two intermediate 
bearings 6, between which the operating gear 16, 17 
is located so as to permit the axle to bend, the central 
portions of the shaft being free to bend downwardly 
as the outer ends bend upwardly and vice versa, while 
the said gearing is free to follow the bending of the 
axle.—(Sealed.) 


ELECTRICAL APPARATUS. 


$26,486. E. L. Wildy, London, and The London 
Electric Wire Company and Smiths, Limited, 
London. High-Tension Electric Cables. (7 Figs.) 
December 5, 1928.—The invention relates to high-tension 
electric cables. According to the invention, a high-tension 
electric cable comprises at least one substantially un- 
insulated conductor, 1, supported by insulators 4 dis- 
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posed within and spaced along a conduit 11 filled with 
an inert gas, the conductor 1 being built up in sections 
connected together by an expansion joint 3 which unites 
the separate sections both electrically and mechanically. 
The expansible element 3 is anchored to the insulator 4 
which is secured against movement in the conduit 11. 
The cable is arranged in lengths, the adjacent ends of 
the conductors 1 being connected through the medium 
of the expansion joint 3 which comprises a spring.— 
(Sealed.) 


LIFTING AND HAULING APPLIANCES. 
324,616. J. W. White, Widnes. Overhead Rope- 
way. (1 Fig.).—August 28, 1928.—A carriage 6 —— 
upon the ropeway 3 is traversed by ropes 9, 10 attache 
to it at 14 and operated by independent drums 11, 
the rope 9 serving also for hoi: ting a grab 8 of the kind 


2} 166 ‘744 13 
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in which the buckets are held closed by detent mechanism. 
A hook 7 is pivoted on the carriage and is operated auto- 
matically by engagement of its arms 16, 17 with stops 
12,13 on the rope 3. In the position of the hook shown, 
an eye 15 on the grab engages with the hook so that the 
load is supported by the carriage during traversing. 


ke ed Low 





The load is automatically transferred to the rope 9 for 
lowering the grab, when the arm 16 strikes the stop 12 
and the hook is returned to the operative position when 


the arm 17 strikes the stop 13. Guides 20 on the carriage | 


bring the eye 15 into engagement with the hook on 
hoisting the grab. A trigger or stop member, not shown, 
is mounted on the rope 3 at an intermediate point, to 
release the detent mechanism of the grab and open the 
buckets whilst the grab is suspended from the hook.— 
(Accepted February 12, 1930.) : 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


327,037. Sir A. Herbert, Dunley Manor, near 
Whitchurch, and J. Milburn, Coventry. Machine- 
Tool Headstocks. (1 Fig.) April 24, 1929.—The 
invention relates to machine-tool headstocks having 
change-speed gears mounted therein. According to the 




















invention, a sump 3 is formed in the headstock 2, 
and a pump 4, 10 operated from the headstock driving 
shaft 17 draws lubricant from this sump and delivers it 
through a filter 22 to a distribution chamber 20 from 
which leads are taken to the parts to be lubricated. 
The filter 22 is arranged in the distribution chamber 20 
and can be easily withdrawn without interfering with 
other parts.—(Sealed.) 


PUMPS. 


327,180. C. B. Dicksee, Bedford Park, London, 
and the Associated Equipment Company, Limited, 
Southall. Rotary Pumps. (2 Figs.) December 29, 
1928.—The invention relates to rotary pumps, more 
particularly employed in forced-feed lubrication systems 
for internal-combustion engines.. According to the 
— invention, there is provided a rotary pump 
raving an additional discharge passage, and automatic 
means for placing this passage intermittently in com- 
munication with a main discharge passage of the pump. 
Thus the pump will deliver a large quantity of liquid 
through the main discharge passage, and a small quantity 
through the additional discharge passage without inter- 
fering with the delivery from the main discharge passage 
and without there being any restricted orifices liable to 
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become choked. According to a feature of the in- 
vention, a rotary member of the pump is arranged to 
control the additional discharge passage referred to, 
whereby the construction of the pump is simplified. 
When the pump is of the gear-wheel type, according 
to another feature of the invention, one of the gear 
wheels (e.g., the idler gear wheel) may be formed with 
® passage or passages adapted to register with the 
additional discharge passage once in each revolution of 
the gear wheel. A pump of the gear-wheel type has a 
casing 10, in which are mounted two intermeshing gear 
wheels 11, 12. A suction passage 13 leads into the low- 
pressure space on one side of the gear wheels, and a 
main discharge passage 14 communicates with the 
high-pressure space on the other side. The gear wheel 
11 is driven by a toothed wheel 15 mounted on its spindle 
16 outside the casing. The gear wheel 12 is an idler 
wheel. Theidler wheel 12 has an axial bore 17, by which 





itis mounted on aspindle 18, as shown in Fig 1. Thespindle 





18 has an axial bore 19 with one or more radial holes 20. 
The radial holes 20 and the axial bore 19 constitute an 
additional discharge passage. The idler gear wheel 12 
has one or more radial holes 21 adapted to register with 
the holes 20 once in each revolution of the pump. The 
one or more radia] holes 21, 20 are so disposed that when 
they are in register they place the high-pressure space in 
the pump in communication with the additional dis- 
charge passage in the spindle. The auxiliary discharge 
passage 19, 20 is connected to a pipe 22, which leads to 
the part requiring an intermittent supply.—(Sealed.) 


RAILWAYS AND TRAMWAYS. 


325,068. Sir W. G. Armstrong, Whitworth and 
Company, Limited, Newcastle-on-Tyne, and M. 
Blacklock, Newcastle-on-Tyne. Articulated Loco- 
motives. (2 Figs.) April 17, 1929.—The invention 
relates to articulated locomotives having water and/or 
fuel tanks carried upon the engine or other units in front 
of the boiler. According to the invention, the engine 
units or other supporting frames 2 are provided with a 
main tank 5 and an auxiliary tank 6, the auxiliary tank 
6 being mounted on the inner end of the unit or its 
supporting frame 2, adjacent the smoke box of the 
boiler 1, so as to be readily detachable therefrom. 
The tank 6 is mounted between side extensions 12 of 
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the main tank extending backwards. By removing the 
auxiliary tank, access is had to the smoke box, and 
sufficient space is provided to withdraw the boiler 
tubes. The main and auxiliary tanks 5, 6 are connected 
to one another by a pipe 7, capable of being readily dis- 
connected.—( Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


327,156. James Howden and Company, Limited, 
Glasgow, and J. H. Hume, Westminster, London. 
Fluid Heaters. (15 Figs.) December 28, 1928.—The 
invention relates to heat exchangers of the type com- 
prising an assembly of elements consisting of united pairs 
of corrugated plates the corrugations of which present 
rows of straight parallel ducts to be traversed by fluid 
alternating with rows of sinuous passages extendin 
transversely in the ducts, and to be traversed by flui 
at adifferent temperature. 1 denotes a corrugated plate, 
of which opposed edges extending transversely of the 
corrugations are stepped, the plates being first offset at 
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2 at an inclination to the body of the plate, and then 
again offset at 3 parallel with the body of the plate. 
Two corners of the stepped portions of the plate 
(shown hatched in Fig. 2a) are cut away to present an 
inclined edge portion 4 and an edge portion 5 parallel 
with the corrugations, the distance from the top edge 
of the plate to the edge portion 5 being equal to one- 
half of the pitch of the corrugations. A plate thus 
formed constitutes one-half of an element. To form an 
element, two plates are placed together, as shown in 
Figs. 4 and 4a, so that they contact along the ridges 
of their corrugations, the offset portions 2, 3 of the two 
plates being spaced apart. The plates are then welded 
together along the ridges at 6 and along their edges 7 
parallel with the corrugations, ¢.e., their top and bottom 
edges. To close the gaps formed between the offset 
portions of the plates at the upper and lower edges, 
shaped closing pieces 8, 9 are welded to the edge portions 
4 and 5.—({Sealed.) 
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THE DETROIT-WINDSOR TUNNEL. 


A VEHICULAR tunnel from Detroit, Michigan, to 
Windsor, Canada, which will furnish a further and 
very important link between the Dominion and its 
neighbour to the south, has been under construction 
for some time and was formally opened on the Ist 
inst. The need for this tunnel can best be appreciated 
by a review of some of the general conditions existing 
along the international border throughout a great 
part of its length, and more particularly in the 
neighbourhood of the Great Lakes. The Dominion of 
Canada, extending from ocean to ocean, lies directly 
north of the United States, the boundary between the 
two being some 3,000 miles long. Of this distance, 


lying north of Lake Erie. Toronto, Hamilton, 
and other large places in Southern Canada also lie 
close to Niagara, and access to United States 
towns, such as Boston, New York and Philadelphia, 
and their adjacent seaside resorts, is in such cases 
through Niagara. 

The total number of crossings of the international 
boundary in 1929 is reported at over 10,000,000 
motor-cars. Between Niagara on the east and 
Detroit on the west, a distance of 250 miles, there 
are no facilities for crossing Lake Erie. The Detroit 
River is really nothing less than a narrow strait 
connecting Lake St. Clair with Lake Erie. Lake 
St. Clair itself is a small body of water lying between 
the St. Clair River—again a misnomer—and Lake 
Huron. Almost the entire flow of Lakes Superior, 





1,250 miles constitute a water boundary, extending 
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from near Montreal westward, through the St. 
Lawrence River, the Niagara River, Lake Erie, the 
Detroit River, Lake St. Clair, the St. Clair River, 
Lake Huron and Lake Superior, in the order named. 
This section is shown on the map, Fig. 1. On either 
side of the water border, above described, lie the 
most thickly populated parts of both countries. 

The population of the New England States and 
New York, Pennsylvania, New Jersey, Ohio, 
Indiana, Michigan, and Illinois is over 46,000,000. 
The population of the Provinces of Quebec, Ontario, 
and Nova Scotia is over 5,000,000. Constant inter- 
communication exists between the people on both 
sides for business and pleasure. Bridges span the 
St. Lawrence at Montreal, and between Montreal 
and Niagara Falls there are nine or ten ferries. At 
Niagara itself there are three bridges, one, the new 
Peace Bridge, opened by the Prince of Wales in 
1927, Niagara Falls is a focal point for tourists of 
all kinds. For many American tourists it is only 
& short distance from Chicago and points west by 
motor-car, through Detroit and the part of Canada 





Michigan, and Huron passes through the Detroit 
River on its way to Lake Erie, Niagara and Lake 
Ontario, and thence to the St. Lawrence. 

The shipping here is very dense. No less than 
28,043 vessels, with a registered tonnage of 76,997,260, 
were reported as passing through the Detroit River 
and passing Detroit in 1929. The total tonnage pass- 
ing through the Panama and Suez Canals combined 
for the same year was only 26,000,000. At Detroit 
two ferries are in operation, and the new Ambassador 
suspension bridge is now in use. Westward of 
Detroit, the next crossing is at Sarnia, 60 miles north 
of Detroit, and from thence to the north and west one 
must go to Sault Ste.-Marie and Mackinac, a dis- 
tance of 331 miles, in order to cross the boundary 
with a vehicle. 

At Detroit the total crossings reported in 1929, 
both ways, were 17,000,000 passengers and 2,066,000 
motor vehicles. The number of motor vehicles 
registered in 1929 in Lower Michigan, embracing 
Detroit and its immediate neighbourhood, was 
606,294, and in the Border cities and environs in 











Ontario was 128,525 in 1928. In the year 1929 in 
Wayne County (Detroit) there was one motor-car 
for every 3-8 persons. In Oakland and Macomb 
Counties (Detroit suburbs) the proportion was one 
car for every two persons. 

Detroit is a city with an estimated population of 
1,634,000 for the city proper and 1,960,000 for the 
metropolitan district. It lies on one side of the 
Detroit River, through the centre of which passes 
the international boundary. On the opposite shore 
lie what are popularly known as the “ Border 
Cities,” consisting of Riverside, Walkerville, Windsor 
and Sandwich, with a combined population of 
114,000. Of these Windsor is the largest; it is 
situated directly opposite the main central artery 
of Detroit, known as Woodward-avenue, shown 
on Fig. 2. 

Up till 1929 two ferries were in operation, one 
at Walkerville and one at Windsor—some two and a 
half miles apart. The ferries run an excellent 
service with fast and modern boats, but each year 
they have been more and more overtaxed by the 
growing traffic. Detroit is one of the fastest growing 
cities in the world, and Windsor is also increasing 
in population very rapidly, as shown in the accom- 
panying figures. 

Growth of Population of Detroit. 


Metropolitan 
Detroit. Area. 
1900 285,704 306,055 
1910 465,766 480,548 
1920 993,739 1,108,735 
1925 1,242,044 1,478,000 
1927 1,473,600 1,680,000 
1930 ie ee 1,634,000 1,960,000 
Population of Border Cities. 
1911 asa Ee dea aaa 24,000 
1927 108,000 
1930 114,000 


The development of the motor-car, together with 
the prosperity of the working classes, which enabled 
thousands of workers to own cars who never before 
could do so, resulted in such a tax being put on the 
ferries that some new and more efficient method of 
crossing became necessary. 

To. meet the case a vehicular tunnel from Detroit, 
Michigan, to Windsor, Ontario, was advocated, as a 
private enterprise, under authority granted by the 
Dominion Parliament to The Detroit and Windsor 
Subway Company, and similar authority from the 
Legislature of the State of Michigan to the Detroit 
and Canada Tunnel Company. A company was 
organised under the latter title to take over the 
rights of the company first mentioned, and to con- 
struct and operate the proposed tunnel. The scheme 
languished for several years until it secured a new 
impetus through the construction of the Holland 
Tunnel in New York. In the meantime a plan for 
the construction of a bridge had also been brought 
forward, and its projectors secured an ordinance 
from the city of Detroit in the summer of 1927. 
This bridge, already referred to above, was completed 
and opened for traffic in November, 1929, while the 
tunnel has also just been opened. 

As these two undertakings have been carried 
through contemporaneously, it may be of interest 
to outline some of the considerations pro and con 


‘|in the moot question of a bridge or tunnel crossing. 


In the first place, only when navigable waters have 
to be crossed, and at the same time either the 
vehicular traffic or the river traffic precludes the 
practicability of lifting spans, is there any question 
in the matter. A low bridge either with or without 
lifting spans is unquestionably the cheapest and 
best. But when, as in Detroit, the river carries an 
immense traffic, and when the expected vehicular 
traffic may run into from 2,000,000 to 2,500,000 
vehicles a year, the question is much more com- 
plicated. The general principles may be outlined 
as follows :— 

If the crossing is short, for example, up to 1,000 ft., 
a bridge will be cheaper, but above that length of 
span the cost of a bridge increases out of proportion 
to the increase in span, whereas the length of a 
tunnel has little or no effect on the cost per foot. 
If the banks are high so that for a bridge small 
gradients, or none, are needed to reach the level 
required to give clearance over shipping, a bridge is 
the best type of crossing. A tunnel in the same 
place would have abnormally long approaches at 





much increased cost. Conversely where the banks 
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Fig.8. 
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are low, as in Detroit, the level of the tunnel is 
forced down about 50 ft. below the level of the out- 
let, whereas a bridge would have to go up 1665 ft. 

If the terminals are in a thickly built-up city 
district, a tunnel has a great advantage because it 
may come up to within 30 ft. of the surface in and 
under city streets, thus reducing the cost for land. 
This is the case in Detroit where the tunnel terminal 
is only one city block away from Woodward Avenue, 
the main north and south artery, and one block 








8 Ply. Waterproofing 


from Jefferson Avenue, one of the main east and 
west thoroughfare. Under no circumstances could 
a bridge have been built in Detroit in this locality, 
as its approach spans would have swept away 
several thirty-storey office buildings, besides at least 
twenty million dollars’ worth of equally valuable 
property ; hence, the Bridge Company had to con- 
tent themselves, as shown in Fig. 2, with going 
about two miles west from the centre of Detroit 
and much the same distance in Canada, where at 


Fig. SECTION AA. 








Windsor the same real 
estate problem, in a minor 
form, was encountered. 

While a bridge has no 
ventilation problems to 
contend with, in the 
Detroit and Windsor cli- 
mate there are serious ice, 
snow and sleet conditions 
to be faced, from which 
the tunnel is practically 
free. 

This is not the first tunnel under the Detroit 
River, for in 1908-1909 one was built for the 
Michigan Central Railroad, for their railroad service, 
which previously had been worked across the river 
by means of car ferries. The Michigan Central 
tunnel had been built by what was then a new 
method developed by an engineer named Olaf Huff, 
under the supervision of the railroad’s then chief 
engineer, Mr. Wilson S. Kinnear, who has been 
associated with the present enterprise as consulting 
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engineer for the bankers who have financed the 
project. The Huff method is popularly known as 
the trench and tremie method, in which a trench 
is excavated in the bottom of the river, and the 
tunnel, in sections, is sunk upon prepared founda- 
tions, being surrounded by concrete deposited under 
water by a tremie pipe. 

As the plans were developed, it was decided to 
adopt a single tube in place of the double tube of the 
Holland Tunnel in New York. Figs. 3 to 8, page 606, 
show the general features of the design. The tunnel 
is 5,200 ft. long from portal to portal. Its internal 
cross section is circular with a diameter of 28 ft. 
The surface of the roadway is placed 6 ft. 3 in. above 
the invert, and a ceiling slab is cast 13 ft. 6 in. 
above the roadway. Ducts for power, light, tele- 
graph and telephone cables occupy the side walls, 
and a working footway on one side restricts the road- 
way to 22 ft. between kerbs. The lower segment 
below the roadway provides a conduit of 92 sq. ft. 
for fresh air, and the similar space between the 
ceiling and crown, 102 sq. ft. area for exhaust air. 

The roadway provides for two lanes of traffic in 
opposite directions, with sufficient width in case of a 
breakdown to pass the traffic in both directions 
round an obstruction. The gradients are substanti- 
ally 5 per cent. on the Detroit side and 4-3 on the 
Windsor side. The navigation authorities of both 


countries fixed a minimum clearance over the tunnel 
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at the “ bulk- 
head line” of 
30 ft. below low 
water, with 45 ft. 
in the middle of 
the river. As 
the sections of 
which the tun- 
nel was con- 
structed were 
35 ft. high over 
all, the founda- 
tion levels were 
65 ft. at the 
bulkhead line 
and 80 ft. at 

the lowest point out in the river, below mean water 
level. 

In the United States the common system of 
financing a private enterprise of this character is to 
arrange for the sale of securities to a group of 
bankers who in turn retail them to their customers. 
In this instance the securities consisted of 8,500,000 
dols. first mortgage 6 per cent. bonds ;_ 8,500,000 
dols. convertible debentures, 64 per cent. ; 500,000 
shares of common stock. This produced in the 
aggregate 17,500,000 dols. 

The allocation of this sum has been as fol- 
lows :— 
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. 
dol. 
Construction a 9,763,000 
Detroit real estate 1,627,000 
Windsor real estate aie danteaae 1,715,000 
Interest during construction (3 years) 3,188,000 
Legal expenses and taxes eve ies 488,000 
16,781,000 
Preliminary expenses, trustee’s fees, 
executive expense, surety bonds, &c. 687,234 
17,468,234 


In order to make the securities attractive it was 
necessary to have ample and complete guarantees 
that the proceeds would prove sufficient to complete 
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the tunnel, ready for operation. To secure guaran- 
tees, the work was divided into two main contracts, 
one covering the extra hazardous portion, i.e., the 
subaqueous portion, and the other, the work sub- 
stantially above water level, all of which could be 
estimated with comparative exactness. 

Before the banking syndicate could sign commit- 
ments, plans and specifications for the extra hazardous 
part contract were got out and competitive bids were 
asked for from a list of preferred contractors. At 
the same time, a careful estimate was made by the 
engineers of the second, or above-water portion of 
the work. This consisted of the cut-and-cover 
work from the shafts to the surface of the portals, 
the open approach sections, the terminal areas, the 
various administration, ticket-taking, customs and 
immigration buildings, and the very elaborate 
ventilation equipment with the necessary buildings 
for this purpose. None of the plans had at that time 
been fully worked out, nor had all of the require- 
ments of the United States Customs and Immigra- 
tion authorities, nor of the Canadian officials, been 
fully ascertained. 

It would have taken from six to ten months, or 
even more, to work out such plans in sufficient 
detail to invite tenders on them, and such a delay 
might easily have caused a loss of the market, in 
view of a possible collapse such as that which 
occurred in October, 1929. This portion of the 
work, substantially one-half the whole value, was 
therefore undertaken by arrangement with the 
engineers on an administrative basis. By this 
means these various portions of the work were 
sub-contracted by the engineers on behalf of the 
Tunnel Company, but their outside maximum 
cost was guaranteed by the engineers, backed by a 
100 per cent. surety bond. 

The fixed sum contract included three sections, 
designated as Nos. 2, 3 and 4, Fig.4. No.2wasthe 
shield-driven tunnel on the Canadian side, 1,243 ft. 
long. No. 3 the subaqueous section, which extended 
from a few feet outside the bulkhead lines of the 
river on each side. It was 2,197 ft. long. No. 4 was 
the shield-driven section on the Detroit side, 466 ft. 
long. The material throughout all sections was a 
stiff blue clay weighing 140 Ib. per cubic foot. Very 
small sand pockets were encountered here and there, 
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but so small and infrequent as to have no appre- 
ciable effect on the operations. 

Before these contracts were arranged, alternative 
plans and specifications were submitted to the 
selected bidders. One plan contemplated a shield- 
driven tunnel from end to end. Another plan called 
for shield-driven tunnels at either end, with the 
river sections sunk in lengths of 250 ft. A third 
plan divided this river section into two alternatives 
—one consisting of entirely precast segments of 
reinforced concrete, similar to those of the Alameda 
Estuary Tunnel in California, recently described 
in ENGINEERING*, and the second consisting of 
steel tubes, sunk in place, surrounded by tremie 
concrete, and after sinking, lined with concrete from 
the portals. In all cases in which the contractor 
tendered on both plans, the all-shield-driven tunnel 
was very much more expensive. 

It was apparent after the contract was let that 
for Section No. 3 the Alameda all-concrete segment 
method was the cheapest under consideration, but 
this required the use of a graving dock in which to 
construct the segments, and no such dock was avail- 
able near Detroit. Each segment 250 ft. long, was 
estimated to weigh 5,300 tons, and the provision 
of adequate ways upon which to build and launch 
such heavy segments was abandoned as too 
expensive. The contractor in consultation there- 
fore with the engineers, developed a compromise 
design, containing some of the elements of both 
the Alameda and the Michigan Central tunnels. 
This in practice has worked out entirely success- 
fully. About five miles down the Detroit River on 
the Canadian shore, there was a half completed 
plant of the United States Steel Corporation, which 
had remained unused since the Armistice. Here 
there was ample space for the erection of the steel 
tubes, a protected slip with concrete wharf along- 
side, and good rail connection. The only adverse 
condition at this site was the comparative shallow 
water which necessitated two operations in place of 
one, as will be described later on. 

The steel shells adopted were 31 ft. in diameter, 
and 250 ft. long. They were built up of 3-in. 
steel plates. The circumferential joints were riveted 
and welded on the edge, while the longitudinal 
seams were butt-joint welded only. Electric welding 
was used, not only on these tubes but, as described 
below, in the shield tunnel lining, with conspicuous 
success. 

The 3-in. shell was stiffened by octagonal dia- 
phragms of -in. plates, shown in Figs. 10 and 11, 





*See pages 383 and 449, ante. 








25. REINFORCEMENT FOR CONORETE LINING OF STEEL SHELLS IN PosrTION BEFORE LAUNCHING. 








at 12 ft. spacing, attached to the shell by riveted 
angles and stiffened on the outer edge by two angles, 
back to back. These also served to hold the wooden 
formes for the tremie concrete. The shell was further 
stiffened temporarily during launching by inside 
spiders of plates and angles opposite each diaphragm, 
or at 12 ft. intervals. Drawings illustrating the 
shell are given in Figs. 9 to 18, on pages 606 and 607. 
Fig. 10 shows the position of a diaphragm, an eleva- 
tion being given in Fig. 11. Details of these dia- 
phragms are given in Figs. 14 to 18, on page 607, 
Figs. 14 and 15 being typical of the majority of the 
diaphragm sections, while Figs. 17 and 18 give 
particulars of particular cases specially stiffened. 
The supporting angles are shown in Fig. 16. The 
manner in which the outside timber forms for the 
concrete casing were attached is shown in Fig. 13. 
The temporary stiffening spiders had eight radial 
arms, four of 3 in. by 2 in. bar and four of 5 in. by 
3 in. by gin. angle. The arms were connected to 
inside angles on the shell, by means of 6 in. by 3 in. 
plates. Asa rule, the sections had plainends. The 
drawing, Fig. 10, shows the special case of the 
enlarged ends employed at the junction of the sunk 
sections and the driven tunnel tube work on either 
side of the river: Inside the tube at distances 4 ft. 
apart were riveted circumferential angles. These 
were punched at 12-in. intervals for the attachment 
of the interior reinforcement rods. This arrange- 
ment will be clear from our illustrations, Figs. 23 
to 25, above. This reinforcement was placed in 
the tube while on the ways, and at the same time 
as the riveting and welding was progressing. 
Temporary bulkheads shown in Figs. 9 and 10, 
of adequate strength, were placed at each end and 
waterproofed. 

The details of the joint between sections were 
somewhat novel and proved successful. This part 
is illustrated by Figs. 19 to 22. One-half of the 
tube at each end was cut back for 18 in., the upper 
half at one end and the lower half at the other, as 
shown in Fig. 20. On the protruding lips, cast-steel 
lugs, shown in Figs. 19, 21 and 22, were riveted to the 
shell. 

The lugs were slotted and so placed that those 
on the upper lips just matched those on the lower 
lips when superimposed. During operations, the 
previously sunk section had its outboard end with 
a lower lip protruding, and the next section had 
the lip on the upper half. When the section being 
sunk was brought into position, it needed only to 
be a few inches higher than the one previously 
sunk to permit its lip to slide over the lower lip 
of its neighbour. When gently lowered into place, 
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a diver slipped a 5-in. steel pin into the sockets as 
indicated in the drawings. 

At each end of the section, there were small 
external projecting diaphragms, as shown in Fig. 19, 
built with slots on their outer faces. Into these 
slots steel forms were introduced by divers, thus 
forming a pocket around the joint between the two 
adjacent sections. This pocket was filled from the 
outside with tremie concrete, making a sufficiently 
watertight job for the rest of the work to be done 
from the inside. As soon as the sections were 
accessible from the inside, a circumferential plate 
was bolted completely around the inside of the 
section at the joint, connecting the two sections 
together, and the space at the back of the plate 
was heavily grouted. In the joints, constructed 
in this way, no leakage has been observed. 


(To be continued.) 








ENGINEERING MARKETS OF THE 
WORLD.—VI. 


By A. J. LivERsEDGE. 
CANADA AND OTHER DoMINIONS. 


In the last article of this series we saw how a 
British Dominion, formerly a German possession, 
is still dominated by Germany so far as its engineer- 
ing trade is concerned. In Canada we have an 
instance of a much greater British dominion even 
more emphatically dominated, so far as its engineer- 
ing imports. are concerned, by a foreign, though 
related power. South West Africa is new as a 
British possession; its European inhabitants are 
mostly German, while Canada, on the other hand, is 
the oldest of our great self-governing Dominions, 
and its inhabitants, with the exception of a remark- 
able French element, are almost wholly British. 
Nevertheless, we do manage to get 15 per cent. of 
the trade of South-West Africa; but in her last 
fiscal year, 1929-30, Canada imported “Iron and 
steel and their products ”’ to the value of 65,119,000/., 
our share of which was 4,447,0001., or 6-8 per cent. 
Not quite all of the balance, but 89-6 per cent. of 
the total was contributed by the United States of 
America. We may find a certain irony in this situa- 
tion when we observed that we take from Canada 
over 40 per cent. of all her exports, very nearly as 
much as the amount taken by the United States 
of America. In some years, indeed, we have taken 
more than the States. The situation thus disclosed 
is unique in the British Empire, and probably 
unique in the history of international trade. We do 
not, of course, take these imports from Canada for 
the sake of her beaux yeux ; we take them because 
we want them and cannot do better than get them 
from Canada; but somehow there appears to be 
something not quite “fair,” that while we take so 
much from Canada she takes so little from us. 

The movement of the Canadian trade, with which 
we are here concerned, during the past four years, 
and as compared with 1913, is shown in Table XIV 
on page 610. 

It should be explained that the first section of 
the table “Iron and steel and products,” includes 
not only all the commodities wholly of iron or steel, 
but also commodities largely composed of iron or 
steel, such as cutlery, for instance. 

It might almost seem a work of supererogation to 
prepare a chart to illustrate this table ; but indeed, 
it is only when one sees the diagrams and notes how 
far apart the curves in each section run, with the 
United States always at the top and the United 
Kingdom always at the bottom, that one begins 
to realise the extraordinary character of the situa- 
tion which the tables disclose. We omit, however, 
from the diagram, Fig. 10, Agricultural Machinery, 
for the reason that it is, to all intents and purposes, 
wholly American. 

It seems unfortunate that it is so, as it will be 
seen that it is a considerable business, and has 
grown remarkably since 1913-14. In 1928-29 the 
business totalled 8,282,000/., to which we contri- 
buted 36,000/. With the exception of one or two 
special lines, cream separators, for instance, the 
whole of the balance was contributed by the United 
States; and in the matter of cream separators the 
United States supplied two-thirds of the Canadian 
imports. It is odd, and illustrates once again how 





international trade may at any time throw a 
tentacle half across the globe from some unexpected 
point, to find ourselves beaten in Canada in cream 
separators, by such a country as Finland. Sweden, 
probably the original home of the cream separator, 
and Belgium and Germany, we can understand ; 
they are experienced machine builders; but one 
is hardly prepared to find a country like Finland 
entering a competition of this kind and doing it 
with success. As a matter of fact we supplied 


Fig.10. CANADIAN ENGINEERING IMPORTS. 
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nothing to Canada under the heading of cream 
separators in the year 1929-30, although the total 
imports into Canada under that heading amounted to 
200,000/. 

It will be seen that in Fig. 10 all the United 
Kingdom curves, with one exception, end on lower 
levels than where they begin. It was, of course, 
inevitable that when the Great War broke out we 
should promptly lose much of our Canadian trade 
to the United States of America ; but we might have 
hoped that by this time we would have recovered 








to do that; and in regard to general machinery, 
electrical apparatus and vehicles, our position is 
worse, to-day than it was in 1926-27. It will be 
seen from the figures of the table that all these 
classes show a remarkable overall advance on 1913- 
14, and are steadily progressing. It is true that 
vehicles show a heavy set-back for last year; 
but that will almost certainly prove to be merely 
a temporary check and the market will improve 
again. 

We cannot, perhaps, hope ever to obtain any 
large proportion of Canada’s imports of vehicles, 
which, while they may include 500,000/. of railway 
locomotives and rolling-stock in a year, consist 
otherwise, almost wholly of automobiles, chassis 
and other parts of automobiles; though we ought 
to be able to do something better than the ridicu- 
lously trifling proportion which stands at present 
to our credit. In general machinery and electrical 
apparatus, however, we have a better chance, and 
it ought to be possible for us to get back to the 
proportions which we held in 1913-14, if not to go 
a little better. 

The one exception where the United Kingdom 
curve does not end on a lower level than where it 
begins is provided by Graph No. 2, which is the 
one bright and encouraging feature of the chart. 
This graph represents the heavier classes of iron 
and steel, conveniently grouped in the Canadian 
returns, under the two headings, cast and forged 
and rolling mill products. It will be seen that in 
this group we are practically where we stood in 1913, 
so far as the percentages are concerned, and that 
we have shared in the remarkable progress which 
Canada has made in the last few years. Indeed, 
when we look at the United Kingdom curve of this 
graph and realise that in the past four years we 
have recovered all that we had lost since the war, 
it becomes clear that we have here a very remark- 
able achievement reflecting the highest credit on 
the ability with which this trade must be conducted 
in this country. It may be well, however, to point 
out that in some of the heavier sections of this group 
we are beaten by Belgium. Out of a total of 613,000 
tons of bars, angles, tees, plates, girders and joists, 
which Canada imported in her last fiscal year which 
ended March 31 last, Belgium supplied 99,000 tons, 
or 16-2 per cent. against our 25,600 tons, or 4-1 per 
cent. The American contribution was 476,500 tons 
or 77-7 per cent. 

Taking all these classes as a whole, according 
to the Canadian classification, as set out in the 
first portion of Table XIV, and as shown in Graph 
No. 1 of Fig. 10, it will be seen that during the past 
four years we have just managed to hold our own ; 
but are a long way below where we were in 1913-14. 
While the volume of this business has grown since 
1913-14 from 24,500,000/. to over 65,000,000/., 
an increase of 40,500,000/., our share has increased 
from 3,180,000/. to only 4,447,000/., that is to say, 
by the paltry sum of 1,260,000/. It is a very small 
share of a large total; much the greater part of 
which has gone to the United States of America, 
for, throughout all these figures the term “ Else- 
where ” means always, as to more than 90 per cent., 
the United States of America. Having regard to 
the inflated prices of to-day as compared with 1913 
it would appear that we are really doing very little 
more business in engineering commodities as a 
whole, with Canada, than we did in 1913, if, indeed, 
we are doing any more at all. 

Again we have to remind ourselves that while the 
fiscal policy of Canada is frankly protective, she 
gives preferences to the United Kingdom. The 
preference is not perhaps sufficient to counterbalance 
the geographical advantage which America enjoys, 
but it is appreciable. What we have, as we have 
seen, succeeded in doing in the heavier classes of 
iron and steel should provide encouragement for 
us in other directions. Canada is only at the begin- 
ning of her development. With a territory only a 
little less in area than that of the United States, 
and not much smaller than the area of continental 
Europe, and with enormous natural resources, her 
population is only a little over 10,000,000. Her 
future possibilities are thus, obviously, very large 
and would justify any efforts on our part to secure 
for the United Kingdom a larger share than we 





something of what we then lost. We have failed 


at present possess, of the trade which Canada must 
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give out to the world year by year, for generations | for the attentions of the representatives of these} of engineering trade which the British Dominions 
to come, whatever may be her fiscal policy. three competitors. are now providing yearly for other countries than 
B In all these Lesser Dominions there are three|the United Kingdom, there is a big margin for 
Orner Barrish Dominions. lines in which America has it nearly all her own way ; | British engineering at home to work upon. 
We have now reviewed the engineering markets 
of the five great Overseas’ Dominions of the British TABLE XIV.—EncINEERING Imports mvTo CANADA. £000’s OmrrTTED. 
Empire, as indicated by the imports into those 
dominions of engineering materials and products as 1913-14. 1926-27. 1927-28. | 1928-29. 1929-30 
herein defined. In Table XV we summarise the = | 
results of this survey. From this summary it will it | | | | | | 
‘ : ; £ t.| er cent. £ [Per cent. £  |Per cent. £  |Per ce 
be seen that the business with which we are here siti | . ¥ | ‘ 
concerned, for these five dominions, amounted last Nl | i || } I] | 
year to 199,554,0001. Of this large total, the| 17" and Steel and Products | | | i| | | | 
share of the United Kingdom was only 69,808,000/., {Canadian Classification.) Pes SN | nee | oe | ee | On OM r ae | o 
‘ : A ‘ | om Un ngdom | . F 5 || . a | , | 5 || 4, . 
or 35 per cent. ; this small percentage being chiefly ,, Elsewhere — 2 21/354 | 87-1 || 44063 | 93-5 || 49,700| 93-2 || 67,326 | 94-5 | 60,672 | 93-2 
due to the very insignificant share which we have 
of the trade of Canada. In 1913 (or 1913-14) our Total .. .. | 24,584 | — || 47,148 | — 53,343 | — || 71,230/ — || 65,119) — 
share was 52-4 per cent.; in 1926 (1926-27) our| Cast 4 Forged and Rolling || | | | | | 
: R : Mill Products— | | || || 
proportion had fallen to 39-4 per cent., and it has! prom United Kingdom ..| 886 17-0 | 970 9-1 || 1,218| 12-2 | 1,19| 10-9 || 2818! 16-6 
continued to decline since. The balance for last » Elsewhere... .-| 4,081 | 83-0 9,603 | 90-9 8,721 | 87-8 12,430 | 89-1 || 11,613) 83-4 
year of 129,745,000. was not wholly taken by Totals | 4017/ — || 10573; — 9,939| — || 13,940/ — 13,931 |  — 
foreign countries; some small but appreciable p ; 
amount being taken by some of the British Domi- ea and | 
nions themselves, particularly by Canada. By far| From United Kingdom 15| 2-2 28 | 0-7 | 41| 0-6 36 | 0-4 43 | 0-7 
the larger portion, however, of this large balance » Elsewhere... 667 | 97-8 3,919 | 99-3 6,133 | . 99-4 8,244 | 99-6 6,127 | 99-3 
’ ’ 
was taken by the United States of America. Total 682, — 3007; — 6,174 | — 8,280 | — 6,170 | — 
But, in addition to these Great Dominions, the SEES | | | 
‘ : aed General Machinery | | | 
Empire includes a number of Lesser Dominions,| From United Kingdom 557 | 10-1 || 891 | 10-5 1,048 | 10-5 821| 66 || 936/ 71 
Crown Colonies and Protectorates, all of which are », Elsewhere a ..| 4,974 | 89-9 || 7,551 | 89-5 8,939 | 89-5 11,553 | 93-4 12,267 | 92-9 
’ 4 K 
buyers, more or less, of the commodities with which Total 5,531 | — || 8442| — || 9,987; — |] 12,373, — || 18,203; — 
we are here concerned. These Possessions AaTe | riectrical Apparatus— | | | | \ | | 
scattered all over the world, from the Irish Free} From United Kingdom 245 | 13-2 || 871] 10-6 || 358; 9-0 | 396 | 2 560 | 7-2 
State to Hong Kong in the East, and the Falkland » Elsewhere... 1,624 | 86-8 || 3,108 | 89-4 | 3,556 91-0 5,106 | 92-8 7,169 | 92-8 
> 
Islands and the remotest parts of the Pacific Ocean Total 1,869 — || sa7o| — || 3,914, — 5,502 | — 7,729 | — 
in the West. They comprise, the Irish Free State, | yepicies, including Railway, | | | | 
Ceylon, British Malaya, Nigeria, Gambia, the Gold but chiefly automobiles and | 
s . . a: — } | | | | 
Coast, Sierra Leone, Tanganyika, Uganda, Zanzibar,| prom United Kingdom 175| 42 || 104 1:3 141, 0-7 160} 0-8 | 179| 1-2 
Kenya, Nyasaland, Mauritius, Anglo-Egyptian Elsewhere... 4,124 | 95-8 || 14,324 | 98-7 || 20,430 | 99-3 | 20,096 | 99-2 || 15,157 | 98-8 
Sudan, Aden, Malta, Cyprus, Gibraltar, Palestine, Total coop | = i aaieae | = 20,571| — || 21,156) — 15,336 |  — 
Newfoundland and Labrador, Bahamas, Bermuda, | | | 
TABLE XV.—SUMMARY OF ENGINEERING IMPORTS INTO THE BRITISH DOMINIONS OVERSEAS. £000’s OMITTED. 
| | 
1913 or 1913-14. 1926 or 1926-27. 1928-29—1929-30. 
| ——---- ——_- — - —_—_—_—__—_—__—— — — ——. $$ - — . | 
United | Per | ae! ee United | Per | Per United | Per Per 
| Total. | Kingdom. cent. | Elsewhere.) cent, || Total. Kingdom. | cent. | Elsewhere. cont, | Total. Kingdom. | cent. sue cent. 
| | | | | | 
| « | ¢ £ £ £ | || £ £ £ | £ 
British India .. ..| 28,897 | 20,557 | 72-3 7,840 | 27-7 | 37,620 | 22,073 | 58-7 15,546 | 41-3 || 45,800 27,081 | 59-1 18,719 | 40-9 
Australia a ..| 22,066 | 14,547 | 63-3 8,419 | 36-6 | 51,282) 25,544 | 49-3 25,738 | 50-8 | 42,982 20,594 | 48-0 22°388 | 52-0 
New Zealand... ..| 4,024] 2,865 | 71-5 1,159 | 28-5 || 10,556/ 4,935] 46-5 | (621 | 53-5 || 11,960 5,668 | 47-6 6,292 | 52-4 
British South Africa -+| 9,000 | 5,400 60-0 3,600 | 40-0 || 18,000} 9,639 | 51-0 | 9,262 | 49-0 | 27,582 12,561 | 45-5 15,020 | 54-5 
Canada ee tee ..| 24,584 | 3,180 | 12-9 21,354 | 87-1 || 47,148 | 3,085] 6-5 44,063 | 93-5 | 71,230 3,904 | 5-5 67,326 | 94-5 
Total of above .. | 88,921 | 46,549 | 52-4 | 42,372 | 47-6 || 165,506 | 65,276 | 39-4 100,230 | 60-6 || 199,554 69,808 | 35-0 129,745 | 65-0 
Lesser British Dominions as per | | | I | 
Text +s ee we} 10,000] 8,400 | 78-0 2,500 | 22-0 || 35,000! 24,600 | 70-0 | 10,400 | 30-0 || 46,800 32,500 | 69-4 14,300 | 30-6 
Grand Totals, British Dominions | | | | \ | 
Dele... cs a OE 54,949 | 55-0 44,872 | 45-0 || 200,506 89,876 | 44-9 | 110,630 | 55-1 || 246,354') 102,308 | 41-5 | 144,045 | 58-5 
H | 




















Barbadoes, Jamaica, Trinidad, and other British 
West Indian islands, British Guiana, British 
Honduras, the Falkland Islands, Fiji and other 
islands of the Pacific. 

If space permitted, some of the more important of 
these Dominions would well repay some detailed 
analysis; while in the returns of every one some 
feature of special interest may be found. All, 
however, almost without exception, reveal upon 
examination the feature which marks the records of 
the Greater Dominions, that is to say, a steady 
decline in the share of their trade which comes to 
the United Kingdom ; but not in so pronounced a 
degree. We have a larger share of the trade of these 
Lesser Dominions than we have of the trade of the 
Greater. In 1913, as wil' be seen from the table, 
we had 78 per cent. of the whole of this trade; in 
1926 our share had dropped to 70 per cent., while for 
last year (1928 where later figures are not available) 
it had fallen a trifle further. 

Here, again, in these Lesser Dominions as in the 
Greater, the United States of America is the chief 
competitor : Germany or Belgium is either second 
or third. One cannot but admire the industry and 
persistence of Belgium. Always diligent, the 
Belgian, since the restoration of his country’s 


industries, seems to have received a new inspiration, | 


and is now, in the British Empire, almost as ubiqui- 
tous as was the German before the War. There is no 


part of the British Empire too small or too remote 


| agricultural machinery and implements, including 
ploughs ; office or commercial machinery or appli- 
ances, such as typewriting machines, adding and 
calculating machines and cash registers ; and auto- 
mobiles. Last year, for instance, America sent 
over 500,000/. of agricultural machinery and 
implements to these Possessions, against which we 
had practically nothing; over 70,0001. of office 
appliances and 4,000,000/. of automobiles against 
our 300,0001. 

It will be seen from the final line of Table XV 
that the business with which we are here concerned 
of the British Dominions Overseas, now amounts 
to over 246,000,000. a year. Our share of this 
large total is 102,000,000/., equivalent to 41-5 per 
cent., the balance of 144,000,000/. or 58-5 per cent. 
going to other countries. These figures again 
suggest the enquiry as to what proportion of this 
| trade the United Kingdom would be justified in 
|expecting for herself. The only practical answer 
| that can be given at the moment is, simply, “ As 
/much as we can get.” If we could get as large a 
| proportion of the trade of Canada as we get of the 
| trade of New Zealand it would make a big difference 
/to our unemployment figures. If we could get up 
| to where we were in 1913 it would be an appreciable 
something, and it ought to be possible to do that at 
‘least. Unfortunately there is no royal or magical 
‘way by which these “ifs” can be translated into 
achievements ; but obviously, in that 144,000,000/. 











In the next article we shall consider the United 
States of America and Latin America. 








THE LOCHABER WATER POWER 
SCHEME OF THE BRITISH ALU- 
MINIUM COMPANY. 

Tux Lochaber hydro-electric scheme of the British 
Aluminium Company, Limited, the first part of 
which has recently been completed, is an answer 
to those who contend that electricity can never 
be cheap in this country, owing to the absence of 
water power. The fact is, of course, that in some 
districts this form of power is available in quantities 
sufficient to make its development economic in certain 
cases, and the reason that it remains unutilised 
is that these districts are generally situated at con- 
siderable distances from the centres of industry, with 
the result that the inevitable costs of transmission 
render it more expensive than power generated from 
our still abundant coal resources. There are, how- 
ever, exceptions to this general rule, one of the most 
interesting of which is the manufacture of alumi- 
nium. The extraction of this metal from its ore, as 18 
well known, is effected in the electric furnace, a 
process which not only necessitates the consumption 
of large quantities of electricity, but provides @ 
load, whose load factor is the envy of those in 
charge of our public supply undertakings. Given 
adequate transport facilities for the ore and for the 
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finished metal, it is therefore obvious that it is 
a better policy to establish the necessary factories 
at places where electricity can be produced cheaply 
by water power, than to depend on coal for this 
purpose. This policy has, in fact, been followed 
by the British Aluminium Company since 1894, 
when they established a comparatively small plant 
at the Falls of Foyers on Loch Ness, Invernessshire. 
A much larger development was undertaken at 
Kinlochleven, Argyllshire, in 1909, where plant 
with an aggregate output of 35,000 h.p. is now 
installed ; and the policy is being continued in their 
Lochaber scheme, the full development of which 
will enable plant with a total capacity of 120,000 h.p. 
‘to be erected in the power house, which has been 
built near Fort William, Invernessshire. This 
power house will supply a large factory on an 
adjacent site, where aluminium is to be produced. 
Energy from the same source will also be used for 
operating the railway which has been laid from the 
factory to a new pier on Loch Linnhe above 
Fort William, and for the supply of lighting and 
power to the village which has been built for the 
accommodation of the staff and work people. 

Sanction to carry out this development was ob- 
tained by a Provisional Order, which was granted in 





Loch Laggan. For this purpose a dam (the Spey 
dam), having a height of 30 ft. and length of 900 ft. 
will be built two miles above Laggan Bridge. This 
will enable a reservoir two miles long to be formed 
for regulating and diverting the flood waters of the 
River Spey across the water shed to the River 
Pattack. The River Mashie will also be tapped 
by means of an intake, the water being led to a 
conduit, which will run from the Spey Dam to the 
River Pattack. 

Lochs Laggan and Treig will thus form the 
main reservoirs of the scheme. The area of the 
former will be extended by dredging the present 
outlet and constructing a dam (the Laggan dam) 
in the River Spean, some four and a half miles down 
stream, this making a reservoir with a total length 
of 11} miles. This dam will be 700 ft. long and 130 ft. 
high. The level of the loch will not be raised, but 
the water will be drawn down to a maximum 
depth of 16 ft. A third dam (the Treig dam) 
will be built at the outlet of Loch Treig to raise its 
level by 35 ft. As the tunnel intake is 104 ft. 
below the present water level, a variation of 139 ft. 
will thus be available for storage purposes. The 
two reservoirs thus obtained will have a combined 
capacity of 9,240 million cub. ft., and will be 
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1921 to the Lochaber Water Power Company, a 
subsidiary undertaking of the British Aluminium 
Company, and though so far the first section only 
has been completed, it will be desirable to say a 
few words about the whole scheme, the consulting 
engineers for which are Messrs. C. S. Meik and 
Halcrow, 16 Victoria-street, London, S.W. The 
catchment area, which is being developed, is shown 
in Fig. 1, and has an area of 303 sq. miles, the annual 
rainfall varying from 160 in. at the summit of Ben 
Nevis to 50 in. at the northern boundary, some 33 
miles from that mountain. The first portion of the 
work has been designed to make use of Loch Treig, 
the water from which is led through a tunnel 
some 15 miles long to a surge chamber on the hill 
above Fort William. The line location of the tunnel 
follows the general contour of the mountain side, 
and, as will be seen later, opportunity has been 
taken to tap the streams, which cross its route by 
means of shafts and adits. Owing to the heavy 
rainfall in the district, the water collected in this 
way will form an important percentage of the total 
run-off. A pipe line is led from the surge chamber 
to the power house, which, in order to take full 
advantage of the head available, is sunk some.40 ft. 
below the ground level, the turbine pits and tail- 
race being, of course, lower still. After passing 
through the turbines, the water is discharged 
along a tail-race into the River Lochy, below the 
bridge carrying the Mallaig branch of the London 
and North Eastern Railway. 

The second portion of the scheme provides for 
the diversion of the flood waters of the River 
Spey in excess of 40 million gallons per day into 
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{connected by a pressure tunnel 2} miles long, the 


intervening watershed being tapped at the streams 
by means of shafts. The alteration in the level of 
Loch Treig will necessitate the diversion of the 
West Highland section of the London & North 
Eastern Railway for a length of 14 miles, a short 
distance south of Tulloch station. 

At present, however, only the waters of Loch 
Treig, together with those of the streams between 
it and Fort William are being utilised. This loch 
is rather over five miles long and is five-eighths of a 
mile wide at its widest part, the average width 
being 0-47 mile. Its surface is 784 ft. above Ordnance 
Datum and its water area is about 67,500,000 sq. ft. 
The maximum depth is some 436 ft. and the tunnel 
outlet invert is, as stated, no less than 139 ft. below 
normal water level. The available storage capacity 
of the Loch is some 52,000 million gallons, a quantity 
which will permit a daily discharge of 800 million 
gallons for, say, 65 days. 

Turning to the details of that portion of the scheme, 
which has now been completed by the main civil 
engineering contractors, Messrs. Balfour, Beatty 
and Company, Limited, Queen-street, London, E.C., 
it may be mentioned that the tunnel is probably the 
largest pressure tunnel in the world when the water 
flowing through it is taken as a basis. It will be seen 
from Fig. 16, page 612, to be of horseshoe section, the 
deviation from circular being, however, slight, so that 
the length of its finished axes may be taken as being 
15 ft. and 14 ft. 8 in. respectively. It was driven 
from 23 faces, of which eight were reached from 
shafts varying in depth from 146 ft. to 356 ft., 
14 from horizontal adits varying in length from 


420 ft. to 1,384 ft., and one from the open end at 
the top of the pipe line. The positions of these 
workings are shown on the map in Fig. 1. The 
material encountered was for the most part hard 
rock and quarrying methods were used ; holes were 
drilled in the face by pneumatic rock drills, and into 
these gelignite cartridges were inserted and fired. 
The spoil was hauled away by battery locomotives, 
either straight out on to the hillside in the case of 
the adits or to the foot of the shafts, where it was 
raised to the surface by hoists and afterwards also 
tipped on the hill side. When the excavation had 
been completed, the walls were dressed to a relatively 
smooth face, and sections of steel shuttering were 
erected, behind which the lining was packed in and 
finished smooth, the greater part of the length of the 
tunnel thus being lined with 4: 1 Portland cement 
concrete, though in the invert Ciment fondu concrete 
is used. Considering the length of the tunnel, very 
little trouble was experienced with falls, and it was 
only necessary to depart from the method of con- 
struction outlined above in three places, where soft 
patches were encountered. At these places cast-iron 
lining with concrete packed in behind it was erected, 
the usual grouting being replaced by relief holes, 
since, as is obvious, there was no object in keeping 
water out of the tunnel, and such precautions as 
were necessary were taken solely with the object 
of preventing outward leakage and obstruction or 
damage due to falls. It may be mentioned here 
that the maximum normal velocity of the water 
in the tunnel will be 10 ft. per sec., though under 
abnormal conditions this may be increased by some 
15 per cent. As already stated, the tunnel is 
driven through the hillside, which it traverses at 
various depths, the maximum cover being between 
Loch Treig and No. 1 shaft, where it is about 1,000 ft. 

The greatest difficulty in connection with this 
part of the work arose in devising and success- 
fully carrying through the operation of driving the 
tunnel into the loch. The method actually adopted 
is described more in detail below, but it may be 
mentioned that to begin with the tunnel, as shown 
in Fig. 2, Plate XLI, was driven from the valve 
shaft to within 54 ft. of the entrance to the loch, 
this portion being lined as already described. From 
the latter to a point some 60 ft. from the valve 
shaft, the tunnel is single, but at the latter, it 
bifurcates, being double for a distance of 119 ft., as 
indicated in Fig. 4, Plate XLI, the two arms, each 
of which have a section of 18 ft. by 12 ft., swinging 
round again on a 25-ft. curve to revert to a single 
section. Connection between the tunnel and the 
valve shafts is made at the centre of this bifurca- 
tion, this arrangement being employed to enable 
valves of reasonable size to be used. The valve 
shafts and their equipment are illustrated in Fig. 3, 
Plate XLI, the gates being shown in more detail 
in Figs. 5 to 12, Plate XLI. The shafts themselves 
are 146 ft. deep by 10 ft. by 15 ft. wide, and are 
lined with Ciment fondu concrete. At their lower 
ends recesses faced with granite have been formed 
to carry the rollers and rails, upon which the screens 
and gates, respectively, run. 

Both the screens and gates were manufactured by 
Messrs. Ransomes and Rapier, Limited, of Ipswich. 
The former were provided, because the usual posi- 
tion of the gates will be above the sluice opening, 
and they will only be lowered in case of emergency. 
The netting of the screens consists of No. 5 gauge 
wire, the centres being 2 in. in one direction and 
1 in. in the other. Where the wires cross, they are 
connected by spot welds. As already mentioned, the 
screen frames are carried on rollers, the bottom of 
the former being shaped to form a tray, so that 
trash cannot be carried into the opening when the 
screen is raised. Each screen is supported by two 
parts of steel wire rope, which is attached to a 
equalising beam, the latter being carried by a 
bridle placed at the top of the screen framing. 

The gates consist of mild-steel vertical skin 
plates, which are supported by steel joists. These 
joists are framed at each end into vertical end 
beams with machined surfaces and bear against 
the frames of the Stoney free rollers. The pick-up 
gear, which forms part of the roller frame sus- 
pensions, comes into operation when the lower 
edge of the gate has passed the lintel and allows 








the frames to be carried up with the gate, when 
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Fie. 13. TunneL rn Course oF CONSTRUCTION. 


CROSS SECTION OF 
TUNNEL 





the latter is raised clear of the shaft. The faces 
are staunched by reinforced rubber of spevial 
section, which is made to go right round the gate. 
This rubber is supported on the gate and bears 
on to machined faces round the sluice framing. 
In this way a watertight seal is formed. The gates 
are each suspended by four part steel wire rope, 
passing round sheaves. The latter are carried by 
bridles at the top of the gate structures. Suitable 
guides are provided for the gates, while these are 
being lifted. 

Both sets of gates and screens are operated by 
the same power unit. This consists of a 10-h.p. 
petrol engine, which is coupled through a chain to 
an operating crab, brakes being provided to control 
the speed during lowering. As will be seen in Fig. 3, 
Plate XLI, towers have been erected at the top of 
the shaft. It is therefore possible to raise both 
the gates and screens clear for inspection. These 
towers carry pulleys, round which the hoisting ropes 
are led before being taken down to the respective 
hoisting barrels. The latter are coupled through 
spur reduction gear and a cross shaft to the operating 
crab, which, as will be seen from Fig. 10, is placed 
centrally between the two towers. Connection to 
the particular gate or screen it is desired to operate 


_is made through a clutch, the other barrels being 


prevented from revolving by sprags. 

Returning to the tunnel, views in which, during 
various stages of the construction, are given in 
Figs. 13 to 15 above, it may be mentioned that the 
dividing wall immediately up-stream of the bifur- 
cation is lined with granite to reduce the wear 
from erosion, while the walls of both bifurca- 
tions from the gates to where the normal tunnel 
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Fie. 15. Oprentne out First HEADING. 


diameter is resumed are heavily reinforced by 1 in. 
and 1} in. diameter steel rods. This construction 
was necessitated by the fact that this was one of the 
few places where soft rock was encountered. The 
down-stream nose of the bifurcation is faced with 
concrete and not with granite. The only other 
detail in connection with the construction of the 
tunnel that need be mentioned here is that at a 
point 50 ft. downstream from the junction of the 
bifurcation a recess was formed to hold a concrete 
bulkhead. The object of this bulkhead was to 
take the shock of the explosion necessary to remove 
the wall which was left between the upstream end 
of the tunnel and the Loch. 

As already mentioned, access to the working faces 
in the tunnel was obtained either by shafts or adits, 
the method chosen in each particular case depending 





on the configuration of the ground and the position 
of the tunnel. In all, seven adits and five shafts, 
including the valve shafts, were required, the total 
length of the former being 6,264 ft., and of the latter 
1,076 ft. The longest adit (No. 5) measured 
1,384 ft., and the deepest shaft (No. 1) 356 ft. 
At the conclusion of the tunnelling work these 
shafts were adapted for leading down the water 
from the adjacent streams into the tunnel, while 
similarly, other shafts were driven upward at or 
near the junction of the adits and the main tunnel 
to enable the water from the stream at such points 
to be brought in. As in principle, the methods 
followed in constructing this part of the scheme 
were the same throughout, it will be sufficient to 
refer to one or two typical cases only. 

At the intake marked No. 1 in Fig. 1, the amount 
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of water available as an addition to the main flow 
is the largest of any of the subsidiary supplies 
and under maximum conditions is as much as 
300 cusecs. The shaft, at this point, is also the 
deepest of those that had to be driven, having 
a depth of 356 ft. As it was also used for working 
purposes, it originally had a cross-section of 18 ft. 
by 12 ft., but these dimensions have been reduced 
by the insertion of two concrete pipes, each 5 ft. 
in diameter for admitting the water and providing 
an air release, respectively. 

At No. 5 intake, a view of which appears in 
Fig. 17, the adit is 1,384 ft. long, but as the method 
of construction adopted was in general the same 
as that at No. 6 the two may be dealt with 
together. As will be clear from Figs. 18 to 21 on 
page 620, the stream at the latter position is 
impounded by a reinforced concrete semi-arch dam 
35 ft. high and 125 ft. long. This dam measures 2 ft. 
thick at the crest and 5 ft. at the base. The radius 
of the arch is 57 ft. At only one end is the dam 
finished as an arch in rock; at the other it ends 
in a gravity type wall. The increase in the thick- 
ness of the dam is all on the upstream side and the 
foundations are carried down to solid rock. The 
crest of the dam is broken by a spillway 85 ft. long, 
and it is provided with two hand-operated sluice 
gates, one of which is used for lowering the level 
and for scouring purposes through a scour sluice, 
while the other gives access to the 5 ft.-diameter 
conduit. This conduit, which is laid on a slope of 
| in 166, leads to the top of the shaft. It is con- 
structed in reinforced concrete and was manufac- 
tured in 15-ft. lengths with expansion joints between 
each length. The shaft into which the conduit 
opens is 177 ft. deep and 5 ft. in diameter and is 
surmounted by a tower 12 ft. high, to prevent 
overflow when the Treig reservoir is full. Along- 
side the water shaft is an upcast air shaft, the 
diameter of which is 3 ft.6in. The diameter of the 
water shaft is 5 ft., being the same as six other 
shafts in this respect, the remaining four shafts 
having a diameter of 3 ft. 6in. The average flow 
it this point is 20 cusecs. to 30 cusecs., the flood 
tow being 180 cusecs. Figs. 22 to 29, on page 
620, illustrate the connection between the lower end 
of the shaft and the main tunnel. As will be seen, 
in Fig, 24 the circumference of the latter is cut away 
for 12 ft. to make a connection between it and the 
shaft, which is carried down 2 ft. 6 in. below the 
lower edge of the lip which is thus formed as indicated 
in Fig. 22. The resulting sump at the bottom of 
the shaft acts as a cushion when the tunnel is being 
filled, though normally the working level of the 
water will be some 100 ft. above the tunnel soffit. 
As will also be seen in Figs. 23 and 29, a recess 





Dam at No. 5 INTAKE. 


is formed in the roof of the tunnel opposite the 
bottom of the shaft. This serves to trap any air 
which has been carried along from the previous 
intake and to force it up the air upcast shaft at 
this point. On the completion of the work the 
adit, which was driven to enable the tunnel to be 
driven from this place will be filled in for a distance 
of about 30 ft. from the main tunnel, access pipes 
being left through the barrier thus formed. The 
entrances from the hillside will be closed by gates. 


(To be continued.) 








THE SIZE OF COAL IN GAS MAKING. 


Amone the uses to which the equipment of the Fuel 
Research Station has been, and is being, applied is 
a series of investigations into the effect of certain 
variables on the working and yields of gas retorts. 
These variables include the nature and size of material, 
the size and distribution of the charge, the method of 
heating, and the temperature of distillation. A report* 
has now been published giving the first results obtained 
from this comprehensive programme, and dealing 
with the effect of the size of coal as charged. The 
investigation was made with both the horizontal and 
the vertical retorts, and with the vertical retorts 
extended with the object of increasing the throughput. 
They led also to certain comparisons between the 
advantages of the two types in their application to 
the representative coals on which the observations 
were made. 

Three types of coal were selected for these trials, 
representing, respectively, a strongly caking, medium 
caking and relatively poorly caking coal, the last being, 
in fact, barely within the range of coals at present 
regarded as suitable for gas making. Of each of 
these coals, three sizes were used, respectively, 14 in. 
to } in., } in to fines, and 3 in. to fines. It is well 
known that, when different sizes are separated out 
from a single coal, the compositions of the fractions 
are liable to be very different, the fines carrying a 
larger proportion of the more friable and ash-containing 
constituents. For the purpose of the present investiga- 
tions, the sizes were therefore obtained, not by sub- 
jecting a single stock to successive screenings in series, 
the products of which would be liable to vary in 
composition according to their size, but by screening 
a single supply to free it from fines, using a part of it 
for the largest size, and crushing two other parts to 
different extents to provide the two other sizes. The 
fractions were thus screened in parallel, instead of in 
series, and each of the smaller sizes therefore contained 
material of the same composition as the largest. 

The Jay-outs of both the horizontal and the vertical 
retorts have already been described in these columns. 
Preliminary experiments on the horizontal retorts 
were made to determine the throughput to be adopted 





* Department of Scientific and Industrial Research. 
Fuel Research : Technical Paper No. 26. The Influence 
of Size of Coal during Gas Manufacture. H.M. Stationery 
Office. Price 1s. 3d. net. 
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(which was fixed at the rated amount of 10 tons per 
day), the rate'of heating, and the method of its control. 
They showed also that the yield of volatile products 
was affected by the shape of the ends of the charge, 
and a standard shape was accordingly arranged. It was 
found that the size of the coal charged had little effect 
on the yield of most of the products. The introduction 
of fines all passing through a }-in. sieve introduced 
no appreciable difficulty in the manipulation of the 
plant, neither was any advantage found by substitut- 
ing nuts for fine coal. The use of small coal produced a 
quite trifling increase in the thermal and the calorific 
values of the gas produced, though a slight decrease 
in its volume, the difterence being more notable in 
the case of the weakly-caking coal. The relatively 
higher content of carbon dioxide and lower content 
of hydrogen in the gas produced from coals of a lower 
caking power gave a lower calorific value and a higher 
specific gravity. The size of coal had no appreciable 
effect on the yield of ammonium sulphate in any kind 
of coal, though it was observed that the percentage 
of nitrogen converted into ammonia increased with 
the oxygen content of the coal. The chief influence 
of size was seen in the yield of tar, which was 
appreciably reduced when the voids between the 
particles of nut coal were filled with fine coal of the 
same composition. Crushing the coal to a finer size 
resulted in a still lower yield. The difference for a 
fusible coal was 10 per cent., and for the medium caking 
coal, 24 per cent. 

The vertical retorts were run with a throughput of 
2-5 tons per retort per day, and with the addition of 
steam to the extent of 10 per cent. by weight of the 
coal. In addition, further tests were made at the 
highest rate of throughput at which it was possible to 
work without increasing the amount of volatile matter 
in the coke above | per cent. These tests were made 
with the large and medium coals of the more bituminous 
type. It was found that the ease of operation of the 
retorts was increased greatly by the use of sized coal. 
The rodding by which the charge was helped down the 
retort was only slight with large coal, and with fine coal 
within the limits used was about the same for all types 
of coal. Large coal had, moreover, the advantage 
both of preventing dust from being carried into the 
collecting main and condensing system, and of keeping 
the working temperature of the ascension pipes lower 
(120 deg. C. to 280 deg. C.) than with small coal (440 
deg. C. to 570 deg. C.), so helping to prevent the 
formation of scurf in the pipes and of hard pitch in the 
collecting main. The variation in size of coal had 
no appreciable effect on the yield of ammonium sul- 
phate, but it was observed that a higher proportion of 
nitrogen was converted into ammonia with coal of 
low caking power than with other coal. In regard to 
other products, however, size had a marked effect. The 
yield of coke increased with decreasing size to about 
the same extent in all types of coal, but the yield of 
breeze produced by using fine coal was increased 
appreciably only in the case of coal of the lowest 
caking power. Reduced size of coal produced a 
stronger coke, as indicated by the shatter test, espec- 
ially with coal of low caking power. The yield of: gas 
by volume, on the other hand, was increased by the 
use of large coal, especially in coal of the lower caking 
power, but its calorific value was less, though with 
strongly caking coal the aggregate increase of thermal 
yield in the. gas produced by excluding fines from the 
coal is likely to be considerable. This effect falls off, 
however, as the caking power of the coal becomes less, 
and the thermal value of the gas obtained from the least 
caking type was even less from large coal than from 
small. The specific gravity of the gas increased with the 
caking power of the coal, but was always less from fine 
than from large coal. The yield of tar increased with 
large “‘sized’’ coal to an extent which, with all the 
three coals under test, amounted to about 50 per cent. 
By using sized coal, it was found possible to increase 
the throughput of the retort from 2-5 tons to 4-0 tons 
per day with a strongly caking coal, and to 4-3 tons 
with a medium caking coal. P 

Comparing horizontal and vertical retorts, the 
latter with 10 per cent. of steam, it is seen that the 
full advantage to be gained by the use of vertical 
retorts could be realised only if sized coal, such as 
nuts, were available. On this supposition, and with 
10 per cent of steam, a vertical retort would give 
up to 29 per cent. greater thermal yield of gas, and 
from 24 to 48 per cent. increased yield of tar according 
to the type of coal. The calorific value of this gas 
would be much lower (70 to 120 B.Th.U. per cubic 
foot), and its specific gravity somewhat higher. The 
coke would be denser by from 12 to 20 per cent., and 
the yield of ammonium sulphate somewhat lower. 
The horizontal retort has an unquestionable advantage 
in the fact that the thermal yield of the gas is almost 
independent of the size of the coal. This, however, 
is subject to the chemical composition of the coals 
compared being the same, and it must be remembered 
that the general run of fines has a much higher per- 
centage of ash than is found in larger coal. 
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ENGINEERING. 





LABOUR NOTES. 


REPRESENTATIVES of the engineering trade unions 
which had asked the Government to set up a tribunal 
to inquire into the state of the engineering industry, 
met in London last week for the purpose of considering 
the reply of the Minister of Labour. Miss Bondfield, it 
was stated, gave as the grounds for refusing an inquiry, 
that, in fact, there would have to be not one, but several, 
inquiries in the case of an industry so diverse as the 
engineering industry ; that such inquiries would take a 
very long time, and would, in the meantime, affect 
the functioning of the ordinary negotiating machinery ; 
and that the inquiries into the cotton, and iron and steel 
industries were really of quite a different character, 
as they did not arise out of wage negotiations, but were 
designed to throw light on the economic problems of 
those industries from a somewhat different angle. The 
Government therefore suggested that the most desirable 
and useful course was for the employers’ organisation 
and the unions in the engineering industry themselves 
to investigate the circumstances and problems of the 
industry. Should there be a desire for information 
not otherwise available, the Government would place 
the resources of the various Departments at the disposal 
of a joint investigating committee. The suggestion of 
a joint committee of inquiry was rejected by the 
Conference, which decided to remit the question of 
future policy in regard to the wage claim to the execu- 
tives of the thirty unions represented, for independent 
consideration. 





Discussing the question of unemployment benefit 
in the November issue of Man and Metal, the journal 
of the Iron and Steel Trades Confederation, the con- 
tributor of the editorial notes says that the workers 
are being told that benefit should be based upon insur- 
ance principles, and contributions be made high enough 
to provide it on a strictly actuarial basis. Those who 
were not in benefit, it is contended, should not receive 
it, but should be dependent on a proposed new relief 
fund, and men who are out of work should be com- 
pelled to take such jobs as they are capable of doing. 
The writer regards these proposals as ‘‘ very serious, 
and a real danger to the workers.’’ He quotes with 
sympathy the view of a trade union official who said :— 
‘“We should make the maintenance of unemployed 
men and women so costly that the employers them- 
selves would want to take a hand in providing work.” 
‘** Employers,” Man and Metal’s contributor proceeds, 
‘‘ want a reserve of labour in case of emergency, and 
that reserve of labour, in the industry itself, ought 
to have sufficient income to maintain its physical 
efficiency itself. The suggestion ‘to compel men to 
take such work as they may be capable of doing’ 
would turn out in thousands of cases to be a degrada- 
tion of skill and disadvantageous. . . . The 
effect of the threat to stop benefit if men will not take 
jobs at 30s. a week or less would certainly be to reduce 
the wages of all workpeople, but, of course, this would 
be quite in a line with the policy of the people who 
believe that one means of restoring trade is reducing 
wages.” 

“It is freely admitted,’ says another contributor 
to the same journal, “ that rationalisation will displace 
considerable numbers of skilled workers, and degrade 
them into semi-skilled and unskilled machine minders. 
This appears to constitute a very real danger to trade 
unions. We have an enormous number of unemployed 
as a reserve pool from which the employers can draw 
to impose any conditions they care to on the men 
working. Add to this the growing disinclination of 
workers to join a trade union, yet illogically saying 
the Government ought to interfere, although how they 
expect interference in their favour without working 
and paying for it passes comprehension. It would 
be futile to resist rationalisation, but we ought to be 
making greater efforts to guide this mighty economic 
phase of modern industry into channels that will be of 
benefit to all, and not simply expressing pious hopes 
to that effect.” 





The award of the new arbitration tribunal set up to 
consider the wages dispute in the Berlin metal industry 
was issued on Saturday last. Under it, the present 
scale is to remain in force until November 16. Then 
a cut of 3 per cent. is to be applied in all grades until 
January 18, when further reductions will take place of 
3 per cent. for workers under 18 years of age, and 5 per 
cent. for all other groups. The earliest date on which 
the agreement can be denounced is July 1, 1931. The 
earlier award, which was shelved after a partial strike 
lasting a fortnight, provided for reductions of 6 per 
cent. for young workers and 8 per cent. for others, 
to take effect on November 3. ‘‘ Thus,” the Berlin 
correspondent of The Times says, “ the arbitrators, as 
they explain in their commentary, have taken over the 
rates of the first award in full, as well as the argument 
on which they were based—namely, that an effective 


reduction of prices is essential in Germany at the 
present critical time, and that although wages must 
not provide the only contribution, they are too big 
a factor in production costs to be passed over.” 





The Industrial Review, an organ of the Trades Union 
Congress General Council, says that the King’s Speech, 
with which Parliament opened, contained the formal 
assurances of the Government with regard to under- 
takings previously given to the Trade Union. Move- 
ment. There are to be measures for amending the law 
relating to trade disputes and trade unions, for the 
amendment and consolidation of the Factory Acts, 
and for the ratification of the Washington (Eight-Hour 
Day) Convention, and of the International Convention 
for the Safety of Life at Sea, while ‘‘ the pressing 
problem of unemployment inevitably looms largely in 
the programme outlined.” 





«As far as the Trade Disputes Bill is concerned,” 
the writer goes on to say, ‘‘ the issues are clear to all 
supporters of the Government—and probably to large 
numbers of people outside the Movement who set 
some store by honest politics. There is, indeed, no 
measure which the Government can undertake with a 
stronger assurance of support from solid public opinion, 
or with a surer confidence in the result. The open and 
covert threats emanating from anti-trade unionists 
and reactionaries of every breed are a pretty sure 
indication of their alarm; nobody doubts that they 
would very much like to destroy the Government on 
this issue, but it is practically a foregone conclusion 
that we shall have to take the ill-will for the bad deed. 
They are in as awkward a situation as Guy Fawkes 
would have been if, having widely advertised his 
plot, he had been unable to secure any gunpowder, 
and had been reduced to verbal explosions. If the 
Government were to flinch from such a set of con- 
spirators, they would not merely mortify the solid 
ranks of organised labour, they would puzzle them 
quite considerably.” 





According to the October issue of The Guaranty 
Survey, which is published by the Guaranty Trust 
Company of New York, several important steps have 
been taken to alleviate the distress that is foreseen as 
a result of unemployment during the coming winter. 
A number of State and municipal governments have 
announced plans to increase their expenditures on 
public works. A committee of financial and industrial 
executives has been formed in New York City for the 
purpose of raising by private subscription at least 
150,000 dols. a week, to provide a fund from which 
a weekly wage of 15 dols. can be distributed to 10,000 
or more workers. The plan will be carried out with 
the co-operation of the charitable societies and the 
City of New York, but the object is to provide genuine 
employment for men out of work, rather than to 
distribute the money in the form of charitable doles. 
The Federal Government has also initiated a programme 
for the relief of unemployment during the next few 
months. President Hoover has appointed a special 
committee consisting of several cabinet members an 
the Governor of the Federal Reserve Board. An 
effort will be made to enlist the co-operation of State, 
municipal and private officials in pushing public works, 
plant expansion, and other forms of expenditure that 
will provide employment during the winter. The 
general plan of campaign will apparently be similar 
to that followed by the Government in its original 
efforts to stimulate business activity last winter, with 
the difference that in this case the direct aim will be 
to provide employment, and not to alter the general 
course of trade. 





In October, the home branch membership of the 
Amalgamated Engineering Union decreased from 
194,676 to 194,161, and the colonial branch membership 
from 26,743 to 26,687. The number of members in 
receipt of sick benefit increased from 4,955 to 4,995, and 
the number in receipt of superannuation benefit from 
10,950 to 10,951. The total number of unemployed 
members increased from 28,578 to 32,353. 


The writer of the editorial notes in the November 
issue of the Amalgamated Engineering Union’s Journal 
draws attention to the fact that in the ten years that 
have elapsed since amalgamation, the organisation has 
paid out from its own funds nearly 10,000,0001. ‘“ Up 
to the end of last June,” he says, “‘ over 3,888,0001. 
had been paid in Unemployment Benefit. The not 
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| has passed—the lock-out of 1922, the troubles of 1926, 
when we went to the assistance of our more unfortunate 
comrades in the mining industry, and the long-continued 

| depression in industry—we not only paid the superan- 
nuated members all to which they were entitled, but, 

|in addition, up to August, 1928, paid the sum of 4s. a 

| week per member over and above the scale of benefits 

laid down in rule. It is true that an extra levy of 
ls. per member per quarter was made, but the cost 

of the extra 4s. amounted to approximately 400,000/. 

more than was received as a result of the extra levy 

during the period the levy and the extra payments were 
made... . Our sick and superannuated members 
have been paid in full at all times, while for a period 
we were unable to pay union benefit to our unfortunate 
unemployed members, and to-day the unemployed 

members are still making a monetary sacrifice... . 

At the present time, the statutory benefits are costing 

| about 12,0001. a week.” 








| In another note, the same contributor expresses 
the opinion that the majority of new labour-saving 
machines are due to the vision and the work of the 
engineer. That, he says, makes it easy to understand 
why industrial depression is world-wide, and suggests 
that it will require more than an investigation into 
the question of tariffs to find a solution of the problem. 
““The solution,” he proceeds, “is closely connected 
|with the new methods of production. Throughout 
the world the machine is undoubtedly playing a 
big and important part in the displacement of labour ; 
it would follow that any solution would have to be 
|equally universal, and it would also follow that the 
|engineer, in common with all other workers, should 
| reap the benefits of his work in at least a shorter working 
|week. A shorter working week would make a big 
|contribution towards solving the problem. Perhaps 
| this will be recognised in time, just as our call, made as 
|far back as May, 1921, and often repeated in these 


| notes, for the treatment of the unemployment question 


| on non-party lines is now receiving attention. Had 

that call been heeded, a vast amount of work could 
| have been provided by only a small proportion of the 
| money that has been spent in Unemployment Benefit. 
| Meantime, the engineer admits that his inventiveness 
,and skill in creating and making labour-savirg machi- 
|nery have made less work available, and he now 
| demands a share of the profits in the form of a shorter 


working week.” 








At a conference in London, on Tuesday, between 
| representatives of the Shipbuilding Employers’ Federa- 
| tion, National Shipbuilders’ Security, Limited, and the 

shipyard trade unions, the effects on the workpeople 
employed in the industry of the operations of National 
| Shipbuilders’ Security, Limited, were discussed. The 
| object of National Shipbuilders’ Security, it will be 
| recalled, is to acquire and shut down redundant ship- 
| yards, in order to secure more economical costs by a 
resultant concentration of production. The represen- 
|tatives of the unions claimed that if shipyards were 
‘closed to safeguard employers’ interests, the right of 
| displaced workers to alternative employment without 
|loss of status or income should be recognised; or, 
| alternatively, to compensation for loss of employment. 
| Speaking for National Shipbuilders’ Security, Sir James 
| Lithgow, Bt., the chairman, said that the company 
believed that the elimination of redundant capacity 
would not mean less employment, but would lead to 
such savings in overhead costs, capital charges, mana- 
gerial and directors’ fees, and rates and taxes as, on 
|the contrary, would improve the prospects of British 
shipbuilders in securing additional work in world com- 
| petition. On the question of compensation, the repre- 
| sentatives of the Federation did not admit that there 
| would be any displacement of labour. The improved 
| efficiency of the industry resulting from concentration 
| would, it was argued, enable more work to be obtained. 
The discussion was adjourned, and will, in all proba- 
bility be resumed at a later date. 





| At November 3, the number of persons on the 
| registers of Employment Exchanges in Great Britain 
| were 1,599,871 wholly unemployed, 561,114 temporarily 
| stopped, and 102,142 normally in casual employment, 
| making a total of 2,263,127. This was 25,626 more 
|than a week before, and 1,011,169 more than a year 
| before. The total on November 3 comprised 1,642,534 
men, 62,347 boys, 506,426 women, and 51,820 girls. 





The enforcement of the Act of 1925, concerning 
annual leave with pay, has led several large firms in 
Czechoslovakia to close down for a week, during which 


inconsiderable sum of over 1,336,000/. had been paid | period the whole staff is granted leave simultaneously. 
for Sickness Benefit in the same period, while in the! This method is preferred to that of granting leave in 
field of Superannuation, 2,736,633/. had been paid out. | rotation, which makes the working of the undertaking 
At the moment, these three benefits alone have cost | more difficult, and sometimes results in periods of 
the union over 8,000,000/., arid the grand total for all | overwork for the staff. It is thought that the system 
union benefits is nearly 10,000,000/. . . . During! of collective leave will become general, especially as 





the whole of the trying period through which the union | the trade unions are not opposed to it. 
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ROAD-PAVING BRICKS. bt hy United een ~ prea a Reg nn arene press eres a gegen ea ~ 

2 : Be : ricks was a specialised industry, the products being | gave three squeezes to each brick, o £., Be 
g eS - = Materials | hard and tough and of uniform yong The bricks | and 150 kg. per square centimetre. The bricks, when 
Buil ding Trades Exhibitio an — * é 1e recent | were produced from certain shales and fireclays. Some | pressed, were delivered to conveyor belts at right 
—s easter. an th “a ‘ y peo Wo Papers | of the best paving bricks were made from a light grey | angles to the presses, one on either side of the battery 
eo ww 4 on the subject of road paving bricks | shale, with a fine natural grain. This shale was won | of six presses, and from the conveyor belts were taken 
en ee |from the shale bank by large bucket-type diggers and | on trucks to the kilns, the. burning temperature being 
1,100 deg.C. These buff bricks, when fractured, showed 
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BritisH-MapeE Pavine Bricks. 
The title of a paper by Mr. A. W. Cross was “ British 
Bricks for British Roads,” and in a brief historical 
introduction, the author mentioned that some of the 


loaded into side-tip wagons of standard railway gauge, 


the wagons being taken by steam locomotives to the 
grinding plant. Here the shale was transferred to a 


| large crusher, where it was broken into pieces about 


earliest brick pavements for footpaths were still in use | the size of a man’s fist, the broken shale being con- 
after about sixty years of service. At about the same | veyed by belt and automatically fed into perforated 


time, brick kerbs, blocks about 20 in. long, had also 
been introduced. Kerbing of ordinary sized bricks, with 
brick channelling, probably came later, some of this 
kind in residential roads in Moseley, Birmingham, 
having been in continuous use for the last thirty-four 
years at least. 
brindle variety, had been practically untouched since 





Similar bricks, nearly all of the blue or | 


dry grinding pans. 
The finely-ground shale was raised and screened over 
piano-wire screens of about 16 wires to the inch, then 


|eonveyed by belt and fed into double-blade mixers, 
| the requisite water being added. The clay issued from 


the die of the machine at about 75 ft. per minute, and 
was cut off by an automatic rotary cutter into brick sizes 


they were laid twenty-five to thirty years ago for | 8} in. by 4 in. by 3 in. to 4 in. thick, as required. The 
paving the yards of highway depots, private roads | bricks were placed on cars and passed through the 


leading to works and business premises, &c. 


‘dryers in 36 hours to 48 hours, at temperatures of 


Bricks were first used for paving the carriageways | 125 deg. to 250 deg. F., after which they were burned in 
of classified highways in this country eight years ago | down-draught rectangular kilns, measuring 85 ft. by 


at Birmingham, blue bricks being substituted for 
granite setts in a Class 1 road (Sherlock-street East). 
The bricks, which were presented by the Midland Brick 
Association, were selected as typical blue bricks of the 
South Staffordshire type. They were unpressed wire- 
cuts from three brickyards; two of them might be 
called blue brindles, and the third common blues 
(apparently burned harder and thus keeping their blue 
face better). All were laid dry on a concrete founda- 
tion with a camber of 1 in 40, bedded on about 3 in. 
of semi-dry mixture of cement and sand (half and 
half), the bricks being placed on edge, with courses at 
right angles to the kerb, and close jointed. Clean water 
was then run into the joints to complete the setting 
of the bedding and to enable the grout of cement 
and sand (1 to 14) to penetrate and set with the 
bedding. The result had been entirely satisfactory, 
no single brick having failed either from shattering or 
from wear, and the original rigidity had persisted 
throughout. Important contributory factors were the 
wearing qualities of the bricks. The blue brindle 
bricks showed no appreciable difference as regards 
amount or uniformity of wear, but differed slightly 
from the bluer and harder bricks, a slight fraying of 
the arrises of the latter giving the appearance of a 
wider joint. The work was carried out departmentally, 
and laying, bedding and grouting worked out at the low 
cost of 1s. 9d. per square yard. 

The Staffordshire County Council had laid down 
three trial pavements of blue bricks, and the County 
Borough of West Bromwich had also made valuable 
tests which yielded useful information. Within 
four or five years, seven highway authorities, in Lan- 
cashire, Yorkshire, Denbighshire, and Ayrshire, had 
laid down experimental brick pavements, using 
local bricks (not blue). Other blue-brick roads were 
laid down in 1927 by the Ministry of Transport at 
East Ham, and by Staffordshire County jointly with 
Wolverhampton County Borough, and in 1928 by 
Birmingham City. 

Inferences and deductions offered by the author for 
consideration and discussion included the following :— 
(a) That bricks made in various parts of the country 
from native materials had proved to be in no way 
inferior for the paving of modern highways, and were 
in many ways better than materials largely imported, 
and extensively used for a similar purpose. (b) That 
such ‘bricks could be provided at a price per unit 
(of weight, bulk, thickness, or area paved) which 
made them less costly to instal than other forms of 
block or sett pavement either native or imported, 
and appreciably more economical to maintain than 
any plastic laid and rolled surfacing (native or im- 
ported) which: needed to be periodically sprayed or 
similarly treated and/or gritted in skiddy weather. 

(c) The advantages of brick roads included :—1. Free- 
dom from the undulations noticeable in rolled roads. 
2. Freedom from expansion and contraction troubles to 
which surfaces of mass concrete and wood blocks were 
liable. 3. The near approach to a non-skid surface 
provided by the texture of wire-cut bricks. 4. The 
durability and uniform wearing qualities, when pro- 
perly laid, bedded, and grouted. 5. The accuracy of 
form and level at the junction with the kerb or channel, 
as compared with plastic-laid and rolled roads. 

(d) The disadvantages of brick roads included: 1. When 
made monolithic by cement bedding and grouting they 
were not so readily taken up or relaid. 2. Repairs by 
patching, and reinstatements, were easier with asphalt 
and other plastic materials. 


AMERICAN AND Dutcu Roap-Pavine Bricks. 
The second paper, contributed by Mr. G. A. Hodson, 
President of the Ceramic Society, was entitled 
“The Manufacture of Bricks for Road Paving in the 
United States of America and Holland,” It stated that, 





| 18 ft., and 7} ft. to the springings of the arch, inside. 


The bricks were burned to a temperature of 1,800 deg. to 
2,200 deg. F., according to the nature of the material. 
Cooling and annealing took from two to three weeks. 
The bricks were reddish-brown in colour, and a fractured 
surface showed a hard, tough, close-grained and vitri- 
fied texture. 

Paving bricks were sampled and tested (10 bricks 
from every 10,000) at the works by the standard rattler 
test, the standard charge of ten bricks being required 
not to lose more than a previously agreed percentage 
by weight, after being in the rattler machine for 
60 min., at 30 r.p.m. 

Specifications were not rigid, but the general average 
loss and maximum permissible loss, respectively, might 
be taken as :— 

For bricks suitable for heavy traffic, 22 per cent. and 
24 per cent. 

For bricks suitable for medium traffic, 24 per cent. 
and 26 per cent. 

For bricks suitable for light traffic, 26 per cent. and 
28 per cent. 

In Holland, bricks for road paving were generally 
made at the same works as building bricks, of the 
ordinary building brick size of about 8 in. by 4 in. by 
2 in., the bricks being set on edge in the paving. The 
clay used was fine estuary deposit, which was naturally 
fine grained, and needed very little preparation by 
machinery for grinding and making; indeed, it was 
sometimes necessary to add sand in order to produce 
a satisfactory brick. The clay was usually got during 
winter and collected into big heaps, whence it was 
wheeled to be tipped into a vertical pug mill forming 
part of a soft mud brick machine. The machine filled a 
wooden mould (making six bricks at a time), the moulds 
being automatically fed into the machine from the 
back, and the filled moulds pushed out of the machine. 
The surplus clay was removed from the top of the 
filled moulds by a flat blade, about 2 ft. by 2 in. by } in. 
thick. 

The filled moulds were placed on special trucks 
consisting of three shelves pivoted in the centre, see-saw 
fashion, on a small bogie truck on rails. The brick- 
maker put 14 moulds (each of six bricks) per minute 
on the truck, i.e., about 5,000 bricks per hour. When 
filled, a boy hitched a chain horse to the truck and 
drew it away to the drying ground, which was in the 
open, and had rails running down the centre between 
open sheds. 

The see-saw shelves on the truck were swung at 
right angles to the rails on the centre pivot, and the 
bricks were turned out of the moulds by two men, 
one on each side of the rails, the empty moulds being 
replaced on the shelves and returned to the machine. 
When the bricks had dried in the sun, they were stacked 
in the sheds on either side of the drying ground. They 
were taken on trucks from the sheds to the continuous 
kilns ds required. Brickmaking was only carried on 
in the summer months. The paving bricks of Holland 
were dark brown, and very hard and tough. 

Recently, some works commenced making hard- 
burned paving bricks, 8 in. by 3$ in. by 2§ in., which 
were laid flat on concrete foundations, or on edge 
when laid in sand. Paving bricks were also made 
from a buff burning clay, 8 in. by 4 in. by 3§ in., with 
corrugated faces on the stretcher and header sides. 
This clay was brought to the works from about a mile 
away, and dumped outside the machine shed. It was 
loaded into side-tip wagons and tipped into the boot 
of an elevator, which delivered the clay into small 
hedgehog rollers in which it was raised to the top of 
a vertical dryer, heated by a fire, and dropped from the 
dryer into a circular feeder which delivered it into a 
perforated grinding pan. The ground dust passed by 
a conveyor belt into six circular feeders, each supplying 
two Speveniie presses (12 presses in double line). Each 





a very fine grained and tough texture. Brick road 
surfaces in Holland were mostly laid with sand as 
a filler between the bricks, and had given remarkable 
service for very many years. 








EXPERIMENTAL PULVERISED-FUEL 
PLANT. 


From the majority of the instances of the application 
of pulverised fuel to marine boilers recorded in these 
columns during the past four years, it will be apparent 
that the main line along which practice has hitherto 
developed is that of the conversion of existing boilers 
to the new method of firing. This was quite a logical 
way of proceeding, especially in days of straitened 
finance, but it would appear that experience has now 
accumulated in sufficient volume to warrant the 
combination of pulverised firing with those other 
promising factors of efficiency in marine propulsion, 
viz., high steam pressures and temperatures, turbine 

Tests on Pulverised-Fuel Fired Boilers made at the 
Babcock and Wilcox Renfrew Works. 





B. and W. Scotch 





| Boiler.* Boiler. 
} 
Duration of test, hours .. ‘ 48 hours 6 hours 
Boiler heating surface, sq.ft. ..| 2,574 1,825 
Superheater heating surface, sq. ft. 1,045 — 
Air-heater heating surface, sq. ft. | 2,400 r] 1,625 
Type of Mill ad ry: vol es Nene ag ag 
| No. 3. | Table mill. 
Number, type and size of burners | as gam | Three, Lodi, 
7-in. | 5-in. 
Calorific value of coal as fired, | 
B.Th.U. per Ib .. (2 --| 11,900 | pe 
| | L.H. 9°75 
Grading of fuel at burners, a” Ps : 
per cent. through 200 mesh } | 06:67 {| a Le 
Steam pressure, Ib. persq.in. . 498 120 
Evaporation per hour, actual, Ib.| 14,760 8,100 
Evaporation per hour, from and } 
at 212 deg. F., lb . 20,369 9,720 


Evaporation per sq. ft. of boiler | 
heating surface, from and at 
212 deg. F., Ib. re oY 7-9 5°38 

Evaporation per Ib. of fuel, from 
and at 212 deg. F., lb. ah 

Fuel fired per hour, actual, lb...) 1,975 1,084 

Lb. of fuel per cub. ft. of com- | 


bustion space .. : 3-6 2-67 
Temperatures :— deg. F. deg. F 
(a) Boiler outlet my ae 519 867 
(6) Air heater outlet .. «el 355 | 455 
(c) Air leaving heater .. wan 324 333 
(d) At burners .. + xa 352 184 
Percent. | Percent. 
CO in waste gases mC ea 14-4 16-46 
Excess air, per cent. we eS 28 13 * 
Draught .. bn ‘is ..| 2°9in. at fan 1-42 in. 
Power used by P.F. mill and fuel | 
fan, per ton of coal me ..| 27°3 kw.-hr. | 28 kw.-hr. 
Boiler efficiency on value of coal, | 
as fired .. as «e an 84°34 76-96 
Deduction for auxiliaries at 18 Ib. | 
of steam per kw.-hr. .. ap 2-93 | 3-0 
Per cent. | Per cent. 





* During six days continuous running, ranging from three- 
quarter load to 42 per cent. overload. 
propelling machinery, and water-tube boilers. In- 
deed, we understand that, about a year ago, a small 
informal committee of naval architects and marine 
engineers discussed the design of machinery for a cargo 
vessel of 2,500 s.h.p. with turbines and water-tube 
boilers working at a pressure of 550 lb. per square inch, 
and a superheat temperature of 750 deg. F., and that 
the proposals were submitted to the superintendent 
marine engineers of two large shipowning companies. In 
the meantime, Messrs. Babcock and Wilcox, Limited, 
Farringdon Street, London, E.C.4, decided to make 
independent investigations of the subject of pulverised- 
fuel firing, and for this purpose laid down two complete 
experimental plants at their Renfrew works, in one of 
which a three-furnace Scotch marine boiler was 
installed, and in the other a Babcock and Wilcox 
marine boiler. The purpose of the present article is 
to give a brief account of this plant, with some of the 
results obtained from.it. The account is illustrated by 
Figs. 1 to 4, on page 616. 

The experimental water-tube boiler is shown in 
Fig. 1. It is, generally, of the usual Babcock and 
Wilcox marine type, and is fitted with a superheater 
and an air heater. The total boiler heating surface is 
2,574 sq. ft. Two boilers of this size would providé 
sufficient steam for the cargo vessel above referred 
to. The safety valve load is 550 lb. per square inch, 
and the superheater is of sufficient area to give a 
temperature of 750 deg. F. at its outlet. Preliminary 
investigations showed that a special wide pitching of 
the lower rows of tubes was desirable in order to 
prevent the accumulation of ash and soot on them, 
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EXPERIMENTAL PULVERISED-FUEL PLANT FOR MARINE BOILERS. 


CONSTRUCTED BY MESSRS. BABCOCK 














Fie. 1. Water-Tuse Bower INSTALLATION. 


Fig. 4. SECTION 8.B 


HALF SECTION A.A 





Fig.3 WALF FRONT ELEVATION 
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and also that the employment of a partially water- | The pulverising equipment consists of a Fuller- 
cooled furnace prevented any tendency to the forma- | Bonnot tube mill running at 30 r.p.m. and driven, 
tion of slag, and resulted in the production of a readily- | through single-reduction gearing, by a 20-horse- 
removable ash. These two modifications were, accord- | power motor. It is to be noted, however, that this 
ingly, embodied in the design. The arrangement of | does not necessarily imply the adoption of this type 


the lower tubes may be passed over without further | as the standard for the unit, the main object of the | 


comment, other than that they are 3} in. in external | investigations being rather to perfect the burner and 
diameter, while the rows above them are 143 in. in| furnace first, and then to concentrate more on the means 
external diameter, but it may be noted that the cool- | of providing the fuel supply. The secondary air for 
ing of the furnace walls is c nfined to the back and | ji § 

bottom only, the sides being of the ordinary, plain | 
refractory construction. The iubes forming the water | the heater. 
wall at the back are faced with Bailey blocks. Details | the boiler house floor, where it continues in a horizontal 


.of this construction will be found in ENG@rNEerrng, | direction round the front of the boiler. 
vol. exxvi, page 390 (1928). 


on a platform above the steam drum and at the base of 


covered with flat metal plates. 


are coupled to three headers, i.e., one at the front | conveys the heated air to the fan in the pulverising | 


and two at the back. The superheater, with 1,045 | mill, a portion of which trunk is visible in the bottom 
sq. ft. of heating surface, is situated between the upper | right-hand corner of the figure. The primary air 
and lower nests of tubes, #.e., in what is known as the | pipe conveying the pulverized coal rises from the mill, 
inter-deck position. Above the upper nest of tubes at | and is curved over to descend in front of the boiler 
the base of the chimney is an air heater having a where it forks into a Y-piece to the two burners. No 


surface of 2,400 sq. ft. The steam drum is 42 in. in | distributor is needed. 
diameter. The burners, which are known as the Lodi windmill 





cae 


combustion is supplied by a motor-driven fan situated | 
From this fan a vertical trunk descends to 


Two vertical | 
The tubes in the floor, | trunks rise, as shown in Fig. 1, from the horizontal | 
which is at the same slope as the boiler tubes, are | portion to the burner casings. In front of the fan, that 

Both sets of tubes | is, on the branch from the air heater, a circular trunk 
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Fie. 2. Scotcu MarInEe BoILeR INSTALLATION. 
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| type, are similar for both boilers, though of different 
| sizes in each case, and are remarkably simple in con- 
|struction. The secondary air is delivered through a 
| plain orifice, or to be more precise, through an annular 
| opening surrounding the central fuel pipe and devoid 
| of any directing baffles. It therefore enters without any 
of the customary whirling motion, Messrs. Babcock and 
Wilcox being of the opinion that the turbulence which 
occurs shortly after the issue of a jet from a plain orifice 
\is sufficient to ensure adequate mixing of the second- 
ary air and fuel. This latter, carried in the primary 
air stream, is, on the other hand, given a whirling 
motion by impinging on a disc having a number of 
helical vanes. This disc is adjustable horizontally to 
regulate its position relatively to the orifice of the fuel 
pipe, and is constructed of heat-resisting steel. The 
general arrangement of the burners is shown in Figs. 3 
An adjustable diaphragm is provided on the 
|fuel pipe for the purpose of correcting any tendency 
|to fuel segregation arising from the bend in the 
| pipe. The volume of the secondary air is controlled by 
| dampers in the ducts. It is introduced into a shallow 
| chamber, built over the orifice in the boiler front, in 
| the water-tube boiler. The corresponding chamber in 
| the Scotch boiler, shown in Fig. 2, is somewhat deeper. 


land 4. 
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ANGULAR-WHEEL GRINDING MACHINE. 


CONSTRUCTED BY MESSRS. NORTON 


COMPANY, ENGINEERS, 








Fia. 1. 


Front oF MACHINE. 








Fia. 2. 


The whole front is carried on hinges so that, by 
breaking a joint on the secondary-air duct and the fuel- 
supply pipe, it may be swung out of the way and the 
furnace rendered completely accessible. 

The Scotch boiler is of the three-furnace type and 
has a heating surface of 1,825 sq. ft. It is designed for 
\ working pressure of 120 Ibs. per sq. in. There is no 
superheater, but a straight-tube air-heater is installed 
above the smoke-box, as shown in Fig. 2. Hot air is 
drawn from the base of the air-heater by a fan and 
delivered to the secondary ducts which are arranged in 
a somewhat similar manner to those of the water-tube 
boiler. A second pipe conveys air to the fan of the 
pulverising mill, which, in this case, is a Fuller-Lehigh 
table mill running at 300r.p.m. and driven directly by 
1 20-horse power motor. x 
the mill through a single rising pipe, which bends over 





The fuel is delivered from | 





Evectric-Motor Drives. 


| Weir feed heatersjand feed pumps, feed-water measuring 
tanks, and other test apparatus. It is not possible, 
from considerations of space, to give a complete set of 
test measurements, but the summary embodied in the 
table on page 615 will provide all the pertinent data. 
Commenting on the figures given, it will be conceded 
that the results, as regards the thermal efficiencies, 
are, in both cases, good, though judging by the high 
temperature of the outlet gases in the Scotch boiler 
it is likely that even better results would have been 
obtained by the addition of a superheater and this 
would have afforded a truer comparison of the relative 
| efficiencies of the two boilers. This, however, could 
| hardly have been of a type for insertion in the boiler 
| tubes on account of the liability to the choking of the 
latter by dust. As it is, the Scotch boiler has an in- 
| herent disability in this direction, though something can 





and terminates in a trident-shaped junction piece with | be done with steam-jet cleaners. Possibly also a better 


Separate pipes leading to each furnace. 


The arrange- | general result might have been obtained in the Scotch 


ment of three separate pipes from the mill, shown in| boiler with a lower CO, percentage. Again, as the 


the figure, is an earlier one which has been abandoned. 
Both the boilers are provided with a steel chimney. 
[hey are housed side by side in a building of corrugated 


iron, which is fully equipped with the necessary bunkers, | 


figures stand, the difference in the air temperature at 
the burners in the two cases is very marked. When 
we inspected the boilers at work, the burners in the 
Scotch boiler seemed to be giving a rather irregular 
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Fie. 3. AN@ULAR WHEEL, 

and somewhat dull flame, a condition which was 
reflected in the state of the chimney tops. That of 
the Scotch boiler showed a fair amount of smoke, and 
there appeared to be a shortage of secondary air, while 
that of the water-tube boiler was almost clear. The 
appearance of the furnace in this latter boiler was 
excellent, and the burners appeared to be working 
perfectly. The ash was light and friable. No doubt, 
the great volume and the cubical shape of the furnace 
in the water-tube boiler contributed to the credit- 
able results. This furnace is 10 ft. wide by 7 ft. 
6 in| deep by 7 ft. 3 in. from back to front. This 
type of boiler has certainly a very suitable fur- 
nace for the complete burning of pulverised fuel in 
vessels, being roofed in, as it were, with the heating 
surface, and the other five surfaces being covered with 
refractory material. The Scotch boiler furnace is, on 
the other hand, necessarily both deficient in volume and 
not easily provided with a refractory surface, while the 
inverted V section of the express-type water-tube boiler 
unduly contracts the volume in the space above the 
burners. The land type of this latter boiler, with 
transverse drums, has a very roomy furnace. It may 
be noted that the pulverising mills were not so noisy 
in operation as might have been expected. The 
Fuller-Bonnot mill was the quieter of the two. 

In conclusion, it may be noted that Messrs. Babcock 
and Wilcox are now engaged in the erection of a further 
experimental boiler to be fired with pulverised coal 
and having provision for other methods of firing. 
This is housed in a substantial steel-framed building 
with brick panels, and is constructed for a working 
pressure of 1,575 lb. per square inch, though, we 
understand it will be normally steamed at 1,400 lb. per 
sq. in. with a steam temperature of between 800 and 
900 deg. F. As, however, the installation is, at the 
moment, in anything but a complete state, we defer 
a more detailed account until it has been set to work. 
Both this and the other experimental plants above 
described, afford striking evidence of the practical way 
in which Messrs. Babcock and Wilcox are working on 
the important subject of the application of pulverised 
fuel to marine boilers. 








ANGULAR-WHEEL GRINDING 
MACHINE. 

THoucH many types of grinding machines have been 
described in these columns at different times, all have 
been designed primarily to grind either by the face or 
edge of the wheel only. The machine we illustrate in 
the accompanying Figs. 1 to 3 is, however, designed 
to grind surfaces at right angles to one another simul- 
taneously, and thus to finish at a single operation a part 
which, in the ordinary way, would need two operations, 
or could not be done without the employment of 
two distinct machines. The machine, which is known 
as the Norton angular-wheel slide grinding machine, 
is made by Messrs. Norton Company, Worcester, 
Massachusetts, U.S.A., and is sold in this country 
by Messrs. Alfred Herbert, -Limited, Coventry. In 
essentials, it consists of two parallel sets of slides on 
a common bed, one slide carrying the head and tail 
stock, and the other the grinding wheel. The saddle of 
the latter, however, instead of being traversed in a 
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direction at right angles to the slides, to give the cutting 
feed, is made to move in a direction at an angle of 
45 deg. to them. The wheel is formed with a sym- 
metrically-bevelled periphery, the two faces of the 
bevel including an angle of 90 deg. When, therefore, 
the wheel is fed in at 45 deg., one face moves in a plane 
parallel to the axis of the work, and the other, in one 
at right- angles to that axis. The result is that two 
surfaces, say, a short spindle with a collar, may be 
finished simultaneously. 

The general appearance of the machine can be seen in 
Fig. 1. The particular example shown is described as 
a 10 in. by 36-in. machine ; that is, it will grind work 
up to 10 in. in diameter, and has a distance of 36 in. 
between the centres. It is provided with three motors, 
one on the headstock to rotate the work, one for the 
grinding wheel, and one for the spraying water pump. 
These are all visible in Fig. 2, which figure also shows 
very well the angular setting of the wheel saddle on 
its longitudinal slide. The enlarged view of the cutting 
edge of the wheel in Fig. 3 shows the grinding of the 
boss and back of a bevel wheel for a motor-car differen- 
tial gear, and, in connection with it, it may be noted 
that a clearance recess for the edge of the wheel is 
provided at the junction of the two surfaces. When 
this can be arranged for, the best results are obtained 
by the use of a composite wheel, two discs of suitable 
grit and grain being cemented together, but when it 
is not possible, the wheel should be a compromise 
between the soft wheel, which is best for face grinding, 
and the harder wheel, more suitable for hub grinding. 

Apart from the position of the grinding wheel, other 
characteristics of the machine may be summarised as 
follows: Both the head and tailstocks are provided 
with air-operated movements controlled by pedals, the 
first actuating the chucking device and the second the 
tailstock centre. The operator has thus both hands 
free to change the work. The head and tailstocks are 
adjustable along a saddle which can be traversed on 
the slides by hand, two speeds being available, viz., 
a fast speed for bringing the work into position, and 
a slow one for wheel truing. The saddle is provided 
with a dead stop for endwise position. The wheel 
spindle is provided with a positive end thrust, so that 
no endwise motion can take place when grinding a 
shoulder or face. The spraying water is automatically 
controlled by the movement of the work saddle. 
This, however, along with the tailstock centre move- 
ment, is an optional fitting. When long work, such 
as a camshaft, is being dealt with, a steady rest is used 
to support the end on which grinding is being done, 
the other end of the shaft being held in the chuck. 
Short work can be dealt with, apart from the method 
shown in Fig. 3, by bringing the head and _ tailstocks 
close together, and supporting the work on the tail- 
stock centre, as in a usual grinding operation. The 
details of the machine, which is also made in other 
sizes, follow the standard Norton practice and design, 
and thus do not need further comment. Messrs. 
Norton claim that the method of grinding a hub and 
face together results, apart from the saving of time 
effected by it, in the elimination of the spoiled work 
which sometimes occurs through burning or cracking, 
due to the excessive heat developed when the side of a 
plain wheel is used for face grinding. 








ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Chemical Engineers.—Particulars re- 
garding the 1931 associate-membership examination of 
the Institution of Chemical Engineers are now avail- 
able. These may be obtained, together with application 
forms, which are returnable by December 22 next, and 
the memorandum, The T;aining of a Chemical Engineer, 
from the honorary registrar, Institution of Chemical 
Engineers, Abbey House, Westminster, London, S.W.1. 

Heriot-Watt College.—The calendar for the 1930-1931 
session of Heriot-Watt College, Edinburgh, has just 
reached us. As was the case with former issues, this 
contains full particulars regarding the College day, 
part-time, and evening diploma and degree courses in 
mechanical, civil and electrical engineering, metallurgy, 
mining, mathematics, chem'stry, physics, building 
science, and other subjects. The College has close 
relations with the University of Edinburgh, the College 
of Art, and the Continuation Class systems in Edin- 
burgh and the neighbouring counties. The Calendar 
contains lists of the teaching staff and of former 
students who have won the College diploma or associate- 
ship. Particulars concerning scholarship, bursaries and 
prizes are also included. Copies of the Calendar may be 
obtained on application to the Principal of the College. 








INSTITUTION OF NAVAL. ARCHITECTS.—The Council of 
the Institution of Naval Architects has awarded the 
Duke of Northumberland Prize, in connection with the 
1930 examinations for National Higher Certificates in 
Naval Architecture, to Mr. L. B. Hislop, of the Royal 
Technical College, Glasgow. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Calcium Carbide.—The supply of 40 tons of calcium 
carbide. Administration of State Railways and Ports, 
Angora, Turkey ; November 26. (Ref. No. B. 6859.) 

Water Works.—The installation of water works at 
Wasta. The Egyptian Ministry of the Interior, Cairo ; 
November 25. (Ref. No. A.X. 10,486.) 

Movable Road Bridge.—L’Organisme Autonome des 
Sinistrés de Corinthe is issuing international invitations 
for schemes for the construction of a movable road 
bridge on the Isthmus of Corinth. Offers should be 
made as soon as possible. (Ref. No. A.X. 10,485.) 








BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Report 
of Forests Products Research Board for the Period 
ended December 31, 1929. London: His Majesty’s 
Stationery Office. [Price 4s. net. ] 

Hydraulics for Engineers and Engineering S 
By FREDERICK CHARLES LEA. Fifth edition. Lon- 
don: Edward Arnold and Company. [Price 21s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 7. The Measurement 
of a Rapidly Fluctuating Flow of Gas. By J. G. Kine 
and B. H. Wittrams. [Price 6d. net.] No. 28. The 
Determination of Aromatic Unsaturated and Naphthene 
Hydrocarbons in Light Oils and Motor Spirits. By A. B. 
MANNING and F. M. E. SHEPHERD. London: His 
Majesty’s Stationery Office. [Price 4d. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. Pressure Vessels for High-Pressure Boilers (Land 
Type). By M. B. Hamitton. London: The Draughts- 
man Publishing Company, Limited. [Price 2s. net.] 

Proceedings of the University of Durham Philosophical 
Society. Vol. VIII. Part 3. 1929-30. Newcastle- 
upon-Tyne: University of Durham Philosophical 
Society. [Price, non-members, 5s. ] 

Histoire de la Guerre Sous-Marine Allemande (1914-18). 
By Caprain A. LauRENs. Paris: Société d’Editions 
Géographiques, Maritimes et Coloniales. 

Balkenbriicken. Vol. VI. Part 4. By Dr.-Ing. W. 
GeEHLER. Third enlarged edition. Berlin: Wilhelm 
Ernst und Sohn. [Price 6-80 marks. ] 

Essays of a Locomotive Man. By E. A. PxHrturpson. 
London: The Locomotive Publishing Company, 
Limited. [Price 3s. 6d. net.] 

Department of Overseas Trade, Economic Conditions in 
the Philippine Islands, 1927-1930. Report. By 
Tuomas Harrineton. London: His Majesty’s 
Stationery Office. [Price ls. 6d. net.] 

My Friend Mr, Edison. By Henry Forp and SaAMuEL 
CROWTHER. London: Ernest Benn, Limited. [Price 
6s. net. ] 

Charing Cross Bridge. By ArtTHUR KEEN. London: 
Ernest Benn, Limited. [Price 21s. net.] 

The Newcomen Society. Extra Publication No. 2. 
R. D’Acres’s, The Art of Water Drawing, 1659. By 
Ruys JENKINS. Cambridge: W. Heffer and Sons, 
Limited. [Price 7s. 6d. net. ] 

Handbibliothek fiir Bauingenieure. Bergbahnen. By 
O. AMMANN AND C. v. GRUENEWALDT. Berlin : Julius 
Springer. [Price 28 marks.] 

Applications of Interferometry. By W. Ewart WILtiAms. 
London: Methuen and Company. Limited. [Price 
2s. 6d. net.] 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey, England and Wales. The 
Geology of the Maryport District. By T. Eastwoop. 
London: His Majesty’s Stationery Office. [Price 
3s. net. ] 

Department of Overseas Trade. Economic Conditions in 
Germany, 1930. Report. By J. W. F. THELWALL 
and R. P. F. Epwarps. London: His Majesty’s 

Stationery Office. [Price 4s. 6d. net.] 
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THE Swirt Company.—Apart from being one of the 
earliest car manufacturers, Messrs. Swift of Coventry, 
Limited, enjoy the distinction of having founded the cycle 
industry in this country. The company was established in 
1859 under the title of The European Sewing Machine 
Company, but in taking up the manufacture of cycles in 
1875, the name was changed to that of the Swift Cycle 
Company. The first Swift car was produced about 1900, 
and in 1903, a 4}-h.p. car was entered for the 1,000 miles 
reliability trial, and was the only two-seater car to gain 
an award. Under the present name, the company have 
maintained a connection with the automobile industry 
only broken during the war, when the works were devoted 
to shell and aircraft manufacture. In common with 
many other firms in the car industry, Messrs. Swift 
passed through a difficult period in the years immediately 
following the war, but it is satisfactory to note the 
statement of the Chairman, Mr. C. Sangster, at the annual 
dinner of the company held on Wednesday, the 22nd 
ult., that a sound position had now been regained. 
Mr. Sangster made a strong appeal in the course of his 
address for the retention of the McKenna duties, pointing 
out that these duties had cost the country nothing while 
greatly increasing production. Referring to the export 
trade, he stated that while it was impossible to over- 
estimate the importance of this trade, the fact that the 
home market must always be of still greater importance 
should not be lost sight of. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


Blast-Furnace to be Re-kindled.—The decision of the 
Linthorpe-Dinsdale Company, Limited, to re-kindle a 
blast furnace at their Dinsdale works is very welcome 
news. The whole of the firm’s plant both at Middles- 
brough and at Dinsdale has been idle for months past. 
At Dinsdale there are four inactive furnaces, and the 
one to be re-lighted next week is to produce ferro- 
manganese alloy. This will increase the number of blast- 
furnaces in operation to 25, leaving still 68 inactive. Of 
the 24 furnaces at present blowing, seven are producing 
Cleveland pig, eight hematite, and nine other kinds of 
iron. 


The Cleveland Iron Trade.—There is not a great deal 
of marketable Cleveland pig. Stocks are low, and pro- 
ducers report that the limited make is absorbed by needs 
of their own consuming departments, and requirements of 
home users who have to come on the market for supplies. 
Export demand continues very light. Second hands 
are not in a position to negotiate for anything like exten- 
sive supplies. Continental iron is coming to hand in 
larger quantities, and Midland pig is still consumed to 
some extent on Tees-side. No. 1 Cleveland is 66s. ; 
No. 3 g.m.b., 63s. 6d.; No. 4 foundry, 62s. 6d.; and 
No. 4 forge, 62s. 

Hematite.—Values of East Coast hematite are not 
quotably changed, but are inclined to stiffen. The 
statistical position is still unsatisfactory, but the large 
stocks are steadily decreasing, and both makers and 
merchants are taking quite a firm’stand. The latter 
have unloaded their holdings considerably, but have still 
fairly substantial quantities to offer. Business passing 
is mostly with home firms, but occasional sales are made 
to customers abroad. Ordinary qualities are 71s., and 
No. 1 is 71s. 6d. 

Foreign Ore.—Business in foreign ore is almost at a 
standstill. Prompt lots of best rubio are obtainable at 
16s. 9d. c.i.f. Tees, but forward purchases of moment 
could not be made at that figure. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful. Good average qualities are on sale at 17s. 
for early delivery, but local consumers refuse to pay 
that price. 

Manufactured Iron and Steel.—All descriptions of 
manufactured iron and steel are slow of sale, but the 
substantial orders placed with Tees-side firms for material 
to construct large works at Pretoria have stimulated 
the market to some extent. Semi-finished materials are 
in little demand. Continental semi-finished steel is 
offered here at rates below cost of production of locally 
made commodities. Quotations :—Common iron bars, 
102. 158. ; best bars, 117. 5s. ; double best bars, 111. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 111. 5s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 5s.; steel billets (medium), 7/. 12s. 6d. ; steel 
billets (hard), 87. 2s. 6d.; steel rivets, 111. 5s. ; Y steel 
ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel joists, 
81. 10s. ; heavy sections of steel rails, 8/. 10s. for parcels 
of 500 tons and over, and 9. for smaller lots ; fish plates, 
127. 10s. ; black sheets (No. 24 gauge), 81. 12s. 6d. ; and 
galvanised corrugated sheets (No. 24 gauge), 11/. 12s. 6d. 


Scrap.—There is little sale for scrap, and prices are 
weak. Borings are 30s.; turnings, 37s. 6d., heavy 
ordinary cast iron, 51s.; heavy machinery metal, 
53s. 6d.; and heavy steel scrap, 45s. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—While, according to the latest figures, 
the setback in the heavy steel trades appears to have 
been arrested, conditions are still stated to be far from 
satisfactory. At most plants, output could easily be 
doubled were the orders available, and a broader basis 
of production would enable a more economic distribu- 
tion of overhead costs, and a closer approach to the 
prices offered by foreign rivals. There is, however, a 
more confident feeling about the early future. Few 
manufacturers in a substantial way of business care to 
prophesy, but belief that rock-bottom has been reached, 
coupled with an expectation of better times to come, 
may be inferred from the pronouncements made lately. 
Apparently, one of the principal difficulties of the 
current position is the continued dearth of export business. 
Apart from the slump in armament and shipbuilding 
orders, and the creation of local industries in countries 
that formerly relied largely on this district for supplies, 
buying in most of the leading export markets is on a 
hand-to-mouth scale. Trade organisers here are com- 
forted by the knowledge that stocks in many parts of 
the world must be severely depleted, and that when 
these come to be renewed, big business will be in circula- 
tion in the types of — in which South Yorkshire 
concerns specialise. Engineering progress continues to 
be associated with steel trade developments. Activity 
in machinery production is largely accounted for by the 
use of modern steels that are of lasting toughness and 
hardness. Such products include the wearing parts of 
stone-breaking, ore-crushing, and dredging machinery, 
and also points, crossings, and special trackwork for 
railways and tramways. Buckets, trays and tumblers 
are in demand for dredgers, and dippers for mechanical 
shovels. The crusher section embodies jawbreakers, 
granulators and gyratory crushers. Large quantities of 
silicon steel are going into consumption in the electrical 
engineering industry. The employment of this type of 
material effects vast economies in the practical ‘per- 
formance of telephone and wireless installations and 
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extensions, and of electric transformers and generators. 
There is a growing market for non-magnetic steels. 

South Yorkshire Coal Trade.—While an expectant 
tone marks the coal trade as a whole, movement shows 
little variation from that of recent weeks, and, in a 
general sense, supplies are well in advance of demands. 
House coal trade is less brisk than is usually the case at 
this time of the year. Orders for the highest grades 
and the best secondaries are numerous, but in the 
majority of instances the quantities specified are small. 
Short-time operations are common, stocks being steadily 
in the ascendant. Export business is steady on prompt 
account, though forward business, both in best hards 
and secondary grades, lacks life. Despite improved 
purchases from Lancashire textile firms, the market for 
slacks continues decidedly weak. The demand for foundry 
and furnace coke is below the seasonal average. Larger 
supplies of coke are going for the central heating of 
public buildings. Quotations: Best branch hand-picked, 
25s. 6d, to 27s. ; Derbyshire best brights, 20s. to 22s. 6d. ; 
Derbyshire best house, 19s. 6d. to 20s. 6d.; screened 
house coal, 17s. 6d. to 19s. ; screened house nuts, 14s. 6d. 
to 16s. 6d.; Yorkshire hards, 14s. to 15s. 6d.; Derby- 
shire hards, 148. to 15s. 6d. ; rough slacks, 8s. 6d. to 9s. ; 
nutty slacks, 6s. 6d. to 7s. ; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam-coal 
trade show no change of note. Uncertainty with regard 
to the future makes it difficult to transact business, as 
with the wages question still unsettled, it is not known 
whether work will continue after the end of the month, 
when the present agreement terminates. In fact, it 
is regarded as certain that, at the end of this week 
the colliery workers will be given 14 days’ notice to 
terminate their contracts. Meanwhile, the depression is 
so acute that the Bedwas pit has been closed down for 
an indefinite period, while the British Benzol and Distil- 
lation Works at Bedwas have also ceased operations. 
Further, the pits of Celtic Collieries, Limited, at Maesteg, 
have been sold for dismantling. Tenders have been 
submitted for the supply of 252,000 tons of patent fuel, 
and, alternatively, 10 per cent. of coal to the Algerian 
State Railways over next year, and for 130,000 tons of 
small coal to the Portuguese State Railways, over the 
first four months of 1931. Tenderers now await the 
placing of the business, and though it is confidently 
anticipated that the whole of the Portuguese order will 
come to South Wales, it is believed that the bulk of the 
Algerian business will go to the Continent. In the mean- 
time, supplies of large and small coal remain excessive, 
notwithstanding the lessened output caused by tempor- 
ary stoppages at the pits. In the circumstances buyers 
experience no difficulty in obtaining their requirements 
at the minimum prices based on 20s. for best Admiralty 
large, and 13s. 6d. for best steam smalls. Sized classes, 
while comfortably stemmed with the collieries, are in 
rather less demand, but as the collieries are fairly well 
placed in respect to these descriptions, prices, though 
irregular, are usually above the minima schedule. Ship- 
ments of coal as cargo foreign in the past week totalled 
454,170 tons, or nearly 42,000 tons more than in the 
previous week, Cardiff clearing 227,090 tons, Newport 
82,490 tons, Swansea 96,320 tons, Port Talbot 42,750 
tons and Llanelly 5,520 tons. Exports to the Argentine 
were increased from 43,400 tons to 58,500 tons, to 
Canada, from 15,950 tons to 22,600 tons; to France, 
from 129,110 tons to 147,880 tons; and to Italy, from 
59,470 tons to 84,810 tons. 


Iron and Steel.—South Wales exports of iron and steel 
goods amounted to only 8,820 tons in the past week, 
compared with 13,084 tons in the preceding six days. 
Shipments of tin-plates and terne-plates fell, from 7,215 
tons to 5,967 tons; of black-plates and black-sheets, 
from 3,071 tons to 521 tons; of galvanised sheets, from 
1,673 tons to 1,445 tons; and of other iron and steel 
goods, from 1,125 tons to 887 tons. 








CaTaLocuEs: Erratum.—We regret that, by aslip, we 
referred, in our notice last week (page 603, ante), of a 
catalogue recently issued by Messrs. Hopkinson, Limited. 
of Huddersfield, to their valves then dealt with under the 
name of Stainter. The type of high-pressure valve 
referred to is known by the name of Stamstel. 





INSTITUTION OF ELECTRICAL ENGINEERS.—The Com- 
mittee of the Meter and Instrument Section of the 
Institution of Electrical Engineers has arranged a 
dinner to be held at The Florence Restaurant, 56, Rupert- 
street, London, W.1, at 6.45 p.m., on November 21. 
Tickets are obtainable from the Secretary of the Institu- 
tion, Savoy-place, Victoria-embankment, London, W.C.2. 





_ PERSONAL.—Messrs. The Incinerator Company, 
Limited, have moved from Walter House, Bedford-street, 
Strand, London, W.C.2, to Hatcham Ironworks, Pomeroy- 
street, New Cross, London, S.E.14.—To obtain closer 
co-operation, the associated companies of Messrs. John 
Thompson, Limited, are transferring their drawing office, 
estimating office, &c., from London to their works; 
so that, in future, all tendering and projects will be 
dealt with from Wolverhampton and Dudley. All the 
Companies in the John Thompson group, namely, Messrs. 
‘ohn Thompson Water Tube Boilers, Limited; John 
Thompson (Wolverhampton), Limited ; John Thompson 
(Motor Pressings), Limited ; John Thompson (Dudley), 
limited ; John Thompson Beacon Windows, Limited, 
and Kenicott Water Softener Company, Limited, will 
continue to have offices in Imperial House, Kingsway, 
London, W.C.2, but the head offices for all the Companies 





in the group will be at Wolverhampton and Dudley. 
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NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Scottish Steel Trade.—The past week has brought 
little alteration in connection with the state of the steel 
trade of Scotland. New orders are exceedingly scarce, 
and the specifications coming in fall far short of the ton- 
nage necessary to keep plant employed at anything like 
full capacity. The home demand is poor, chiefly on 
account of the decline in the shipbuilding industry, 
and orders from overseas are also of small volume. 
In the black steel sheet trade a quiet state is very general, 
and orders for both light and heavy gauges are far from 
satisfactory. Producers of galvanised sheets are finding 
matters very difficult, largely on account of the very keen 
prices named by Continental sellers, and also owing to 
the much reduced demand now coming from India and 
several other foreign markets. Prices all round are being 
maintained, and the following are the current quotations : 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 15s. 
per ton; sections, 8/. 7s. 6d. per ton; black steel sheets, 
% in., 82. 15s. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 117. 17s. 6d. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—A quiet tone still prevails in 
the West of Scotland malleable-iron trade, and short 
time at the works cannot be avoided. Inquiries are 
few in number, and mainly for small tonnage, clearly 
showing the lack of confidence in the future. The re- 
rollers of steel bars are passing through a difficult time, 
which is somewhat intensified by the severity of the 
competition from Continental producers. Market quota- 
tions are as follow :—‘‘ Crown”’ bars, 10]. 5s. per ton 
for home delivery and 9/. 15s. per ton for export; re- 
rolled steel bars, 7/. 7s. 6d. per ton for home delivery, 
and 7/. 5s. per ton for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
shows no improvement yet, and the ten furnaces now in 
blast, plus stocks on hand, are more than able to meet 
all demands. Local consuming trades are taking up a 
small tonnage at the moment, and shipments overseas 
are also very poor. The import from India continues, 
and last week another four to five thousand tons came 
into the Clyde. The market quotations are unchanged, 
and are as follow :—Hematite, 77s. per ton, delivered at 
the steelworks; foundry iron, No. 1, 79s. per ton; and 
No. 3, 76s. 6d. per ton, on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, November 8, was only 62 tons. Of that 
total, 52 tons went overseas—to Belgium—and 10 tons 
went coastwise, the latter to Bristol. During the corre- 
sponding week of last year the shipment was exactly 
500 tons more than last week, being 562 tons, made up 
as follows :—511 tons overseas and 51 tons coastwise. 








Tue Institute oF FveL: Erratum.—Referring to 
the account of the recent conference of the Institute 
of Fuel, we regret that an error occurred on page 562 
ante, relative to the bunkering of pulverised fuel on 
ships. Mr. E. W. Green informs us that his view is 
that the method is impracticable on long voyages, 
principally on account of the large amount of space 
pulverised fuel occupies in comparison with raw coal. 
On ferry services, this loss of space is more than com- 
pensated for by that gained by doing the pulverising 
on shore. 





Contracts.—Among recent contracts secured by 
Messrs. Heenan and Froude, Limited, Worcester, are 
orders for heavy laboratory electrodynamometer plants for 
Messrs. The Associated Equipment Company, Limited, 
Southall, Middlesex; Messrs. The London General 
Omnibus Company, Limited; and Messrs. Minerva 
Motors, Limited, Antwerp. A complete Froude wind- 
tunnel testing plant has also been supplied to Messrs. 
Pobjoy Airmotors, Limited, Wirral, Cheshire, and a 
special three-section Heenan enclosed-circuit air cooler 
for the Thornhill Power Station of the Yorkshire Electric 
Company.—Messrs. Wild-Barfield Electric Furnaces, 
Limited, Elecfurn Works, North-road, London, N.7, 
have received an order from manufacturers in this 
country, for several Gibbons-Wild-Barfield electric 
resistance furnaces. Two of these are very large, having 
each a capacity of 7 tons.—The Great Western Railway 
Company has placed a fifth contract with Messrs. The 
Hydraulic Engineering Company, Limited, Chester, for 
one 30-ton movable coal hoist and traverser for the 
Queen Alexandra Dock, Cardiff.—Messrs. J. Blake- 
borough and Sons, Limited, Woodhouse Works, Brig- 
house, have secured an order for the new Ford works at 
Dagenham for two of their patent twin-fold travelling 
screens, each 5 ft. wide and 57 ft. long, the total capacity 
of which is 4,527,500 gallons of water per hour. The 
order also includes four electrically-operated rectangular 
sluice gates, each measuring 3 ft. by 8 ft., and one 
7-ft. diameter circular sluice gate.—Messrs. Yarrow 
and Company, Limited, Scotstoun, Glasgow, W.4, have 
received the order from the London County Council for 
10 Yarrow boilers for the Tramways Department electric 
power station at Greenwich, London, S.E.10.—Taylor 
underfeed stokers have been supplied to the Shropshire, 
Worcestershire, and Staffordshire Electric Power Com- 
pany in connection with extensions to the steam-raising 
plant at Stourport station. The London Power Company 
has also recently placed orders for Taylor stokers for 
their new Battersea station and for extensions at Deptford 
West.—Messrs. Woodall-Duckham Vertical Retort and 
Oven Construction Company (1920), Limited, Allington 
House, 136-150, Victoria-street, London, S.W.1, have 
received an order from Messrs. South African Iron and 
Steel Industrial Corporation, Limited, for a large instal- 
lation of Becker coke ovens, complete with by-product 
recovery plant, to be built at their own works at Pretoria. 


NOTICES OF MEETINGS. 


ILLUMINATING ENGINEERING Socirety.—To-night, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘The Lighting of Offices and Public Buildings,” 
by Mr. J. A. Macintyre. 

Junior InstituTION oF ENGINEERS.—To-night, 7.30 

.m., 39, Victoria-street, S.W.1. Annual General Meeting. 
riday, November 21, 7.30 p.m., ‘‘ Ancient Clocks and 
Horological Curiosities,” by Mr. R. P. H. Graham. 

INstITUTE oF British FouNDRYMEN.—East Midlands 
Branch: Saturday, November 15, 6 p.m., University 
College, Nottingham. ‘‘ Foundry Sands of Nottingham- 
shire and District,’”” by Mr. F. Hudson. Sheffield and 
District Branch: Friday, November 21, 7.45 p.m., 
Albany Hotel, Sheffield. ‘‘ Air Hardening and Oil 
Hardening Cast Iron,”’ by Mr. J. E. Hurst. 

BRADFORD ENGINEERING Socrety.—Monday, Novem- 
ber 17, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘The Mechanical Transmission of Power,” 
by Mr. F. Wigglesworth. 

Roya InstituTion.—Tuesday, November 18, 5.15 
p-m., Albemarle-street, W.1. ‘‘ William Spottiswoode,”’ 
by Sir W. H. Bragg. 

INSTITUTION OF CIvIL ENGINEERS.—Tuesday, Novem- 
ber 18, 6 p.m., Great George-street, S.W.1. ‘“‘ The 
Lochaber Water-Power Scheme,” by Mr. W. T. Halcrow. 
Wednesday, November 19, 6.30 p.m., Student’s Meeting. 
Chairman’s Address by Mr. A. T. Black. 

INSTITUTE OF TRANSPORT.—Tuesday, November 18, 
6 p.m. Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Informal Meeting. ‘‘The Classi- 
fication of Goods by Merchandise Train,” by Mr. R. E. 
Morley. 

InstituTION oF MeEcHANICAL ENGINEERS.—Midland 
Branch: Tuesday, November 18, 6.30 p.m., Queen’s 
Hotel, Birmingham. Thomas Hawksley Lecture: “‘ The 
Machinery of the Earth,’ by Professor J. W. Gregory, 
and at Western Branch : Thursday, November 20, 7 p.m., 
Merchant Venturer’s Technical College, Unity-street, 
Bristol. North Western Branch: Thursday, Novem- 
ber 20, 7.15 p.m., Engineers’ Club, Manchester. ‘‘ The 
Coefficient of Heat Transfer from Tube to Water in Sur- 
face Condensers,’’ by Mr. A. Eagle and Mr. R. M. Fergu- 
son; and at London: Friday, November 21, 6 p.m., 
Storey’s-gate, S.W.1. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 18, 7.30 p.m., 198 West-street, Sheffield. 
“‘Technique of the Developments of Micro-structures.”’ 
by Mr. T. H. Arnold. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, November 18, 7.30 p.m., 39 Elm- 
bank-crescent, Glasgow. ‘‘The Turbo-Compressor as 
Supercharger,” by Mr. J. Holmes. 

INSTITUTION OF MUNICIPAL AND County ENGINEERS.— 
Wednesday, November 19, 11 a.m., Royal Agricultural 
Hall, Islington, N.1. ‘‘Modern Treatment and Disposal 
of Sewage, especially as Affecting Trade Wastes,’ by 
Mr. T. P. Francis. 

Royat METEOROLOGICAL Socirety.—Wednesday, Noy- 
ember 19, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. ‘‘ Report on the Phenological Observations in the 
British Isles, December, 1928, to November, 1929,” by 
Mr. J. E. Clark, Mr. J. D. Margary, Mr. R. Marshall and 
Mr. C. J. P. Cave. ‘The Variability of the Annual 
Rainfall of India,” by Mr. A. V. Williamson and Mr. 
K. G. T. Clark. ‘‘The North Sea as a Link between 
Climate, Plant Growth, and Migration of Birds, in the 
British Isles and in Norway. Spring near Yarmouth 
and at Stavanger.’’ by Mr. A. Moe. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Mersey and 
North Wales: (Liverpool) Centre: Wednesday, Novem- 
ber 19, 6.30 p.m. The Temple, Dale-street, Liverpool. 
Joint Meeting with Liverpool Engineering sages | 
‘“* Electrification of Runcorn and District ’’ by. Mr. J. E. 
Nelson. London : Thursday, November 20, 6 p.m. 
Victoria-embankment, W.C.2. ‘‘ Some Data Concerning 
Railway Electrification in Italy,” by Mr. G. Bianchi. 

British WATERWORKS AssocriATION.—Thursday, Nov- 
ember 20, 2.30 p.m., Royal Agricultural Hall, Islington, 
N.l. ‘The Afforestation of Watersheds,” by Mr. R. L. 
Robinson. ‘The Land Drainage Act, 1930, in relation to 
Rivers’ Pollution Prevention,” by Mr. A. Bebbington. 
‘‘The Rural Water Supply Problem,” by Mr. D. F. 
Worger. 

Roya AERONAUTICAL SocteTy.—Thursday, Novem- 
ber 20, 7.30 p.m. Royal Society of Arts, John-street, 
Adelphi, W.C.2. Joint Meeting with Institution of 
Automobile Engineers. ‘“‘ Recent Developments in 
Engine Cooling,’’ by Capt. A. Swan. 

InstituTE oF Metats.—London Local Section : Thurs- 
day, November 20, 8 p.m., Royal School of Mines, South 
Kensington, S.W.7. ‘“‘Some Non-Ferrous Metals in 
Chemical Engineering,’’ by Dr. R. Seligman. 

Diese. Encrve Users’ AssocratTion.—Friday, Novem- 
ber 21, 3.30 p.m., Caxton Hall, Caxton-street, S.W.1. 
“The Application of Diesel Engines to Road Transport,” 
by Major W. H. Goddard. 

INSTITUTION OF PROFESSIONAL CIVIL SERVANTS.— 
Friday, November 21, 5.30 p.m., Surveyor’s Institution, 
12, Great George-street, 8.W.H. “Some of Our Road 
Problems,” by Col. C. H. Bressey. 














INCORPORATED Municipal ELECTRICAL ASSOCIATION. 
—The 1931 Convention of the Incorporated Municipal 





Electrical Association will be held at Scarborough, from 
June 15 to 20. The offices of the Association are at 
Electric House, 38, High Street, Croydon, Surrey. 
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FAMILY AFFAIRS. 


In the present generation, no period has seen so 
many developments in fiscal and economic matters, 
as affecting this country, as the past ten or fifteen 
months. It is not our custom, in these columns, to 
discuss politics, but we have, for many years, 
preached, in and out of season, the development of 
trade within the Empire as one means of combating 
the difficulties which now so sorely beset us. The 
fact that the Imperial Conference is drawing to its 
close offers one excuse for reverting to this subject, 
while the celebration of the 302nd Cutlers’ Feast, 
at Sheffield, on Thursday last, affords another. 
The Cutlers’ Feast is always a notable event. In 
view of the state of trade, it was made so this year 
rather by the attitude towards the present situation, 
which it revealed in certain of the speakers, than 
from any Government or other declaration of policy 
which might be taken to imply, as formerly often 
used to be the case, good news for Sheffield. 

The principal speakers of the evening among the 
guests of the Master Cutler, Mr. P. B. Brown, were 
the Rt. Hon. R. B. Bennett, Prime Minister of 
Canada, and the Rt. Hon. T. Shaw, His Majesty’s 
Secretary of State for War. The latter replied to 
the toast of His Majesty’s Ministers, and as was 
to be expected in the present state of employment, 
alluded to the Government’s policy with reference 
to trade depression. Mr. Shaw was negative 
rather than positive in his attitude. He informed 
the company, for instance, that one thing the 
Government was not prepared to do was to assist 
industries in which a good deal of capital might be 
considered to be irretrievably lost. Whatever form 
assistance, if any is given, is to take, it may, we 
presume, be concluded from this that firms which 
built up industries now superseded by the general 
progress in affairs cannot look to the Government 
for help of any kind. This may be economically 
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defensible in principle, but it happens that many 
firms of the great industrial centre in which Mr. 
Shaw was speaking, are facing their present difficul- 
ties largely, if not mainly, due to the immense expan- 
sion into which they threw themselves unstintingly 
during the war, at the instance of the Government. 
Even had the demand for their products continued 
at normal peace level, a great part of such plant 
would necessarily have fallen out of use on the 
cessation of hostilities, but since navies and land 
forces are now curtailed to fit international senti- 
ment, such firms are particularly hard hit, and are 
in a case somewhat apart from, say, the old steam 
engine builder who is superseded by the firm 
producing the internal-combustion engine. The 
one met a national emergency, and might well be 
called upon to step into the breach again; for, 
although our arms are shortened for our own defence, 
there seems to be abroad an idea that we should 
still effectively police a good part of the world, thus 
opening up the prospect of all sorts of troubles. 

We are not, however, so much concerned with 
this point as with that of the unemployment which 
is the outcome of the present depression. The 
Government has, on several occasions lately, stated 
through its representatives, that unemployment is 
world wide. Mr. Shaw repeated this on Thursday 
last, following it up with the statement that 
unemployment was worse in Germany and in the 
United States than here. It would be interesting if 
this assertion could be supported by authenticated 
facts, not relating to unemployment in the mass, 
which is of little importance, but with the unemploy- 
ment per 100 or 1,000 of population. If the propor- 
tion be taken, such figures as are available to us 
contest the position adopted by Mr. Shaw and his 
colleagues. Another point to consider is that, 
whereas we have been slipping through a series of 
years, into a state of apparently permanent unem- 
ployment, this cannot be proved to be the case in the 
other two countries named, in which adverse condi- 
tions have existed only for about as many months 
as the years of our trouble. Mr. Shaw, on the theory 
that the evil is international at root, said that the 
Government was seeking for the world-wide cause, 
and that it was necessary to discover this before it 
could possibly apply a remedy. This may be 
arguable, but for the present does not relieve the 
situation. We should think poorly of the medical 
profession, if, though baffled in discovering the 
exact microbe causing a disease, patients were 
merely allowed to languish and die, without all 
possible steps taken to alleviate their state. Mr. 
Shaw and his colleagues remind one of the wise 
men of Laputa, so wrapped up in cogitation as to 
be oblivious to the passage of time, and to the 
practical questions of everyday life. 

Mr. J. H. Thomas, when Lord Privy Seal, fre- 
quently took among his colleagues the stand that 
for conditions to improve, industry must be en- 
couraged and stimulated. That his efforts in 
that office did not meet with greater success is a 
matter of sincere regret to all who have the country’s 
welfare at heart. It will be remembered that one 
of his early remarks was to the effect that we should 
make a point of not buying abroad what we could 
make ourselves. Primarily intended to be some- 
what limited in application, in view of the Imperial 
Conference, it may well be asked why the principle 
should not be extended to our whole Empire. 
There are many authorities for the contention 
that the Empire could be made largely, if not wholly, 
self-supporting. Parts of the Dominions supple- 
ment each other to a wonderful extent, unapproached 
in fact, in the case of any other nation. The 
United States, with its wide range through various 
latitudes, approaches most nearly to our case, but 
does not possess the advantage we do in being able 
to supplement the products of northern or tropical 
countries by produce from the antipodes. In 
opening this article, we referred to the recent 
developments in the idea of exploiting the resources 
of the Empire as a whole. Trades union officials, 
individually and corporately—Mr. Bevin began 
it—have, in the past twelve months or so voiced 
opinions on this matter, based upon an examination 
of our present conditions, which are favourable to 
a considerable modification of the general attitude 
of indifference to our surroundings, which has 
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characterised this country for the past years in a com- 
mercial sense. We have, in the same period, seen 
an influential body of bankers state publicly that a 
change of our methods is essential. Manchester 
has gone so far as to admit that an opposite policy 
from that now followed would not necessarily be 
wrong under all circumstances, and its Chamber of 
Commerce, by a large majority, recently rejected 
the old creed. A notable admission was made in the 
same area on the subject of whether the purchase 
of a home-produced motor car at greater expense 
might not tend to less unemployment than the 
purchase of a cheaper car of foreign make. Bodies 
such as the Federation of British Industries, 
usually keeping free from politics, have been led 
to put their scruples on one side, and have declared 
uncompromisingly in favour of a change, while 
leading industrialists, such as those headed by Sir 
William Morris, have formed bodies for the express 
purpose of furthering a complete reversal of our 
methods. Cases could be multiplied. 

At the same time we have had the striking utter- 
ances of the delegates to the Imperial Conference. 
Headed by Mr. Bennett and Mr. Forbes, these have 
placed before us views which certainly are in the 
main in agreement with the great change in opinion 
which has been lately so noticeable. A lead was 
given at once at the Imperial Conference itself, 
by Mr. Bennett, and at the memorable banquet 
at the Guildhall, on October 1, he stressed his 
proposals to a more general public. At the same 
banquet, Mr. Thomas stated that he thought that 
the greatest good would come of the Conference 
if all went into it rather with the idea of making 
a contribution to the common good than of getting 
out of it something for themselves. The words 
might well be applied to what has followed. The 
Dominions, it would seem, have made us an offer 
which they believe to be to the common good, and 
which happens to conform to a large body of 
opinion over here, yet, instead of seeing what we 
on our side could contribute, they have been met 
merely with a non-possumus. It may well prove 
disappointing to the Dominions in their idea of an 
economic entity, that we alone are selfish enough 
to stand out. We are, after all, one family, and 
take some pride in this fact. But how is it that 
when withstanding principalities and powers we 
can close our ranks and act in unison, yet in other 
matters it is insisted that our interests lead along 
divergent ways. A family might be expected to 
make arrangements for mutual assistance in pre- 
ference to helping friends while we are so illogical 
even as to make a show of prefering to have dealings 
with the avowed enemies of all the ideals for which 
we stand. Other nations with colonies have 
found it has answered to deal with their depen- 
dencies as part of a whole—we alone, even in our 
own circle, still doggedly adhere to the principle of 
isolation in the mistaken view that it means freedom. 
If the proposals put forward by the Imperial 
Conference delegates have received scant encourage- 
ment from our present Government, the representa- 
tives of the great Dominions have been afforded 
ample proof that a very large part of the country 
sympathises with their ideals. The ovation given 
to Mr. Bennett at the Cutlers’ Feast must have made 
this fact plain, even to the most reluctant. 

On that occasion, Mr. R. W. Matthews, in pro- 
posing the toast of ‘The Empire Overseas,” said 
that the official response given to the proposals for 
an economic federation was a matter of profound 
disappointment to Sheffield, and hoped the last word 
had not been said on the matter. Mr. Bennett 
following, spoke of the sands as running out; for 
we must admit these are matters which will not brook 
perpetual procrastination and postponement, and 
if we will not join hands, small blame can attach 
to the Dominions if they feel compelled to act with- 
out us. 

In his remarks, Mr. Matthews advocated an 
Imperial industrial conference embracing represen- 
tatives of capital and labour from all parts of the 
Empire. Some such body might be able to carry 
conviction in the face of outworn theories, and 
help to lift the subject above parties into a higher 
sphere. Certainly if we are to take full advantage 
c* our resources the efforts of politicians will need 
to be supplemented, indeed guided, by some form 





of advisory body able to assess advantages and dis- 
advantages primarily from the business and scientific 
standpoint. For this reason there is much in favour 
not only of the Conference proposed by Mr. Mat- 
thews, but also of the permanent Development 
Board so strongly advocated by Sir Robert Hadfield. 
If we and the Dominions are to develop business on 
complementary lines, to the best advantage and 
without waste, the application of the most advanced 
science and business acumen will be required in a 
sense which it will be hopeless to expect from 
politicians. While higher politics may be difficult 
to exclude, decisions reached will subsequently 
need to be implemented by men of no less calibre 
than that of statesmen. 








THE MACHINERY OF THE EARTH. 

In his opening remarks on the occasion of the 
seventeenth Thomas Hawksley lecture to the Insti- 
tution of Mechanical Engineers, delivered on Friday 





last on the subject ‘“‘ The Machinery of the Earth,” 
Professor J. W. Gregory, LL.D., D.Sc., F.R.S., ob- | 
served that the structure and development of the | 
earth depended he thought, on factors too incalculable | 
and indefinite to be settled mathematically. How | 
the earth had worked in the past might, no doubt, | 
be approached along a physical and mathematical 
path, but as a geologist he placed his trust on the | 
direct contemporary evidence of the rocks. A) 
difficulty arose since the geological method could 
deal directly only with a thin surface layer having 
a thickness of not more than 5} of the earth’s radius. 
This was the greater drawback in that the density of 
the earth proved that the interior must differ very 
greatly from the surface crust. Sir Isaac Newton 
had estimated the density of the earth as some- 
thing between 5 and 6. The figure accepted to-day 
was 5:53. The average density of the surface rocks, 
however, was only about 2-5, and that of the whole 
lithosphere was probably about 2-7. The high 
average density of the earth could be accounted for 
if it had a metallic core with a specific gravity of 
from 8 to 10, or according to other estimates as 
high as 12. It was thought that this core was 
mainly metallic iron alloyed with nickel such as 
was found in many meteorites. The thickness of 
the rocky shell surrounding this core was about 
140 miles. Several lines of evidence supported the | 
view that this shell was thin. The present Lord 
Rayleigh had found that the radioactivity of the 
earth could be accounted for if all the radioactive 
constitutents were confined to a depth of 45 miles. 
It was, however, Milne who had first postulated the 
thinness of the crust, basing his argument on a_| 
study of the propagation of earthquake waves. He | 
found that when the course of such waves penetrated | 
to a depth of more than 30 miles, the velocity of | 
propagation was greatly increased, thus indicating | 
that, at the depth stated, these waves entered denser | 
material than that at the surface. Milne had called | 
this material ‘“ geite” as it was the rock that 
formed the bulk of the earth, and he concluded that 
it was metallic, mainly iron-nickel. This view had 
been confirmed by subsequent researches, which 
had, however, shown that part of the core was 
different in constitution from the rest and must 
be regarded either as a liquid or gas, a suggestion 
due originally to Dr. R. D. Oldham. It was based 
on the study of the waves recorded on seismographs. 
An earthquake sent out three kinds of wave. Two 
were small vibrations or tremors that went through 
the earth, the third kind were the large waves 
which travelled along the surface, and might be 
devastating. 

In the simplest seismograph records obtained at 
observatories there were three traces due to these 
three kinds of waves. The record generally began 
with small jerks made by the first tremors and due 
to waves of compression. These were known as 
P-waves, and were those that travelled the fastest, 
and thus arrived first. The second set were the S- 
waves which were due to vibrations at right angles 
to the path of the wave, and were waves of dis- 
tortion. Professor Turner had suggested that 
these might be called “ push-waves” and “shake 
waves’ respectively. Lastly came the main or 
L-waves, also known as Rayleigh waves, which were 








what did the surface damage. They were not felt 


deep underground, being due to the rise and fall 
of the free surface. 

The P and S waves above referred to had a speed 
corresponding to a path through granite. When, 
however, the observatory was far from the centre 
of the disturbance, the records became compli- 
cated, and might show three sets of both P and S 
waves, and since the time of arrival at the obser- 
vatory was known, the velocities of travel of each 
could be accurately determined. A study of these 
records showed that-what were known as the Pg 
waves had a speed of 3} miles per second, corre- 
sponding to a passage through granite. The P, 
waves which penetrated to greater depths, and got 
into diorite travelled at 4 miles a second, whilst 
below that there was a mass of a still more basic 
rock in which the speed was 4? miles a second. 
There were, as said, also three sets uf S waves. 
All these waves travelled through the thin surface 
shell, and four out of the six waves could not be 
detected in records taken at points more than 560 
miles away from the centre of origin. What were 
known as P, and 8S, waves were, however, still 
recorded and found to travel respectively at speeds 
of 43 and 2? miles per second. They carried on at 
this speed until their route took them to a depth of 
1,800 miles below the surface, and emerged at the 
surface again at a distance of 103 deg. from the 
origin, and between that distance and one of 144 deg. 
these “push” and “shake”? waves could not be 


| detected. Thus an earthquake under the North pole 
| would be felt by its push and shake waves as far as 


13 deg. south of the equator, but beyond this 
point there would be no record until the latitude of 
Cape Horn was reached, beyond which the push 
waves would be felt right up to the South Pole. 
The shake waves on the other hand, would not re- 
appear. It was this fact that made Dr. Oldham 
suggest that as the central parts of the earth were 
evidently incapable of transmitting waves of dis- 
tortion, the material there must be fluid. This view 
was now accepted and according to Dr. H. Jefferies, 
this liquid core had a radius equal to half that of the 
earth. The material was supposed to be nickel- 
iron compressed to a density of 12. 

The evidence available showed pretty definitely 
that the temperature of the earth’s surface had not 
altered much during geological time, though in the 
pre-geological period it must have been hot and 
plastic. One relic of this early high temperature 
stage was the temperature gradient found below the 
surface. This varied considerably. In Europe it 
was now taken to be about 1 deg. F. for each 
58 ft. in depth. The North American figure was 
1 deg. F. per 75 ft., whilst on the Rand the gradient 
was as little as 1 deg. F. in 211 ft., which had 
simplified the working of deep gold mines. 

The uniformity of climate since Cambrian times 
showed that the earth’s crust had by then acquired 
approximately its present thickness and strength. 
It was the subsequent contraction which was 
responsible for mountain formation, and the 
accompanying steep tilting of strata. 

The change from the thin universally crumpled 
crust of the older primeval times to the subsequent 
thicker and stronger crust had led to a fundamental 
difference in the geographical conditions. When the 
crust was weak there were many relatively small 
shallow basins and domes, so that surface water was 
mainly distributed in widely scattered land-locked 
seas, having, moreover, a less aggregate area than 
the seas of to-day. There was much desert then 
and a lack of land vegetation, although seaweeds 
may have been luxuriant. Land vegetation had 
begun in Silurian times, and there was turf in the 
Devonian. The growth of the seas since primeval 
times was due to the liberation of water from deep- 
seated minerals. The water of most hot springs 
and that given off by volcanoes and the like was 
probably wholly of deep-seated origin and reached 
the surface for the first time. Owing to the great 
age now attributed to the earth, these supplies 
could be regarded as sufficient to account fully for 
the increase in the area of the seas. One estimate 
was that surface water had increased by 25 per cent. 
since Cambrian times. In carboniferous times the 
seas had as large an area as to-day but were more 
shallow. 


The shape of the earth was not a precise 
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geometric figure. The polar diameter was about 
27 miles shorter than the equatorial, but the. equa- 
torial belt was not circular, the diameter between 
Sierra Leone and the Central Pacific being nearly 
half a mile longer then the diameter from Ceylon 
to the Galapagos Islands. Not only was the earth 
irregular in shape but its motion was also irregular, 
with the result that there was a small periodical 
migration of the pole. 

The changes which had occurred in the shape of 
the earth had affected its habitability and it would 
have been of no use to man unless most of its surface 
were sloping. All land was being constantly lowered 
by wind and rain, and would in time be planed so 
level that rain water would lie on it, and collecting in 
hollows would be removed only by the slow chilling 
process of evaporation. Thanks, however, to the 
constant interaction of the unequality weighted 
crust and the shrinking interior, the surface was 
being lowered in some places and upheaved in 
others, and it was on this instability of the crust that 
the habitability of the earth ultimately depended. 
The upraising of parts of the surface produced 
slopes which discharged the heavy rainfalls of the 
mountains into the plains, making them fertile 
granaries instead of useless swamps. The water, 
though indispensable had, however, the drawback 
that it removed from the soil the food needed by 
plants, which if not compensated for would ultimately 
render the land barren and useless. The refertilisa- 
tion was effected by fresh supplies of plant food 
dissolved by the rain from the igneous rocks of the 
highlands and mountains. 








THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 


THE returns so far available for the year indicate 
a fall in the sale of motor cycles, both in the home 
and export markets. While this may be regretted, 
it is in no way surprising in view of the world | 
depression in trade, and need not be taken as 
indicating that British manufacturers are losing 
their leading position as compared with Continental 
and American manufacturers. Sustained efforts are 
undoubtedly being made on the Continent to chal- 
lenge our supremacy, and there are indications that 
German manufacturers, in particular, are far from 
satisfied with the present position. Germany has held 
the world’s speed record on two occasions, the second 
being obtained as recently as September last, when a 
record speed of 136-42 m.p.h. was set up.on a B.M.W. 
supercharged 750-c.c. motor cycle. Fortunately | 
for our prestige at the Motor Cycle Show, which 
opened at Olympia on Monday last, this record was 
broken by a British rider early this month, with a 
speed of 150-74 m.p.h. The new record was made | 
on an O.E.C. machine, fitted with a J.A.P. engine, | 
and is comparable both from the point of view of 
the individual skill of the rider, Mr. J. Wright, and 
the design and construction of the machine, with the 
world’s car record set up by the late Sir H. Segrave. | 

Apart from a short period before the war, when 
a considerable number of American motor cycles 
were imported into England, foreign manufacturers 
have never succeeded in getting any real grip on 
the British market, and this, presumably, accounts 
for the fact that they are very inadequately repre- 
sented at the annual Olympia show. Their partici- 
pation, on the present occasion, is particularly 
meagre, neither France nor Italy being represented 
at all, while only one German and one Belgian firm 
are represented. The show therefore affords little 


upon efficiency at the expense of other factors. In 
the last few years, however, owners, as a body, have 
given more weight to such considerations as the 
protection of the driver and machine from mud 
and dust, greater silence, and better control. Apart 
from improved silencing, an examination of the 
models exhibited at Olympia suggests that these 
factors, although considered desirable, are still 
regarded as very subsidiary in relation to efficiency, 
but it is not unlikely that they will be given increas- 
ing weight in the future. Should this prove to be 
the case, it will undoubtedly have a marked effect 
on design, and it is not without interest to speculate 
on the main directions in which changes may 
possibly occur. 

Dealing first with the frame, the form built up 
of tubes is still practically universal, but owing to 
the introduction of larger engines, three- or four- 
speed gear boxes, and starting and lighting equip- 
ment, the original simple diamond form has given 
place to a highly complicated structure involving 
the duplication of the majority of the frame mem- 
bers, and frequently the addition of further members 


the result is altogether satisfactory, as such frames, 
although of ample strength, are apt to render the 
major components somewhat inaccessible and make 
the machine decidedly difficult to clean. Numerous 
efforts have been made to introduce pressed-steel 
frames of simpler form, but, so far, these endeavours 
have failed to have any decisive effect on frame 
design as a whole. The persistence of the tubular 
frame is rather difficult to explain, but is probably 
due to the fact that it is the lightest form obtain- 
able, and may thus be traced to the continued 
demand for a high power-weight ratio. It would 
appear, however, that a well-designed pressed-steel 
frame need be very little heavier than a tubular 


which it is made up can be substantially less, it is 
certainly possible to make the major components 
more accessible than is usual at present. In addi- 
tion, the wide, flat surfaces characterising the 
members lend themselves to easy cleaning, and 
can further be utilised to cover the crank case, 
gear box, and other parts of the machine. 

An example of the advantages resulting from a 
pressed-steel frame is afforded by the Coventry Eagle 
light-weight machine,shown by Messrs. The Coventry 
Eagle Cycle and Motor Company, Limited, Foleshill- 
road, Coventry. As indicating that this form of 
frame is not necessarily costly, it may be mentioned 
that this machine, witha 196-c.c. Villiers engine and 
a three-speed gear box, costs less than 25/., with 
complete equipment. Another machine at the 
show with an interesting frame is the Ardie-J.A.P., 
a German machine shown by Messrs. Ardie Sales, 
Limited, 61, Great Portland-street, W.1. In this 
case, the frame is built up of Duralumin plates and 
sections, but the makers have not attempted to 
utilise the frame to protect the power or trans- 
mission units from dirt, a conventional cradle 
form having been adopted. In connection with 
frame design, the B.S.A. machines may also be 
mentioned. Some of these machines, exhibited 
by Messrs. B.S.A. Cycles, Limited, Small Heath, 
Birmingham, incorporate a forged-steel top frame 
member of wide I section. The remainder of the 
frame follows conventional practice, but it is 
suggestive that a firm of such high standing does 
not regard the completely conventional frame. as 
entirely satisfactory. Messrs. New Hudson, Limited, 
Icknield-street, Birmingham, while retaining a tubu- 





opportunity of comparing foreign practice with 
our own, and this is particularly regrettable, since 
Continental designers are decidedly more uncon- 
ventional than those of our own country. 

We discussed the question of conventionality at 
some length in connection with the car exhibition, 
and suggested that the layout characterising the 
majority of cars probably represented the best 
compromise for the average owner. The position 
in regard to motor cycles is somewhat different, 
and it is very open to question whether the present 
conventional layout represents the best com- 
promise between reliability, low maintenance costs, 
and so on, that can be reached. Until recently, 
a relatively large proportion of motor-cycle owners 


of the cycle with detachable side covers, which 
enable the machine to be hosed down. 


great majority of machines at Olympia are fitted with 
either single- or twin-cylinder engines, a separate 
gear box, and final chain drive. 
held in recent years, one or more makers have shown 
a machine fitted with a four-cylinder engine, but, 
with the exception of certain heavy American ma- 
chines, none of these has succeeded in attaining 
any permanent hold on the market. No doubt the 
main factor militating against the success of multi- 
cylinder engines is that of cost, since the majority of 


lar frame, have protected all the working parts 


Turning now to the engine and transmission, the 


At every exhibition 





regarded a high performance as the first considera- 





people will select a small carin preference to a motor- 


to give increased strength. It cannot be said that | 
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cycle if there is but little difference in the price. 
That this is not always the case, however, is shown 
by the presence, at Olympia, of a motor-cycle com- 
bination listed at 170/., and the only explanation 
that can be offered for the choice of such a machine 
is that they have an acceleration much superior to 
that of a car at an equivalent price, in combina- 
tion with a lower tax. Confining attention to single- 
and twin-cylinder engines for the moment, it will 
be found that the twin-cylinder models are practi- 
cally confined to the heavier and more powerful 
machines. At one time, twin-cylinder engines of 
about 3 h.p. were popular, but opinion appears to 
be almost unanimous amongst designers that a 
single-cylinder unit is to be preferred up to about 
5 h.p. The only exception of any importance is 
the well-known Douglas horizontally-opposed twin- 
cylinder engine of 3-5 h.p. It appears unlikely 
that the small V-twin will be revived, as its more 
uniform torque, compared with a single-cylinder 
engine, hardly serves to compensate for its greater 
complication. It may, therefore, safely be assumed 
that the lower-powered machines will continue to 
be fitted with single-cylinder engines, and, as a 
corollary, with final transmission by chain, since the 
|latter is the only form of positive drive that will 
oy up satisfactorily to the irregular torque of 
such engines. 

If the four-cylinder engine can be made at a 
sufficiently low price, however, it may ultimately 
| be preferred to the large twin V-type engines which 





| are now so popular for the more powerful machines. 
_Apart from its more uniform torque, the four- 


cylinder unit is more flexible, and lends itself to 
more effective silencing. If of the line-ahead type, 


| however, its length renders it difficult to keep the 
| wheel base within reasonable limits, and it is 


frame, and as the actual number of members of | 


also almost impossible to secure uniform cooling 
for the cylinders. The latter difficulty would be 
overcome by employing water cooling, instead of the 
usual air cooling, but such a provision would in- 
crease the cost, and seems somewhat out of place on 
a motor-cycle. It is only fair to state, however, 
that the Scott Company have employed water- 
cooling successfully for many years. These diffi- 
culties have led some makers to adopt highly- 
unconventional arrangements of the cylinders. In 
the “‘ Silver Hawk” machine, for example, shown by 
Messrs. Matchless Motor Cycles (Colliers), Limited, 
44-45, Plumstead-road, London, S.E.18, the four 
cylinders form a monobloc casting. A two-throw 
crankshaft is employed, with its axis across the 
frame, each throw carrying two connecting rods 
associated with a pair of cylinders in V-formation. 
The engine may thus be regarded as made up of 
two V-twin engines, side by side. Overhead valve 
gear is employed, the camshaft being driven through 
a vertical shaft with bevels at each end. In a 
second four-cylinder engine, exhibited by Messrs. 
Ariel Works, Limited, Selly Oak, Birmingham, the 
cylinders form a square in plan, the four bores 
being vertical. A monobloc casting is again em- 
ployed, and the front and rear pairs of cylinders 
are coupled to separate transverse crankshafts, the 
two shafts being geared together. Overhead valves 
are also employed in this case, the camshaft being 
chain-driven. 

The question of the final drive is bound up with 
that of the multi-cylinder engine. There can be 
no doubt that shaft drive would be preferable to 
the open chain that is now almost universal, if it 
could be designed to stand up to its work satisfac- 
torily, but past experience has proved, beyond 
question, that it is unsuitable for either single- or 
twin-cylinder engines. As regards minor points of 
design, unit construction of engine and gear box is 
not very popular, presumably due to the fact that 
motor-cycle manufacturers made very free use of 
proprietary components for these two units, and 
different firms specialise in engines and gear boxes. 
The point is not of any great importance, beyond the 
fact that the combination lends itself to a clean ex- 
terior, since the engine and box are usually mounted 
close together in what is practically a very rigid 
sub-frame, and no trouble therefore arises through 
difficulty in securing correct alignment. A new 
feature in evidence at the exhibition is the substitu- 
tion of coil for magneto ignition. Coil ignition 








represents a distinct advance from the point of view 
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of easy starting, but has hardly been in use suffi- 
ciently long on motor-cycles to show whether the 
batteries will satisfactorily withstand, for long 
periods, the somewhat rough usage to which they 
are likely to be subjected. As a final point in 
connection with the exhibition, it is satisfactory to 





note that there is a tendency to include all equip- 
ment in the price of the machines, instead of, as | 
in the past, quoting such essential accessories as | 
the lighting equipment as an extra. The show 
closes to-morrow, the 15th instant. 








RECENT DEVELOPMENTS IN RADIO) 
TELEPHONY. 
(Concluded from page 543.) 

SUCCESSFUL reception of radio-telephonic signals 
depends, to a large extent, on the reduction of atmo- | 
spheric noises. This reduction can be effected by | 
a suitable arrangement of high and low-pass filters | 
at the receiving end, and especially by the use of | 
directive reception and appropriately designed | 
aerial systems. The problems arising in devising | 
the latter were fully discussed by Lieut.-Col. A. G. 
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Fig.11. 
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as shown in Fig. 11, consists of a closed wire 


loop, one-half wave-length long, arranged so as 
to form six vertical radiating elements. This 
loop is fed by eight horizontal half wave-length 
wires, the panel being energised by a feeder line 
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30-15 m. four, each panel in the latter case con- 
sisting of four vertical half wave-length radiators 
and six horizontal connecting wires. The reflecting 
curtain is ,constructed in the same way as the 
array itself, except that there is no break in the 


consisting of two 3/19 copper wires spaced 9 in. | horizontal wire, and each panel, therefore, forms 
apart. The array, as a whole, is suspended from | acompletely-enclosed loop. The transmitter is con- 


GENERAL ARRANGEMENT OF 16-375" HORIZONTAL ARRAY 


Fig.10. 
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Lee, in his address to the Wireless Section of the 
Institution of Electrical Engineers in 1927.* 
Various systems of directive short-wave arrays 
are in use at Rugby. For instance, that on 
the United States No. 1 short-wave channel con- 
sists of three separate arrays, corresponding with 
the three wave-lengths (16-11 m., 24:41 m. and 
30:15 m.) on which it operates. Each array is 
made up of a series of vertical panels approxi- 
mately two wave-lengths high, one wave-length 
wide and one-half wave-length apart. Each panel, 





* Journal I.E.E., vol. ixvi, page 12 (1928). 
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Fig. 14. 
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two pairs of steel wire rope triatics, which are 
arranged to form two Westinghouse catenaries. 
These triatics are attached to cross-arms at the 
top of 180-ft. towers, which are spaced about 250 ft. 
apart, and are erected in a straight line at right 
angles to the great circle passing through Rugby 
and the receiving station at Netcong, New Jersey. 
One pair of triatics supports the array proper and 
the other a reflecting curtain, which is placed one- 
quarter of a wave-length behind it on the side 
remote from Netcong, so as to give a directional 
The number of panels in the 16-11 m. 
array is eight, in the 24-41 m. six, and in the 
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nected to each array by means of overhead lines 
supported on 6-in. corrugated porcelain insulators, 
and spaced 9 in. apart. All three transmission 
lines are run on the same 26-ft. poles, which are 
spaced 40 yds. apart, each pair of conductors being 
twice transposed. ‘These lines are, in turn, con- 
nected to similarly-supported feeders, of which there 
is one for each adjacent pair of panels. 

The antenna system of the United States 
No. 2 short-wave channel also consists of three 
separate arrays, to correspond with the three wave- 
lengths (16-375 m., 24-69 m., and 33-257 m.), 
on which it operates. The general arrangement of 
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these will be appreciated from Fig. 10, and from the 
view given ingFig. 12. As will be seen, it consists 
of 80 horizontal half-wave doublets, arranged in 
eight groups of ten. Each group is composed of 
five pairs, spaced one half-wave length apart, and 
mounted vertically one above the other. It is 
energised by a central vertical feeder, which consists 
of two 3/19 copper wires, spaced 9 in. apart, while, 
to obtain correct phasing, the pairs of doublets 
are connected alternately to the wires of the vertical 
feeder. Adjacent pairs of vertical feeders are con- 
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one-quarter of a wave-length apart. The reflector 
curtain also consists of a number of half wave-length 
wires, which are insulated from each other and from 
the earth. Both the exciter and reflector curtains 
are built up of copper wire suspended from steel wire 
ropes, in a similar manner to that described above. 

The T. W. array, which is used on the third short- 
wave channel to the United States, has been 
designed by Mr. T. Walmsley, of the British Post 
Office, and makes use-of the fact that an appreciable 
gain can be obtained by using two curtains, one 





Fie. 15. ScRAMBLING APPARATUS. 


Fig./6. SCHEMATIC DIAGRAM OF VOICE-OPERATED DEVICE 
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nected by horizontal feeders, which are supported 
at the centre point by two }-in. copper tubes. 
These tubes are supported on insulators at a height 
of 20 ft. from the ground, and are connected by 
other feeders and tubes to the main transmis- 
sion line. The array is also suspended from a 
wire rope triatic attached to cross-arms at the top 
of the 180-ft. towers, while a second triatic supports 
the reflecting curtain. This array has been found 
to give better results than the one with vertical 
radiators, and is also to be used on the Argentine 
channel. , 

The 15 m. array used on the Australian service is 
known as the Double Bruce or Key Vertical. As 
will be seen from Fig. 13, it consists of two sets of 
Squares, one of which is inverted relative to the 
other. The two halves thus constitute a series of 


behind the other. As shown in Fig. 14, these 
curtains consist of horizontal radiators, spaced half 
a wave-length apart, and so arranged that the 
currents in the front curtain differ in phase by 
180 deg. from those in the back. A reflector is 
erected about one-quarter of a wave-length behind 
the back aerial curtain, so that good reflection is 
obtained. The array consists of 48 vertical radiators, 
which are directly energised, and the same number 
of half wave-length reflectors. 

The ease with which a broadcast programme can 
be received by relatively simple equipment has 
given rise to the impression that the picking up of 
conversations passing over a radio-telephone link can 
be also effected without difficulty. That such a lack 
of privacy exists is true, and is an undoubted dis- 
advantage in radio-telephonic communication. It 





vertical half wave-length aerials, which are placed 


must be remembered, however, that, in practice, the 


success of any attempt to overhear a private tele- 
phone conversation depends on the signal strength 
available, and on the fact that not one station, but 
two, have to be received. With the long-wave system, 
the strength of the signals from a distant station is 
generally so small that it is impossible to obtain 
continuously intelligible reception without the use 
of large directional antenna systems, and highly 
sensitive and selective receivers; in other words, 
without a good deal more trouble and expense 
than the meagre and uncertain results would 
probably justify. For instance, as the frequencies 
transmitted represent only a portion of one of the 
side bands, very accurate replacement of the 





|carrier frequency and delicate filters would be 
necessary to reproduce the original speech. On 
| the short-wave system, though picking up would in- 
| volve a lower financial outlay, fading often makes 
| it impossible to obtain intelligible reception without 
using a receiver fitted with some system of automatic 
gain control. Moreover, directional transmission, 
such as is used on these stations, in itself provides 
some measure of privacy. While. therefore, it 
would, perhaps, be impossible to devise a system 
which gave absolute secrecy, the risk of important 
conversations being overhead is not great, and has 
still further been reduced by using a complex hetero- 
dyning process, which inverts and mixes the signals 
in the way described below. 

As already mentioned, on the short-wave system, 
both the carrier and two side bands are trans- 
mitted. Suppose that the carrier frequency is c, 
and the audio frequency p, then the frequencies of 
‘the side bands will be c + p and c — p, respec- 
| tively. The method employed to secure privacy is to 
modulate the speech frequency p by an arbitrary 
carrier frequency s, of, say, 10,000 cycles per 
second, and to suppress this carrier frequency in a 
| balanced modulator, so that only the two side 
bands s, + pand s, — premain. One of these side 
bands is then selected by a band-pass filter, and is 
modulated by a second carrier 8;, so that two 
further side bands are obtained, one of which is 
again selected and used to modulate the transmitter. 
The result is that, instead of the audio frequency 
side bands transmitted having frequencies ¢ + p 
and c — p, these frequencies are c + (k — p) and 
c—(k—p), where k, in the example taken, is 
of the order of 3,000 cycles per second. 

For instance, if it is desired to transmit an audio- 
frequency band from 100 cycles to 5,000 cycles and 
8, is 10,000 cycles per second, side bands of 10,100 
cycles to 15,000 cycles and of 9,900 cycles to 5,000 
cycles will be produced by the first modulation. 
If the first of these bands is now modulated with a 
frequency 8, of 15,100 cycles, two more side bands 
from 25,200 cycles to 30,100 cycles and from 100 
cycles to 5,000 cycles, respectively, will be obtained. 
The latter of these side bands is of the same width as 
that of the original audio frequency, but the fre- 
quencies are arranged in the reverse order, the 100 
cycles per second being in the position of the 
5,000 cycles and the 5,000 cycles in the position of 
the 100 cycles in the original speech band. The 
inverted band need not, however, occupy the same 
spectrum as the original band. In fact its actual 
position depends on the relative values of the 
modulating carriers, 8, and 8. For instance, if 
8, were 21,000 cycles instead of 15,100 cycles, the 
two side bands produced would range from 31,000 
cycles to 36,000 cycles and from 6,000 cycles to 
10,900 cycles, respectively, so that the latter band 
would have been both inverted and transposed and 
could be used as a second channel. If s, were 
4,100 cycles, a band of 6,000 cycles to 10,900 cycles 
would also be obtained, but, in this case, the 
frequencies would have been transposed without 
being inverted. To obtain intelligible speech, a 
similar process of re-inversion is, of course, necessary 
at the receiving station and, in practice, the inverter 
is usually inserted at the point where the trans- 
mitting and receiving channels are combined, and 
is actuated by the voice-operated switching device 
which is shown diagrammatically in Fig. 16. 
Though the simple inversion described above is 
satisfactory on short waves, it is not so effective 
on long waves, since, as only one side band is 
present, it is immaterial whether the transmission 
is inverted or not, provided the oscillator at the 
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receiving end injects a local carrier of the correct ‘THE INSTITUTION OF MECHANICAL 


frequency. To overcome this difficulty, the original | ENGINEERS : NORTH - WESTERN 
speech-frequency range is divided into a number | BRANCH . 
of bands a few hundred cycles wide by means of | ¥ 


filters. These bands can then be inverted as 
explained above, and re-arranged in transposed 
bands, so that the total width occupied is the same 
as before. This mixture is unintelligible, though 


it can be transmitted in the ordinary way, while, at the | 


receiving end, it can again be filtered into bands, 
transposed, re-inverted and combined to produce 
the original speech. The relative positions of the 
bands can also be changed automatically by suit- 
able switching apparatus, and if this is done periodi- 
cally, it becomes practically impossible for un- 
authorised listeners to decipher the communication. 
The apparatus used for this scrambling, as it is 
called, is installed at the Central Telegraph Office, 
and is illustrated in Fig. 15. 

Another difficulty peculiar to a commercial radio- 
telephonic service arises from the fact that the out- 
going signals, which are of considerable field 
strength, react severely on the local receiving station, 
which is adjusted for the much weaker incoming 
signals. This is liable to produce an effect known as 
singing and could, of course, be overcome by utilising 
widely differing frequencies for the two purposes. 
Practically, however, this is impossible, owing to 
the restriction of available wave-lengths. It is 
reduced, though not to a sufficient extent, by the 
use of a directional antenna. Actually it is dealt 
with by cutting out the local transmitting station 
automatically when signals are being received and 
switching it in again when transmission begins. 


The apparatus used for this purpose is known as the | 
voice-operated device and is placed in circuit at the | 


point where the incoming and outgoing links are 
joined and from which connection is made to the 
subscribers through lines and exchanges in the 
ordinary way. It consists of a number of special 
push-pull repeaters which can be rendered in- 
operative by applying unidirectional direct-current 
voltages to their grids. This voltage is neutralised 
by passing the speech current through a rectifier, 
so that when speech is transmitted the “loss” 
caused by it in the transmitting link is removed and 
is transferred to the receiving link. When speech 
is being received, on the other hand, a proportion of 
the rectified current obtained from the speech 
current is used to make the grid of a separate valve 
negative. Normally the plate current of this valve 
applies a negative voltage to the grids of the 


repeaters in the voice-controlled device, but when | 


the unidirectional voltage is applied to the plate 
the current in the latter disappears, so that the 
repeaters become operative. 

A diagram of the device is given in Fig. 16, the 
transmitting and receiving suppressors being marked 
TS, and TS, and RS, and RS,, respectively, while 
the apparatus producing the biassing voltages are 
indicated at k and /. Normally RS, and RS, are 
free to receive incoming speech while the trans- 
mission line is blocked by TS, and TS,. On the 
other hand, when the local subscriber begins to 
speak, the path through RS, and RS, is sup- 


pressed and TS, and TS, become operative. | 


The amplifier TAR ensures that the device will only 
be actuated by voice currents emanating from 
the local transmitter. These devices are employed 
on both the long- and short-wave systems, being 
necessary in the latter case owing to the extremely 
varying conditions in the receiving path. 

We have to thank Colonel Sir Thomas Purves, 
Engineer-in-chief of the Post Office, for the facilities 
afforded us to describe thes> developments, and 
Colonel A. S. Angwin, Head of the Radio Section, 
for providing us with the detailed information upon 
which the above article is based. 


ScrencE DeMonstTRATIONS.— A series of popular dis- 
plays and demonstrations, illustrating science in everyday 
life, is being given at the Portland Hall, Regent-street 
Polytechnic, London, W.1, in aid of King Edward’s 
Hospital Fund for London. The first of these took place 
on October 29 last, when Dr. W. Clark gave a demon- 
stration lecture entitled “‘A Hundred Years of Photo- 
graphy.” Later demonstrations will deal with the history 
of sound-production, sound-photography, illumination, 
and dyeing. Full particulars regarding admission and 
prices of tickets may be obtained from the Secretary of 
the Fund, 7, Walbrook, London, E.C.4. 


| A MEETING of the North-Western Branch of the 
| Institution of Mechanical Engineers was held at the 
College of Technology, Manchester, on Thursday, 
November 6, at which a paper entitled ‘Some Con- 
siderations Affecting the Future Development of the 
Steam Cycle,” was read by Mr. K. Baumann. We 
|commenced to reprint this paper on page 397 ante, 
and shall continue it in subsequent issues. 

The meeting was presided over by Professor Demp- 
ster Smith, and was very largely attended, a number 
of the members of the North-Western Centre of the In- 
stitution of Electrical Engineers and of the Manchester 
Association of Engineers being also present by invita- 
tion. After reading some apologies for absence, including 
one from Mr. H. L. Guy, the chairman of the branch, 
who was abroad, Professor Smith, in introducing 
Mr. Baumann, pointed out the desirapility of two or 
three papers being available for the Branch each 
session, particularly at the beginning, when the choice 
of headquarters’ papers was small. The fact that one 
of their members of the international standing of 
Mr. Baumann was willing to help in this way would go 
far towards removing any impression that the Branch 
meetings did not afford sufficient opportunity for the 
adequate discussion that important engineering papers 
justified. Most of his hearers would remember the 
importance of the paper which Mr. Baumann had 
contributed to another Institution in 1912. Its 
authority had been immediately recognised, and the 
accuracy of its conclusions had not yet been challenged. 
That paper had been followed by another, equally 
interesting and instructive, before the same Institution 
in 1920, and it was gratifying that the Institution 

| of Mechanical Engineers should now have a paper from 
the same source. 

In calling for a vote of thanks to Mr. Baumann at 
the conclusion of the paper, which vote was accorded 
with great heartiness, Professor Smith remarked that 
the paper was one which would clarify many previously 
cloudy issues, and was likely to point the way to the 
next steps in power-plant construction. Mr. Baumann 
had interpreted for them the significance of many new 
ideas relating to the properties of materials when 
subjected to stress at high temperatures, and how the 
designer’s approach must be modified in consequence. 
|In many places in the paper it had been indicated 
| where new knowledge was required and where research 
should be directed to that end. He ventured to 
commend to Headquarters the possibility of such 
|research being undertaken by the Institution. In 
particular, it appeared to him that a research in the 
factors entering into the design of high-pressure and 
high-temperature joints might be a fit subject for, 
immediate action. 

The discussion was opened by Dr. J. W. Jenkin, 

who said he approached the subject from the point 
of view of a metallurgist in constant touch with most 
of the steel-tube makers in the country. These makers 
would value the ready accessibility of a number of the 
facts given in the paper, in particular the deduction 
as to the permissible rates of creep in various parts of 
the steam plant. It was somewhat of a relief to 
| know that superheater and boiler tubes were let off 
/rather lightly as compared with flanges and discs. 
The curves showing distribution of stresses in tubes 
transmitting heat were also of great value. He felt 
that the emphasis laid on creep stresses did not cover 
all the ground. The need for materials having greater 
resistance to creep was realised, but the interrelated 
factor of resistance to attack by flue gases seemed to 
| have been neglected. In fact, this was tacitly admitted 
when, in the multiple superheater boiler described in 
| the paper, it was arranged that the first superheater 
was exposed to low-temperature gases only, and all 
expanded joints between the tubes and the drum and 
the intermediate headers were external to the furnace 
and not exposed to very high temperature gases. The 
| question of scaling was a very serious one, for reduction 
|in the wall thickness inevitably increased the stress 
|in the tube wall, with the risk of exceeding the per- 
| missible rate of creep. 

Dr. Jenkin at this point showed some lantern slides 
| which strikingly illustrated the reduction of tube 
| thickness both from external and internal scaling, and 
|showed the deterioration of the material in micro- 
sections. Continuing, he said that the tendency 
towards wall-thinning and scaling was greater with 
increased temperature and pressure, and a material more 
resistant to scaling from oxidation, &c., which would 
maintain its strength, was called for. The steel-tube 
makers were prosecuting research work very actively 
in that direction. They knew that there were materials 
which would fulfil their requirements, but it was neces- 
sary to find out in what direction engineers were 
proceeding. This had formed the motive for his 
| presence at the meeting that evening. 





Mr. Carey expressed the opinion that the question of 
the stresses imposed in joints by the extension of pipes 
had been rather neglected in the paper. The implica- 
tion seemed to be that the pipes, owing to creep, would 
only have bending stresses when they were at low 
temperature and not when at high temperature. But, 
while the pipes were assuming their final configuration, 
there would be certain elastic stresses which would 
tend to separate the joint’s surfaces. Again, it was 
difficult to arrange all the pipes so that each range was 
between two perfectly rigid anchorages. Before the 
ranges of pipes were completed some thin joint ancho- 
rages had to be introduced, which meant that one 
set of pipes might influence the other. In such a case, 
if steam was shut off from one range of pipes and left 
on the other the stressing in the hot range would be 
entirely different from what it would be if both ranges 
were hot. Allowance had to be made for this, and his 
firm, Mr. Carey said, had therefore made as rigid 
flanges as possible so as to maintain a great pressure 
at the joint surface. On that account largely the 
loose type of flange was not adopted. Before putting 
the composite flanges into service one of the vertical 
joints had been tested at a working pressure of about 
800 lb. per square inch, and a temperature of 500 deg. C. 
for some 6,000 hours. During the test a bending 
moment equivalent to a stress of 2 tons per square inch 
in the wall of the pipe had been kept up. So far, in 
actual service no trouble had been experienced. 

As to the boiler proposed by Mr. Baumann, Mr. 
Carey said it would seem to be necessary to work it 
with feed water of 100 per cent. purity. With a 50 per 
cent. make up, or even smaller fractions of relatively 
impure water it was a matter of doubt as to how long 
the heat transfer coefficients would remain at their 
original figure. The use of two-stage superheating, 
was, however, a step in the right direction, but Mr. 
Baumann’s idea might be carried a little further on 
the lines of the Loffler boiler in which the heat was 
abstracted from the flue gases by the circulation of 
superheated steam. In this boiler, which worked at 
about 1,200 lb. per square inch pressure, all the steam 
from the drum was circulated through screens, and on 
its return, at 500 deg. C., was bubbled through the 
water in the drum. The boiler was thus clean on the 
inside, and there was no danger of overheating the 
tubes, while a high degree of thermal efficiency was 
obtained at the expense of a small amount of power 
used in circulation. 

Dr. Inglis said he attached little value to the method, 
commonly employed nowadays, of adopting the ordinary 
elastic theory with the substitution of the creep value 
instead of the yield point. The creep rates given in 
the paper for superheater tubes seemed to allow a 
very little factor of safety on the stresses actually 
causing failure. If high creep rates were to be allowed, 
the stresses on the material must be examined. Again, 
referring to Figs. 3 and 4,* the very low figures for 
certain rates of creep was striking. Tests carried out 
by his firm on 0-2 carbon steel had yielded a figure of 
6-5 tons as a stress giving the particular rate of creep 
concerned. The difference could not be accounted for 
by carbon content. The values at 750 deg. and 800 deg. 
F. also seemed to be definitely lower than those given 
by previous investigators. No composition had been 
given for the nickel-chromium steel. Their own value 
for a 3-5 per cent. nickel, 1 per cent. chromium steel 
containing 0-32 per cent. carbon, was a steady 
rate of creep of 10-6 in. per inch per day, which was 
somewhere about 4 x 10-7 in. per inch per hour, with 
a stress of 5 tons per square inch at 450 deg. On the 
other hand, by an adjustment of the nickel and 
chromium content and an increase of molybdenum 
content, a steel had been obtained giving a stress of 
15 tons per square inch and a rate of creep of 10-6 
at 450 deg. This considerable improvement involved 
no sacrifice in the working of the steel. The steels 
he had quoted gave a stress of less than 1 ton per 
square inch for 550 deg. C. 

It was difficult, Dr. Inglis continued, to appreciate 
the change in the method of design advocated in the 
paper above a temperature of 900 deg. F. Below that 
figure the design was based on the proportional limit 
with a factor of safety of 2. He thought the proportional 
limit should be abandoned as far as high temperatures 
were concerned at which it became almost an impossible 
physical property. According to the paper, it would 
appear that when a change was made at 900 deg. Des 
there was no factor of safety. It seemed to him that 
one was necessary. But it must not be forgotten that 
the test data were obtained from tests on comparatively 
small specimens, and those differences in structure 
which must exist in large tubes must be taken into 
account. He would conclude by stating that experi- 
ments on the embrittlement of bolts in steam. plants 
had shown that quite a number of steels did become 
very seriously embrittled when subjected to the stress 
and fluctuations of temperature which were bound to 








* See ENGINEERING, page 598 ante. 
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occur in any plant. A solution of this problem was to 
adjust the composition of the steel. 

Mr. W. M. Selvey commenced by criticising the 
flanges illustrated in Figs. 8, 9 and 13 in the paper. 
Difficulties had been experienced through the flanges 
and bolts assuming the same temperature as the 
‘pipes. He suggested there was no inherent necessity 
for this. If pipes were made with welded ends, and 
the joints brought together by clamps something like 
the dog-type clamps used for securing the tools in the 
old lathes, the clamps could be kept at a reasonable 
temperature by suitable insulation between them and 
the pipe. The future design of steam pipes for high 
pressures and temperatures must provide for a high 
degree of longitudinal flexibility. He thought that 
the boiler illustrated in the paper must only be con- 
sidered from the point of view of a diagram. Some of 
the ideas in it had already occurred to other designers. 
The subject of the oxidation of superheater tubes had 
been raised. One of the difficulties in operation was 
the liability of dangerous conditions arising during 
firing. Any possibility of after-burning on a tube 
which was already heated with gas at 1,200 deg. F. 
was very dangerous, and with modern types of boiler, 
particularly those fired with pulverised fuel, it was 
possible to turn on a rush of fuel and get after-burning 
on the superheater tubes. The engineer went as far 
as he could with the material at his disposal, and when 
the metallurgist improved that material he could 
go further. He would withhold judgment on the 
practical details of the boiler proposed until he had 
seen working drawings. 

Mr. Stubbs said he thought the idea of creep limit 
had been introduced in order to apply the known 
mathematical treatment of the elastic theory to the 
phenomena of creep. Mr. R. W. Bailey, Mr. Stubbs 
remarked, had realised the difficulties of dispensing 
with a creep limit, but had also been unable to agree 
that actual limits had been established. Mr. Bailey’s 
theory was as revolutionary as that of LEinstein’s 
in relation to space, and experimental work and 
results from the operation of engineering plant were 
confirming itstruth. The present paper demonstrated, 
moreover, the importance of its conclusions. The 
suggested classification of permissible creep rates given 
in the paper was interesting, and they would probably 
see attempts by engineers to design their plant so as to 
permit of maximum creep rates, as the subject became 
more appreciated. It was clear that the bolted joint 
was rather troublesome, and the classification suggested 
that a welded joint capable of taking the full stress 
would have ten times the life of the welded joint, 
since the rate of creep for a bolted joint was assessed 
at 10-8, and that for a welded joint at 10-7. 

The paper did not establish a limit for the operating 
conditions of the steam cycle, but showed how much 
easier it was to design for higher conditions than had 


previously been thought possible. Creep might, in | 


course of time, average the stress in a structure, and 
so enable it to deal more effectively with its load. 
The ordinary elastic theory was quite inadequate when 
designing high-temperature and high-pressure steam 
plant. The reference in the paper to the stress on 
thick tubes illustrated this. A considerable amount of 
analytical work in accordance with the elastic theory 
had been done in connection with the flexibility of 
steam pipes, but the conclusions reached were not 
altogether satisfactory. It was clear that in practice 
it had been possible to deal with conditions that had 
not been considered desirable, and no doubt the ex- 
planation was to be found in the creep phenomenon. 
Mr. Stubbs concluded by saying that he thought the 
multiple superheater boiler proposed gave full scope 
for the development of higher pressure and tempera- 
ture steam conditions, as it made it possible for these 
to be obtained irrespective of slight mistakes in 
designing and estimating, irregularities in fuel, or other 
variable factors. 

Mr. Russell said he thought the multiple superheater 
boiler was something new, and deserved serious con- 
sideration. There might be difficulties with the over- 
heating of the superheater tubes. If it were intended 
to fire the boiler with pulverised fuel, the rise of 
temperatures, unless special mills were provided for 
starting, might be so rapid that an amount of water 
sufficient to produce steam enough to protect the 
superheater tubes could not be evaporated in time. 
Again, it might be necessary to control the steam 
flow through the furnace tubes, as this should be 
equally divided through all. Seeing that 80 per 
cent. of the heat transmission was expected from the 
furnace tubes, this would necessitate careful initial 
design. The boiler could certainly be easily kept 
clean by soot blowers, and was accessible for repairs 
or replacements. The method of control of the 
degree of superheat was an interesting feature, and 
would be very necessary if the new boilers were put 
into old stations, or there might be a danger of steam 
of a much higher temperature being used in pipes and 
plant not designed for it. It was claimed that scaling 
of the superheater tubes and consequent overheating 


would be avoided, as the first superheater was exposed 
to low-temperature gases only. He wondered if there 
was any possibility of scale deposition in the tubes 
from solids carried over in suspension in the steam. 
Mr. Russell also commented on the proposed feed- 
heating system described in the latter part of the 
aper. 

Mr. Favell said that while automatic control of 
pressure had been applied to boiler plant, and a range 
within $ per cent. could be obtained by it, the main- 
tainence of a constant superheater temperature did 
not appear to have been adopted as standard practice. 
There was often a rise in temperature as a boiler was 
kept in service. In one instance a boiler was under 
load for 300 hours, and the final temperature increased 
from 680 deg. to 720 deg. F., the maximum furnace 
temperature varying from 2,700 deg. to 2,800 deg. F. 
during that time, with a CO, content of 13 per cent. 
Boilers were usually expected to be on the range about 
800 hours, and this really demanded some means of 
maintaining a fairly constant superheat temperature. 
He thought this operating condition demanded atten- 
tion in order that the turbines might work under their 
designed steam conditions.’ 

Mr. Pennington confined his remarks to the part 
of the paper dealing with the proposed turbine feed 
heating system. There was, he said, a feeling amongst 
station engineers that a stage had been reached in 
power plant development when further complications 
were undesirable, and there'was a general demand for 
simplicity. He was doubtful if the proposed system 
would assist in that direction. It seemed to be a com- 
bination of existing devices such as speed regulation 
of pumps, reducing valves, regulating valves and so 
forth. An extraction pump running at constant speed 
was inherently self-regulating, and operated at all 
loads without excess pressure on the system, provided 
the water at the inlet was free to take up its natural 
level relative to the pump. With the new system it 
was proposed to control artificially the level of the 
water in the condenser, thus deliberately causing the 
pump to develop excess pressure on reduced loads. 
Speed regulation of the pump was then adopted to 
remove that excess pressure, and a saving of power 
was claimed for this method. To this contention he 
could hardly agree. Again, it appeared possible that 
there would be an appreciable time lag between the 
changes of load and correction of pressure. The 
employment of speed regulation actually doubled the 
| pressure on the heaters over that which would be ob- 
tained on a similar system without speed regulation. 
It would appear that the system aimed at avoiding 
operation of the extraction lift-pump under so-called 
cavitation conditions. A correctly-designed extraction 
pump would operate year after year under those con- 





ditions without showing the slightest sign of erosion 
or pitting, and it was immaterial how much the head 
was reduced below the designed maximum. 

Mr. Pennington then described a new boiler-feed 
system introduced by Messrs. Mather and Platt, 
| Limited, in which the essential feature was the elimina- 

tion of the usual surge tank and the provision of a high- 
pressure balance chamber connected in the feed range 
;immediately before the boiler check valves. The 
| balance chamber was subjected to the steam pressure 
he the boiler drum, and was elevated to a sufficient 
height to overcome the resistance of the boiler check 
valves. With this arrangement the feed water had an 
unrestricted flow from the condenser to the balance 
chamber. The system provided a supply of feed water 
at boiler pressure which was available for feeding the 
boilers in emergencies; thus, they could be fed for 
approximately 15 minutes in the event of failure of 
the electric supply operating the pumps. There was 
no excess pressure at any point in the system, nor any 
speed or pressure regulators on the pumps, while the 
feed water passing through the heaters of any unit 
corresponded to the load on that unit. The econo- 
misers were lighter and cheaper, due to the reduced 
working pressure, and there was a reduction in power 
consumption with lower operating costs. In the latter 
connection, for a modern power plant of 30,000-kw. 
capacity, with a boiler pressure of 1,400 lb. per square 
inch, there would be a reduction of 183 brake horse- 
power consumed by the pumps on the feed system at 
full load, compared with pumps operating on the normal 
system with or without speed regulation, and a net 
annual saving of 1,080. 

At this point, owing to the lateness of the hour, 
the Chairman stated that the discussion would have 
to be closed, and invited those members or visitors who 
had not yet spoken, but who were desirous of contri- 
buting to the discussion, to submit their comments in 
writing. 

Mr. Baumann then briefly replied to the discussion, 
and commenced by a tribute to his colleagues for the 
help he had received from them. Most of those present, 
he continued, would agree that the subjects of the paper 
were worth further consideration, that of creep alone 
opening up a new field in engineering science. Manu- 





facturers of the present time had to construct plant, and 





give guarantees in regard to its performance at high 
temperature, without having accurate data of the creep 
properties of the materials available. He hoped the 
information given in the paper would be followed by 
similar information from other quarters, and that the 
steel manufacturers in particular would take an active 
part in the research work. In that connection he 
welcomed the figures supplied by Dr. Inglis. 

To substantiate some of the data given in the paper, 
he would like to say that they had at Trafford Park 
chromium steel creeping after 5,000 hours, and, so 
far as he knew, it was still creeping at 8,000 hours, 
with a stress of 5.tons per square inch. He was not 
able at the moment to compare that figure with the 
one given by Dr. Inglis. As to carbon steel they had 
no figures as concrete as those of Dr. Inglis, but they 
had at Trafford Park practically pure iron creeping 
after 4.000 hours with a stress of 3 tons per square 
inch, at a creep rate of 4-65 x 10-5, which was con- 
siderably less than that given for carbon steel. Infor- 
mation on creep was very scanty, and all reliable data 
were welcome. As to the suggested boiler, it was not 
claimed that it would solve all the difficulties met 
with in present practice. Those raised by Mr. Carey, 
for instance, in connection with feed water, would 
apply just as much as with any ordinary type of 
boiler. He would remark in passing that the Léffler 
boiler was not a commercial proposition at any pressure 
below 1,800 lb. per square inch, not 1,200 lb. per 
square inch, as had been mentioned. Although not 
a metallurgist, he was much interested in what Dr. 
Jenkin had said, and was glad to hear that tube- 
makers were concerning themselves with the require- 
ments of modern design. 





THE LATE MR. A. G. COX. 

Tue death of Mr. Alexander George Cox, which 
occurred in London on November 7, after a brief illness, 
removes a well-known figure from the ranks of railway- 
engineering pioneers in China. Mr. Cox, who spent 
practically all his active life in China, and was for some 
years engineer-in-chief of the Canton-Hankow Railway, 
was born on September 28, 1865. He received pre- 
liminary scientific training at the Commercial College, 
Northword, South Australia, and, in 1882, entered 
upon a pupilage of three years under Messrs. Seaver 
and Shaw. He remained with Mr. J. Seaver for a further 
year, during which period he was engaged on work at 
Adelaide and Sydney. 

Mr. Cox’s connection with China, extending for nearly 
lorty years, began in 1887, when he went out to Shan- 
ghai as assistant to Mr. W. M. Dowdall. Some ten 
months later, he joined the Imperial Railways of North 
China as assistant engineer, and was promoted to the 
rank of resident engineer in 1891, and to that of district 
engineer in October, 1893. In this latter capacity 
he was placed in full charge of the construction of 
80 miles of railway line, including a bridge, 2,200 ft. 
in length, over the Lan River. Subsequently he super- 
vised the construction of the Tientsin to Pekin Railway, 
comprising 80 miles of double line. On his return to 
China in 1900, after a year’s leave, he was appointed 
district engineer on the construction of 38 miles of 
single line, including a bridge, 2,600 ft. in length, over 
the Tah Lin River. From 1901 to 1902,.he was 
engineer-in-chief of the 274-mile stretch of railway line 
from Tung-Chou, near Pekin, to Shan-Hai-Kuan, on 
the Manchurian border, while the railways were under 
British military administration. On the reversion 
to the Imperial Chinese Railways Administration, 
Mr. Cox was appointed district engineer under Mr. 
C. W. Kinder, engineer-in-chief of the system, and was 
stationed at Ying-Kow. He continued to occupy the 
position of district engineer until 1906, and while 
acting in this capacity supervised the construction of 
175 miles of single line. 

Mr. Cox was appointed chief divisional engineer 
(Outside Wall) of the Imperial Railways of Northern 
China, in 1907, and held this post until 1910, when he 
became chief assistant engineer of the system and 
moved from Ying-Kow, where he had been stationed 
for several years, to Tientsin. Meanwhile, the line 
from Tung-Chou and Ying-Kow had been extended to 
Mukden. In 1914, Mr. Cox relinquished his position in 
the north to take up the appointment of Engineer-in- 
Chief of the Canton-Hankow Railway (Hupeh-Hunan 
Section) in Central China. The Chuchow-Changsha 
portion of the line had been completed by Chinese 
engineers in 1911, and Mr. Cox, upon his arrival, took 
charge of the construction of the Wuchang-Chuchow 
section, much of which lay over difficult country. 
This line, which is 260 miles in length, was opened to 
traffic on January 1, 1921. Mr. Cox retired from the 
position of engineer-in-chief of the railway in 1924 
after holding that position for ten years, and was 
succeeded by Mr. J. H. Williams, who was previously 
district engineer at Wuchang. Mr. Cox became an 
associate member of the Institution of Civil Engineers 
on December 4, 1894, and was transferred to full 
membership on April 19, 1904. 
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THE LATE PROFESSOR R. J. SCOTT. | Scott, R.A., has been taken in their design, so as to 


A RECENT message from Wellington, New Zealand, 
announces the death of Professor Robert Julian 
Scott, for many years director of the School of Engi- 
neering, Canterbury University College, Christchurch, 
New Zealand. A son of Rear-Admiral R. A. E. 
Scott, R.N., and cousin of Captain Scott, R.N., the 
famous Antarctic explorer, Robert Julian Scott was 
born at Plymouth on September 14, 1861. He re- 
ceived his general education at Abbey School, Becken- 
ham, Kent, and afterwards passed on to King’s College, 
London, and to the Royal School of Mines, South 
Kensington. After serving a pupilage under Mr. 
W. Stroudley, the Locomotive Superintendent of the 
London Brighton and South Coast Railway, he 
proceeded to New Zealand, and, on September 21, 
1881, took up the appointment of draughtsman in 


‘ 





the New Zealand Railways’ Administration. Soon | 
afterwards he was appointed locomotive draughts- | 
man, and, in 1887, acting locomotive superintendent | 
of the New Zealand Government Railways. On 
January 1, 1887, he was also invited to become part- 
time lecturer in engineering and applied mechanics at | 
Canterbury College. In this connection he was de- 
puted, along with Mr. E. Dobson and Professor Cook, | 
to draw up a course of engineering instruction. In | 
July, 1889, he was appointed manager of the Dunedin | 
railway workshops, but in November of the same year | 
he resigned this position to take charge of the Engi- | 
neering Department of Canterbury College. He 
remained head of this Department until his retirement | 
in 1923, a period of 34 years. 

Professor Scott designed and equipped the College 
engineering laboratories. In adidtion to his profes- 
sorial duties, he accepted the position of consulting 
engineer to various industrial undertakings. He was, 
for instance, responsible for the gas-electrie pumping | 
plant of the Christchurch Drainage Board, for pumping 
plant installed by the Lyttelton Borough Council, and 
for the lighting and power plant of the Lincoln Agri- 
cultural College. In 1894 he was elected President of 
the Engineering Section of the Australian Association 
for the Advancement of Science (Adelaide Meeting). 
He also acted as Chairman of the Royal Commission 
on Government Railway Workshops, and served on | 
the Royal Commission on Government Railway Rolling | 
Stock and on the Royal Commission on Tramway 
Brakes. During the war he was Chairman of the 
New Zealand Munitions Committee. Professor Scott 
undertook many investigations, and presented numer- 
ous reports, on various engineering and allied matters, 
to the New Zealand Railways Administration, and to 
the New Zealand Government. He retired in 1923, | 
and was made Emeritus Professor. A former student | 
member of the Institution of Civil Engineers, he 
became an associate member on January 10, 1888, was 
made a full member on December 12, 1899, and, until 
a few months ago, was a member of the Council. 
Professor Scott was also a member of the New Zealand 
Society of Civil Engineers and a fellow of the American 
Institute of Electrical Engineers. 








THE BATTERSEA STATION OF THE 
LONDON POWER COMPANY. 

THE new power station which the London Power 
Company, Limited, is building in Battersea on a site 
close to the bridge which carries the Southern Railway 
from Victoria across the Thames, has already acquired 
a vicarious interest from the agitation on sulphurous 
fumes which took place last year with it as a basis. 
Methods for greatly reducing any damage which might 
otherwise arise from this cause will, of course, be 
embodied in the equipment of the station, but apart 
from this its completion will mark an advanced stage 
in generating station design. We are therefore glad 
to have been given an opportunity of inspecting its 
construction, which has now reached a point when the 
foundations and civil engineering works may be said 
to be completed. In addition, satisfactory progress 
has been made with the steelwork of the buildings, 
and the tunnel, which wil! carry the cables from the 
south to the north side of the Thames, is already in 
use, 

The general layout of the station will be appreciated 
from the accompanying plan. The site, which measures 
15 acres is bounded on the north by the river and on 
the west by the Great Western Railway sidings, to 
which connection has been made. The ultimate 
designed capacity is 400,000 kw. but the buildings now 
under construction will only accommodate half that 
amount, and, in fact, only 160,000 kw. will be installed 
to begin with. Construction was,.rendered difticult by 
deep depressions in the clay sub-soil, sheet-steel piles, 
as much as 75 ft. long, having been driven in places 
to secure a firm foundation for the concrete retaining 
wall. The whole site was eventually surrounded by 
piling in this way, and the walls built inside it. The 
buildings themselves will be of brickwork supported 





by steel framing, and the advice of Sir G. Gilbert 
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secure a result which shall be architecturally pleasing 
on all fronts. 

The coal required will, in the main, be water-borne 
and will be unloaded at a jetty on the river front. This 
jetty will be 426 ft. long by 36 ft. wide, and is being 
built in a cofferdam. The river has been dredged so 
that at high water the depth alongside will be 30 ft., 
and it will therefore be possible to berth two 2,000-ton 
colliers simultaneously. Unloading will be effected 
by cranes, which will discharge on to conveyors. The 
latter will have a capacity of 240 tons per hour and 
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The condensate will be discharged by the extraction 
and feed pumps through five feed heaters, which will 
be supplied with extracted steam, so that its tempera- 
ture and pressure at the boiler inlet will be 350 deg. F. 
and 850 lb. per square inch. In addition a 2,500 kv.-a. 
house set will be provided for emergency purposes. 
Circulating water will be drawn from and returned to the 
river through two 12-ft. tunnels, the total length of 
| which will be 950 ft. At the intake the water will pass 
through a large screen chamber and then through a 
suction chamber just before the pump house is reached. 
The dredging mentioned above will ensure that there 
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will deliver either into the boiler-house or to store. 
The store will be a concrete-lined pit measuring 580 ft. 
long by 200 ft. wide, with a capacity of 75,000 tons, 
and will be spanned by a transporter bridge, its contents 
being trimmed and removed, when required, by a 
series of conveyors. 

The boiler-house will be 500 ft. long by 105 ft. wide 
by 150 ft. high with 200-ft. towers at each end, and 
superimposed on the latter will be fluted concrete 
chimneys, 140 ft. high and 27 ft. in diameter. The 
steam-raising plant will consist of nine units, each with a 
maximum output of 330,000 lb. of steam per hour at a 
pressure of 650 lb. per square inch and a temperature 
of 900 deg. F. Each unit will comprise a boiler with 
water walls, superheater, economiser and air heater, 
the total heating surface being 114.000 sq. ft., and will 
be fired by retort type stokers with a grate area of 
750 sq. ft. and a consumption rate of 55 Ib. per sq. ft. 
per hour. Artificial draught will be provided by eight 
fans per boiler installed at a height of 100 ft. above the 
firing floor. The ashes will be dealt with by a con- 
tinuous sluicing plant, which will discharge into shafts, 
from which removal will be effected by a telpher. 

The turbine-room will measure 475 ft. by 80 ft. by 100 
ft. high and will initially be equipped with two sets 
rated at 80,000 kv.-a. on the basis of 0-8 power factor. 
The turbines will be of the three-cylinder type, with a 
double flow low-pressure cylinder exhausting into two 
condensers, and will each drive a main and auxiliary 
alternator. Three-phase energy will be generated 
at 11,000 volts by the main alternator and at 3,300 volts 
by the auxiliary machine, the frequency in each case 
being 50. The output of the main machire will be 
stepped up to 66,000 volts by means of 80,000 kv.-a. 
three-phase transformers and will be supplied at this 
pressure to the “grid” substation in the south-east 
corner of the site, as well as to the Company’s own 
system. A supply will also be given at 22,000 volts. 





will be at least 10 ft. of water available for cooling at 
low tide. 

The switch house will be 370 ft. by 85 ft. by 80 ft. 
high and will be equipped with fifty-one 66,000-volt 
| switches, all the main switching being effected at this 
pressure. The switchgear will be of the armoured 
type and duplicate switches will be provided on all 
circuits. Operation will be effected from a control room 
in which visual indications, not only of the switches 
and protective gear, but also of the more important 
steam valves, will be centralised. The 3,300-volt and 
| 400-volt switchgear for the auxiliary generators and 
| supplies will be installed at suitable places in the 
turbine-room and _ boiler-house. 

The 500-yard tunnel under the river, of which men- 
tion has already been made, has an internal diameter of 
10 ft., and has been driven by the same methods as 
|that employed on the London Tube Railways. In 
jaddition to this main tunnel, 460 ft. of 8 ft. 3 in. 
| diameter tunnel and 653 ft. of 7 ft. by 6 ft. concrete 
| subway have been constructed for carrying cables. 
The 66,000-volt outgoing feeders will be of the single- 
core non-armoured type, while those working at 
22,000-volt will be three-core and armoured. 

The design of the station is due to Dr. 8S. L. Pearce, 
C.B.E., M.Inst.C.E., Engineer-in-Chief of the London 
Power Company, who is also supervising its erection. 
Messrs. C. 8. Allott and Son, of Manchester, are acting 
as advisory civil engineers. It is anticipated that the 
plant we have described will be ready for use in about 
two years. 





INstTITUTION OF EtectricaL EncrIveers.—At the 
ordinary meeting of the Institution of Electrical 
Engineers, to be held at 6 p.m., on November 20 next, 
an oil painting of Ampére will be —— to the 
{Institution on behalf of Mr. E. Garcke. The portrait 
is by M. Edgard Maxence, Member de I'Institut de 
France. 
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FUEL PUMP FOR HIGH-SPEED HEAVY-OIL ENGINES. 


MESSRS. BENES, LIMITED, ENGINEERS, LONDON. 
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THE BENES FUEL PUMP FOR HIGH- 
SPEED OIL ENGINES. 


Ir appears probable that this country is on the 
eve of a period of intensive development of the high- 
speed airless-injection engine. We had occasion to 
remark on the number of new engines of this type 
exhibited in the marine-motor section of the recent 
Olympia Car Exhibition, and, apart from this, several 
such engines are now actually in service on motor 
omnibuses, and considerable further developments in 
this direction are foreshadowed. Upon the whole, the 
makers of the new engines, whether for marine or road 
use, appear to be showing a preference for the Acro 
form of combustion head, in which an auxiliary air 
chamber is provided connected to the main chamber 
by a passage of roughly Venturi form. We are not 
aware of any new engine in which the simple ante- 
chamber is utilised, but one or two of the new engines 
employ direct injection. We have discussed the relative 
advantages of these various arrangements at some 
length in our columns recently, and it will, therefore, be 
sufficient to recall that direct injection of the fuel 
results in a simple form of head which can be of 
symmetrical design and is cheap to manufacture, 
and that, with this system, no auxiliary heating devices 
are required for starting. The objections to this 
arrangement are that high fuel pressures are necessary, 
and that the metering of the exceeding small quantities 
of fuel necessary when the engine is running light 
offers very appreciable difficulties. Itis presumably 
for these reasons that so many makers are showing a 
preference for the Acro system. 

The question of the accurate metering of the fuel 
is bound up largely with the design of the pump, and 
experience has shown that, with the type of pump 
commonly employed, a very small amountof wear 
results in irregular metering. In addition, the initial 
accuracy necessary in the construction of the pump is 
such as to require highly specialised manufacture. 
It is claimed, however, that, in the fuel pump recently 
developed by Messrs. Benes, Limited, of 24, Holborn, 
London, E.C.1, these objections are overcome, and that 
the pump has further advantages over existing types, 
which will be referred to later. Before describing the 
pump, it may be mentioned that it is a British product, 
and, in view of the large amount of money which is at 
present being spent abroad by British firms in the form 
of royalties, the point is of considerable importance. 

The Benes pump is illustrated in Figs. 1 to 4, on this 
page, the illustrations showing a single-cylinder model. 
The multi-cylinder models are identical in principle, 
the arrangement shown being merely repeated accord- 
ing to the number of cylinders. The main casing is of 
steel, and the suction port is near the top on the left- 
hand side, as shown in Fig. 1, the delivery port being 
at the top of the pump. In the particular form shown, 
the plunger works in a fixed sleeve, cut away in the 
form of a double helix at the top, as shown in Fig. 2. 
This sleeve is surrounded by two further sleeves of 
which the outer one can be rotated by means of a 
projecting pin, and has a forked extension at the 


and it will be evident that rotation of the outermost 
sleeve also rotates the plunger, while leaving the latter 
free to reciprocate. A collar formed on the lower end of 
the plunger is held in a piston, which acts as a tappet, 
while serving to guide the plunger in the pump casing. 
A simple ball valve is provided on the delivery side. 
The form of the ports in the intermediate sleeve is 
shown in Fig. 3. The plunger itself has an axial hole 
drilled from the top to meet a transverse hole drilled 
from side to side. 

Assuming that the space above the plunger has been 
filled with oil by the downward movement of the 
plunger on the suction stroke, and that the upward 
movement has commenced, no oil will be delivered 
until the plunger covers the suction ports. As soon 
as this occurs, however, these ports will be sealed, 
and delivery to the atomiser will commence. At a 
certain instant, depending on the position of the 
transverse hole through the plunger in relation to the 
helices cut at the top of the fixed sleeve, the two 
ends of this hole will clear the top of the helix. 
Delivery of oil will then cease, as, instead of passing 
to the spray valve, the oil above the plunger will 
be returned to the chamber surrounding the suction 
ports via the central and transverse holes in the 
plunger. The point of release can, of course, be varied 
by rotating the outer sleeve, thus providing the usual 
means of governing the engine. 

It will be clear that this pump does not require 
special plant for its manufacture, and that its produc- 
tion is within the capacity of any firm accustomed to 
working within tool-room limits. Both wear and 
leakage should be minimised by the fact that the 
pressures on the side of the plunger are always balanced, 
there being no tendency to side thrust during any 
portion of the stroke. The cut off is claimed to be 
exceptionally rapid and positive, due to the small 
capacity above the plunger, to the extremely small 
resistance offered to the flow of the by-passed fuel 
at the moment of cut off, and to the fact that the 
plunger is in rapid motion at the two points at which 
injection and release commence. The pump has not 
been on the market sufficiently long to obtain conclu- 
sive data as to its performance over long periods, 
but it has been tested by Mr. W. A. Tookey and 
Mr. G. W. Watson, and is also undergoing tests by 
one of the leading engine builders and by the 
Admiralty. Fig. 4 shows the pump fitted on an 
Admiralty experimental engine. The results of these 
tests, to date, have been entirely satisfactory. They 
serve to demonstrate that, apart from wearing qualities, 
the performance, as regards starting with direct injec- 
tion, and the flexibility and power output of the engine 
when running, are at least equal to those given by 
any other pump on the market. In a test which came 
under our own observation, the slow-running charac- 
teristics were particularly noteworthy. One of the 
tests carried out by Messrs. Tookey and Watson 





consisted in running the pump on a lathe at 600 r.p.m., 


'and in the report on the tests it is stated that it was 


easily possible to regulate the quantity of fuel delivered 
at the atomiser jet from zero to a maximum, the 


bottom embracing a bridge-piece pinned to the plunger. | atomised fuel being readily ignited. The authors of 
The arrangement will be clear from Figs. 1 and 3, | the report expressed themselves satisfied that a pres- 














Fig. 4. 


sure of 300 atmospheres could be obtained. As 
regards wearing qualities, assuming that it is con- 
structed of suitable materials, the pump should 
certainly give a particularly good performance, as 
all essential parts are effectively lubricated by the fuel, 
and the absence of side thrust should ensure the 
effective maintenance of an oil film between the 
rubbing surfaces. 


SIXTH INTERNATIONAL ROAD 
CONGRESS AT WASHINGTON. 
By Cuartes Ranpotpx THomas, 
(Concluded from page 594.) 


TuRNING next to the section dealing with traffic and 
administration, Question 4 was concerned with ways 
and means of financing highways as regards (a) road 
construction ; (6) maintenance. 

On these points the conclusions recorded were nine 
in number. These can be summarised as follows :— 

The increasing use of motor vehicles required large 
expenditure on reconstruction and on the improvement 
of existing highways, to bring them up to new standards, 
as well as the construction of new highways and the 
effective maintenance of all improved highways. Such 
expenditure was justified by the improved economy 
and efficiency of transport, especially in areas pre- 
viously served by highway transport, and by making 
more accessible new and wider areas. No country had 
as yet approached the completion of its major high- 
way system to the new standards, and all countries 
had to face persistent demands for greater attention 
to be paid to accommodating their secondary and local 
roads to the needs of motor traffic. Though differing 
widely in character and degree in different countries, 
the problems of highway finance were universal and 
urgent. To meet the large financial problemsjinvolved 
and to secure the fullest and quickest benefits from the 
new form of transportation, it was specially important 
that highway programmes covering a period of years 
should be set up well in advance and carefully financed, 
Adjustments to meet changing conditions and improved 
methods could readily be made as required. 

To facilitate financing and administration, and as a 
guide in determining the kind and extent of improve- 
ments, all highways should, as far as practicable, be 
classified according to the characteristics of the prevail- 
ing traffic as to origin, destination, and importance. 
Classifications usually applicable were :— 

(a) General use highways (including urban streets 

which form part of such highways) : 

(1) Primary or national highways. 

(2) Secondary, departmental, provincial or, 
in countries of smaller geographical 
areas, county highways. 

(6) Highways of local interest : 

(1) Local roads. 
(2) Urban streets (except as indicated in sub- 
paragraph (a) above). 

(c) Special highways: Military roads, autostrades, &c. 

In countries of great area and sparse population, 
financial limitations and traffic requirements might 
at first direct attention to the early development, to 
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minimum all-year standards, of highways of secondary 
or local character, in order to give access to rail or 
water transport services. As highway development 
progressed, however, such secondary and local systems 
tended to integrate, and through routes became identi- 
fied, with a consequent demand and financial justifica- 
tion for a higher type of construction. It was important, 
in the interest of ultimate economy, that the require- 
ments of the future main highway systems should be 
considered when planning earlier highway development. 
To promote efficiency of drawing up a programme and 
in administration, highway authorities of higher juris- 
dictions should have supervisory or advisory relation- 
ship with those of lower status. The granting of 
subsidies or loans by the national to the lower jurisdic- 
tions under suitable conditions was an effective means 
of exercising the desired influence and of making it 
financially possible to carry out highway programmes 
in charge of lower jurisdictions having a national 
bearing, including special attention to undeveloped 
sections. 

Provision for the systematic maintenance of all 
highways after improvement was an essential feature 
of a sound highway programme. If proper types of 
highways, in relation to the character and volume of 
traffic were provided, maintenance costs should be 
less than with inadequate highways handling the 
same traffic. In making provision for maintenance, 
however, it should be borne in mind that traffic on 
improved highways tended to increase rapidly and, 
while the improvement thus benefited the users, it 
might increase the total of maintenance costs. For this 
reason, maintenance of improved highways of general 
use, or at least any increase over the former normal 
maintenance costs, should be regarded as a first charge 
upon the user revenues. 

The cost of constructing, improving, and maintaining 
adequate highways systems should be distributed 
equitably in relation to the direct and indirect benefits 
derived, taking into consideration the taxable capacity 
of those benefited. The wide difference of conditions 
and institutions in various countries made it impossible 
to establish any fixed formula for general application, 
but certain conclusions based on recent trends could 
be stated. These were : 

(a) Due to the benefits to society, business and 
property in general, the application of general tax 
revenues to highway purposes was desirable and should 
continue, the amounts being dependent upon the needs 
for highways, the funds available, and the demands for 
other purposes in the public budget. General taxes, 
carrying as they did a direct accountability to public 
opinion for efficient expenditure, were a particularly 
appropriate source of revenue for work on local roads, 
including urban streets. 

(6) Any assessment of abutting or other benefited 
property, chiefly in urban districts and their environs, 
should be proportional to the actual benefit to such 
property. 

(c) Up to the limit where they became an undue 
burden upon users of the highways, user taxes, including 
licence fees and fuel taxes, afforded an important and 
increasing source of highway finance. If such taxes 
were made unduly high, or if the burdens upon vehicle 
owners were unnecessarily increased by excessive im- 
port duties ,in predominantly agricultural, non-manu- 
facturing countries, the law of diminishing returns 
would operate, and the public would be deprived of the 
benefits of normal development of motor transport. 
For the same reasons, user taxes should be applied 
exclusively for highways purposes. To provide uni- 
formity over reasonable areas they should be imposed 
only by rules fixed by one of the higher jurisdictions. 
Bond issues, or other methods of borrowing for financ- 
ing highway construction and improvement, were con- 
sidered to be suitable in most countries, but should be 
carefully limited to actual requirements for economically 
justified construction or improvement projects, under 
sound administration, subsequent maintenance being 
provided for out of current revenues. The period of 
amortisation of loans for highway construction should 
not exceed the life of the improvement. 

Highway transport formed the topic of Question 5, 
particularly the correlation and co-ordination with 
other methods of transport. 

In this connection, it was declared that highway 
transport had, in the last decad2, become firmly estab- 
lished in the general scheme of transportation in all 
important and progressive countries. People and 
governments were beginning to investigate the possi- 
bilities of co-ordination in the movement of persons 
and commodities by highways on the one hand and by 
rail, water, and air on the other. Anything of this 
kind between different systems should be so arranged 
that all transport should be carried on, as far as possible, 
in the most economical way and that best fitted to the 
particular requirements. Public authorities should 


adopt such legal and fiscal regulations as would not 
disturb the natural economic conditions of each system 
Co-ordination between rail and highway 


of transport. 





transport was the more pressing problem, this being 
accentuated in countries in which motor transport had 
become well developed. A solution of the problem 
based upon broad economic and scientific principles 
was essential if the public as a whole were to enjoy the 
maximum benefits of all transport agencies. 

Transportation by highway and rail were considered 
to be partly complementary and partly distinct services. 
Each one had to be judged on its own merits. The 
considerations which governed one were not the same 
as the considerations which governed the other, nor 
could one be placed in a position subordinate to the 
other. 

Common carriers of both passengers and freight 
constituted but a very small part of the total highway 
traffic. In general, private automobiles formed the 
most important part of highway traffic, and it was this 
which competed most seriously with the railways in 
passenger traffic. Where such conditions occurred, 
public authorities should permit the railways to adjust 
their train schedules so as to reduce passenger train- 
miles as much as possible, while it might be advan- 
tageous for the railways to substitute for unprofitable 
trains omnibuses operated by them or others. The 
operation of all public motor-omnibus services, irres- 
pective of ownership, should be subject to adequate 
control by a responsible authority embracing a wide 
area, so as to ensure regularity, efficiency, and adequacy 
of service, safety of the public at large, and avoidance 
of excessive competition and uneconomic fares. 

In certain situations it had been found that the 
small amount of traffic that highway common carriers 
might draw from the railways was largely com- 
pensated by the feeder service which they afforded to 
main line railways. This was especially true in 
mountainous countries where railway construction was 
expensive. In such areas, the automobile had brought 
about a revolution in traffic and had caused such regions 
to be better developed industrially and commercially. 

In considering the various proposals for a closer 
co-ordination between rail and highway carriers, one 
or more of the following plans was usually followed :— 
(a) Voluntary co-operation between the railways and 
the operators of omnibuses and common carrier firms. 
(6) The inauguration of road services by the railroad 
companies, or their financial and administrative control, 
or participation exercised by railways in the conduct 
of road transport undertakings. (c) Quasi-legal co- 
ordination with the obligation placed on the different 
companies to agree to the development of a system of 
co-operation, with the enforcement of compulsory 
co-ordination by Governmental authority, if necessary. 

Motor transport produced new traffic, part of which 
the railroads were not in a position to handle. This 
was useful in moving less than car-load shipments, and 
through the introduction of containers, and helped to 
solve transportation problems between terminals in large 
cities. The passenger traffic created was both short and 
long haul, but the freight traffic was, in general, of the 
short haul class. Motor vehicles operating over good 
highways acted as agencies for gathering freight which 
served to increase the productivity of the farming areas, 
and relieved the railways of short-haul freight upon 
which little or no profit could be made. 

Common carrier freight services on the roads had 
not been profitable, due to the competition of private 
and contract vehicles. Common carriers of freight on 
the highways handled such a small part of the total 
traffic that the field did not appear to be sufficiently 
attractive for railways as a general proposition. Traffic 
surveys, including studies of origin and destination of 
traffic, were of special value in revealing the true 
characteristics of various kinds of motor traffic and 
their relationship to other forms of transportation, 
whether as feeders thereto or supplementary thereof. 
Road-transport enterprises should be financially self- 
supporting. Subsidies on the part of the State, or of 
private interests, should only be allowed when opening 
up of new regions or sections of country which were 
destitute of traffic. Apart from this, the motor vehicle 
should bear its own costs and taxes in so far as they 
could be considered fair to the motor vehicle. This was 
true particularly with reference to the contribution for 
the maintenance of roads which the motor vehicle 
made by the payment of motor vehicle taxes, including 
fuel taxes or duties. Taxes for highway purposes 
should be borne not only by motor vehicles, but by all 
interests which benefited from the highway system, 
and should not be such as would arbitrarily prohibit 
the use of highways. Co-operation between railroads 
and motor transport, which had already been effected 
to some extent, was one of the important needs of the 
age. In seeking a solution of the problems, the require- 
ments of aviation, by the provision of aerodromes and 
roads leading to them, must not be overlooked. 

The regulation of traffic in large cities and their 
suburbs, traffic signals, the design and layout of roads 





Milan, relating to the layout of cities with regard to 
convenience and safety of traffic, were confirmed, and 
a resolution was adopted urging the necessity for uni- 
formity of traffic signs and signals, and adherence to 
the principle that shape and colour should be utilised to 
give indications. The Congress accepted the recom- 
mendations of the diplomatic conference, held in 
Paris in 1926, as an important step towards this end, 
and it was proposed that countries that had not already 
accepted these recommendations should give due 
consideration to them. It was further proposed that 
an international committee should be appointed by the 
Permanent Commission and the Executive Bureau of 
the Association of International Road Congresses to 
consider methods for the universal application of the 
principles referred to. It was further recommended 
that the international committee should lay down 
uniform standards for traffic control signals and other 
control devices. Pending the establishment of such 
standards, it was recommended that red in traffic 
control signals should be used only for the purpose of 
stopping traffic; for other indications, such as marking 
obstructions in the roadway, red might still be used to 
indicate caution. 

The preparation of rules and regulations for traffic 
in congested districts was a matter of growing com- 
plexity. Specific measures of control should only be 
applied after a competent study of local conditions by 
qualified officials, and the co-operation of the interests 
affected. The following types of regulations had been 
found useful :—(a) Parking restrictions through the 
application of space and time limits or prohibitions. 
(6) Segregation of types of traffic by the exclusion of 
certain classes of vehicles. (c) The regular alignment 
of vehicles en route by the use of traffic lane markings 
(d) One-way movement. (e) Rotary movement at 
intersections where centre islands of sufficient size and 
adequate visibility could be reserved. (f) Control of 
turning movements at intersections and of U-turns 
between intersections. (g) Regulation of pedestrian 
traffic. 

Physical and financial difficulties were involved in 
re-planning congested and built-up districts in large 
cities. Substantial relief, however, could be obtained 
by changes made with a view to adapting streets in 
such districts to the requirements of modern traffic. 
Where economically possible, rail systems should be 
removed from the street surface and placed in subways, 
and rapid-transit systems developed. 

The passage of pedestrians across streets of heavy 


| traffic was facilitated and made safer by subways or 


bridges at street intersections, or other natural places 
of crossing. Where traffic was not sufficiently heavy 
to warrant such structures, pedestrian traffic could be 
facilitated and protected by the use of definitely- 
marked lanes at crossings. In order that restriction of 
parking might be enforced without undue inconvenience, 
the provision of off-street storage space economically 
and conveniently available should be encouraged. In 
certain cases it might be proper to require, in the 
construction or remodelling of buildings, the incorpora- 
tion of suitable space for the off-street loading or 
unloading and garaging of vehicles. Traffic congestion 
and risk of accidents were sufficiently great, at times, 
to warrant expenditure on grade separation at inter- 
sections, and, indeed, on the construction of elevated 
or underground streets. In the case of city and sub- 
urban zones destined for future development, broadly- 
conceived plans should be adopted for their layout, 
in order that there might be no repetition in the 
future of the difficulties now experienced in congested 
districts. ; 

An agreement on the regulation of motor vehicle 
traffic was signed by representatives of 20 American 
republics. This adopted, among other provisions, that 
the rule of the road should be to pass to the right, at 
intersections, the vehicle within the intersection, and 
the vehicle at the right to have the right of way, pro- 
vision for registration of vehicles, uniform direction 
signs, and size limitations. 

The arrangements for the entertainment of delegates 
included three excursions, a reception by Secretary of 
State Stimson, a reception by President and Mrs. Hoover, 
a reception and a luncheon by the American Road 
Builders’ Association, and a dinner at the invitation 
of the American Organising Commission. The excur- 
sions included an inspection of the Mount Vernon 
Memorial Highway, in process of construction, a visit 
to the Arlington Experiment Station of the United 
States Bureau of Public Roads, and a visit to the Naval 
Academy at Annapolis, including a reception and 
luncheon by Governor Albert C. Ritchie, of Maryland. 

A selection of three motor-omnibus tours was also 
available to the delegates. These tours went south, 
west and north, all finally reaching Detroit in the latter 
part of October. The tours were under the auspices 
of the American Automobile Association and the 


and their adaptation to traffic requirements in built-up | Highway Education Board. 


areas, were taken as the subject of Question 6, together 
with parking and garaging of vehicles. 


The general conclusions of the previous Congress, in 


The American Organising Commission, in charge of 
the arrangements for the Congress, was headed by 
Mr. Roy D. Chapin, National Automobile Chamber of 
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Commerce, as president, and Mr. Thomas H. Mac- 
Donald, Chief of the United States Bureau of Public 
Roads, as Secretary-General. 

The Equipment and Materials Exposition and 
Demonstration included an exhibit, 30,000 sq. ft. in 
area, of 86 manufacturers from the United States and 
Great Britain. Equipment was shown in operation. 
This exhibit was under the direction of the American 
Road Builders’ Association as a supplement to the 
Annual Road Show, held by that organisation in 
January, which usually covers an area of 200,000 sq. ft. 
The American Road Builders’ Association includes in 
its membership all classes of people interested in roads 
and streets, such as public officials in states, counties and 
cities, engineers, contractors, and honorary representa- 
tives from other nations. The efforts of the Association 
are directed towards the collection and distribution of 
information about roads and streets, and the regula- 
tion of expenditure for roads and streets so that a con- 
tinuous flow of money into roads may be maintained, 
and economy and efficiency of fund expenditure assured. 








THE OPEN-AIR CORROSION OF 
COPPER. 


Part II.—TuHr MINERALOGICAL RELATIONSHIPS 
or Corrosion Propvucts.* 


By W. H. J. Vernon, D.Sc., and L. Wurrsy, M.Sc. 


In the first part of this paper the open-air corrosion 
of copper was discussed with particular reference to the 
green patina that characterises the metal surface under 
many conditions of exposure. Analyses of products 
from copper structures of various ages in representative 
localities revealed that the major constituent was usu- 
ally basic copper sulphate. Although in a purely 


value for [SO,] represents the total sulphate ; in the 
presence of lead, however (North Mimms and Bodleian 
Library & on cao. it represents the residue of [SO,] 
after deducting from the total sulphate the amount 
which is associated with lead. In the first set of values 
(A) it is assumed that lead is present as normal lead 
sulphate ; in the remaining values, as a double basic 
sulphate of lead and copper, corresponding with the 
mineral caledonite, (Cu.2Pb)(SO,), . (Cu . 2Pb)(OH)g. 
The latter assumption is a reasonable one, bearing 
in mind the close association of lead and copper in the 
original metal. The colour of caledonite is described* as 
“ verdigris green” ; its crystalline form (orthorhombic) 
is similar to that of brochantite, the natural basic 
sulphate of copper. It is significant that the residue 
of basic copper sulphate shows appreciably better 
agreement with the composition of the mineral if lead 
is assumed to be present as this double basic sulphate. 

Copper.—The values for copper are obtained by 
deducting from the total copper content the amount 
associated with the carbonate radical as basic copper 
carbonate, and with the sulphide radical as copper 
sulphide. For this purpose it is assumed that basic 
copper carbonate has the formula of malachite, 
CuCO,.Cu(OH),; the justification for this assumption 
will appear later. In the case of sulphide, two alter- 
natives are given. In the third set of values (C’) cuprous 
sulphide is assumed; in the preceding examples, 
cupric sulphide. The substitution of cupric sulphide 
for cuprous sulphide brings about an extraordinary 
agreement among the values for the residual basic 
copper sulphate. The effect is only slight in the case 
of the Bodleian Library, where the sulphide content 
is low, but is extremely marked in the remaining two 
examples where the sulphide is relatively high. These 
results leave little doubt that sulphide in the old 





TABLE II.—Composition or Basic CoprperR SULPHATE IN OLD CorRosION Propvucts, 
Products containing Lead (N. Mimms Steeple and Bodleian Library).—In examples marked A it is assumed that 
lead is present as normal lead sulphate ; in following examples as the double basic sulphate of lead and copper. 
Products containing Sulphide (Bodleian Library, Lancaster House, British Museum).—In examples marked C 

















it is assumed that sulphide is present as cuprous sulphide ; in preceding examples as cupric sulphide. 
Percentage Composition of Basic Copper Sulphate in Mean Percentage 

Corrosion Products. Composition o: 

Percentage bok Gear 

Composition of Sulphate in 

a cusstocuantite N. Mimms Bodleian Lancaster | British Corrosion 
a 2 Steeple, Library, House, | useum, oducts. 
Herts. | Oxford. London. London. 
| | 1 
Age in years. | ia | 300 | 100 | 100 | 70 | 
A A 
Cu 56-2 57-0 56°5 56-1 55-9 56-4 
[S04] 21-2 19-4 20°5 21-5 21-9 20-8 
[OH] 22-6 23-6 23-0 22-4 | 22-2 22-8 
Cu 56-2 56-7 56-1 56-1 | 55-9 56-2 
[S04] 21-2 20-0 | 21-4 21-5 | 21-9 21-2 
(OH) 22-6 23°3 22-5 22-4 | 22°2 22-6 
c Cc | C 

Cu 56-2 56-7 56-0 54°5 H 54-0 55-3 
[SO] 21-2 20-0 | 21-6 24-8 26°6 23-2 
[OH] 22-6 23-3 | 22-4 20-7 | 19-4 21-5 














marine atmosphere basic copper chloride predominated, 
when urban and marine conditions coincided the amount 
of basic sulphate greatly exceeded that of basic chloride. 
The proportion of basic copper carbonate was in all 
cases low. The data have since been re-examined, 
primarily with the view to ascertaining whether, under 
any conditions, definite formule could be ascribed 
to these constituents. It was suggested to the authors 
by Professor G. T. Morgan that, in the light of the 
theory of co-ordination, the predominating basic copper 
sulphate would probably have a formula analogous to 
that of the mineral atacamite, [Cu{(HO),Cu}s3]Clo. 
As applied to the older products, this prediction has 
proved remarkably accurate. Other interesting rela- 
tionships have also come to light, in spite of certain 
anomalies which, until they were isolated, tended to 
obscure the issue. The mineralogical composition of 
atmospheric corrosion products does not appear to 
have been investigated by other workers. Bengough 
and May, however, published analyses of the corrosion 
products of copper in sea-water, which showed that the 
principal constituents were basic copper chloride 
(atacamite), basic copper carbonate (azurite, ‘‘ blue 
carbonate of copper ’’), together with cupric hydroxide. 

Composition of Basic Copper Sulphate in Green 
Patina.—The figures in Table II denote the composition 
of basic copper sulphate as it occurs in the products 
from the older copper structures studied, ranging in 
age from 70 years (British Museum dome) to approxi- 
mately 300 years (North Mimms steeple). 

Sulphate [SO,].—In those products which are free 
from lead (Lancaster House and British Museum) the 





* Paper read before the Institute of Metals, Southamp- 
ton, on Thursday, September 11, 1930. Abridged. 

tJ. Inst. Metals, vol. xlii, page 181 (1929); Sce also 
ENGINEERING, vol. exxviii, page 354 (1929). 


corrosion products takes the form of cupric sulphide— 
a conclusion which, it may be noted, is in harmony with 
mineralogical considerations. Thus, chalcocite (Cu,S) 
is characteristic of the more deep-seated ore deposits, 
while covellite (CuS) is found only in the upper, 
weathered portions of the lodes; exposed specimens 
of chalcocite are often partially converted to covellite 
at the surface. It can thus be readily understood 
that atmospheric corrosion products, after prolonged 
exposure, will contain only the higher sulphidd. 
Furthermore, chalcocite is dull black, while covellite 
is blue; hence, colour considerations alone suggest 
the greater probability of a given green patina con- 
taining a relatively small amount of blue cupric 
sulphide rather than a much larger amount of black 
cuprous sulphide. 

Hydroxide (OH).—That portion of the copper which 
is not already accounted for by the sulphate radical 
is assumed to be present as cupric hydroxide, Cu(OH), ; 
the amount of hydroxide (OH) required for this purpose 
is the value reported in the table. 

Formula of Basic Copper Sulphate.—In the second 
column of Table II, is given the percentage composition 
of brochantite, the naturally occurring insoluble basic 
sulphate of copper, an emerald-green mineral having the 
formula CuSO,.3Cu(OH),, or [Cu{(HO),Cu}s]SO,. 
Comparison with the derived values for the composition 
of basic copper sulphate in the corrosion products 
reveals a remarkable agreement. This is particularly 
true in the case of the middle group of results, the 
implications of which, in respect to the condition of 
lead and of sulphide in the original product, have 
already been discussed. In this case, indeed, the 
mean of the values yielded by all products is identical 
with the theoretical value calculated from the formula 


* Dana, Mineralogy. 

















of the mineral. This result is of interest, not only 
because it is in accordance with the theory of co-ordi- 
nation, but because it demonstrates, beyond any 
doubt, that the composition of the basic sulphate, 
as it occurs in the corrosion product after prolonged 
exposure, is identical with that of the mineral. 
Composition of Basic Copper Carbonate in Green 
Patina.—In the preceding discussion, for the purpose 
of arriving at the composition of basic copper sulphate 
in the products, the associated basic copper carbonate 
was assumed to have the composition of malachite, 
‘“‘ green carbonate of copper,” CuCO,.Cu(OH),. The 
validity of this assumption is demonstrated by the 
close agreement in the composition of the residue, 
bearing in mind that in two of the products (North 
Mimms and Bodleian Library) the proportion of 
basic carbonate is particularly low, while in the London 
products (Lancaster House and British Museum) it 
is relatively high. Malachite is one of the two naturally 
occurring basic carbonates of copper; the other 
representative (azurite) is blue in colour and has the 
formula 2CuCO,. Cu(OH),. Normal copper carbonate 
does not appear to exist. According to Schrauf, 
malachite and brochantite are isomorphous. 
Composition of Basic Copper Chloride in Green 
Patina.—The product from the dome of the Ramsgate 
Customs House, the age of which is 38 years, is dis- 
tinguished by the complete absence of carbonate and 
of sulphide ; except for a very small amount of wind- 
borne impurity it consists entirely of basic copper 
sulphate with associated basic copper chloride. Assum- 
ing that copper hydroxide is shared proportionally 
by copper sulphate and copper chloride, the composi- 
tions of the respective basic compounds are as set out 
in Table III. For comparison with the basic sulphate, 











Taste IIT. 
Cu. [SO,]. (Cl.] | [OH.] 
Per cent.|Per cent.|Per cent.' Per cent. 
| 
Brochantite és 56-2 21-2 — 22-6 
CuSO,.3Cu (OH)2 
Basic sulphate in Rams- 55-4 23-2 = 21-4 
gate product | 
Atacamite ad 59-5 = 16-6 23-9 
CuClz . 3Cu (OH)2 
Basic chloride in Rams- 58-9 —_ 18-3 20-8 
gate product 

















the percentage composition of brochantite is repeated, 
while for comparison with the basic chloride the per- 
centage composition of atacamite, CuCl, . 3Cu(OH),, 
is also given. 

It will be seen that the compounds in the corrosion 

roduct have a rather lower basicity than is required 
> the formule of the minerals; actually they corres- 
pond with the following “ approximate ” formule :— 
CuS04.2-6Cu(OH),. 
CuCl,.2-6Cu(OH)e. 

Thus, 2-6 molecular parts by weight of cupric 
hydroxide in the product, as compared with 3-0 mole- 
cular parts by weight in the mineral, represents the 
extent to which the basicity falls short of the maximum 
basicity. This result is of interest because the age 
of the structure from which the product was taken 
(38 years) falls considerably short of the ages represented 
in the preceding examples. Clearly, the period of 
exposure has not been sufficient to enable the maximum 
basicity to be reached. There can be very little doubt 
that, in the limit, the composition of the basic chloride 
would coincide with that of the mineral atacamite, 
just as the composition of the basic sulphate has been 
shown to coincide with that of brochantite. Atacamite 
and brochantite are analogous in their chemical formulz ; 
both are green in colour and both belong to the ortho- 
rhombic system. 

Mineralogical Composition of Corrosion Products.— 
The typical examples already discussed illustrate the 
tendency on the part of the various constituents to 
assume in the corrosion product the state of combina- 
tion in which they occur in the mineral. In the 
earliest stages, and persisting for longer periods the 
nearer the source of pollution, a certain amount of the 
normal salt may be expected. Probably the only 
examples of this in the present investigation are those 
of the corrosion products from the Imperial Institute 
South Kensington (age 30 years), for which, no doubt, 
the proximity of chemical laboratories was largely 
responsible. In these cases, the presence of normal 
(soluble) copper sulphate was demonstrated experi- 
mentally. Thus, in the water-soluble portion of the 
product from the top dome of the Imperial Institute 
(Alexandra Tower) copper and sulphate were found 
in the proportion of 39-6: 60-4 (compare theoretical 
values of 39-8 and 60-2 in normal copper sulphate). 
In the products from the lower domes, the presence 
of free sulphuric acid was demonstrated, but practically 
no soluble copper sulphate wasfound. Nevertheless, the 
basicity of these products was abnormally low, viz., 0-6 
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as compared with the maximum value of 3-0. It is 
significant that the product from Australia House, 
London, although not half so old, has a basicity figure 
double that of the Imperial Institute products. 

For reasons already discussed, sulphide has been 
ussumed hitherto to be present as cupric sulphide. The 
product from Australia House, however, calls for special 
consideration, since not only is it the only representative 
of a black product as distinct from one which shows 
the characteristic green patina, but it is also the youngest 
(age 12 years) of the products examined. Moreover, 
the original product formed an exceptionally thin 
coating on the underlying metal, so that the greater 
part of the sulphide present was probably formed by 
direct reaction of hydrogen sulphide with the metal, 
rather than by a secondary reaction with products 
already formed. In these circumstances, it seems reason- 
able to assume that sulphide is present as black cup- 
rous sulphide, which, in course of time, will become 
oxidised to the cupric condition. 

Reviewing the results as a whole it will be found that 
the products fall into two groups: (1) The chemical 
compositions of the principal constituents coincide 
with those of the corresponding minerals. This group 
includes the products from all the older structures, 
the ages of which range from 70 years upwards; and 
(2) the compositions of the principal constituents do 
not coincide with the compositions of the minerals. 
The characteristic mode of difference is in respect 
to the basicity of the respective compounds, the pro- 
portion of copper hydroxide to normal salt being in 
lower ratio than that demanded by the formula of the 
mineral. This group includes all the younger products, 
the oldest of which (Customs House, Ramsgate), 
represents a period of 38 years’ exposure and, inciden- 
tally, exhibits the highest degree of basicity. The 
members of this group also display greater irregularity 
in respect to the amount of associated water. To some 
extent, this must be due to experimental error. Never- 
theless, the degree of concordance that obtains among 
the members of Group 1 suggests that this irregularity 
is not altogether fortuitous. 








A 1,000-HOUR TRIAL ON A 1,700-LB. 
LOFFLER BOILER.* 


Tue supply of feed water for high-pressure boilers 
of normal construction requires very careful con- 
sideration, on account of the high degree of purity 
demanded. Especially is this so where large quanti- 
ties of steam are used for process work, and also 
where leakage of cooling water in the condenser 
would cause trouble, as for instance, in marine work. 
The trial dealt with in this report was carried out 
from April 9 to May 10, 1929, under the supervision 
of the Association of Boiler Owners (Vereinigung der 
Grosskesselbesitzer), to determine the behaviour of the 
Léffler boiler with impure feed and its reliability in 
service. The effect of variations of load and of water 
level were also investigated. The results of the 
tests, which were carried out on the first boiler at 
Witkowitz, refer specifically to the position as at 
May, 1929. The thermal efficiency was not deter- 
mined, no importance being attached to this point, 
as affecting the principle of the boiler, nor to the 
temperature of the flue gases. The latter can, of 
course, be reduced by the provision of further heating 
surface. 

The quantity of steam produced was determined by 
the use of a nozzle through which the steam passed into 
the works system, the pressure being measured by a 
manometer and the temperature by a mercury thermo- 
meter. These measurements were made at five- 
minute intervals for a period of two hours daily, 
readings being taken at the same time of the power 
consumption of the pumps. Samples of the feed 


water were taken once each shift, and tested for | 


hardness and alkalinity. For the special tests on the 
effects of salt concentration and of water level varia- 
tion; further samples were™,taken for full analysis. 
Complete analyses were made of water samples taken 
between the water heater and the drums and from the 
blow-down piping, and also of condensates from both 
saturated and superheated steam. In the tests on the 
effect of high salt concentration, it was not found 
possible to secure such concentra.ion by normal opera- 
tion; solutions of Glauber’s salt (sodium sulphate) 
and of ordinary salt (sodium chloride) were therefore 
pumped into the water heater or economiser. This 
took about 15 minutes to 20 minutes, after which an 
hour was allowed to elapse before the samples were 
taken. Five minute readings of the pressure and 
temperature at the steam meter and of the power con- 
sumption of the pumps were commenced 15 minutes 
before the drawing off of the samples started, and 
continued until 15 minutes after this ceased. 

The instruments, located as shown in Figs. 1 to 3, were 





: * Abstract of a paper read before the Vereinigung der 
Grosskesselbesitzer E. V. by Dipl. Ing. H. Knodel, Berlin, 
on June 24, 1930, 


read half-hourly during the trial. On Sundays gas/| selves. The condition of the holes in the pipes each 
was used on the boiler, which was normally fired with | time they were inspected showed that drum No. 1 
powdered coal, while the temperature of the feed was | received more steam than drum No. 2. 
lower, owing to the reduced quantity of exhaust steam The drums had an internal diameter of 800 mm. 
available for heating it. Both of these causes reduced | (314 in.), the normal water level being at the centre 
the output of the boiler. line. The centres of the superheated steam inlet pipe 
Evaporation in the Léffler boiler is effected by passing | and the wet steam collecting pipe were 260 mm. 
superheated steam through hot water, no water tubes | (10} in.) below and above the centre line, respectively. 
being exposed to high temperature gases. It is thus| During the trial, the effect of varying the water level 
necessary to fill the superheaters, of which there are | from 70 mm. above to 70 mm. below the normal level 
two series, with steam when starting up. This was| was investigated by observation of the temperatures 
done from the works system at a pressure of 16 atmos- | of the saturated steam entering the radiant-heat super- 
pheres (228 lb. per square inch), the pressure rising | heater, the superheated steam leaving the same and 
slowly until it reached 25 atmospheres (356 lb. per | the superheated steam entering the evaporating drums 
square inch), after which it increased rapidly. Thus| after passing through the after-superheater. These 
full pressure can be obtained more quickly when a high | were very regular under the different conditions, while 
initial pressure is available. After a short shut-down, | the saturated steam in front of the circulating pump 
such as during the night, the boiler delivers steam in a | showed no sign of superheat. On the other hand, 
short period, but the normal superheat is not reached | with high-water level, the condensate from the saturated 
until some time later, as shown in Fig. 4. From obser- | steam left a residue of 29 mgm. per litre on evaporation, 
vation of the starting up after four shut-downs of 20, | the density of the water in the boiler being 0-11 deg. B. 
40, 70 and 30 hours respectively, the following con- Some water had thus been carried over, although no 
clusions were drawn :— | corresponding fall in the temperature of the super- 
(1) Approximately the same time is required to raise | heated steam could be determined. 
the pressure from 14 atmospheres to 25 atmospheres | Three tests were carried out on the effect of load 
(199 lb. per square inch to 356 lb. per square inch), as | variation. In the first, the output varied between 
from 25 atmospheres to 100 atmospheres (356 lb. per|6 tons and 10-5 tons per hour. A sudden increase 
square inch to 1,422 lb. per square inch). from 6 tons to 12 tons per hour was accompanied by a 
(2) With steam at higher pressures, the heating-up | pressure drop of 15 atmospheres (213 lb. per square 
time can be appreciably shortened. By starting at|inch). A reduction of about 33} per cent. in the 
20 atmospheres to 25 atmospheres (284 lb. per square | output caused a rise of pressure of 8 atmospheres 
| inch to 356 lb. per square inch), steam can be delivered | (114 lb. per square inch), and a fall of 80 deg. C. in 
|in an hour. In the cases observed, this was possible | the temperature of the superheated steam. This was 
in two hours to three hours. raised 45 deg. C. in a quarter of an hour by adjustment 
(3) The normal putput (10 tons per hour) was | of the firing and of the speed of the pump, giving a 
obtained in 44 hours to 6 hours, from approximately | final drop of 35 deg. C., which was recovered later 
cold condition. when the output was again increased. In the other 
(4) The working temperature of the superheated | tests the load was reduced gradually, closer attention 
steam, of 460 deg. C. (860 deg. F.), was reached in | to the regulation of the firing and of the pump speed 
1 hour to 3} hours after delivery of steam commenced. | giving more favourable results. Thus, in the second 
(5) Especial care had to be observed during heating | test, the temperature fell 40 deg. C. on a reduction of 
up to prevent excessive rise of the temperature of the | 47-5 per cent. in output. A sudden increase from 
steam in the radiant heat superheater, which is placed '5 tons to 11 tons per hour gave a pressure drop of 
in the combustion chamber. 20 atmospheres (284 lb. per square inch). To increase 
The steam production was only measured directly | the output from 7-8 tons to 11-2 tons per hour required 
for periods of two hours daily, as already mentioned, | 10 minutes. The third test gave a temperature fall 
but it was found that the power consumption of the | of 50 deg. C., although the output was only reduced 
pumps was from 16 kw. per ton to 19 kw. per ton of | 38 per cent. It was found possible to increase the 
steam, as the superheat temperature varied from | output from 6-3 tons to 10-2 tons per hour in 5 minutes. 
| 480 deg. to 460 deg. C. Fig. 5, which gives this power | The pressure normally fluctuated about 5 atmospheres 
| consumption from the half-hourly readings, may thus |(71 lb. per square inch). Comparison with tests on 
| be regarded as a measure of the output, averaging | boilers of normal design, working at pressures from 
|10 tons to 11 tons per hour. It will be noted that | 15 atmospheres to 45 atmospheres (213 1b. to 614 lb. 
| there were three major stoppages, the causes of which | per square inch), led to the conclusion that the Loffler 
were as follows :— boiler offered no advantage in respect to regularity of 
The hardness of the feed water until April 16 averaged | the superheat temperature. In fact, the earlier types 
| 2-26 deg. (calculated as CaCO, in parts per 100,000), | permit the output to be more rapidly increased without 
'In order to increase the concentration of salts, the | excessive drop of pressure or superheat. 
| drums were not blown down, which led to one of the| No provision was made for direct measurement of 
water gauges being stopped up. It was then found|the amount of steam circulated, but this {can be 
| that the blow-down piping was choked, and the boiler was | calculated from the readings taken. Under the average 
| shut down to clear out the deposit. After thoroughly | working conditions producing 10-3 tons of steam per 
| washing out of drums, the boiler was again put | hour at a pressure of 115 atm. (1,636 lb. per square 
| into service on April 18, but on the following day the | inch), superheated to 470 deg. C. (878 deg. F.), with 
| temperature of the superheated steam began to fall, | feed temperature of 204 deg. C. (399 deg. F.), the 
| that leaving the radiant-heat superheater showing | quantity of saturated steam delivered by the pump was 
| fluctuations of 30 deg. C. to 60 deg. C. This indicated | 39-1 tons per hour, corresponding to an evaporation 


that water was being carried over by the steam. | in the drums at the rate of 174 cub. ft. per square foot 
| Attempts to overcome this by admitting superheated | of water surface per hour. Raising the feed temperature 
| steam to the saturated steam drier were unsuccessful | to 280 deg. C. (536 deg. F.) increased the output to 
and the boiler was again shut down on April 22, On | 11-8 tons per hour, or by 14-5 percent. Two methods 
examination, it was found that the holes in the pipes | are possible for increasing the output or reducing the 
| through which the superheated steam was blown into | amount of steam circulated, and in consequence the 
the drums had been partly plugged up with sludge | power taken by the pump, namely, high superheat and 
| which was already more or less hard. This caused | high feed temperature. Little can be achieved by raising 
| irregular evaporation, and was due to the omission of | the pressure. 
Calculation of the heat transmission rates gave 55-3 
| water, and the unsuitability of the steam-injection pipes. | cal. per square metre per hour per degree Centigrade for 
The stoppage on May 5 was due to packing blowing | the radiant heat superheater, the corresponding figure 
out of a stuffing-box on the steam-circulating pump, | for the after-superheater being 16-9 (11-3 B.Th.U. 
the packing not having been able to stand up to the | and 3-5 B.Th.U. per square foot per hour per degree 
temperature of the saturated steam. There were | Fahrenheit respectively). Both of these values can 
also two short shut downs, that on April 27 being due | be improved on by suitable alterations in the design. 
to a Klingerit packing blowing out on the feed water | According to the Witkowitz Company, the boiler with 
piping, necessitating a stoppage of 14 hours. In the| 4,085 sq. ft. of superheater surface should deliver 
second case, one of the suction valves on the circulating | 18 tons per hour. The maximum output attained was 
pump was broken. 12 tons per hour with feed at 210 deg. C. to 220 deg. Cc. 
The velocity of the superheated steam at the inlet | (410 deg. F. to 428 deg. F.). The feed and circulating 
of the injection pipes, at 470 deg. C. (878 deg, F.),| pumps were driven by the same motor, the excess 
amounted to 77-4 ft. per second, when the output | delivery of the feed pump being by-passed into the 
was 10-3 tons of steam per hour. The total area of | suction piping, causing pulsations and shocks which 
the discharge holes and slots was seven times that of | limited the speed of the pumps to 240 r.p.m. This 
this inlet. Several observations of these pipes showed | prevented the increase of the output of steam beyond 
that the choking of the holes was largely due to the | the figure given above. _ ; . 
design, quite apart from the hardness of the water, and| On the last day of the trial the delivery was suddenly 
the Witkowitz Company have since adopted the | shut down, firing being stopped five seconds later, 
entirely different arrangement shown in Fig. 6. Before | after which the steam was blown off into the atmos- 
the trial started, it was found that the inlet openings | phere. No appreciable rise of pressure or age gr 
in the first third of the pipes, i.e., where the tempera- | took place before the firing was cut off, after which : e 
ture was highest, were partly stopped up. There was | temperature of the superheated steam fell regular! 4 
1 mm. to 2 mm. thickness of scale on the pipes them. ' the speed of the pump being suitably reduced. Wit 

















| blowing down, the excessive hardness of the feed 
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good control of the firing, such as is possible with pow- 
dered fuel or oil, and careful attention there is no risk 
of damage to the superheater when the demand for 
steam suddenly ceases. 

The feed water was 95 per cent. condensed steam and 
5 per cent. distilled water, and was rather hard owing 
to leakage in the condensers. Until April 22, the 
hardness averaged 1-8 deg. to 2-7 deg., after which it 
was less than 1-8 deg. Complete analysis gave 12 mgm. 


LOCATION OF THE MEASURING INSTRUMENTS 
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Fig. 5.POWER CONSUMPTION OF PUMPS 
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Fig. 6. NEW ARRANGEMENT OF THE 
STEAM INJECTION APPARATUS 
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account of foaming the sulphate was carried off by 
the steam, being deposited in the superheater. No 
limit was found for the permissible concentration, 
but only 41 mgm. per litre was found in the boiler 
water at the end of the trial, showing that practically 
all passed away with the steam, although amounts had 
been introduced calculated to give 3,000 mgm. per 
litre. In the case of ordinary salt (sodium chloride) 
the density of the boiler water was brought up to 
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0-36 deg. B., agreeing with 
that added in solution by 





means of a pump. The 








maximum tesidue from con- 
densed saturated steam 
was 27-2 mgm. per litre, 





to 30 mgm. of oil per litre. Sodium carbonate was also 
present. Regular blowing down of the drums did not 
prevent choking of the holes in the steam injection 
pipes, so that with this degree of hardness continuous 
operation is not possible. Frequent cleaning of the 
injection pipes must be undertaken. At the same time 
1t appears quite possible to work for several days with 
water having a hardness of 1-8 deg. to 3-6 deg., while 
continuous operation is quite possible with 0-54 deg. to 
0-36 dg. This degree of hardness can be attained with 
chemical softeners, evaporating plants being thus 
unnecessary, a distinct advantage compared with high 
pressure boilers of normal design. 

In the tests on the effect of salt concentration in the 
drums it was intended to increase the sodium sulphate 
to 3,000 mgm. per litre, but this was impossible. On 








practically the same being 
obtained from the super- 
heated steam, showing that 
no appreciable quantity had been deposited in the 
superheater. Both oil and sodium hydrate increased 
the tendency to foaming, being found in the saturated 
and superheated steam, the sodium hydrate being 
deposited in considerably less amounts than the oil in 
the superheater. 

The material used in the construction of both super- 
heaters was stated by the Witkowitz Company to be 
carbon steel of 32 tons to 38 tons per square inch. 
tensile strength. The after-superheater was on the 
counter current system, the lowest tubes exposed to the 
hottest gases carrying the hottest steam; during the 
trial individual elements showed a steam temperature of 
520 deg. C. At the beginning of the trial two of these 
lowest tubes showed fine cracks in the oxide film, 
and at the end it was found that a slight bulge had 





1130 12 








formed on one of them. Similar fine cracks were found 
on another tube, which had developed in 14 days. The 
material employed does thus not appear capable of 
long operation in this superheater, but proved satis- 
factory in the case of the radiant-heat superheater. 
The various welds, joints and bolted connections gave 
no trouble during the whole of the trial. 

In a written communication contributed to the 
discussion on this paper, Herr Rochel, chief inspector 


Fig. 4 . TEMPERATURE OF SUPERHEATED STEAM 
& OUTPUT ON STARTING UP 
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MODERN 50 TON LOFFLER BOILER WITH 
TUBULAR COMBUSTION CHAMBER. 


of the Witkowitz Company, pointed out that this 
boiler was a first experimental t In accordance 
with the views held about powdered fuel firing in 
1925, a large combustion chamber was provided, and 
the decision to place a radiant-heat superheater in 
it was made after the boiler design had been com- 
pleted. To prevent cracking of the brickwork, this 
chamber had to be slowly heated up. The heat taken 
up by the walls necessitated a high combustion temper- 
ature in order to attain the final superheat desired, 
causing a proportionately greater temperature rise in 
the radiant-heat superheater. Great care was, therefore, 
necessary to prevent the tubes of this superheater 
being over-stressed. A further factor contributing to 
the long time required in starting up was the coupling 
together of the circulating and feed pumps, which did 
not allow the steam to be circulated in large quantity. 
The cooling of the superheater tubes was thus poor 
and the firing had to be adjusted accordingly. 

Two new 50-ton boilers have now been built in which 
the combustion chamber is surrounded by the radiant- 
heat superheater, the steam from this passing to the 
lowest row of tubes in the after-superheater, which no 
longer carry the hottest steam. The arrangement of 
these boilers is shown in Fig. 7. The circulating pump, 
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being independent of the feed pump, can be run at full 
speed as desired, which, combined with the absence of 
brickwork and the better direction given to the flame 
materially reduces the time required for starting up. 
The burner is provided with movable air inlet guides, 
giving a spiral direction of flow, which at full load 
ensures combustion being complete within the radiant- 
heat superheater. At lower loads the spiral flow is re- 
duced, the flame being adjusted to extend the full length 
of this superheater. This ensures regular operation 
without risk of local overheating, such as obtained with 
the trial boiler. The fluctuations of pressure and 
temperature with variation of load are thus reduced. 
The low rates of heat transmission reported by 
Herr Knodel were due to the low output compared with | 
that of 18 tons per hour for which the boiler was | 
designed, but which was not obtained for the reasons | 
stated. With new boilers, the heat transmission in the | 
radiant heat superheaters would be 125 cals. per square | 
metre per hour per degree Centigrade, the figure for | 
the after-superheater being 35 cals. (25-6 B.Th.U. and | 
7-2 B.Th.U. per square foot per hour per degree | 
Fahrenheit, respectively). The radiant-heat super- 
heaters in new boilers would be of molybdenum steel, | 
permitting the use of thin walls and reducing the heat 
stresses. For the after-superheaters, normal hard 
carbon steel is adequate with suitable arrangements. 














| 
A TRIPLE-CUTTING CHAIN SAW. | 


THE chain-saw, the use of which has extended con- 
siderably in recent years for such operations as mor- 
tising, has for some time been coming into favour for 
tree-felling, cross-cutting, and portable log sawing. The 
particular form illustrated herewith, which has been | 
introduced by Mr. John T. Pickles, Hebden Bridge, | 
Yorkshire, should increase this popularity. The shortage | 
and growing ,cost of timber is compelling attention to | 
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be paid to methods of felling involving less waste 
than that resulting from the use of the axe and hand- 
saw, and of the means of afterwards squaring it 
without having to resort to haulage to the saw mill. 
The gap made by the chain saw, which is merely 
run over sprockets and drawn through the tree without 
any guide or frame, is, of course, greater than that 
made by the frame saw or handsaw, though it does 
not compare unfavourably with the circular saw, 
but this disadvantage is more than compensated for 
by its light weight and consequent portability, its 
general handiness and low power consumption. As 
regards the former the weight of a chain saw taken 
at 5 lb., is comparable, for equal sawing duty, with 
25 lb. for a pit or frame saw, 50 lb. for a hand saw, 
and 250 lb. for a circular saw. As to the second, the 
chain saw can cut trees close to the ground, and 
logs 3 ft. to 6 ft. in diameter can be squared with 
little trouble. A motor-cycle engine may be used, 
and compact drives with comparatively small sprockets 
can be readily arranged. Ready portability is an asset 
as so much of the hardwood timber is now being ex- 
tracted from regions where transport is by porter. 

The saw, as will be seen from the illustration, is 
made of a single thick link and two thin links alter- 
nately, the whole making a cut on three edges about 
} in. in total width. The links are made of tungsten 
steel, which not only gives a long life to the cutting 
teeth but reduces the sharpening time. The chain is 
manufactured in short lengths which can be coupled 
up into the total length, required, say, to compass tree 
butts 36 ft. in circumference, or can be used singly 
for small trees up to 12 in. in diameter. The several 
lengths are joined by providing a dat on the coupling 
pin which passes through a slot in the centre link 
narrower than the pin diameter. The pin is then 
turned round through a right angle and, as the pressure 
on it, due to the tension on the chain, is on the side of 
the hole nearest the tooth, it has no tendency to come 
out when working. 








Tse Crrrus AEROPLANE ENnaines.—In the recent 


Third Round-Poland Flight, the first, second, fifth, 
and sixth places were secured by aeroplanes furnished 
with Cirrus-Hermes 105-h.p. engines. 
ninth place was 
85-h.p. Cirrus M. 


n addition, the 
ained by an aeroplane fitted with an 
IT engine. 
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HIGH-SPEED LATHE. 


MESSRS. MONARCH MACHINE. TOOL COMPANY, SIDNEY, OHIO, U.S.A. 





| 
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EIGHT-INCH HIGH-SPEED LATHE. 


Tue motor-driven 8-in. centre high-speed lathe, illus- 
| trated in the accompanying figure, is a recent example 
| of the products of Messrs. The Monarch Machine Tool 
| Company, Sidney, Ohio, U.S.A., designed to take advan- 
tage of the enhanced cutting properties of the newer 
cutting steels, such as the tungsten-carbide tools. To 
this end, the spindle has been given a normal speed of 
3,000 r.p.m., though this can be markedly increased 
| should occasion so require. The general appearance 
| of the lathe is somewhat unusual, due to the method of 
utilising the motor housing as one of the supports for 
the bed which is, moreover, notable as being of a 
very simple and uniform contour. The bed is cast 
from an alloy containing from 75 per cent. to 80 per 
cent. of steel, the remainder being a high grade pig-iron 
with some chromium, and other hardening elements. 
As the carbon content amounts to about 2-6 per cent. to 
2-65 per cent., the machined surface of the casting is 
highly resistant to wear. The Brinell test averages 
265 to 275, and the ultimate tensile strength from 
50,000 Ib. to 60,000 Ib. per square inch. The general 
section of the bed immediately below the headstock is 
that ‘of a pair of channels, back to back, the space 
between them admitting a straight drive, by multiple 
Vee belts, from the motor shaft to a pulley outside the 
rear ‘spindle bearing. This arrangement makes the 
belt very easy of access. The motor is of the direct- 
current variable-speed type of 7} horse power. Louvres 
in the housing provide effective ventilation. 

There is no lead screw or screw-cutting mechanism, 
| and it is therefore possible to drive the feed spindle by 
| belt from the main spindle. This is also effected by 
| Vee belts, and the resultant quietness in running is very 
| marked. The gear-box is seen below the headstock. 

Eight feed speeds are provided. All the gear-box 
shafts are mounted in Timken roller bearings, as is also 
the main spindle. The saddle is of the firm’s standard 
construction, and embodies its original design of ball 
eccentric levers for controlling the friction feeds. 
Automatic stops are provided for longitudinal tra- 
verse. Any type of tool equipment may be fitted, as 
desired, e.g., automatic facing attachment, multiple- 
tool rests, &c. 


| 
| 
| 
| 











British Propuction oF Pia IRoN AND STEEL.— 
The number of blast furnaces in operation at the end 
of September was 104, which figure is the same as that 
recorded at the end of August. The production of pig 


pared with 416,700 tons in August, and 664,600 tons in 
September, 1929. The September output of steel ingots 
and castings totalled 580,600 tons, against 451,300 tons 
in August, when the production was affected by the holi- 
days, and 847,900 tons in September, 1929. The 
above statistics have been compiled by the National 
Federation of Iron and Steel Manufacturers, Caxton 
House, Tothill-street, London, 8.W.1. 











i during September amounted to 425,000 tons, com- | y t 
soaed wie Ge | journal issued by Messrs. A. E. G. Company, Berlin, which 
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CATALOGUES. 


Tramcars.—Messrs. Maschinenfabrik Esslingen, Ger- 
many, have sent us a catalogue of tramcars with excellent 
illustrations and brief text in French and English. All 
the cars are electrically driven, with single decks and 
transverse seats, and all types have trailer cars to suit. 


Steel Foundry Work.—A reference book explaining 
steel foundry methods and showing typical examples of 
their range of products has been issued by Messrs. Edgar 
Allen and Company, Limited, Sheffield. The notes on 
design, patterns, machining, heat treatment, &c., will 
be useful to engineers. 

Pneumatic Tools.—A new edition of their catalogue 
issued by Messrs. The Globe Pneumatic Engineering Com- 
pany, Limited, 1, Victoria-street, London, S.W.1, shows 
a range of tools for chipping, caulking, riveting, digging, 
drilling, grinding, &c., with lists of spare parts and tools 
in the rough or finished states. These tools are made of 
selected steels and are of British workmanship throughout. 


X-Ray Apparatus.—A catalogue of accessories of 
X-ray equipment is to hand from Messrs. Watson and 
Sons (Electro-Medical), Limited, 43, Parker-street, 
Kingsway, London, W.C.2, completing their series of 
X-ray catalogues. The catalogue is extensive, covering 
the principal and minor parts and material supplies, as 
well as a wide range of accessories proper. Illustrations 
and priced lists are given with brief descriptive matter. 


Electric Machinery.—A new catalogue to hand from 
Messrs. Harland Engineering Company, Limited, Alloa, 
Scotland, shows electric motors in a wide range of types, 
alternators, converters, motor-generator sets, centrifugal 
pumps driven by motors or steam engines, special pumps 
for collieries, mine-sinking and bore-holes, and switchgear. 
Brief particulars are given and detailed sectional cata- 
logues are available. 

Drilling Machines.—Messrs. William Asquith, Limited, 
Halifax, have issued a new catalogue giving particulars 
of a radial drilling machine which is made in five sizes. 
There are two vertical electric motors, one for raising the 
radial arm and one for driving the drill, both mounted 
directly over the driven parts, leaving clear the whole 
of the circle swept by the arm. Many improve- 
ments in detail have greatly enlarged the range of work 
with which this machine can deal. 

Oil Engines.—A detailed description of the double- 
acting, two-stroke, marine oil engines made by _the 
M.A.N. Company appears in a new catalogue received 
from their British agents, Messrs. John Le Boutillier, 
18, Rood-lane, London, E.C.3. There are 
numerous illustrations of parts, and many ships fitted 
with these engines are also illustrated, including HLM. 
submarine depot ship Medway, built and engined by 
Messrs. Vickers-Armstrongs, Limited, Barrow-in-Furness. 


Petrol Rail Cars.—We have received a copy of the 


gives some interesting particulars of the petrol-engined 
cars built by the firm for the broad-gauge lines of the 
Brazilian Railways. There is also a description of the 
Ward-Leonard control as —er to the electric motors 
driving cold-rolling mills. The London representatives 
are Messrs. A. E. G. Electric Company, Limited, 131, 


| Victoria-street, London, S.W.1. 
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THE QUANTITATIVE ANALYSIS OF | 
STEELS BY SPECTRUM ANALYSIS.* 
By F. Twyman, F.Inst.P., F.R.S., and A. A. Frros, 

A.R.C.S., B.Sc. 

TuE object of the present investigation is to extend 
the work of Scheibe and Neuhiusser, who attempted 
the quantitative analysis of steels by taking spark 
spectra, using a logarithmic wedge sector. The ele- 
ments to which attention was given by the present 
authors are: carbon, silicon, manganese, nickel, 
chromium, molybdenum, and vanadium. The accuracy 
which it was hoped to attain was 5 per cent. of the 
constituent—that is, an error of 0-1 per cent. when 2 
per cent. was present, and of 0-01 per cent. when 0-2 

r cent. was present, and so on. A spectrogram can 
& obtained in a condition suitable for measurement 





within 4 hr., and the constituents can be determined 


curves to which observations on unknown steels were 
referred. 

The apparatus used by the authors consisted of 
a quartz spectrograph ; a logarithmic wedge sector ; 
and a quartz condensing lens of 7 diopters power. 
The set-up is shown in Fig. 1, on this page. A is the 
holder for the specimens under test. This holder, of 
the type known as the Gramont arc and spark electrode 
holder, has one rackwork for adjusting the height, and 
another for separating the electrodes. B is the quartz 
condensing lens, its distance from the slit being 26 cm., 
and from the light source 14 cm. The logarithmic 
wedge sector, C, is placed immediately in front of the 
spectrograph, D. The spectrograph shown in Fig. 1 
> E. 316 quartz spectrograph by Messrs. Adam 

ilger, Limited, but throughout the experiments 
recorded in this paper their larger. size, E.1 quartz 
spectrograph, was used on account of the complex 





method of exciting the spectrum, the intensity of a line 
due to a minor constituent—say, nickel—increases in a 
regular manner with an increase in the percentage of 
nickel in the steel electrodes. Consequently, if the 
intensity of the nickel lines is measured by some 
method of photometry, this gives a means of measuring 
the nickel content. The photometer adopted in this 
investigation is the logarithmic wedge sector, a carefully 
centred brass disc, of which a portion of the periphery 
is cut away, as shown in Fig. 3, below, so that 
— log 6 = 0-3 + 0-21, 

where @ is the circumferential aperture, expressed as a 
fraction of a complete revolution, at a distance l 
measured radially inwards from the outermost part of 
the curve. The disc is mounted on the shaft of a 
powerful clockwork motor, and placed in front of the 
slit of the spectrograph (see Fig. 1), 

The effect of the rotation of the sector in front of the 

















| | | 





Steet No. 11. 


by measurement of the one spectrogram in about 
5 min. each. A full description of the sector used, and 
the optical principles of its correct employment, has 
been given elsewhere. 

It is of interest to note that the first attempt at the 
quantitative analysis of steels by spectrum analysis 
was made by Sir J. G. N. Alleyne in 1875, when he 
communicated a paper on the estimation of small 
quantities of phosphorus in iron and steel by spectrum 
analysis to this Institute. His procedure was somewhat 
involved, and consisted in locating the phosphorus 
lines by observing a carbon spark with phosphorus in 
the crater. The spark spectrum of the steel sample 
was observed in an atmosphere of hydrogen in a closed 
vessel, when the phosphorus lines were not seen. This 
vessel was connected to an aspirator and a carbon 
dioxide generator. The hydrogen was replaced 
gradually by carbon dioxide, and the amount of 
carbon dioxide introduced before the phosphorus lines 
appeared was measured. These figures were plotted 
against the percentage of phosphorus, giving reference 
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Fig. 2. SpectrogRaMs oF Two STEELS. 


Fie. 1. Tor Quartz SPECTROGRAPH. 


nature of the iron spectrum. This 
spectrograph takes the entire spec- 
trum on four 10-in. plates. 

The steels to be analysed were all in the form of rod ; 
it was found convenient to have them of a standard 
diameter (5 mm.), and the ends sawn square and clean. 
A considerable range of size can easily be dealt with, 
up to 2 cm. having been used by the authors, without 
lessening the accuracy. (Chisel-ended rods are even 
better than flat-ended rods, as they can be set with 
their edges parallel to the optical axis of the system 
and so prevent errors due to the arc or spark wandering 
laterally between the electrodes.) Two sets of experi- 
ments were carried out using: (1) The condensed 
spark. This was obtained by means of a }-kw. rotary 
converter, run from 220-volt direct-current, which 
delivered 150-volt alternating current at 50 cycles. 
This was stepped up through a transformer giving 
15,000 volts on open circuit. A condenser of 0-006 
microfarad capacity was put in parallel with the spark 
gap.* (2) An arc run on 220-volt direct current, with 
50-candle-power carbon-filament, lamps, in parallel, in 
series with the arc, taking 3-5 amp. 

Theory of the Method.—The spectrum of a steel 
sample shows a great number of lines due to iron, and a 
smaller number due to the minor constituents of the 
steel. The fundamental assumption in methods of 
quantitative spectrum analysisis that, given a standard 








* See Practice of Spectrum Analysis (Adam Hilger, Ltd.). 
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spectrograph slit, during the exposure, is to shorten 
progressively the effective time of exposure along the 
slit. The spectrum lines, therefore, are thin wedges in 
shape, instead of being narrow, parallel-sided bars, as 
they are in spectrograms taken without the wedge 
sector (see Fig. 2, on this page); and the lengths of 
these thin wedges vary with the intensities of the lines. 

To determine a certain minor constituent of steels— 
say, nickel—a graded series of steel samples is first 
taken (about 5 mm. in diam. at the end), the known 
nickel contents of which cover the range over which it is 
desired to make determinations. The spectra of these 
samples are photographed under like conditions. On 
each spectrogram the length of the nickel line is 
measured, and a curve is prepared by plotting these 
lengths against the known nickel percentages. To make 
determinations thereafter of the nickel content of a 
steel, its spectrum is Lament fen under the same 
standard conditions as were in the preparation of 
the reference curve; the length of the same nickel 
line is then measured, and the nickel content determined 
by reference to the curve. Since it is impossible to 
standardise the experimental procedure so accurately 
that no sensible variations shall occur, a means has 
been devised for eliminating errors from this source.* 





* The use, as a standard, of one of the lines of the main 
substance is known as Gerlach’s “‘ internal standard ” 
method. See Gehrlach, Zeit.f.anorg. Chemie, vol. 142, 
p. 383, (1925), and Schweizer, rid. vol. 164, p. 127, (1927). 





If a small variation be made from the standard routine 
in any of the conditions of experiment—as, for instance, 
in the voltage of the mains, or in the photographic 
manipulation—then both the iron and nickel lines in 
the spectrum of the steel sample will change in length, 
but (if the departure from the standard routine is small) 
the ratio of the intensities of the radiations may be 
expected to remain unchanged; and this is confirmed 
by experiment. It follows from theoretical considera- 
tions, that the difference in length between a given 
iron line and a given nickel line will remain constant. 
All observations, therefore, are made by using the 
differences in length of a “‘line-pair,”’ consisting of a 
nickel line and a neighbouring iron line. It is these 
differences which are plotted against the nickel per- 
centages in the preparation of the reference curves, 
and in making determinations. 
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The Technique Adopted.—The optical apparatus was 
set up as previously described. A pair of steel elec- 
trodes (5-mm. rod, 100 mm. long) were clamped in the 
holder, with a spark-gap of 3 mm. between their 
extremities. The current was switched on, and the 
light source centred by observation from the camera 
end of the spectrograph, the slit being wide open, the 
sector in its zero position, and the condensing lens 
removed for the purpose. Alignment having been 
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carded, and the observation repeated. 


are given in Table I, below. 
Results with Spark Spectra.—For 


then bend sharply and become almost horizontal. The 
abscissa corresponding to the point where the curves 
become sensibly horizontal gives the upper limit to 
the range over which the spectrum analysis method 
shows high accuracy for that particular element in 





steel. These values on the present curves for spark 
spectra are : 
Per cent. 
Silicon 0-8 
Chromium ... 4-0 
+4 
+ 
=-2 
3415 Nu. 
-6 3418 Fe. 
AAI6 Nt. 
2431 Fe 


-8 


o 
(2232.6) 
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Nickel per Cnt = “zncmmermnc’ 
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A greater accuracy in the determination of chromium 
can be obtained with the arc in the neighbourhood of 
1 to 1-5 per cent. of chromium (see the upper curve 
in Fig. 5). These ranges cover a great part of the steels 
met with in steelworks practice. The curve for nickel 
(Fig. 6, above) shows a point of inflection at about 





effected, the condensing lens was placed in position, 


2-5 per cent. of nickel, which indicates a minimum 


























TABLE I. 
| Nl 
Stel |  C., si. | _ Mn. ff oe | | _.N | mo. r. 
No. Per cent. Per cent. Per cent. | Per cent. | Per cent. | Percent. | Per cent. | Per cent. Per cent. 
| | | 
| | | | 
1 0-154 0:046 «=| 0-80 0-029 | O-O11 | — | _ _— — 
2 0-470 0-068 0-73 0-028 | 0-010 | _— | — — oo 
3 0+515 0-064 0-71 0-030 | 0-016 | —_ | _— _ —_ 
4 0-817 0-220 | 0-84 0-027 | 0-033 | — | oo — _ 
5 0-955 0-162 | 0-43 | 0-012 | 0-023 | 0-25 _— — — 
6 0-945 0-250 | 0-45 | 0-009 | 0-020 | 0-25 | 0-32 - <0-01 
7 1-215 0-175 | 0-415 | 0-013 | 0-020 0-51 0-20 — — 
8 1-245 0-090 | 0-30 | 0-016 | 0-016 0-055 | 0-155 _ _ 
9 1-045 0-210 | 0-47 | 0-013 | 0-035 1-44 | 0-18 _ — 
10 0-325 0-195 | 0-66 | 0-042 | 0-033 | 0-12 | 1-02 —_ — 
11 0-355 0-290 | 0-49 0-020 | 0-019 | 1-01 | 1-89 0-085 — 
12 0-090 0-150 | 0-38 | 0-010 | 0-014 0-22 | 3-85 — _— 
13 0-340 0-190 | 0-75 | 0-040 | 0-019 — | — = — 
14 0:090 | 0-150 | 0-26 | 0-011 | 0-008 0-23 | 4-81 — _— 
15 0-105 | 0-110 | 0-42 | 0-022 | 0-023 | 1-02 | 3-53 | 0-080 — 
16 0-310 | 0-310 | 90-62 | 0-017 | 0-013 | 0-64 | 3-87 | — — 
17 0-110 | 0-150 | 0-48 | 0-021 0-011 | 0-30 | 4-53 —_ — 
18 0-500 1-910 | 0-855 | 0-041 0-033 | 0-076 0-20 — — 
19 0-095 0-300 | 0-11 | 0-045 0-039 12-00 | —_ — } — 
} } 13-88) * | 
20 0-410 | 0-480 0-24 =| 0-040 0-029 | < 18-64 } | — | > — 
| 13-56) | | 
H.S. | | | | | | 
iron.t 0-010 | Trace 0-025 | 0-029 | 0-008 0-016 0-006 0-05 _ 
* Concordant figures unobtainable—segregation ? + As supplied by Adam Hilger, Limited. Laboratory No. T/4875. 


and the slit narrowed to 9-02 mm. in width. The 
dark slide, loaded with a plate, was then put in position 
on the camera, the logarithmic wedge sector set in 
motion, and the exposure made. Five exposures could 
be made on one plate, which was then developed in 
the usual way. 

After washing and drying, the plates were measured 
by placing them on a negative viewing box and measur- 
ing the lengths of the lines by means of a x 12 eyepiece 
fitted with a 15-mm. scale divided into tenths of a 
millimetre. The terminations of the lines can be 
located to within 0-2 mm. by tha simple photographic 
procedure outlined above. Several modifications 
known to give much sharper terminations to the lines 
were tried, but they all have some defect for the present 
purpose, and will not be discussed here. In each 
spectrogram the length of each line of the several 
line-pairs is measured, and the differences plotted 
against the known percentages of the several con- 
stituents. The lengths of the iron lines themselves 
afford a rough check on the correctness of the experi- 
mental conditions, for any gross deviation from the 
standard routine will cause a large variation in the 
lengths of the iron lines. A spectrogram in which a 





selected iron line differs from its mean customary 


accuracy for the range from 2 per cent. to 3 per cent. of 
nickel, but does not render the method invalid up to 
5 per cent., the limit of the present investigation. The 
upper curve in Fig. 6 shows that, with the aro, a greater 
accuracy of determination can be obtained between 
2 and 3 per cent. of nickel. 

The lower limit of the range of concentration over 
which the spectrographic method is available has not 
been investigated, but it has been found possible to 
estimate. silicon, nickel, and chromium in “ H.S. pure 
iron,” and there can be no doubt that the lower limit 
will extend below that required in steelworks. For 
silicon, the spectrographic method is probably more 
sensitive than the chemical methods, but it may not 
be so sensitive for nickel and chromium as the delicate 
colorimetric methods in vogue for these elements. 

Results with Arc Spectra.—Spectrograms taken with 
the arc were examined for constituents not recorded in 
the chemical analysis, the arc being more sensitive 
than the spark in dealing with small quantities; the 
results are summarised below. The line-pairs found 
best for the determination of each substance are stated 
on the curves in Figs. 4, 5, and 6. 


Chromium.—This metal has been estimated chemi- | 
cally in all the steels except those mentioned below : | 


length by more than 1-5 or 2-0 mm. should be dis- 
The analyses of the steels used in preparing the curves 
silicon - and 


chromium the curves which are shown in Figs. 4, page 
635, and 5, below, rise steeply to a certain value, and 
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Spectrographic Analysis. 


Steel No. 
lto4 No chromium lines, chromium absent. 
13 A trace of chromium, but less than 
0-01 per cent. 
Nickel. 
Steel No. Spectrographic Analysis. 
1to5 Reported by Professor Desch as all 
having less than 0-01 per cent. nickel. 
Spectrographic analysis shows that 
Nos. 2 and 5 have each about 
0-008 per cent. nickel, while 3 and 4 
have each about 0-002 percent. The 
values were determined by extra- 
polation from the curves and may 
therefore not be very exact. 
13 Nickel content, 0-20 per cent. 
19 ” ” 0-55 ” 
20 ” ” 0-07 ” 


Molybdenum.—This metal has been determined 
chemically in two steels: 0-085 per cent. in No. 11, 
and 0-080 per cent. in No. 15. Extrapolation from 
these two closely placed points on the curve is not 
reliable, but the molybdenum content of the other 
steels can be estimated as follows: 


Steel No. Spectrographic Analysis. 
lto9 
11 ,, 14 +Traces of molybdenum, less than 0-01 
18 ,, 20 per cent. 
16 Molybdenum content, 0:09 to 0-10 per 
cent. 
17 Molybdenum content, about 0-03 per 
cent, 


Vanadium.—Vanadium has been determined chemi- 

cally in steel No. 6 as less than 0-01 per cent. Com- 

paring the spectrograms of the other steels with that 

of No. 6, the following indications can be given as to 

their various contents : 

Steel No. 
lto7 


Spectrographic Analysis. 


R ss 40 
12 ,, 13 }Faint traces of vanadium, much less than 


18 ,, 19 0-01 per cent. 
8 . 
11 Vanadium content about 0-01 per cent. 
14 to 17 
20 Vanadium content, 0:02 to 0-03 per 


cent. 
Copper.—Two steels were examined, the copper 


content of which was known, namely : 
Analysis at— 





Messrs. 

Adam 

Works. Hilger, 

| Limited. 
| H.S. pure iron, batch No. T/4875 0-033 0-04 

% 7192 Trace 0-097 


” ” ” 


| All the steels examined, except No. 20, were found to 
| have the same copper content, which, by comparison 
| with the two samples referred to above, is estimated to 
be between 0-08 and 0-09 percent. No. 20 has a much 
lower copper content, approximately 0-01 per cent. 








InsTITUTION oF NavaL ArcuHiITects.—The date for 
the opening of the next annual meetings of the Institution 
| of Naval Architects falls on Wednesday, March 25, 1931. 
We are informed that the Council will be pleased to con- 
sider papers on subjects relating to Naval architecture 
or marine engineering. Such offers should, if possible, 
be sent in by the close of the year. At the invitation 
of the Association Technique Maritime et Aéronautique, 
the summer meeting will be held in Paris, early in July, 
1931. It is proposed subsequently to pay a visit to one 
| of the shipbuilding centres in France. 
| 
| DAMAGE TO PLUMBING Work CavusED By Frost.—The 
| widespread damage caused to domestic plumbing work 
| by the severe frosts in January and February, 1929, 
will still be remembered, as the result of direct or indirect 
experience, by many of our readers, most of whom 
will have doubtless taken steps to prevent the recurrence 
of the consequent unpleasantness. Those who have not 
| done so, or who feel that the protection provided is still 
|not absolute, will welcome a report which has been 
prepared by the Science Standing Committee of the 
Royal Institute of British Architects. This document, 
which can be obtained from the offices of the Institute, 
9, Conduit-street, London, W.1 (price 3d.), points out 
that much of the damage is due to faulty methods of 
lay out, lack of means of protection and inadequate 
| precautions on the approach of frost. It is recom- 
|mended that local authorities should make by-laws 
| putting the layouts on a more scientific footing, and 
details covering the depth of the rp cad pipe under- 
ground, the position of the stop and draw-off taps, the 
run of the pipes within the building and the installation 
of the storage cistern are given. Instructions for pre- 
venting damage by burst pipes by the use of suitable 
wrapping and attention to taps and waste pipes have 
been prepared, and, seeing the present state of the 
art, these probably form the most useful part of the 
report. Hints on the management of heating apparatus 
with the same end in view are also published. This is 
all impeccable enough as far as it goes, but we suggest 
| that a necessary corollary is the education of builders, 
| and even of the architects themselves, in the need of 
arranging pipes so that the risk is reduced to a minimum. 
Too often exposed positions are favoured, or, what is 
nearly as bad, inaccessibility adds greatly to the cost 
of any repairs. ; 
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THE WELLAND SHIP CANAL— 
XV*—(continued.) 


An account of the construction of the Port 
Colborne breakwater extension was given in our 
issue of December 27, 1929, page 832. The lay- 
out is shown in Fig. 663 on this page. The work 
required the construction of standard cribs 100 ft. 
long by 50 ft. broad, varying in height from 18 ft. 
to 31 ft. For all but the head of the extension, 
one line of such cribs was laid end to end, with 
heavy rock fill protection on the outside. At the 
head two cribs were placed side by side to form 
asquare platform which is surmounted by a light. 


El. 50> 


— 





SECTION ALONG C.L.CRIBS. 

















The head block is shown in Figs. 664 above and 667 
on Plate XLII, and the junction of the new work 
with the old breakwater to the right in Figs. 664 
and 665. 

The standard crib is illustrated in Figs. 670 to 677, 
on Plate XLII. At the ends are interlocking lugs 
projecting 9 in. from the face and 1 ft. 10 in. wide. 
At one end these are on the extreme outside of 
the end wall, but at the other end they are 2 ft- 
away from the edge. The cribs were laid so that the 
ends mated correctly, and the space left remaining 
between the end walls was finally concreted in. 

The end walls were 2 ft. 2 in. thick at the base, 
tapering to 1 ft. 8 in. at the top (in the case of 
cribs 31 ft. high). The side walls were 1 ft. 11 in. 


at the base and 1 ft. 5 in. at the top. The reinforce- | 


ment of the end walls consisted of horizontal 3-in. 
rods at spacings varying from 6 in. to 12 in. from 
the bottom upwards, and vertical }-in. rods at 
3-ft. spacing. On the inside the horizontal 


* Previous sections of Article XV appeared on pages 
481 and 576 ante. re ee 
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reinforcement was spaced somewhat closer, ranging 
in fact from 5 in. to 10 in. In the side walls, the 
inside reinforcement was similar, but on the outside 
the spacing was wider, ranging from 9 in. at the 
base to 18 in. at the top. 

The interior of each crib was divided into 24 
pockets by reinforced walls extending to within 
8 ft. of the top. These inside walls were all 19 in. 
thick at the base with a taper bringing this down 
to 15 in. at the top, which was the thickness of 
beams 3 ft. deep provided as shown, the division 
walls being omitted in the upper part for the 
purpose of lightening the cribs; this applied, 
however, only to cribs 31 ft. and 30 ft. high. For 
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all smaller sizes the party walls were carried right 
up to the top. The smaller sized cribs were similar 
to the large type, the difference being made by 
omitting an appropriate amount. of the lower 
portion, with its closely-spaced reinforcement. 
The junctions of the division walls were finished 
with 6-in. fillets, and of the division and side walls, 
with 12-in. fillets. For the large cribs the hori- 
zontal reinforcement in the division walls was of 
j-in. bars at 15-in. spacing for the lower part, 
and 24-in. spacing for the upper part, except for 
the top 1 ft., in which there were four bars in 
order to back up the edges, in view of the subsequent 
filling of the cribs with rock.. The vertical bars were 
merely spacers about 3 ft. apart. The beams were 
provided with the usual bent bar reinforcement, 
consisting for the cross beams of three 3-in. bars, 
and in addition on each side three straight bars 
16 in. apart vertically, all finished to 180-deg. 
bends anchored in the outside walls. The longi- 


The interlocking lugs, to which we have referred, 

were reinforced with stirrups of 4-in. rod at 12-in. 
centres, running well back into the walls. The 
underside of the bottom slab was finished with 
four longitudinal strips projecting under the side 
and division walls, to a depth 6 in. below the slab, 
the outer being 23 in. wide and the inside pair 19 in. 
They contained straight }-in. bars turned up at 
the ends into the floor slab proper. The floor slab 
itself was 15 in. thick, and was reinforced with 
alternate straight and beam type }-in. bars at 
8-in. centres. 
_ It was not intended that the bottom slabs should 
do more than stand up to the strains imposed 
upon them when the cribs were floating. They 
were designed so that they would be broken up 
by the rock fill with the idea of making better 
bond with the prepared lake bottom. The site, 
as before stated, was carefully swept level, and 
four strips of crushed stone were then spouted 
on the line of the longitudinal footings on the 
crib. After levelling these carefully, the cribs 
were sunk, being located accurately by means 
of a barge fitted with spuds. 

In order that sinking operations should be under 
more convenient control than when the cribs 
were filled by pumping, eight of the interior com- 
partments in the Port Colborne cribs were fitted 
with valves of the type illustrated in Figs. 676 
and 677. These valves consisted of a flanged 
body having an internal diameter of 12 in., and 
provided with ribs running into a boss in the 
centre. Through this was a l-in. hole, threaded 
to take a screwed spindle carrying a 17-in. flat 
disc valve. The spindle was finished with a square 
shank above the valve to take a long box spanner 
operated from the top of the structure. Tapered 
square openings were provided 2 in. above floor level, 
into all compartments not provided with valves, the 
connections being grouped so as to ensure complete 
control of sinking, in order to maintain even levels. 

As described in our article on Section No. 8, the 
cribs when floated into position and sunk were filled 
with rock and protected by rock fill on the outside. 
Various sections are reproduced in Figs. 665 to 669, 
Fig. 665 shows a section right at the heel of the new 
extension, and illustrates the manner in which the 
new coping wall was carried into the old work. 
Fig. 669 shows a section of the wall further out, 
but where the cribs were still of only moderate 
depth. Fig. 668 shows a cross section where the 
deep cribs of 30 ft. and 31 ft. were employed. 
The standard deck and coping are shown to an 
enlarged scale in Fig. 675. 

At the heel (Fig. 666) the deck took the form of 
a slab 5 ft. thick, reinforced by longitudinal bars 
at the top and bottom, ? in. in diameter, and at 
12-in. centres. Seventeen feet from the back edge, 
the thickness was stepped up 2 ft., and, set back 
a further 9 ft., are four more 2-ft. steps rising to 
coping level at El. + 585. The level width is 
10 ft., beyond which is an 8-ft. wide 45-deg. slope 
to the outside of the mass concrete coping. Running 
through the interior is a passage, 3 ft. wide by 
6 ft. 6 in. high, provided with branch openings on 
the land side of the same size, and at about 200 ft. 
intervals. The whole coping structure is reinforced 
with longitudinal rods, at 12-in. centres, 6 in. under 
the upper surfaces at the heel, but from the point 
where the new crib construction begins, the work 
is in plain mass concrete, except for bars close to 
the underside of the deck slab, and horizontal and 
inclined bars over and inside the tunnel. In the 
normal section shown in Fig. 675, the rock fill was 
levelled off 1 ft. to 18 in. below the top edge of the 
cribs. After ample time had been allowed for settle- 
ment, the remaining height was made good with 
concrete, which was continued up to form the deck 
and coping. In the highest cribs, the rock fill was 
only carried to the usual height in the middle row 
of pockets. In the outer it was stopped 13 ft. below 
the top edge of the cribs, i.e., somewhat below the 
top of the division walls, above which the space was 
filled in with mass concrete. 

The head block, formed of two cribs side by side, 
was necessarily treated differently. In this, the 
outermost. row of pockets all round was finished 





tudinal coping beams had from five to six bent 
bars. The beams are illustrated in Figs. 673 and 674. 


with deep concrete, the remainder, inside, being 
filled with rock to the normal height. The head 
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block platform edge is finished like the standard 
coping, with an 8-ft. bevel, and the platform itself 
is of mass concrete, 11 ft. thick. The covered 
passage way already referred to ends in a flight of 
steps leading directly into the interior of the light- 
house. The jatter is a structure 24 ft. square, its 
reinforced concrete walls 1 ft. 4 in. thick being let 
6 in. into the headblock 1} in. anchor rods at 
about 4 ft. intervals extend 5 ft. into the mass 
concrete of the headblock, and 4 ft. up into the 
walls. 

The construction of this breakwater is illustrated by 





Figs. 678 to 681, Plate X LITI, and Fig. 682, annexed. 
Of these views, Fig. 678 shows cribs under construc | 
tion at Port Maitland. A view of the dock was | 
given in Fig. 200, page 834, in our issue of Decem- | 
ber 27, 1929. Fig. 679 shows 17 cribs in position, | 
and in the distance part of the deck and coping 
completed. The latter are well shown in Figs. 680 | 
and 681, at closer quarters, the latter showing the 
deep water side, and the former the land side. In 
the latter view, one of the branch openings to the | 
covered passage may be noticed. This view was 
taken near the heel of the extension, and shows the 
old breakwater, a timber crib rock-fill structure 
with concrete deck, which suffered heavy damage in 
a storm of unusual severity in December, 1927. 
Fig. 682 shows cribs with rock filling in progress 
by means of a dredger, as previously described. 

For the new wall on the east side of the harbour, 
cribs on the same lines as those built for the break- | 
water were employed. These too were con- 
structed at Port Maitland and brought round by 
water. A typical section of this wall is given in| 
Fig. 683. The dimensions of the standard crib for | 
this work were: Length 100 ft. (not including 
interlocking lugs); breadth, 38 ft.; and depth of | 
35 ft. These cribs had only one longitudinal divi- 
sion wall, and cross walls sufficient to divide the | 
interior up into 16 pockets. The valve and other 
arrangements followed the lines already described | 
for the breakwater cribs. The division walls did 
not extend to full height, but corresponding beams, 
4 ft. deep, bridged over the top. To give extra 
support to the front wall, the cross beams were 
deepened by means of a bevel at 45 degrees, so that 
they were 7 ft. deep where they joined their corre- 
sponding verticals. In addition to reinforcement, 
the front face had embedded in it a horizontal 
85-lb. standard rail, 18 in. below the top edge. 
The coping of this wall was constructed as shown 
in Fig. 684, a second horizontal rail being embedded 
in the coping 3 ft. 6 in. below coping level. The 
coping was composed of a block cast in place, 
9 ft. thick at the base, extending 5 ft. down into 
the crib pockets, and having a total height of 14 ft. 
Rock fill was placed behind this, and the whole 
completed by means of slab decking 18 in. thick. 

Two special pieces of work were required in 
connection with the east harbour wall; one was 
a special crib to accommodate an intake for water 
supply for the Canada Furnace Company, and the 
other an intake monolith required for the Inter- 
national Nickel Company of Canada. In the case of 
the former a 4 ft. reinforced concrete culvert was 
built into the crib, extending from the front wall to 
and through the longitudinal party wall. This cul- 
vert was rectangular outside, measuring 6 ft. by 6 ft. 
It was centred 9 ft. below the top of the crib, or 
18 ft. below coping. Just in front of the division 
wall a stop log slot was arranged measuring 13 in. 
by 4 ft. 6 in., the walls of which, well reinforced, 
extended to coping level. The pocket directly 
behind the one containing this culvert was walled 
in completely to deck leve!, and serves as a well 
from which two 24 in. suction pipes, fitted with 
strainers, are led off through the rear wall to the 
pumping plant. This back pocket was provided 
with a cross beam 6 ft. deep by 2 ft. 6 in. thick 
to carry the reinforced deck slab. A grating, 
10 ft. 9 in. long by 6 ft. 6 in. wide, was placed over 
the suction pipes. The front pocket crossed by the 
culvert was rock-filled as usual, and the coping 
built up, as in other cases, but to rather heavier 
section. 

The intake monolith of the International Nickel 
Company was further up the harbour, and at a 
place where the wall was of mass concrete of gravity 
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30 ft., with a width at the base, front to back of 
27 ft. 6 in., reduced at the top to 25 ft. The 
monolith accommodated two screen wells each 
with its own 4-ft. 34-in. by 15-ft. 6-in. grated 
opening in the wall face, and both communicat- 
ing by means of a “Y” with a 4-ft. rect- 
angular reinforced culvert leading away to the 
company’s premises. The screen wells were 8 ft. 








wide, rising to coping level. Each was provided 
with two screens, a coarse one in the small diameter | 
near the wall face and a fine one in the enlarged 
chamber. Gates were provided in front of the| 
former and behind the latter, and slots for these | 
were carried up to coping level. The screen wells | 
were bridged by steel joists supporting cover | 
plating 3-in. thick. | 

Other cases in which the same method of floating | 
cribs to site was employed were in connection with | 
many of the bridge pier foundations, and a length | 
of wall on the east side of the canal in Section No. 7 
between Stations Nos. 1,279 and 1,287. We have 
already dealt at length with the bridge pier work.* 
and need not revert to that subject. The crib wall 
on Section No. 7, was referred to in our issue of 
November 22, page 670, but no details of the cribs 
were then given. The caissons adopted in this 
instance were rather lighter than in connection with 
the harbour work, being in sheltered water, while 
the fact that rock was used for back filling instead 
of earth, reduced the pressures to be provided 
against. The units were 61 ft. 10 in. long and 
27 ft. wide. They had a height of 35 ft., and con- 
tained eight pockets or compartments. They were 
constructed of reinforced concrete, with bottoms 
12 in. thick and outside walls tapering from 15 in. 
at the base to 12 in. thick at the top. The party 
walls were 8 in. thick throughout their height. 
These walls were cut away 4 ft. below the top, to 
leave large apertures as in the cribs already described 
and illustrated. The bottom filling valves were 








* See ENGINEERING, vol. cxxviii, page 671. 





section. This special monolith had a length of 
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eliminated and sinking was carried out by pumping 
water into the pockets. The cuts are founded on 
rock, on which broken stone had been laid. They 
were built close to the site, the pontoons employed 
for the bridge pier caissons being employed for the 
purpose. 

The upper part of the wall was completed with 
mass concrete carried up for 9 ft. above the top of 
the cribs. This top wall was also carried down 
4 ft. into the interior of the cribs. It was 9 ft. thick 
at crib top level, diminishing to 5 ft. 6 in. at coping 
level. The face was finished to the standard coping. 








POWDERED-FUEL FIRING IN 
RESTRICTED FURNACE SPACES. 
By Haratp NIELSEN. 

(Concluded from page 574.) 

THE tests carried out with the new type of pow- 
dered fuel burners dealing with the various classes 
of coals are detailed in Tables I to VII on the 
succeeding pages. The general arrangement of 
the powdered fuel firing lay-out is illustrated in 
Fig. 9, opposite. The arrangements were made 
in such a way that it was possible, by replacing 
a few pipes, to obtain hot or cold secondary air 
at will. Table I gives the proximate and ultimate 
analyses of the fuels dealt with in the various tests. 
The preliminary test was carried out on highly- 
bituminous coal and the observations made are 
recorded in Table II. After the preliminary test an 
eight-hours’ run was carried out on “L & 2 
residual fuel (New Lount); the results are tabu- 
lated in Table III. Following this run, an eight- 
hours’ test was carried out on the same coal as was 
utilised in the preliminary test, and the observa- 
tions are shown in Table IV. 

A certain amount of dust, consisting partly of 
unburnt carbon and partly of ash was collected and 
analysed, and the results are shown in Table V. 
The different percentages of unburnt carbon in 
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of fuels are also shown in this table. Table VII | tion space per hour per cubic foot of furnace volume 
gives the analysis of the combustion conditions | was, in the same order: 53,600 B.Th.U’s., 53,300 
observed during the three tests. It must here be | B.Th.U’s. and 48,500 B.Th.U’s. This heat release 
remarked that only the observations which give the | is very good, in view of the fact that nearly half 


the New Lount residue and the coal should be 
noted. It will be seen that the unburnt carbon 
when firing New Lount residue was of the order 
of 4:76 per cent., whereas in the Woolley coal 
The reason for 

















it only aggregated 0-525 per cent. 


the unburnt carbon percentage being higher in the 
New Lount material is that, in the author’s view, 
due to it being considerably lighter than raw coal, 
it is carried over by the air current from the pul- 


veriser in a somewhat coarser state. 
liberation of heat in the furnace, as well 


of combustion, is based on the sieving size of the 
particles, it will be understood that under similar 


furnace conditions the powdered fuel, 


TABLE I.—Coal Analysis. 
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Woolley Coal. | 
ae — — ._| New Lount. 
Fr: | IL. Residue. 
| 
Per cent. Per cent. Per sows. 
Carbon 74-7 — 66-1 
Hydrogen 5-0 —_ 2-1 
Oxygen 5:3 — 3:9 
Nitrogen 1-4 _- 1-1 
Sulphur 1-9 — 1-0 
Ash... 10-7 11-5 22-3 
Moisture 1-0 0-9 3-5 
Free hydrogen ae 4-34 -— 1-61 
Volatile matter wa 32-0 32-0 11-4 
Fixed carbon 56-3 55-6 63-8 
Calorific value 13,300 12,990 10,500 
B.Th.U’s. B.Th.U’s. B.Th.U’s. 
Sieting Tet. =... «| eT a a ee ar eel 
Per cent. “ENGINEERING” 
On 100 mesh <r as - £8 
Here = ee cn ae me a highest thermal efficiency have been selected, since| the active heating surface of the boiler flue and 
@ o- ore . “4: “1: . . . = 
Passing 200 mesh 80-8 they show the optimum conditions prevailing in| combustion chamber was protected by a brick lining. 
. the furnaces. It will be seen that the observed | Fig. 9 shows the extent of this brick lining. Nor- 
TABLE II.—WOOLLEY COAL. PRELIMINARY TEST. 
| | | | | | | | | | 
} A | B | c | D | sg | F | 6 | 4H I > | € 2% | M | oN 
| | | | | 
| | | 
B.Th.U. | . oa 
| | F ees Tempera- Volume Speed Velocity | , 
| . a | B.Th.U. | peciency | Absorbed | at Lmao ge 4 — = ture Combustion; at Tube | at Burner Excess lev ieatet Ate 
Observation. ye Liberated fficlency B.Th.U 3.Th.U. Loch | hgh Smoke Box.| Products | exit (te) Nozzle. | Air. ie — 
| per hour. er hour per cent. er hour | sq. ft. per | Combustion} Back End. | (tp) per hour Feet per | Feet per Per. cont, | oo hour. | Conditions. 
Lb P : | P ‘| hour. | Space per | Deg. C. | Dee’ ae t [| maaan | puna «I "| Lb. 
| | | | | hour. | S: ore - . . a 
i | } | | 
| 
1 | 280 3,724,000 66-23 2,462,000 | 5,730 39,400 850 | 450 99,000 9°66 95-5 2:4 | 2,100 Cold 
2 | 280 3,724,000 66-23 2,462,000 | 5,730 | 39,400 800 | 430 103,600 10°1 103°5 10°45 | 2,100 } Primary 
3 | 270 3,590,000 75-22 2,700,000 6,280 38,000 850 | 465 102,500 10-0 97-5 8-57 | 2,300 and 
4 | 280 3,724,000 75-79 2,820,000 | 6,550 | 39,400 875 | 470 100,200 9°78 95°6 2°4 2,400 Sec. air. 
+ | s% | 3,657,000 | 75-50 | 2,760,000 | 6,415 | 38,700 863 | 467 | 101,350 | 9-39 | 96-6 | 5-48 | 2,350 = 
| | 
Note.—* Represents mean figures for tests 3 and 4. For particulars and analysis of coal see Tables [ and [V. 
TABLE III—NEW LOUNT RESIDUE. 
-— poor pe —-; ——— aden = 
| | = 2 
A | B ( | D E F | G | H | | J | K L M N 
] | | } | 
_———_——— ti : = nen 
| | | B.Th.U. | Tempera- | y oe ier oe err ee | | 
we | bag i | |; Volume Speed Velocity Water 
peace Coal B.Th.U. : Absorbed | Absorbed | Liberated Temper- | _ ture | Combus- | at Tube | at Burner| Excess | Evapora- | 
)bserva- Burnt Lib Efficiency 7 B.Th.U. | per cub. ft.) ature Smoke | ¢; Bro- | Exit Nonsl ‘Al ex } Air Conditions 
; uiberated ” B.Th. | a . | tion Pro Exit (t2). Nozzle. ir. ion. | Air Conditions. 
—_ per hour. per hour. | Pt cons. per hour. | | 54: ft. | Pinay a _ End. = | ducts per | Ft. per Ft. per | Per cent. we’ — | 
Lb. | per hour. | fon Space eg. C. (t2). . | hour (fp). | second. second. Lb. | 
| | | per hour. Deg. C. | | 
ie l l l l l : | re --, |Jf Primary ai 
1 | 400 | 4,200,000 | 48-97 | 2,060,000 | 4,800 44,300 | 870 460 | 118,600 | 11-55 114-0 10-0 1,750 ee Cold. 
; | | J ‘ P | Primary air 
2 | 320 3,360,000 69-96 | 2,350,000 | 5,460 35,500 | 870 460 93,600 | 9-14 | 92-5 9-5 | 2,000 | —— Hot. 
3 | 6 ar .ov 5 5 28 ‘ | ” 7 | +55 5 2. 9 ma a 
3 400 | 4,200,000 55-97 2,350,000 | 5,360 44,300 870 460 108,100 | 10-55 | 108-5 2-0 2,000 | Secondary air _ 
+ | 320 | 3,360,000 73-46 | 2,460,000 | 5,720 35,500 900 465 109,000 | 10-60 | 110-5 24-2 | 2100 | pase Be = Hot, 
‘ ere oe a ~ | | a | | f Primary air. Cold. 
) 340 | 3,570,000 63-05 | 2 2,250,000 | | 5 230 =6| 37,700 | 900 465 | 98,500 9-60 | 99-0 10-0 | 1,900 | Secondary air. Hot. 
6 340 | 3,570,000 | 65-81 | 2,350,000 | 5,460 37,700 | 900 465 | Analysis | — | — — | 2,000 = 
- | 32 2 9° 40% | Qn er | 93¢ 470 wasee. | 9-40 95-5 12-4 | 2050 | f Primary air. Cold. 
‘ 320 | 3,360,000 71-61 2,405,000 | ,600 35,500 | ) ‘ 5 | ‘ oo = } 2,00 | Secondary air. Hot. 
ae e ata ten wen | 2 | . ' : Per Primary air. Cold. 
8 | 340 | 3,570,000 70-79 2,515,000 | 5,730 37,700 | 930 470 | 100,800 | 9-77 | 100-1 12-0 | 2,150 | Secondary air. Hot. 
| | | | 
ieibcieaatnas ot aS ae hee — | 
. 325 | 3,420,000 | 71-5 | 2,430,000 | 5,620 | 36,000 | 907 465 s | 100,000 | 9°73 | 99-5 | 14:5 | 2,080 | Zs 
| | } 
Proximate A <a : Ultimate Analysis— 
Moisture... , 3°5 per cent. Carbon ee oe +e 66- 1 per cent. 
Volatile matter 11-4 +s Hydrogen ee ee vm a8 ” 
Fixed carbon 62-8 ~ Oxygen oe ee ee os «< 3-9 ‘ 
Ash me 22-3 Be Nitrogen ee ee ee oe . ‘ 
Sulphur .. ee oe ee ae 1-0 Fe 
Moisture .. oe ee se «s 3-5 fa 
99. 3 


10,500 B.Th.U. 


As ee 
Calorific value F 
pom of cles = 2-85 sa. ft. 


Note.—* Represents mean figures for tests 2, 4, 7 and 8, Area of burner nozzle—minimum = 0-1225 sq. ft. 


a higher percentage of larger particles, would leave | efficiencies from coal to steam are of the following | mally, any heat release exceeding 40,000 B.ThU’s. is 

a relatively greater percentage of unburnt material, | order : to-day considered very good practice. Table VIII 

as discussed in the Appendix. Woolley coal, primary test . 75-79 per cent: | Shows the theoretical flame temperatures and the 
Table VI shows the air pressures at the burner| Woolley coal, secondary test 77-32 per cent. | initial flame velocity for these temperatures under 

or the primary and the secondary air; the anal-| New Lount residue . 73-46 per cent. | the various furnace conditions, in metric units. 

ysis of the flue gases from the two different kinds| The heat released or liberated in the free combus-| The diagram, Fig. 10, in which are shown the 
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theoretical combustion curves as worked out by | nace conditions, as well as steam generation, which 
Professor Rosin, of Freiburg, Saxony, on the basis | were obtained, the conclusion can only be that this 
of his tests and experience in the combustion of | particular type of burner is suitable for any kind of 
German brown coal, as well as highly-bituminous | coal with a volatile content varying from about 11 per 
black coal, is of interest. Curve I shows the maxi- | cent. to 32 per cent. Furthermore, it is reasonable 


TABLE IV.—WOOLLEY COAL. 


leaving the fire tubes, namely, 460 deg. to 470 deg. ¢ 


it is quite clear that this waste heat can be more 


economically utilised in superheaters or steam drier 


Ss, 


and that to far greater advantage, than by merely 
serving for air heating, and in this manner it in- 





























- — — ul om 
| | fae a | 
| A B | c | D | E k G H I J K L | ™M f N 
” 4 a Pai aie bw ae es ae 2 ieee at Pra =e c 
| | B.Th.U. | Tempera- | Volume . lg : | , 
mi | | | e Be jo ieck | WM. ~~ * : | Speed | Velocity | Water | 
oe Coal B.Th.U. | pau. | Absorbed Absorbed | Liberated Tempera- | ture Combus- | at Tube | at. Burner Excess | Evapora- | 
Observ- Burnt pe | Efficiency 7 IT B.Th.U. | per cub. ft.| ture Smoke tion oth . ; : kecack sae 
fee Liberated | 7 | B.Th.U. eng lo ae Po “ > 4 Exit (t2). | Nozzle. | Air. | tion. Air Conditions. 
ation. per hour. er hour, | Per cent. eh ita sy. ft. | Combus- | Back End. Box Products Ft. per. | Ft. per | Percent. | perh | 
Lb. I “a | F * | per hour. | tion Space| Deg. C. (fo). | per hour ae - 2 ta aio — 
per hour. Deg. C. | (to). second. second, 4D. 
aan oll ij a sie tm % | + a! ds ieee we ia, ae ati > ion - | aay eae 
324 256,000 | 59-01 | 2,510,000 | 5,840 | 45 5 ; 500 | “ 2 | 55 2 Primary air 1 ¢ 
1 320 4,256,00 9-01 910,000 | 7, 840 45,000 | 850 460 | 115,500 | 11-30 111-2 | a5 2,150 [pene ae Cold. 
2 300 | 3,990,000 | 63-90 | 2,545,000 | 5,900 42,100 | 850 460 | 127,000 | 12-40 | 123-5 | 20-5 2,150 | 
3 300 3,990,000 | 64-82 | 2,580,000 | 6,000 | 42.100 850 460 | 126,600 | 12-35 | 123-0 | 20-0 2,200 ; 
4 280 = | 3,724,000 | 2,700,000 | 39,400 900 460 | 112,600 | 11-00 | 109-1 | 16-2 2,300 
5 | 280 | 3,724,000 | 2,700,000 | | 39,400 900 460 } 106,000 | 10°35 | 102-6 | 10-5 2,300 ’ ’ 
6 | 280 | 3,724,000 2,820,000 | 39,400 900 | 460 | 103,100 | 10-05 ; 100-0 | 8-6 2,400 ti 
7 | 280 3,724,000 | | 2,820,000 | 39,400 | 920 | 465 | 103,100 | 10:05 | 100-0 | 8-5 2,400 i a 
8 280 =| 3,724,000 | 7: | 2,880,000 | 6,700 39,400 | 920 | 465 | 113,800 | 11-20 | 110-0 | 17-1 2,450 = pa 
a ee a eS aa — oes © | | a Se 
* | 280 | 3,724,000 | 75-7 | 2,800,000 | 6,500 | 39,400 | 910 | 462-5 | 106,500 | 10-40 | 103-0 | 11-15 2,390 | ~- 
t | 280 =| 3,640,000 | 77-6 | _ 2,820,000 | 6,550 38,400 | 910 | 462-5 | 107,500 | 10:40 | 104-0 11-15 2,390 | = 
| | | 
Ultimate Analysis— Proximate Analysis— 
Moisture be f° 1-0 per cent. Analysis 1, Analysis 2— 
Carbon 74:7 Moisture ie 1-0 per cent. Moisture ‘ -. 0-9 per cent, 
Hydrogen 5-0 ‘ Volatile matter .. 32-0 i Volatile matter 32-0 6 
Oxygen 5-3 * Fixed carbon 56-3 Fixed carbon 55-6 me 
Nitrogen 1-4 af Ash cs sd = ‘7 a Ash .. ara 11-5 = 
Sulphur 1-9 e Calorific value, B.Th.U. Calorifie value. 
Ash .. 10-7 ee of per Ib. s . 13,300. B.Th.U. per Ib... 12,990. 


Note.—* Represents average 


mum liberation of heat in kilogram-calories per cubic | TABLE V. Quantities AND PROXIMATE ANALYSIS OF Dust RECOVERED FROM FURNACE AND BOILER TUBEs. 


metre per hour in relation to the dimensions of 
the powdered fuel particles in one-thousandths of 
a millimetre. It will be noted that the observed 
figures for the Woolley coal and the New Lount | 
residue approach closely to the theoretical Curve I. 
Furthermore, Curve II indicates the relationship | 
between the burning time in seconds, or fractions 
of a second, of the fuel particle and the heat libera- 
tion in kilogram-calories per cubic metre of combus- 
tion space per hour on the basis of the varying sizes 
of the fuel particles. Again, here, it will be noted 
how closely the observed figures during the firing 
tests of the Woolley coal and the New Lount residue 
approach the theoretical curve. Considering all the 
facts and the figures tabulated, it would appear 
that the type of burner described, embodying the 
Venturi principle, approaches the ideal as far as 
is practically possible under the prevailing furnace 
conditions. | From the technical point of view the 
efficiencies are high, with a very quick rate of com- | 
bustion and the great liberation of heat units per | 
unit volume of combustion space ; from the prac- 
tical side, it was observed that, during the whole 
of the tests, no difficulties were encountered, and | 
also it was shown that as far as the burning of 
bituminous coal was concerned, the necessity for 
a supply of hot secondary or primary air does not 
exist. A supply of slightly-heated secondary air | 
may be advisable in the burning of low volatile 


TABLE 
| A | B 
es he 
| | 
| 
——— | Obser- | 
vation. | Coal Observed 
Burnt Eifici- 
per hour. | ency. 


| 
} | 
| 
| | 
1 


Lb. 
Wooiley coal— Preliminary we 4 280 75-79 
Woolley coal—Second test 8 | 280 | 77°32 
| } 
New Lount residue 4 | $20 73°46 
' \ 


material, that is to say, for materials containing 
less than 15 per cent. of volatile matter, but appa- 
rently no real necessity for the employment of 
heated air exists even in this case. 

Selecting two different fuels, with such different 
percentages of volatile matter and general charac- 
teristics that they may be said to approach the 
upper and lower limits, in view of the results and fur- 





| 
| Per cent, | 


of tests 5, 6, 7 and 8, Analysis 1. 





New Lount Residue. | 


| 


Furnace Dust. 


¢ Represents average of tests 5, 6, 7 and 8, Analysis 2. 








Woolley Coal. 


Furnace Dust. | Tube Dust. 


| : 
| 





Quantity of dust recovered. . 
Moisture in dust (absorbed) Z 
Volatile matter in dust ee ie acs : “5 
Fixed carbon dust .. ss oe os a --| 38°5 
Ash in dust de ee 

B.Th.U. 


119 It 
0 





° oe 62-3 
Cal. value of dust perlb. .. 5,100 
Total B.Th.U. in dust recovered 
Total B.Th.U. in furnace .. ae 5a a nis 
Percentage of total heat units in unburnt fuel on total 

fuel burnt .. == = oe ne. os = 





| Air Pressure. 


606,000 — 


4-76 per cent. | 0-525 per cent. 





TABLE VI.—Atr PREssuRE AND GAS ANALYSIS 


Flue-Gas Analysis. 





| 
| 
| 
Woolley. | 





























— | New Lount Residue. | New Lount Residue. | Woolley Coal. 
| PE, oF | — | a | ce i | ; 
| | Primary. | Secondary.| C02 | co | O2 | CO2 | CO | O02 
| | | | 1 } 
—— i 1 
i in. | in. per cent. | per cent. | per cent. | per cent. | per cent. | per cent. 
1 | 3° 4-9 | 5-7 16-5 0-0 | 2-9 | 17-0 | 0-3 1-0 
2 | 355 4:9 | 5-7 | 17-4 | 0-0 | 7 oe ee Ue 
3 ‘5 49 | 5-7 | 163 | 28 | O04 | 144 | 0-0 | 4:2 
4 5:2 4-9 | 5:7 | 15:3 | 0-0 | 5-1 |} 14:8 | 0-2 | 3-3 
5 5-75 | 6:5 49 | 5:7 | 16-6 | 0-0 | 21 | 16:6 | 0-0 2-2 
6 5°75 | 6-5 4-9 } 5°7 | 17-6 0-0 2-1 | 16-4 | 0-0 | 1-8 
7 5-75 6-5 4-9 5°7 } 15-6 Uncertai | 16-5 0-4 1 6 
8 5-75 6-5 4-9 5-7 | 17-2 0-3 2-6 | 14-8 | 0-1 | 3°6 
| | 
VIIL.—ANALYSIS OF COMBUSTION CONDITIONS. 
aed” wales Orn ee an ee a Re ee ee ee ee ray Fe Pe en ao H 
Cc | D E F | G H | I J | K L my N 
| | ' | = 
ass || | a on | 
| | | Ratio : | | 
Perma- | | | | Heating | Heat | Steam | Combus- 
nent Gas | Tempera-| yoime | Heat er | Surface Liberated ged Free | tion | Speed 
Volume Back | ture | of Gas | Absorbed | Per Cent. | pubes to | 12 Free ed pet | space in | Chamber | of Gas 
of Com- | _ End of Gas | at to | by Tubes,| on Total | Raat Combus- | sq. ft. | Gombus- | Capacity | at Tube 
| bustion | Tempera-} Leaving | reluding| ,.PY |, Heat | surface |. tion : Furnace tion to Totel | Exit per 
| Products | ture. | Tubes. |} Steam. | Differ- |Abeorbed.| Combus- | — wal aoe Chamber.) Heating | second. 
} at orc. | } (2). | Smee. | tion ag pe . wr aed | | Surtace. 
n.t.p. | | | | | Chamber.| SU *: | § : 
| ' ! ' | I a 
a hee hs ey ee awe | | | ‘ 2d | : 
Cub. Ft. | Deg. C. | Deg. C. | Cub. Ft. | B.Th.U. | Per cent. | B.Th.U. | Lb. | Cub. Ft. | | Ft. | 
} 34,100 | 875 | 470 100,200 | 510,000 ‘1 | 1-875 53,600 | 15-10 69-4 | : 9°78 
| | | } | | | cub. ft. 
| | cr . > 
| 40,200 920 465 113,800 670,000 | 23-2 1-875 53,600 | 14:45 | 69-4 | tA 1i-2 
| | | | | } | ed 
40,500 | 900 465 109,000 | 625,000 | 25-4 | 1-875 | 48,500 12-08 69-4 | sq. ft. 10-6 
} | 


to assume that this type of burner will deal with a 
material with a lower volatile content than 11 per 
cent., such as is met with in anthracites and semi- 
anthracites ; but heated secondary air may be necess- 
ary for the efficient burning of these low volatile 
fuels, or an admixture of higher volatile materials 
may be advisable. Drawing attention to the rather 
high temperatures encountered in the flue gas 








creases still further the overall thermal efficienc) 
above that shown in the tables. 

From the experience gained in various quarters 
of firing marine boilers with powdered fuel, it can be 
said definitely that the problem of efficient powdered 
fuel firing at sea has been solved in a satisfactor) 
way. It is, however, essential to cut down the 
auxiliary plant and machinery to the absolute 


). -»| 97 1b, .. .| 21 1b nf | 105 1b. .. $5 
per cent. ..; 0-9 per cent. ..| _— | 1-8 per cent. 
* = ie of — ot 
‘ ..|-53°1 | o | 7-7 
i ..| 41-4 OBE Be <5 | 81-1 
.| 8,000 | Nil 1,500. 
.| 776,000 =) _ 157,500 
1,382,000 157.500 














Nov. 21, 1930.] 
minimum, partly on account of capital cost and 
partly from the point of view of saving valuable 
space. These experiments indicate that preheated 
air, with the attendant cumbersome apparatus, is 
not required for the efficient combustion even of a 
relatively low volatile fuel, provided the proper type 
of burner is employed, and the hope may be ex- 
pressed that the work may be of some assistance 
in that direction. 


Fig.10. 
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APPENDIX. 


REGARDING THE DETERMINATION 
FINENESS OF POWDERED FUEL. 


NOTES OF 


Table I gives the results of a sieving test of 
New Lount residue. The determinations were made 
with the standard I.M.M. sieve. It is generally 
recognised that difficulties exist in the fineness 
determination of powdered materials below, say, 


SRSINEE RING. 


would give a false reading. At intervals of time a 
definite quantity of the suspended material and the 
liquor is removed from the settling vessel and, by 
drying, the amount of solid is determined. Professor 
Andreasen states that a really satisfactory peptonis- 
ing agent for powdered fuel suspension has not yet 
been discovered, but the errors by his method are 
certainly very much less than those met with in 


; 641 


engineers with the material for their boilers, their 
ships, their railways, and their bridges. It was 
the art of boiler making which led to the art of iron 
shipbuilding, and thus it came about that nearly 
all the early iron ships were constructed by mecha- 
nical engineers and not by the established ship- 
builders, and that nearly all of them were steam 
ships and not sailing ships. 





uw 
2,500,000 0 
(e076) Heat Liberation in Kg -Cal. per M? per Hour. noneepina” (e7sn) Size of Particle in i000 mm. 

. |GINRERING” 


other systems. 


Fig. 11. FINENESS DETERMINATIONS 
OF POWDERED FUEL. 
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In considering the size of the particle in regard 
to the time involved in combustion, it will be clearly 
understood that more exact fineness determination 
is of very considerable value in calculating flame 
length, velocities, &c. As stated before, the usual 
sieving methods employed do not give a true picture 
of the conditions, but on the other hand, provided 
they are carried out in an identical manner, com- 





parative values are obtained, which are of con- 


hulls by marine growths. 
all steamboats for river work in this country were 


In its general features the story of the iron ship 
presents much the same characteristics as that 
of the steam ship or the railway. There were 
similar pioneering experiments and similar practical 
demonstrations and the same scepticism to be 
overcome. Iron shipbuilding owed nothing to 
official encouragement, and its rise was entirely due 
to private enterprise. The objections, real or imagi- 
nary, were quite as numerous as those raised against 
railways. If iron vessels did not sink under their 
own weight, the engines, it was said, would cause 
them to sag, while the reciprocating motion of the 
engines would cause fracture of the plates. The 
differences in temperature of the two sides of a 
ship, caused by the sun shining on one side, would 
cause serious stresses to be set up, while nothing 
would prevent rapid corrosion of the hull. Because 
it was found that shot fired through iron plates 
splintered badly, iron was declared totally unsuit- 
able for men of war, and in as much as certain 


10 20 30 4 50 60 70 80 90 100 | mercantile vessels were to be available for fighting, 


a ban was placed upon iron as the constructional 
material for vessels carrying mails. In official 
circles, too, there was a fear that the introduction 


of iron warships would be greatly to the disadvantage 
of the Royal Dockyards, from which came the great 
wooden line of battleships. 


The most difficult problems which arose in connec- 


tion with iron ships were due to the serious distur- 


bance of the compass and the rapid fouling of the 
By the forties practically 


built of iron and in these the problems mentioned 


TABLE VIII. 2 > 
= were not of serious consequence. It was otherwise 





















































| aan. Temperature| vy, Kg. cal. Absorbed per | with iron ships employed on cross-channel and ocean 
Coal Efficiency Calorific (t2) of Com- | Volume sq. m. Heating Surface . 

Kind of | a ; Cones Value of 2 yi, | Combustion | 4: ™- Mame voyages, for the disturbance of the compass en- 

Kind of | Observa- Burnt Coal to Coal. Gross | DuStion Gas Gaiiand per hour. Sagas 2 * 
Coal. | tion. per hour. Steam. | ‘Ko ‘cal, per | Leaving Gta at dangered the navigation of the ships, and the fouling 
| Kg. Per cent. ” Kg. oe (tg). Cub. m, | Combustion Tube seriously reduced their speed. It was, indeed, the 
| re Connie. ‘ fouling which for many years hindered the adoption 
Caen | | ‘i a pA pee ‘ioe oman ‘a of iron for ships making long passages. But with 

oolley zs 4 2 75° 7,400 7 2, 2, : eo heya: P ; 

Woolley IL | 8 125 77.39 7'400 465 3,250 98,000 5,460 all these disabilities, the iron ships proved to be 
New Lount | | aie ; 4 iat onus aon lighter and faster than wooden ships; they gave 
wicicinieidl MNEs eA —— - = ws more accommodation ; cargoes could be more easily 
| | Total Kg. | Initial Flame stowed and goods were found to arrive at their 
| m...2 . | Temperature Relative ; om iF C02 in Temperature destination in better condition. Experience also 
Kind of Coal -| Observation | Combustion | Combustion Bs we ~O —- | — si | Inlet (t), — showed that iron ships were not so easily damaged : 
| we a at (t1). | Per cent. | Deg. €. that repairs could be more readily effected in the 
| hour. Deg. C. | | yards, and with the introduction of bulkheads and 
Woolley I | 4 475,000. | 2.210 100 ae 17°3 875 ge double bottoms, iron ships became far safer than 
berg _ 4 | 8 475,000 | 1,910 100-5 17-1 14-8 920 — wooden ships. Then, too, iron was becoming 

ew Loun . : . 
Residue | 4 430,000 | 1,900 | 96-5 |} 2 | 15-3 | 900 me more and more abundant, while timber was becoming 
t, increasingly scarce, so that whereas a wooden 








= Heating surface, tubes a ship cost about 16/. 10s. a ton, an iron ship could 
Heating surface, combustion chamber 1806. be built for 13/. 10s. a ton. 

Ratio ; Combustion chamber volume _ ¢ 4 Official recognition of iron ships may be said to 

a date from the classification by Lloyd’s Register of 

the steamer Sirius, 180 tons, built at Millwall by 

Fairbairn in 1837. The second iron ship classified 

was the sailing vessel Ironsides, 270 tons, built at 

Liverpool in 1838. In 1843 the Society determined 





Ratio: 





100-mesh, and unless the sieving is carried out on | siderable assistance. It is also quite clear that by 
material with a uniform moisture content and under the very fine grinding of material new natural forces 
exactly similar conditions as regards the shaking | are brought into play, of which very little is at 


period, ete., it is almost impossible to obtain con-| present known. There would appear to be here 
cordant results. a wide field of work for physicists. 
In order to arrive at a more accurate determina- 


tion, and one which would give a more correct 
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to collect evidence regarding the building of iron 
vessels, and in 1844 granted the classification 
Iron ship A 1 to such ships as were built under the 
inspection of the society’s surveyors. No rules for 





figure of the percentage of fines in the powdered 
fuels tested, Professor Andreasen, of Copenhagen, 
was approached. He very kindly made the necessary 
determinations on the Woolley and New Lount 
powdered fuels as used, with the results shown by 
the curves in Fig. 11. It will be seen from these curves 
that the results obtained are quite different from 
those arrived at by the ordinary sieving test using 
I.M.M. sieves. 

The method employed by Professor Andreasen 
has been evolved by him at the Copenhagen Tech- 
nical College, and is described by S. Berg in the 


ENGINEERING HISTORY.—VII. 

By Eng.-Capt. Epcar C. Situ, O.B.E., R.N. 

Ware the general history of shipbuilding does 
|not come within the scope of these articles, the 
‘early development of iron shipbuilding was so 
largely the work of mechanical engineers, and the 
coming of the iron ship had so great an influence 
on the progress of naval and marine engineering, 
that a brief review of the early history of the iron 
steam ship and the iron warship cannot be out of 
; place. Just as it was the work of Newcomen, 
Transactions of the Ceramic Society, Vol. XXVIII, Watt and others in connection with the steam 
November, 1929. In brief, his method consists in| engine, which led to the rise of mechanical engi- 
suspending a given weight of powdered material | neering, so it was the epoch-making discovery by 
in a medium consisting of distilled water to which | Henry Cort, in 1783, of the processes of producing 
has been added a peptonising agent to prevent wrought iron by puddling and of rolling it into 
agglomeration or flocculation of the particles, which | plates and bars which provided the new race of 


the construction of iron ships were issued till 1855. 
The germ of the extensive system of Government 
supervision of steamships now in operation was an 
Act of Parliament of 1846, passed for “ regulating 
the construction of sea-going steam vessels and for 
preventing the occurrence of accidents in steam 
navigation,” and this Act directed that all iron 
steam vessels of 100 tons burden and upwards 
should be divided by watertight partitions into 
three compartments by transverse bulkheads at the 
fore part of the engine-room and at the after part. 
Like the first cast-iron bridge, the first wrought- 
iron boat was built in Shropshire. Abraham Darby, 
the second, in 1779 had erected the famous Coal- 
brookdale Bridge over the Severn—a fine piece of 
work still standing—and it was his contemporary, 
John Wilkinson, the ironmaster, who in 1787, at 
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Willey, launched the iron canal barge generally 
spoken of as the first iron boat. This craft was 
70 ft. long and could carry 32 tons. It had wooden 
stem and stern-posts, but its hull was of ¥-in. 
wrought-iron plates. Other similar craft for canal 
work were built shortly afterwards. Twenty years 
later, Trevithick and Dickinson, in a patent of 
1809, described iron ships of war, iron East India- 
men, and large iron-decked vessels. They even 
proposed iron masts and yards. In 1815 a small 
iron boat, built at Tipton, was sailing on the Mersey ; 
and in 1818 the Vulcan, an iron passenger boat built 
of sheets of iron riveted to frames of flat bar iron, 
was set to work on the Forth and Clyde Canal. The 
first iron steam vessel was the Aaron Manby, which 
Napier navigated from the Thames to the Seine in 
1822. Built at the Horseley Ironworks at Tipton, 
in the Black country, the Aaron Manby was sent 
to the Surrey Dock, Rotherhithe, by canal in 
sections, and there put together and fitted with an 
oscillating steam engine and with feathering paddle 
wheels. Declared to be ‘the most complete 
specimen of workmanship in the iron way 
that has ever been witnessed,” she was named 
after the ironmaster who successfully laid the 
foundation of the engineering works at Charenton 
and Creusot, in France, and was built in connection 
with his scheme for a steamboat service on the 
Seine. 

Among the principal pioneers of iron steam- 
boat building in this country were Grantham, Laird, 
Fairbairn, David Napier, Thomas Wingate, Ditch- 
burn, Mare, and the partners David Tod and John 
Macgregor, who were the first on the Clyde to make 
a business of iron shipbuilding. Like the Aaron 
Manby, the second iron steamboat also came from 
the Horseley Ironworks, but was put together at 
Liverpool. She was constructed in 1825 for the 
elder John Grantham and had a 10-h.p. engine. 
As the Marquis of Wellesley she ran for many years 
on the Shannon. Next to her came David Napier’s 
Aglaia, 49 tons, with an iron bottom but wooden 
sides above the water-line, built for work on Loch 
Eck, in Scotland. Laird began building boats of 
iron in 1829, and in 1831 constructed: the iron 
steamer Elburka, 70 tons and 15 h.p., which accom- 
panied Macgregor Laird to the Niger. About the 
same time John Neilson built the Fairy Queen, 
40 tons, the first iron steamboat to ply on the Clyde, 
and at Manchester Fairbairn built the Lord Dundas 
and Manchester. In 1832 Maudslay, Sons and Field 
constructed four iron paddle steamers, the Lord W. 
Bentinck, Thames, Megna, and Jumna, for work 
on the Ganges. These were shipped to India in 
pieces. They were 120 ft. long, and of 275 tons, 
with engines of 30 n.h.p., and they were the first 
iron steamers built in the London district. 

In the ’thirties iron shipbuilding became firmly 
established on the Mersey, Clyde, and Thames. 
Laird’s Elburka was followed by the John Ran- 
dolph, 250 tons, 60 h.p., sent to America in pieces ; 
the Lady Lansdowne, 130 ft. long, 80 h.p., put 
together in Ireland ; and the Garryowen, 263 tons, 
80 h.p., ‘also built for Ireland. At the request of 
Charles Wye Williams, Laird fitted this vessel with 
bulkheads. Twice the Garryowen was stranded 
on the rocks, but in 1866, after running for years 
on the Shannon, she was still worth buying for work 
on the coast of Africa. It was in this vessel that, 
in 1835, Captain Johnson, by direction of the 
Admiralty, made experiments with compasses, but 
his investigations were not so important as those 
made in 1838 by Airy, the Astronomer Royal, 
aboard the Rainbow in Deptford basin. The 
Rainbow, of 580 tons, was also built by Laird, 
and belonged to the Gene-al Steam Navigation 
Company. 

On the Thames, iron shipbuilding received a great 
impetus by the establishment of the yards at 
Millwall belonging to Fairbairn and David Napier. 
Fairbairn launched about 100 iron vessels in the 
Thames, but it is said lost 100,000/. in the under- 
taking which had to be made good by the profits of 
his work at Manchester. His first iron vessels, as 


well as those of Napier and of Ditchburn, of 
Blackwall, were launched in the later ’thirties. 

No constructors did more for iron shipbuilding in 
its early days than Tod and Macgregor of Glasgow. 
Both partners had previously worked for David 





Napier, but, setting up as engine builders for them- 
selves, they added shipbuilding to their activities, 
and in 1835 launched the Vale of Leven, 121 tons, 
and the Royal Tar, 141 tons, in 1837, and these were 
followed in 1839 by the Royal Sovereign, 177 ft. 
long, 446 tons and 220 h.p., and the Royal George, 
of about the same size, for the traffic between 
Liverpool and Glasgow. In 1842 they also built 
for the same route, the Princess Royal, 194 ft. 
long, the success of which went far to remove the 
prejudice against iron steamers. This was the 
vessel which was selected by a committee of the 
House of Commons when inquiring into the matter 
of conveying mails to Ireland, and she, with her 
sister vessels and Laird’s Rainbow, may be taken as 
the precursors of the ocean-going iron steamer. 

The gradual supercession of wooden steamboats 
by iron steamboats for short-distance traffic took 
place during the two decades 1830 to 1850; the 
supercession of ocean-going wooden mail steamers 
by iron steamships during the decades 1840 to 1860. 
In the ’forties and ’fifties a few iron steam warships 
were constructed, but iron as a material for fighting 
ships made little headway till after the Russian 
War. River craft, though numerous, were, of course, 
comparatively small, and so of new shipping 
launched in this country in 1850, only one-tenth was 
of iron; in 1860, when iron seagoing ships were 
being built, this proportion had risen to one-third. 

To illustrate the progress of the iron ship in both 
mercantile and naval fleets, reference will be made 
here to some of the most notable vessels, built, 
respectively, for transatlantic work and for traffic 
to the Far East, while in a further article some 
notes will be given on iron ships for fighting pur- 
poses or as auxiliaries. Each of the vessels chosen 
in this way either embodied some new and im- 
portant principle in her construction, represented 
some notable advance, or possessed some historical 
associations of permanent interest. 

The first iron steamship built for and employed 
on the Atlantic, was Brunel’s Great Britain. No 
sooner had the Great Western achieved her initial 
successes than plans were drawn up for a still 
larger vessel, the very size of which made the 
adoption of iron almost a necessity. Originally 
called the Mammoth, a name justified at that: time 
by her dimensions, like the Great Western, she was 
built at Bristol, by Patterson. The Great Western 
had been launched on July, 19, 1837. Exactly two 
years later, on July 19, 1839, the keel of the Great 
Britain was laid down in a dry dock, and she was 
floated out July 19, 1843. Contemporary iron 
vessels were of about 700 tons to 1,000 tons. The 
Great Britain, at a draught of 18 ft., had a dis- 
placement of 3,618 tons, being 322 ft. over all, 
289 ft. between perpendiculars, 504 ft. beam, and 
324 ft. deep. Her keel was of flat iron plates, 
} in. thick, 20 in. wide, welded into lengths of 
50 ft. The skin plating varied in thickness from 
2 in. to } in., the plates, 6 ft. by 3 ft., apparently 
being the largest then obtainable. Her frames were 
from 18 in. to 24 in. apart, and five transverse bulk- 
heads divided the ship into six compartments. Her 
machinery was as remarkable as the ship herself, for 
she was the first large vessel to be driven by a screw, 
and many new problems had to be solved. Originally 
she had been intended to be driven by paddle wheels, 
and it was Brunel’s experiments in the Archimedes 
that led to the alteration in the plans. A model 
of her engines in the Science Museum shows four 
direct-acting cylinders, each 88 in. diameter and of 
6-ft. stroke, placed at an angle of 33 deg. with the 
vertical, driving an overhanging crankshaft which 
carried a drum 18} ft. diameter and 38 in. wide, 
which, by means of four flat pitch chains, drove 
a smaller drum about 6 ft. diameter, fixed on the 
propeller shaft. Steam was supplied by flue boilers 
working at 5-lb. pressure, and at 18 r.p.m., the 
engines developed about 2,000 h.p., giving the 
vessel a speed of 12 knots. Having visited London, 
where she was inspected by Queen Victoria, the 
Great Britain left Liverpool on her maiden voyage 
to New York, on July 26, 1845, and crossed and 
recrossed several times during the next twelve 
months. On September 22, 1846, when on an 
outward voyage, she ran ashore in Dundrum Bay, 
Co. Down, Ireland, and by the way she withstood 
the storms of the following winter, gave convincing 





proof of her great strength. Through the ingenuity 
of Brunel and the exertions of Bremner, the salvage 
expert of the time, on August 27, 1847, she was 
refloated, but was never employed on the Atlantic 
again. Without the funds to repair her, the 
Great Western Steamship Company, to whom she 
belonged, sold her to Gibbs, Bright and Company, 
of Liverpool, and after being fitted with new 
machinery made by Penn in 1852, she began a long 
and useful career as an auxiliary screw ship on the 
England to Australia run. In 1882 she again 
changed hands, was converted into a sailing vessel, 
and finally was used as a hulk at the Falkland 
Islands. 

While the Great Britain was preparing for her 
maiden voyage, another iron steamer, the Sarah 
Sands, was being built at Liverpool by Hodgson 
and Company, to the designs of John Grantham. 
She was intended to demonstrate the use of auxiliary 
steam power for general trading purposes on the 
Atlantic. Though the plan of using steam solely 
as an auxiliary, in the end proved unsuccessful 
commercially, it was tried over and over again, on 
account of the high coal consumption of marine 
engines of the time. The Sarah Sands was 220 ft. 
long and of 1,300 tons, with engines of 200 h.p., 
and in 1847, she went from Liverpool to New York 
in 20 days. Some of her later voyages, however, 
were much shorter. After running some time on 
the Atlantic, she was taken up as a transport, and, 
in August, 1857, left Portsmouth for Calcutta, with 
300 troops aboard. On November 11, when 400 
miles from Mauritius, she was found to be on fire 
aft. The ship, however, was efficiently divided 
by bulkheads, and by throwing streams of water 
on the after bulkhead, the fire was confined within 
the after compartment, and after 16 hours’ exertions, 
was put out. A storm which then arose flooded 
the engine room, but in spite of all, the vessel was 
navigated to Mauritius, under sail, without loss 
of life, her escape being as fine a testimony to the 
seamanship displayed as to the fine construction of 
the ship. 

While, during the forties, many wooden steam- 
ships were on service on the Atlantic, regular 
passenger traffic by iron steamship was inaugurated 
by the City of Glasgow. This vessel was built 
by Tod and Macgregor, with the object of connecting 
Glasgow and New York. With accommodation for 
600 passengers, her length was 237 ft., her beam 34 
ft., and her tonnage, 1,670. Her screw engines were 
of 350 n.h.p. Like the Great Britain, she had five 
transverse’ bulkheads. Having made one or two 
voyages in 1850, she was purchased by William 
Inman, and became the pioneer ship of one of 
the most famous Atlantic steamship companies. 
A somewhat larger vessel, the City of Manchester, 
also built by Tod and Macgregor, was the second 
ship of the line, which for many years contended for 
the blue ribbon of the Atlantic. The career of the 
City of Glasgow was unfortunately a short one, for 
after running successfully until 1854, on March 1 
of that year she sailed for America with 480 persons 
aboard, and like the President, was never heard of 
again. 

The work of Inman’s ships and the growing 
competition of other companies were not without 
their influence, and Government opposition to the 
use of iron for mail steamers gradually disappeared. 
All the Cunard mail ships had necessarily been of 
wood, to comply with the requirements of the Govern- 
ment, but in 1854, Robert Napier built the Persia, 
the launch of which marked a new advance in 
Atlantic liners. This vessel was 390 ft. long, 45 ft. 
wide, 3,600 gross tonnage, with engines of 4,000 
ih.p. Kirkaldy’s fine sectional drawings of the 
ship had the unique distinction of being exhibited 
at the Royal Academy. After the launch of the 
Persia, American shipbuilders continued to con- 
struct ocean-going steamers of wood for a time, 
but no such ships were again built in Great Britain. 

While these changes were taking place in the 
character of Atlantic liners, similar changes were 
being made in vessels built for the traffic to the 
Far East, and it was this traffic which led to the 
construction of the most famous of all Nineteenth 
Century steam vessels, the Great Eastern. Until 
the opening of the Suez Canal in 1869, steam com- 
munication with India and China involved the 
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overland journey from Alexandria to Suez. From 
Suez to Bombay, passengers proceeded in steamers 
owned by the East India Company, but passengers 
proceeding to Ceylon, Calcutta and Hong Kong 
were carried in vessels of the Peninsular and Oriental 
Steam Navigation Company. This company was one 
of the first to adopt both iron ships and screw ships, 
one of the earliest of them being the Pottinger, built 





by Fairbairn at Millwall. Other iron P. & O. steamers | 
built in the ‘forties were the Ripon and Euxine and | 
the Sultan, a screw ship constructed by Tod and 

Macgregor in 1847, 231 ft. long, 32 ft. wide, and of | 
1,124 gross tonnage. Her engines were by Caird, | 
of Greenock. These vessels were followed in the | 
*fifties by the Pera, Colombo, and then the Himalaya, | 
which bore comparison with the Persia. Built by | 
Mare at Blackwall, in 1853, the Himalaya was | 
340 ft. long, 46 ft. wide, and had a displacement | 
of 4,690 tons. Her trunk engines by Penn, of 
2,500 h.p., drove a single-screw 18 ft. in diameter. 

In the early part of the Russian War, she made a | 
remarkable passage to Gibralter and Malta, with | 
troops, averaging 13} knots. Afterwards, as H.M.S. | 
Himalaya, she had a long and useful career as a 

naval transport, and then was relegated to the | 
harbour service as a coal hulk. In passing, it may | 
be added that on one occasion the Himalaya re- | 
quired repairs to her stern tube. No dry dock at | 
Malta being large enough to accommodate her, she | 
was floated into the largest available, and then by 

transporting weights to her forward end and by | 
means of ropes, passed under the ship and then to| 
capstans manned by soldiers from the garrison, her | 
stern was raised out of the water sufficiently high 
for the repairs to be carried out. 

The voyages to Alexandria and from Suez to the 
East, once the coal supply was arranged for, pre- 
sented no great difficulties. It was otherwise with 
steam communication with the Cape and Australia, 
and in their attempts to establish regular steamship | 
passages to Australia, several companies sustained | 
heavy losses. The Government first asked for | 
tenders for conveying mails to the Cape by steam- | 
ship in 1850, and the contract was given to the | 
General Screw Steam Shipping Company. The 
vessels employed were the iron screw ships Bosphorus 
Hellespont and Propontis. These vessels, built at 
Blackpool by Mare and engined by Maudslay, were 
only 175 ft. long and 560 tons, but the sailing of 
the Bosphorus from Plymouth, on December 16, 
1850, was regarded in much the same way as the 
departure of the Britannia from Liverpool had been 
just ten years before. Another iron steamer of the 
same company, the Harbinger, is of some interest 
inasmuch as she had commenced her existence as 
the Recruit, the only iron sailing vessel built for 
the British Navy. To adapt her for the screw, the 
Recruit was first cut in halves and drawn apart 76 ft. 
for the fitting of a new section amidships, then both 
the forward and after parts were found unsuitable 
and were discarded, and all that finally remained of 
the Recruit in the reconstructed vessel was 70 ft. 
of her upper deck. But neither the Bosphorus 
nor her sister ships solved the problem of steam 
communication with the Cape ; the venture failed, 
the vessels were taken up as transports, and some 
of them were afterwards converted to sailing ships. 

To steam to Australia was a still more difficult 
task than to steam to the Cape, but the direct 
passage was accomplished in 1852 by the Australian, 
built of iron by Denny at Dumbarton and owned by 
the Cunard Company. She was 236 ft. long, 34 ft. 
broad, and her geared beam screw engines indicated 
576 horse-power. Despatched from Plymouth, 
June 5, 1852, she did not arrive home again till 
January, 1853, her round voyage having taken 
221 days. Machinery troubles, frequent coalings 
and other matters had delayed her considerably, 
and she was not placed on the run again. The 
Great Britain was one of the vessels which followed 
her, and though there was some interruption with 
the Australian and other services during the Russian 
War, steam communication was maintained more or 
less regularly. 


These few remarks on the establishment of steam 


Persia and the Himalaya. In them was seen the 
results of a gradual development over a period of 
twenty or thirty years; in the Great Eastern was 
witnessed an audacious experiment on an unheard-of 
scale. Constructed for the Eastern Steam Navi- 
gation Company, with the object of steaming to 
Ceylon and back without re-coaling, she was the 
outcome of the ideas and collaboration of Brunel 
and Scott Russell, and was built at Millwall during 
the years 1854 to 1857, and, after much difficulty, 
was launched on January 31, 1858. 


Her principal dimensions were as follows :— 

Length, 692 ft. 

Breadth, 824 ft. 

Depth, 58 ft. 

Power of screw engines, 4,886 i.h.p. 

Power of paddle engines, 3,411 i.h.p. 

Coal capacity, 10,000 tons. 

Displacement, 27,384. 

Speed, 14-5 knots. 
A comparison of these figures with those of the 
Himalaya and Persia will show that she was five 
or six times larger than those vessels. Her size, 
her capacity and power were, however, not more 
remarkable than her strength. As a ship she was 
the wonder of her day; as an example of ship 
construction she has been praised by the greatest 
naval architects; as an achievement she was the 
product of an age alive with optimistic and grandi- 
ose ideas. In 1851 the Great Exhibition in Hyde 
Park had displayed to an astonished world the 
wonders of science and engineering. In twenty 
| years England had been covered by networks of 
railways and telegraphs. Steamships were finding 
| their way into every ocean, and there appeared to 
| be no limit to the conquests of the engineer possible 
lon land and sea. Of funds for any great scheme, 
‘there seemed to be ample, as the railway mania 
| had shown, and this idea of untold wealth was not 
lessened by the stories from the newly-found gold 
fields of California and Australia. Of great projects 
there were many, and that of Brunel for a gigantic 
ship was not a whit more extraordinary than that 
of De Lesseps for cutting a canal from the Mediter- 
ranean to the Red Sea or that of Brett for con- 
necting Europe and America by a submerged electric 
cable. As it turned out the last of these schemes 
|owed some of its final success to the Great Eastern, 
| which, in 1865, took aboard the 3,000 miles of cable 
|for connecting Valentia and Newfoundland. It is 
| true that as a commercial venture the Great 
| Eastern was a complete failure ; it is true she never 
| carried a passenger to Australia and that her voyages 
| across the Atlantic were attended with little success, 
| but had marine engineering been in a more advanced 
‘state the tale might well have been different. 
| To deal adequately with her construction and 
| machinery is here impossible, but one or two matters 
,of general engineering interest may be recalled. 
|For some of the structural ideas embodied in the 
|Great Eastern, the builders, Scott Russell and 
Company, were indebted to Robert Stephenson and 
| Fairbairn, and by a coincidence the ship was built 
| on the site on which Fairbairn carried out the large- 
'scale experiments for the Menai Straits Tubular 
Bridge. With its complete cellular double bottom, 
| its cellular double upper deck and its strong longi- 
_ tudinal bulkheads, the ship—as a transverse section 
| shows—was something like the bridge, and it was 
equally fit to withstand the stresses to which it was 
subjected. Before the building of the Great Eastern, 
many of the ideas of the iron shipbuilder were 
|obtained from the constructors of wooden ships. 
|The Great Eastern, however, was an entirely new 
'departure and one feature, the double bottom, 
| proved her salvation. The Great Britain had shown 
‘how an iron ship could survive stranding; the 
| Sarah Sands how an iron ship could escape destruc- 
‘tion from fire; while the Persia’s collision with an 
iceberg taught yet another lesson. The Great 
Eastern in her turn was to make another record, 
for in August, 1862, she struck a submerged rock 
| off Long Island, New York, ripping a hole in her 
| outer skin, yet without the water finding its way 
|into the ship. The useful career of this noble ship 
| came to a close in 1873. She had laid the Atlantic 


communication with the Far East and the Antipodes | cables of 1865 and 1866, she had laid the French 
will to some extent recall the problem which the | cable to America in 1869, the Suez to Bombay cable 
famous Great Eastern was intended to solve. So/in 1870 and another Atlantic cable in 1873, after 
far, the largest vessels dealt with have been the which no further use was found for her and she 





fell into disrepair. She changed hands several 
times, and in the pages of ENGINEERING for Novem- 
ber 23, 1888, is recorded her sale for scrap for the 
sum of 43,000/. The breaking up, it was said, will 
commence on January 1, and “ thus her long career 
as a money-losing concern” will be terminated. 
It was but a poor epitaph for a ship of which 
Pollock wrote in 1884, that she “ undoubtedly 
furnished, in large measure, the experience that has 
recently been causing so great a change in the 
tonnage of our mercantile marine,” and “ apart from 
commercial considerations, however, this premier 
leviathan stands out as a wonder and pattern of 
naval construction.” 


THE KIESSELBACH FEED WATER 
STORAGE SYSTEM. 


THE main considerations, which have led to the 
general supersession of the shell type by the water- 
tube boiler, are that the latter has a better thermal 
efficiency, can be designed for higher pressures, allows 
steam to be raised more quickly, occupies less ground 
space and permits the output to be concentrated into 
larger units, thus facilitating the employment both of 
mechanical stoking and pulverised fuel firing. On the 
other hand, the shell type, owing to the small contents 
of its water-tube counterpart, still holds the advantage 
when the demand for steam is fluctuating; while 
the necessity for pure feed with the water-tube type, 
higher maintenance costs and shorter useful life may 
favour the shell type in particular cases. Unsteady 
working, especially, results in heavy blowing-off 
losses when the load is falling, while in extreme cases 
sudden large demands for steam may cause priming, 
with resulting injury to the turbines and danger to 
the staff. It is true that such rapidly varying demands 
can to some extent be met by the employment of 
modern methods of firing, but these are a panacea 
rather than a cure, while to apply them satisfactorily 
involves great care. 

The cause of this unsteadiness is, as stated, the small 
water content of the water-tube boiler. For while 
the ratio of water content to hourly evaporation ina 
Lancashire boiler is between 4°5 and 5, in a water- 
tube boiler it lies between 1 and 3, and in some modern 
high-pressure boilers is as low as 0-4. To illustrate the 
effect of this, the case may be considered of a colliery 
boiler-house, from which 60,000 lb. of steam per hour 
are supplied at a pressure of 180 lb. per square inch, 
and which is suddenly called upon to supply at the 
rate of 90,000 lb. per hour for 10 minutes. If the 
equipment consists of eight Lancashire boilers with a 
total water content of 350,000 Ib., each pound of water 
will give up 12-1 B.Th.U. to supply the extra 5,000 Ib. 
of steam required. In so doing the temperature of 
the water will fall from 379-6 deg. F. (corresponding to 
the initial pressure of 180 lb.) to 367-5 deg. F., which 
corresponds to a pressure of 153 lb. If, on the other 
hand, the equipment is made up of three water-tube 
boilers, with a total water content of 140,000 lb., to 
obtain the extra 5,000 lb. of steam, the temperature of 
the water would be reduced from 379-6 deg. to 349-6 
deg. F., the latter figure corresponding to a pressure of 
120 1b. Such a condition could not, of course, be per- 
mitted; in fact, the installation would have to be 
designed, so that the drop was kept within reasonable 
limits. To effect this, however, means increased capital 
expenditure. Conditions are similar when the load 
falls, since the smaller content of the water-tube boiler 
may lead to earlier blowing off and increased losses from 
this cause. In both cases the conditions would obviously 
be much worse in a high-pressure boiler. 

Both blowing off and a drop in pressure can, however, 
be prevented by operating water-tube boilers, so that 
surplus steam is stored when the load falls below the 
average, and making it available when that average 
is exceeded ; or by employing the heat which is not 
required to generate steam at times of light load to 
raise the temperature of an excess of feed water 
and to store the latter for use at times of peak 
load. The latter principle was the basis of the work 
of Druitt-Halpin, and is now made use of in the 
Kiesselbach system, which has been placed on the 
market by the Gesellschaft fiir Kiesselbach-Warmes- 
peicher und Wéarmewirtschaft m.b.H. of Essen, 
Germany. 

The essentials of the last named system are a storage 
tank and a circulating pump, the latter being in con- 
tinuous operation. On the suction side this pump is 
connected to the storage tank and supplies water to the 
boiler or boilers through a circulating pipe. The output 
of the pump is considerably higher than the maximum 
evaporative capacity of the boiler, and the surplus water, 
after being heated nearly to boiling point in passing 
over the boiler heating surfaces, is returned through an 
overflow pipe to the storage tank, thus automatically 
maintaining a constant water level in the boilers. 
In order that the pressure in the steam spaces of the 
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boiler and tank shall be equal they are connected by | 10 m. to 15 m. (33 ft. to 50 ft.), the difference in level 


an equalising pipe. 
deliver water to the boilers, either direct or through an 
economiser or other feed heater. Firing is adjusted, 
so that it is equivalent only to the average demand on 
the boiler. When the actual demand is less than the 
average the extra water is raised to boiling point by 
the surplus heat and is then taken back to the storage 
tank, so that the latter is charged. On the other hand, 
when the demand exceeds the average value the feed is 
gradually cut off by the action of a highly sensitive 
automatic valve, and the water required for generating 
the extra steam is supplied from the storage tank at a 
temperature approximately equal to boiling point. 
The boiler can, therefore, be operated at its maximum 
efficiency, while, notwithstanding the fluctuations in 
the steam demand, the firing can be maintained at a 
constant rate for several hours, without any drop in 
the pressure occurring. In effect the result is to increase 
the water content of the boiler and the advantage of 
applying such a system to high-pressure boilers of 
modern design will be evident. 

These points may be illustrated by describing an 
installation of Kiesselbach storage system, which has 
recently been put in operation at the Fiirst Hardenberg 
mine of the Vereinigte Stahlwerke, near Dortmund, 
a view of which is given in Fig. 6, Plate XLIV. The 
layout will be clear from Figs. 1 to3 above. The storage 
tank is placed in the open about 60 m. (197 ft.) away from 
the power station and, is in two parts, the combined con- 
tent being 165 cub. m. (5,827 cub. ft.). The tanks are 
not protected from the weather by a roof, but are well 
insulated and are carried on cast-iron seatings, which, 
in turn, rest on brick foundations. The tanks them- 
selves are of the simplest construction and contain no 
internal fittings. They are made up of five cylindrical 
sections and two spherical ends, all the parts being 
riveted together. Provision is made for taking up 
the expansion, both of the tanks themselves and 
the connecting pipes. At starting, or after a period 
out of use, the stored water can be heated by supplying 
steam through a pipe e (Figs. 1 and 2), which is con- 
nected to the pressure pipe d, between the tanks and 
the boilers. The tanks are also connected by the suction 
pipes 6 to the circulating pumps and these, in turn, are 
connected to the boilers through the circulating pipe c. 
The rotary pumps, one of which may be seen in Fig. 7, 
Plate XLIV, are installed in a house near the tanks, and 
are in duplicate, one being driven by a steam turbine 
and the other by anelectric motor. Only one pump is 





The usual main feed pumps | between the water in the boilers and that in the tanks, 


the power required for operating them is small. 

The installation comprises three boilers, two of which 
are of the Stirling three-drum type with a heating 
surface of 350 sq. m. (3,767-5 sq. ft.) each, while the 
third is of the radiation type and has a heating surface 
of 595 sq. m. (6,405 sq. ft.). The former have been in 
operation for about three years and the latter for a 
few months. The two older boilers are equipped with 
economisers and the third with an air pre-heater. All 
three are fitted with superheaters and are fired with 
pulverised fuel on the Lopulco system from a central 
grinding plant. The working pressure is 20 atmos- 
pheres (294 lb. per square inch), and steam is supplied 
not only to a turbo-compressor and fan, but to two 
large winding engines. The demand is therefore very 
irregular, varying between 6 and 55 tons per hour. 
The conditions are, in fact, such that it would have 
been very difficult to meet them with the new boiler, 
from which the steam is mainly supplied. This draw- 
back has, however, we understand, been overcome by 
the installation of the Kiesselbach system. 

The operation of the system is very simple. The 
circulating pump, as already explained, supplies more 
water to the boilers than is required for steam genera- 
tion, the surplus being returned through the overflow 
pipe a (Figs. 2 and 3) to the storage tanks, while the 
pressure in both boilers and tanks is maintained constant 
by the equalising pipe d. The firing is also maintained 
constant, while the control of the water supply is 
effected by a regulator, which is connected in the system 
on the delivery side of the main feed pump. This 
regulator, the construction of which will be clear from 
Figs. 4 and 5 and of which a view is given in Fig. 8, 
Plate XLIV, consists of a balanced double-beat valve V. 
This valve is actuated by a diaphragm M, the movement 
of which is transmitted to the valve spindle by a simple 
lever and link gearS,,Gand S,. One side of the diaph- 
ragm is connected to the steam space of the boilers and 
the other to a compressed-air vessel, the contents of 
which are maintained at the same pressure as the normal 
boiler pressure by the occasional use of a small hand- 
operated pump. As long as conditions are normal, 
the diaphragm occupies a central position. If the 
load increases, however, so that the boiler pressure 
falls slightly, the diaphragm is moved upwards, thus 
reducing or cutting off the supply of feed water to the 
boilers. If the load decreases, on the other hand, 
the diaphragm is moved in the opposite direction and 


used at a time, the other being in reserve, and as| the supply of feed water is increased. At the same 
delivery has only to be effected against a head of from/|time the amount of water drawn from the storage 
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tanks is increased or decreased respectively. The 
difference in pressure required to move the diaphragm 
is only about 0-3 atmosphere (4-5 lb. per square inch), 
and it is therefore possible to maintain the boiler 
pressure constant between 19-8 and 20 atmospheres 
(291 and 294 Ib. per square inch). Normally, the tem- 
perature of the water at the boiler inlet is between 100 
deg. and 110 deg. C. (212 deg. and 230 deg. F.) and when 
a supply is being drawn entirely from the storage tanks 
an overload of 25 per cent. can be carried without 
the pressure falling below 20 atmospheres (294 lb. per 
square inch). 

We are informed that before the system was installed 
the steam required at this mine was generated in 
from 10 to 12 Cornish boilers, each of which had a 
heating surface of 350 sq. m. (6,405 sq. ft.), in addition 
to the two Stirling boilers mentioned abev-. 1* has 
now, however, been found possible to dispe. se 
these. It may be added that when economisers ars 
used a bye-pass and auxiliary regulator can be pro- 
vided to prevent the temperature of the water rising 
to an undesirable limit. 

It may also be mentioned that the Vereingte Stahl- 
werke have five other similar installations of somewhat 
smaller capacity in use. In addition, several storage 
tanks have been erected in this country by Messrs. 
Kiesselbach Steam Accumulators, Limited, Bush 
House, Aldwych, W.C.2. These include one at the 
works of Messrs. Industrial Steels, Limited, Stevenson- 
road, Sheffield, where it is used in connection with two 
boilers. One of these is a Babcock & Wilcox longi- 
tudinal drum boiler with a heating surface of 4,928 sq. 
ft., while the other is a vertical tube Thompson pattern 
with a heating surface of 5,200 sq. ft. The normal 
output of both boilers is 18,000 lb. of steam per hour, 
at a pressure of 140 lb. per square inch. They are 
fired by chain grate stokers and are supplied with 
feed water at a temperature of 180 deg. F. In this 
case the diaphragm is operated by a pressure differ- 
| ence of 2 Ib. per sq. in. 
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THE KIESSELBACH FEED-WATER STORAGE SYSTEM. 


(For Description, see Page 643.) 
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Fic. 6. GENERAL VIEW OF INSTALLATION AT THE FurRST HARDENBURG MINE. 

















Fig. 8. AuToMaTic REGULATOR. 


Fic. 7. CircuLtating Pump. 
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Fia. 1. HANGER ASSEMBLED IN CRADLE ON THE PONTOON IN THE WORKS. 


ERECTION OF THE MAIN-SPAN 
HANGERS OF SYDNEY HARBOUR 


BRIDGE, 

Fo.tiow1ne the joining of the arch of Sydney Harbour 
Bridge, which we dealt with on page 559, ante, the 
erection of the built-up hangers for supporting the 
deck of the main-arch span is now being carried out. 
There are 42 of these hangers in all, which vary in 
length from 191 ft. 103 in., at the crown of the arch, 
to 21 ft. 1$ in. at the first suspended cross-girder. 
The erection is being carried out by the creeper crane 
carried on the top chords of the arch, but the work is 
complicated by the fact that the top ends of the hangers 
have to be entered between gusset plates on the bottom 
surface of the lower chords. These gusset plates are 
11 ft. wide overall. 

The long, slender nature of the hangers, which have 
to be lifted from a horizontal position on a pontoon in 
mid-stream, necessitates the use of a substantial steel 
cradle to give them intermediate support during 
lifting. The hanger is placed on the cradle in the 
erecting shop, the cradle being carried on the pontoon, 
as shown in Fig. 1 on this page. The cradle was con- 
structed from portions of the steel ramp structure on 
which the creeper cranes were erected before travelling 
on to the top chords of the arch. It consists of two 
plate-web girders, braced together and provided with 
a head end for the main hoist, and a horn bracket, 
20 ft. 8 in. long, to support the hanger and to give a 
purchase for the jigger hoist of the creeper crane for 
tilting. At the head end of the cradle, the top end of 
the hanger is secured by a 6-in. diameter pin passing 
through pin holes bored in the tie plates of the hanger. 
The lower end of the hanger rests in the U of the horn 
bracket, when in the horizontal position. The overall 
length of the cradle is 110 ft. 7 in., and it weighs 55 tons, 
The heaviest hanger weighs 37 tons. 

In the shop, the cradle and hanger are handled by 
the 125-ton overhead crane through V links attached 
near the centre of gravity of the hanger, as shown in 
Nig. 1. The hoisting arrangements in the field consist 
of a special link attached to the main 122-ton hoist 
of the creeper crane. From this link, a bridle, made of 
sections of the arch anchorage cables and U bolts, is 
connected to 7}-in. diameter pins in the head end of 
the cradle, 103 in. above the top flange of the cradle 
«irder. For tilting into a vertical position, the 20-ton 
jigger hoist is connected to a bridle with a double- 
purchase between the main hoist link and pulley wheels 
on the top of the horn bracket. The main hoist and 
jigger hoist, each travelling at the same speed of 124 ft. 
per minute, lift the top end twice as fast as the bottom 
cnd, until the hanger stands vertically. Fig. 2, on 
late XLV, shows the cradle with a hanger floating on 
‘he pontoon in mid-stream with the hoisting arrange- 
iments completed for lifting, while Fig. 3 shows the 
cradle and hanger being lifted and tilted into the 
vertical. When the hanger has finally come into a 
vertical position, the jigger hoist is slackened off and 
the cradle takes up a position such that the hanger is 





balanced vertically, but offset about 9 ft. 6 in. from 
the line by the main lift. The cradle is then swung 
round at right angles until the hanger is in position 
immediately under the lower chord, as shown in Fig. 4. 
The top of the hanger is then entered in position between 
the gusset plates. Fig. 5 shows the top of the hanger 
and the gusset plates immediately before this operation. 
This lifting scheme was got out by Mr. L. Ennis, the 
director of construction for Messrs. Dorman, Long and 
Company, Limited, the contractors for the construc- 
tion of the bridge, and was approved by Dr. J. J. C. 
Bradfield, the Chief Engineer. We are indebted to 
Dr. Bradfield for the particulars of this interesting work. 








4-6-2 TYPE ANSALDO DIESEL LOCO- 
MOTIVE. 

At the present time, the majority of large heavy-oil 
locomotives in use are fitted with electric transmission. 
The latter has proved reliable in service, but owing 
to its high cost and weight, many efforts have been 
made to find a satisfactory alternative. Of the various 
systems tried, stepdown gearing, such as that employed 
on road vehicles, has been found unsuitable except 
for low powers, while both hydraulic and pneumatic 
transmission have shown a low efficiency in practice, 
although involving considerable trouble in maintenance. 
At the recent International Railway Congress at Madrid, 
it was mentioned by M. Cossart, in dealing with loco- 
motives of new types, that a locomotive had recently 
been built for the Italian State Railways in which 
the engine was direct-coupled to the driving wheels, 
and as previous locomotives of this type had proved 
successful, the statement naturally aroused considerable 
interest. Through the courtesy of the makers, Messrs. 
Ansaldo, S.A., of Genoa, we are enabled to give the 
following particulars of the locomotive. 

The power unit is a six-cylinder Junkers Diesel engine 
operating on the two-stroke cycle. It is a horizontal 
model, and follows standard Junkers practice in that 
the opposed-piston principle is utilised, each cylinder 
having two pistons with a common combustion space 
between them, similar to the aero engine of the same 
make described in ENGINEERING, vol. cxxix, page 471 
(1930). There are three lower cylinders side by side 
and three similar upper cylinders, each lower cylinder, 
with the one vertically above it, constituting a pair, 
The cylinder axes are parallel with the main axis of the 
locomotive. Trunk pistons are employed at each end, 
and the piston rods of each pair of cylinders are coupled 
to the upper and lower ends of rocking levers, the latter 
being pivoted on fixed points midway between the 
points of attachment of the piston rods. From points 
near to the bottom of the rocking levers, connecting 
rods are taken to a crankshaft located centrally beneath 
the cylinder block. There are six of these connecting 
rods, three at each end of the engine, The three 
driving wheels on each side of the locomotive are 
coupled to the crankshaft by means of the usual outside 
coupling rods. The arrangement is shown diagram- 
matically in Fig. 4, page 652. 





The Junkers engine itself is of the simplest possible 
type, as there are no valves, the charging and exhausting 
of the cylinders being effected in the usual way through 
ports covered by the pistons. The ports are arranged 
to give unidirectional flow to the gases, as in the case of 
the aero engine already referred to, and the various 
investigations described in our article on the latter 
engine were utilised to attain the highest practicable 
efficiency in the locomotive model. One of the most 
remarkable features of the engine is that it has an 
effective working range of from 10 to 250 r.p.m. No 
difficulty has been found in reducing the weight of the 
engine to the required point, as no bedplate is employed, 
the cylinder block being bolted directly to the loco- 
motive frame. 

More than one effort has been made in the past to 
design a direct-acting heavy-oil locomotive, and in 
these it was proposed to obtain the torque required to 
start the train by introducing compressed air into the 
engine cylinders. Such an arrangement is open to 
various objections, of which perhaps the most important 
is that the compressed air cools the cylinder walls to 
such an extent that it becomes very difficult to initiate 
combustion when the oil is introduced. In the Ansaldo 
locomotive, the starting difficulty has been overcome 
in an extremely ingenious manner. The scavenge 
pumps for the Junkers engine are mounted on the loco- 
motive frame in the position usually occupied by the 
outside cylinders in a steam locomotive. These pumps 
are provided with crossheads, and are driven from the 
engine crank by means of connecting rods. The pump 
valve box is above the cylinder, and the valve is 
operated through the link gear shown in the diagram, 
Fig. 4. The engine carries a battery of high-pressure 
air receivers, with a total capacity of 3,200 cub. m., 
and for starting, air from these receivers is introduced 
into the scavenge-pump cylinders, which then operate 
similarly to the cylinders of a steam locomotive. 

The functioning of the Junkers engine is not 
affected in any way during this process, and when a 
crankshaft speed of about 10 r.p.m. has been attained, 
the engine starts up and takes up the drive. As 
soon as the engine commences to fire, it is possible to 
restore the scavenge pump to its normal function. In 
effect, the locomotive is thus furnished with two 
different power plants, one driven by compressed air for 
starting the train, and the other operating on Diesel oil 
for normal running. The compressed-air unit does 
not appreciably increase the weight of the locomotive, 
or add any marked complication, since the main parts 
of which it is composed would be required in any case. 
In exceptional circumstances, such as in starting on a 
gradient, it is possible for both power plants to function 
simultaneously, the necessary scavenge air for the 
Junkers engine being supplied from the exhaust of the 
scavenging pumps working as compressed-air cylinders. 
Reversing is effected solely on the compressed-air cylin- 
ders, and is obtained: by altering the link gear driving 
the scavenge-cylinder valves, which is similar to that 
employed on certain steam locomotives on the Italian 
State Railways. The Junkers engine will operate equally 
efficiently in either direction. The air is supplied to 
the receivers by two three-stage compressors, which also 
serve to provide the injection air for the engine. The 
main compressor is arranged in tandem with the scavenge 
pumps, the first two stages being on one side of the 
locomotive, and the third stage on the other. The 
two lower-stage cylinders are embodied in one unit, 
which can be clearly seen behind the scavenge cylinder 
in Fig. 3. The compressor is arranged so that it can 
either .be in continuous action, or in action only when 
the locomotive is not developing its full power. Toa 
certain extent, it can be used as a recuperator when the 
locomotive is on a descent. The second compressor 
constitutes a reserve unit. It is located in the driver’s 
cab and is driven by a separate heavy-oil engine. 

The Diesel-engine compartment is separated from the 
driver’s cab, but is readily accessible even when the 
locomotive is in motion. The engine is force lubricated 
throughout, including the big and small end bearings 
of the connecting rods and the inside cranks of the 
crankshaft, by a suitable pump. The cooling water for 
the engine cylinders is pump circulated, the water system 
including a radiator at each end of the locomotive, as 
shown in Figs. 3 and 4. Either radiator is of sufficient 
size to prevent the temperature of the water rising above 
the required point. 

Although the experimental investigations on which 
the design of the locomotive was based were carried out 
by Messrs. Ansaldo, the authorities of the State Rail- 
ways assisted in the construction of the machine 
by lending various standard parts, and offered every 
facility to the manufacturers for carrying out trials 
of the completed locomotive on the line from Sampier- 
darena, where Messrs. Ansaldo’s works are situated, 
to Savona and Albenga. The total distance between 
Sampierdarena and Albenga is about 80 km., and the 
route includes a number of gradients of over 5 in 1,000, 
the maximum gradient being 6-2 in 1,000 for a distance 
of 671m. The locomotive, which is designed for mixed 
passenger and goods service, was employed during the 
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TRIALS 


OF 4-6-2-TYPE ANSALDO DIESEL LOCOMOTIVE. 


TABLE I.—RESULTS OF TRIALS CARRIED OUT IN MARCH, APRIL AND MAY, 1928. 





Date. Ron. 


Sampierdarena-Savona 


March 19 
rae | Savona—Sampierdarena 


28 a Sampierdarena-Savona mA os 
28 “ss Savona Savona-Pra .. = 
S.P. d’Arena Pra-—Sampierdarena. . 


{ 8.P. d’Arena—Savona 





April 3 S.P. d’Arena Savona—Finalmarina 
Albenga ‘) Finalmarina—Loano. . 
| Loano—Albenga 
( Se << 
Pietralig-Spotorno .. 
4 sh | er Spotorno-Vado 
S.P. d’Arena Vado-Savona Me 
| Savona-S.P. Nea 
5 a : S.P. d’Arena-Savona 
a q'Arens Savona—Loano 
mga Loano-Albenga 
6 os Albenga Albenga-Savona : 
| SP. d’Arena Savona-S.P. d’Arena 
9 ..| §S.P. d’Arena S.P. d’Arena-Savonia 
Albenga Savona—Albenga 
10 oe Albenga Albenga-Savona.. 
S.P. d’Arena Savona-S.P. d’Arena 


Sampierdarena—Savona 


May 3 
~ 3 Savona—Sampierdarena 


| | { 


Distance. peek | Fuel Consumption. | Air Pressure. | 
| Actual | 
Weight of | | ne el 
Train | metzes = a. | — | | Total 
Excluding | Hauled ‘on-km. a Air 
| “Loco- | won, | Corrected | rxctuding | Allowing | Of, Diesel | At begin- | oy arrival | Consumed. 
| Nominal, for | | Total. | Engine. ning of | 
Motive. | Tek dee pe for | | (Atmos.) | 
| Gradients. | motive. Gradients. | | Journey. | 
(Tons). | (Km) | (Km). | | (Kg). | (Kg). | (RPM). | (Atmos). | | (Cum). 
\ j | 
568 39-7 45 25,560 148-5 0-58 11 e | 7 160 
455 39-7 47 21,385 126 0-59 7 mm | S60 | tap 
466 39-7 45 _ | 20,970 130-5 0-62 | 6 70 82 76 
sy | *8o | io }| 240 | 1805 | oes | 8 | 6 | a | 9% 
460 | 39-7 45 | 
| go | 7%» | 9 ¢| 42600 | 279 0-65 1 =6| 6 | 57 115 
47 8-9 9 | 
353 12-2 13 }| | 
ais | 18 || 
311 | 6-6 7 $5,118 | 225 0-64 10 | 30 | 6 | 69 
128 | 5-1 6 | | | 
405 39 z 47 J | | | | | 
51 39 45 )| | 
=i 382 | = 82 35 | 36,383 | 256-5 | 0-704 | 14 a 60 | 52 | 114 
..|_ 302 = 8-9 oo 9 J} | | | 
..| Locomotive running li ght. | | | | | 
| 479 | 39-7 47 | 29513 | 13995 | 0-62 | 7 | 62 | 6 | 79 
nal . |. WBS A ee | gee. | ‘ | | 
ae oe 40-0 . 44 } 42,235 | 283-5 | 0-67 | 10 | 50 90 | 140 
.-| Locomotive runn ht. | | 
5 288 | oT eC 13,536 | 103-5 0-76 | 5 | 60 | om | 61 
306 | 30-7 | 45 | 17,820 9 | 05 | 6 | 4 | 7 | 68 
478 | 39-7 | 47 22,466 126 =| (0-56 6 | 29 | 44 | 62 
| | 





TABLE II.—Leading Particulars of Ansaldo Diesel Locomotive. 





,445 mm. (4 ft. 8} in.) 


1 

1,100 b.h.p. 

1,370 mm. (4 ft. 6 
980 mm. (3 ft. 2 

1,110 mm. (3 ft. 7 

4,100 mm. (13 ft. 


) 

) 
10,750 mm. (35 ft. 3,4, in.) 
14,200 mm. (46 ft. 7 in.) 
45,000 kg. (42-2 tons) 
84,000 kg. (79-2 tons) 


Gauge .. ne ae o ° 
= developed by Diesel engine at 
Diameter of coupled wheels. . * 


| 

| , 
Diameter of trailing wheels .. . | 

| 

| 


n.) 
Diameter of leading wheels .. oe 
Distance between outer coupled axles 
Distance between leading and trailing 


i 
4 
4} in. 
53 in. 
axles e~ aye s 
Overall length between buffers oe 
Adhesion > aa om 
Total weight in running order a 





Weight empty oe oe ..| 80,500 kg. (75-8 tons). 
Max. 8 (engine running at 300 

r.p.m. ae - age ..| 75 km./hr. (47 m.p.h.) 
Max. power (engine running at 300 

r.p.m. i we oie ..| 985 b.h.p. 
Corresponding tractive effort ..| 4,200 kg. (8,850 Ib.) 
Power developed at 10 km. per hr. 

(corresponding to 40 r.p.m.) ..| 210 b.h.p. 
Corresponding tractive effort ‘ 5,600 kg. (11,800 Ib.) 
Capacity of fuel tank .. ..| 1,200 kg. (2,540 Ib.) 
Consumption of fuel per effective | 0-2 g. (0-0052 Ib.) 


h.p.-hour ., ae 


trials in drawing trains in ordinary service, with a view 
to determining the degree of regularity with which the 
service could be maintained, and to obtaining data 
which could be employed in the construction of future 
locomotives of the same type. The results of the trials 
are givenin Table I. Figs. 1 and 2 show the time taken 
and the speed attained between the various stations 
on the two runs on April 9. It may be mentioned 
that it was not found necessary to bring the auxiliary 
compressor into use on any of the journeys included in 
the trials. It will be noticed from the table that the 
fuel consumption varied, for trains having a weight 
approximating to the full capacity of the locomotive, be- 
ween 5:6 and 6-5 gm. per ton-kilometre, and this figure 
has since been improved upon. The tests were carried 
out on a line on which the stations were unusually 
close together, thus involving frequent starts and stops, 
but in spite of this, the fuel consumption compares 
very favourably with the average of 50 gm. of coal per 
100 ton-kilometres required by a steam locomotive 
on the same journey, or of 30 watts required by an 
electric locomotive. The leading particulars of the 
Diesel locomotive are given in Table IT. 








CONCRETE.* 

By R. H. Harry Stanaer, F.0.8., A.M.Inst.C.E. 

SVERYONE will agree that it is very necessary to 
know something about ‘the physical and mechanical 
properties of the materials with which one works, and 
in this country one has become accustomed to insist 
that, wherever possible, the requirements of the British 
Standard Specifications shall be complied with. 
These originated in a letter to The Times by Mr. H. J. 
Skelton, written in 1895, which called attention to the 
immense variety of steel sections then being demanded. 
In 1900, Mr. Skelton read a paper on this subject 
before the British Iron Trades Association. Even- 
tually, in 1901, a committee was formed under the 
chairmanship of the late Sir John Wolfe Barry, to 
consider whether something could not be done to 





* Presidential Address to the Institution of Structural 
Engineers, delivered October 23, 1930. 
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standardise sections, and thus effect large savings to 
the steel industry. The result, in the case of the steel 
sections, was so satisfactory that it {was decided to 
carry the work on and prepare specifications for other 
materials. 

Portland cement was one of the earliest dealt with, 
the first British Standard Specification for Portland 
cement being issued in 1904, but in order to keep the 
Standard Specification up to date, it has been necessary 
to revise it five times since 1904, and a sixth revision 
will be published in the near future. 

The great advance in quality since the introduction 
of the original Standard Specification is made obvious 
by the data in the following table :— 





Specification Requirements. | 1904 | 1925 
Fineness : | Per cent. | Per cent. 
Residue Left on Sieve, | | 
180 x 180 | 223 10 
76 x 76 | a 1 
Strength, Neat. | Ib. per Ib. per 
| sq. in. sq. in. 
At 7 Days. | 400 600 
At 28 Days. | 500 ea 
Strength, 3: 1 Mortar. 
At 7 Days. 120 325 
At 28 Days. 225 356 








The necessity of a further revision is shown by the 
following figures, just recorded in the speaker’s labora- 
tory. Here there was 1-2 per cent. left on the 180, 
and 0-1 per cent. on the 76 sieve. The strength of the 
neat briquettes was 908 lb. at 7 days, and that of the 
3:1 mortar briquettes 472 lb. at 7 days. 

The tests laid down in Standard Specifications are 
the result of co-operation between the scientist and the 
manufacturer, but it should also be possible to ascertain 
the qualities of the materials from the structural 
engineer’s point of view. To know that the cement 
which goes into his concrete attains a strength of 472 Ib. 
when mixed with sand which has been specially pre- 
pared and graded is not very helpful if he is called 
upon to explain the failure of that same concrete. 
What he requires is the assurance that it is strong, 
dense and durable. 

Up till recent times, the structural engineer has been 
accustomed to work by tradition. He was satisfied 
if the cubes of concrete sent to the laboratory showed 
the strength laid down in his specification. The 
fact that cubes made on the job always gave lower 
strengths was certainly disquieting, but as it invariably 
happened, this difference came to be looked upon as 
due to the laboratory always trying to obtain the 
greatest possible strength. Actually, the difference 
was due to the controlled conditions in the laboratory, 
and as this became recognised, efforts were made to 
introduce more exact control in the field by the improve- 
ment of the machinery for the better mixing of the 
materials and for the smoother depositing of the 
finished product. These, however, are but a minor 
part of the craft of the concrete maker. By far the 





most important is the knowledge how to make proper 
use of the materials at hand to meet the particular 
requirements in view. The research laboratories of 
the world have done an immense amount of work to 
show how greatly scientific methods of control can 
help in getting the best out of the improved methods 
of manufacture. Possibly the greatest advance has 
been the enunciation by Duff Abrams of the law of the 
water-cement ratio, by which the resulting strength 
of the concrete can be predetermined. 

The problem of workability is dependent most 
frequently on the grading and shape of the aggregate, 
and not, as is so often stated, on the quantity of water 
used. For example, two concretes were made up in 
the proportions 1: 2:4 by weight, the actual figures 
being in each case 6-9 kg. cement, 13-8 kg. fine aggre- 
gate, 27-6 kg. coarse aggregate, 3-795 kg. water. One 
concrete was made with a rounded aggregate; the 
other with clean sharp broken aggregate. The round 
aggregate concrete gave a slump of 14 in. and the 
broken aggregate concrete gave a slump of }-in. The 
mix with the round aggregate was everything that 
could be desired. How often does one see in contract 
specifications a clause calling for the use of clean sharp 
aggregates, whereas it is possible that a rounded 
aggregate would work much better, use less water, 
and be just as good in strength and density. 

At the recent International Congress at Liége, the 
resolution submitted at the final meeting of the second 
section called attention particularly to the following 

roblems :—(a) The better understanding of the granu- 
ser analysis. (6) The relation between the pro- 
portions of the concrete and its properties other than 
its compressive strength, and particularly its imperme- 
ability and durability. 

Both these problems are intimately associated 
with the proper proportioning of the concrete materials. 
If the structural engineer is to take account of such 
phenomena as shrinkage and creep, as seems probable 
from recent literature, then he must improve his present 
knowledge of the art. Even when he has designed his 
mixture and deposited his concrete he is not finished ; 
there is still the curing of the mass to be considered. 
How often does one see structures with surface cracks 
and crazings? At present these disfigurements are 
accepted rather as a necessary evil, whereas they 
are quite possibly the only visible sign that the concrete 
has not been properly looked after. Chemists tell us 
that Portland cement is a “ gel” material and subject, 
therefore, to volume changes when the moisture content 
changes. That being so, it would appear that the 
engineer has it in his power, by a proper knowledge 
of the effect of curing, if not to eliminate, then cer- 
tainly to control those movements which bring about 
the cracking and crazing. 

The improvement of this art must mean the transfer 
to practical work of the technique of the laboratory. 
How is this to be brought about ? Here is an oppor- 
tunity for our Institution to lead the way by arranging 
for courses in concrete making to be given, not only 
here in London but also at our branch centres—courses 
at which the modern ideas on the subject would be 
expounded. At first, the course would have to deal 
with the subject from a general point of view, later on, 
as the teaching of the art improves, courses should be 
held at which the results of up-to-date research work 
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would be brought to the notice of the practical engineer. 
Even the older members of the Institute would pro- 
bably not be wasting their time if they were to attend 
these advanced courses which, for want of a better 
name, might be called ‘‘ refresher ’’ courses. 








LABOUR NOTES. 


Drastic proposals affecting both wages and working 
conditions have been made by the British railway 
companies to the National Union of Railwaymen, the 
Associated Society of Locomotive Engineers and Fire- 
men and the Railway Clerks’ Association. Immediate 
reductions are proposed of 6s. per week for the whole 
adult male wages staff, the present minimum of 40s. 
to become 38s., of 3s. per week for the junior male 
wages staff and the female wages staff, of 10/. to 151. 
per annum for the adult male salaried staff, and of 3s. 
to 4s. 6d. per week for the women clerks. The standard 
weekly hours, whether 48 or less, are to be worked as 
the companies may require, and are to include Sunday 
duty when necessary. Payment is to be made only for 
time actually worked, which means that the intention 
is to abolish the guaranteed week. Overtime, at the 
rate of time and a quarter, is to be paid only for time 
worked in excess of the standard weekly hours. Sunday 
duty and night duty are to be paid for at ordinary rates, 
but if either is in excess of the standard weekly hours, 
payment is to be at the rate of time and a quarter. 





The three Irish railway companies have also sub- 
mitted proposals which have for their object a drastic 
reduction of labour costs. They desire (1) ten per cent. 
reduction in rates of pay to apply to all conciliation 
grades. (2) ten per cent. reduction in rates of pay to 
apply to all station masters and goods agents, male and 
female clerks, including those employed in the Irish 
Railways Clearing House, and supervisors whose rates 
of pay are fixed by agreement; (3) the differential in 
Group 3 companies to be 10 per cent. less than Group 1. 
(4) the abolition of the guaranteed day and guaranteed 
week, and of extra pay for night and Sunday duties. 





Reductions are also contemplated by the British 
companies in the wages of the men employed in railway 
workshops. It is proposed that the war wage of 16s. 6d. 
per week at present paid to railway workshop staff and 
stores staff, whose rates of pay and conditions of ser- 
vice are governed by Decision No. 728 and subsequent 
findings of the Industrial Court, shall be reduced by 
6s. 6d. per week in the case of men employed on piece- 
work or other systems of payment by results, and 4s. 6d. 
per week in the case of men employed on time work, 
leaving a war wage of 10s. per week in the case of piece- 
workers, &c., and 12s. per week in the case of time- 
workers. The reductions proposed would bring the 
war wage of railway shopmen to the level of the war 
wage in the general engineering industry. The organi- 
sations affected by these proposals are the Amalga- 
mated Engineering Union, the Electrical Trades Union, 
the Federation of Engineering and Shipbuilding Trades, 
the National Union of Foundry Workers, the National 
Union of Railwaymen and the United Pattern Makers’ 
Association. 





The trade unions affected by the three sets of pro- 
posals have intimated that they will communicate their 
considered opinions later. Strong exception has, 
however, already been taken by the representatives of 
most of them to the extent of the reductions. In the 
event of failure to reach agreement by direct negotia- 
tions, the proposals of the Irish companies will almost 
certainly go to the Irish National Wages Board. The 
British proposals affecting the Conciliation grades 
will go to the Central Wages Board, and, if there is 
failure to agree there, to the National Wages Board. 
The National Wages Board has an independent chair- 
man, and users of the railways are represented on it as 
well as the companies, and the three railwaymen’s 
unions. In the case of the shopmen, the procedure will 
be to refer the matter, if direct negotiations fail, to the 
Industrial Court. 





Industrial and Labour Information, the weekly organ 
of the International Labour Office at Geneva, draws 
attention to two measures recently adopted by the 
Soviet authorities relating respectively to the placing of 
workers in employment and the payment of benefit to 
the unemployed. Both of the measures, the writer 
Says, are avowedly designed to remedy a scarcity of 
labour, the one by penalising any unemployed person 
who will not accept or remain in any employment to 
which a labour exchange may choose to assign him, 
and the other by a complete suspension of unemploy- 
ment benefit. According to official returns, the number 
of unemployed on the “live” register in Russia has 
fallen since the beginning of this year from about 
1,250,000 to about 600,000. It must be borne in mind, 


ter has been severely cut down in the last few months. 
Further, it is well known that workers not of “ prole- 
tarian”’ origin and proved loyalty to the Government 
are not willingly admitted to trade union membership, 
and that non-unionists are not easily admitted to 
employment. It would not be correct, therefore, to 
assume that 600,000 represents the total number of 
workless persons in Russia. There must be a consider- 
able number of others who for one reason or another 
are prevented from working. But there is undoubtedly 
a considerable expansion of industrial activity, which is 
due largely to monetary inflation, involving a rise in 
prices. 





In view of the shortage of labour, very strict regula- 
tions have been introduced. Thus, unemployment 
benefit is suspended at a single stroke and without 
exception. A worker is required to take whatever 
employment is offered to him by an employment 
exchange, without regard to his qualifications or the 
locality to which he must go. Should he refuse except 
for reasons of health, he will be struck off the register, 
and, presumably, left to his own resources. A skilled 
worker already in employment may be transferred to 
any other post in any other district, whether he is willing 
or not, if such transfer is considered necessary to meet 
national requirements. Finally, a worker who quits 
his employment at his own will or is dismissed for 
breaches of discipline may be branded as a “ deserter” 
and disqualified for re-employment. These are drastic 
measures, and they make it clear, /ndustrial and Labour 
Information says, that the Soviet authorities are leaving 
no stone unturned in their determination to carry the 
“ Five-Year Plan ”’ to a successful conclusion. 





The November issue of the Monthly Trade Report 
of the United Pattern Makers’ Association states that 
the number of unemployed members continues to 
increase. There are now 2,063 members on the books 
out of a total of 11,262. The figures ‘‘ remind us too 
keenly,”’ Mr. Findlay, the general secretary, says,” of 
the bad days of 1921 and 1922.” 





According to the latest official publication of the 
Electrical Trades Union, the electrical industry showed 
an improvement in October, notwithstanding the con- 
tinued rise in the figures relating to unemployment 
generally. ‘‘Since mentioning in the October issue” 
the writer of the editorial notes says, ‘‘ the fact that 
the introduction of too many youths, boys and nonde- 
scripts was responsible for our unemployment figures, 
we have had a number of letters confirming this, and 
it might at once be stated that the cure for it lies in the 
districts themselves making sure that organisation is 
strong enough to prevent the continuation of this 
practice, which is so detrimental to the whole trade,” 





Alluding to Miss Bondfield’s letter conveying the 
Government’s decision not to set up a tribunal to 
enquire into the state of the engineering industry, 
‘* J. R.,” who contributes the editorial notes, says that 
the reply “‘ indicates quite clearly that the Department 
will do nothing, and the whole position is now thrown 
back again on the trade unions concerned.” ‘“‘ It is to 
be hoped,” he remarks, “‘ that one of the results of the 
deputation will be to force many of the unions into 
taking more forward action than they have done in 
the past. The present moment, due to the state of 
trade, may not be the right one, but there is no reason 
why new machinery should not be initiated to be put 
into operation when trade improves.” 





The General Council of the German National Trade 
Union Centre (A.D.G.B.) has passed the following 
resolution :—‘‘ The General Council demands a statu- 
tory 40-hour week until the labour market is relieved 
of its present congestion, such 40-hour week to be 
accompanied by a general obligation to put on more 
workers in proportion to the shortening of working 
hours, to notify vacancies, and to make use of the 
public Labour Exchanges. The funds hitherto used 
as Unemployment Benefit may be utilised to help to 
compensate for the increased wages bill during the 
transition period. Permits for overtime work must be 
limited to the most urgent exceptional cases, and it 
must be laid down that for every hour of overtime the 
—e shall pay a full hour’s wage as a special 
contribution to the Unemployment Benefit Fund.” 





At a meeting of the Mixed National Commission of 
Workers for the Belgian iron industry, the workmen’s 
delegates accepted a 5 per cent. reduction of wages 
which had been proposed by the employers. Half of 
the reduction is to take effect on December 1] and half 





however, that certain classes of the community are 


on January 1. 





deprived of any right to registration, and that the regis- 


Sir Horace Wilson has been appointed by the Govern- 
ment, Chief Industrial Adviser. Replying to questions 
in the House of Commons, the Prime Minister said that 
the new post had been created to give effect to the 
Government’s offer of more active co-operation with 
the efforts now being made to develop and re-organise 
industry, both for production and marketing. It was 
designed to focus the activities of the Government in 
all matters relating to the organisation of industry, 
whether for production or distribution, which at 
present fell within the provinces of the Board of Trade, 
the Ministry of Labour and the Department of Overseas 
Trade. The Chief Industrial Adviser would work 
under the direction of the President of the Board of 
Trade, who would accordingly be the responsible 
Minister. There was no question of a new department, 
but the Chief Industrial Adviser would be assisted by 
such staff as might be found necessary. 





The annual cost of the Chief Industrial Adviser 
and his staff was expected, Mr. MacDonald said, to be 
approximately 10,000/., but a saving of about 4,500. 
would be effected by a transfer of staff hitherto 
borne on the vote for the Lord Privy Seal. The 
expenses would be borne on the vote for the Board 
of Trade, and the question whether a supplementary 
estimate was necessary for the current year would be 
determined at a later date when the total demands 
on the vote of the department could be more accurately 
estimated. 





Dealing with the number and cost of compensated 
accidents in the fiscal year 1929-30, the New York 
State Bureau of Statistics and Information says that 
the most costly accidents both in total cost and average 
cost per case were in the construction industries. 
Construction accidents are, it is pointed out, a serious 
problem, because they cause more deaths than occur 
in any other industry and many of the more severe 
non-fatal injuries. The most serious building accidents 
occurred in and around New York City. There, the 
average cost per case of such accidents was 474 dols., 
as compared with 441 dols. in the State as a whole. 
The number of construction accidents last year was 
4 per cent. higher than in 1928-29. That increase was 
lower than that in manufacturing, which was un- 
usual, but previously accidents in building work had 
been increasing more than in any other industry 
except the service group. Last year’s total was 20 per 
cent. above the total in 1925-26, which represented a 
20 per cent. increase over a period of five years. 





At November 10, 1930, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,623,540 wholly unemployed, 535,154 temporarily 
stopped, and 103,083 normally in casual employment, 
making a total of 2,261,777. This was 1,350 less than 
a week before, but 1,002,643 more than a year before. 
The total on November 10, 1930, comprised 1,640,405 
men, 61,339 boys, 508,628 women, and 51,405 girls. 





At a meeting of the Unemployment Grants Committee 
on Tuesday, a number of schemes of works submitted -by 
local authorities and other statutory bodies for the 
relief of unemployment were approved for Government 
grant. The estimated cost of the schemes so approved 
was 444,000/., to provide employment for approxi- 
mately 2,000 men. Schemes before the committee 
for approval which are now the subject of inquiry 
number 1,312, and are estimated to cost 20,780,0001. 





A poll tax for the relief of unemployment is the main 
provision of an Unemployment Bill which has passed 
the New Zealand House of Representatives and awaits 
the concurrence of the Legislative Council. The tax 
will be exacted in the form of an annual levy of 30s. 
on every male of 20 years of age and upwards. This 
will form the nucleus of an unemployment fund, which 
will also be assisted by a subsidy from the Consolidated 
Fund and other monies appropriated by Parliament for 
the purpose. Benefit payable under the Bill is as 
follows :—2ls. a week in respect of the contributor ; 
17s. 6d. a week in respect of the wife of the contributor 
or other person who, in the opinion of the Board, is 
in charge of his home and family, 4s. a week in respect 
of any child of the contributor. 





Speaking at a trade union congress in Rome, Mr. 
Fioretti, the president of the Fascist Confederation of 
Industrial Trade Unions, said in the course of a reference 
to rationalisation that a greater output by the worker 
should be rewarded by an increased wage, and that, 
if necessary, contracts of employment should be 
amended in accordance with this principle. In his 
view, the minimum wage should find its equivalent in 
a minimum output by the worker estimated as exactly 





as possible. 








[Nov. 21, 1930. 





ENGINEERING. 





MAGNETIC SEPARATOR FOR CONVEYOR BELTS. 


CONSTRUCTED BY MESSRS. SPENCER (MELKSHAM), 























Fig. 2. 
Cross Collecting Band 


Discharge _ 





F for Tramp fron 












































Ls #y/ 
a ae" aH S| -<* 








"e268 | t 


MAGNETIC SEPARATOR FOR 
CONVEYOR BELTS. 


Amongst other duties, formerly outside his labours, 


which have devolved on the modern engineer is that 


of designing machinery for the preparation of food, 


so much of which is now the subject of mass 
handling. Examples, such as centrifugal separators, 


kneading machines, &c., readily present themselves, 


but the importance of the operations for the removal of 


metallic substances from raw food materials may not 


always be fully recognised, The presence of these sub- 
stances is, however, unpleasantly common, especially 
in materials which have been imported in bulk, and 
often results in damage to delicate grinding machinery, 
as well as in causing loss in other ways, of which the 
death of animals consuming imperfectly cleaned cattle- 
food may be cited. As the great majority of the 
substances, generally known as tramp iron, which find 


their way into the raw materials are, from their nature, 


magnetic, such as nails, screws, nuts, and so forth, a 


common practice is to pass the material on a belt 


conveyor under suspended electro-magnets. Sometimes 


the magnets are placed in the bottom of a wooden chute ; 
in other cases, the terminal pulley of a conveyor is 
constructed to form a rotating electro-magnet. These 
methods do undoubtedly remove a large part of the 
iron contents from the material, but are liable to allow 
the parts to pass should the speed of the conveyor be 
accidentally or purposely increased. 

The magnetic separator illustrated in Figs. 1 to 3 
embodies what appears to be a novel device to ensure 
complete separation even if high speeds are used. 
It is known as the Spencer-Clarke magnetic separator, 
and is made by Messrs. Spencer (Melksham), Limited, 
Melksham. The principle adopted is that of reducing 
the velocity of the tramp iron independently of the 
speed of the conveyor belt, so that there is no possibility 
of it being carried outside the magnetic field and thus 
escaping separation. This reduction of velocity is 
effected by placing an electro-magnet below the belt 
and in front of the main magnet, that is, on the side 
of the latter towards the direction of travel of the 
belt. The iron parts, as they enter the field of the 
lower magnet are slowed down and passed into the 
field of the upper magnet at a rate which ensures 
them being picked up and transferred to a transverse 
collecting band. The arrangement of the separator 
will be clear from Figs. 1 and 2, which shows a conveyor 
belt 18 in. wide, for which size two upper and two 
lower magnets are necessary. With narrower belts, 
say 12 in. wide, a single larger magnet is employed 
both above and below. Discharging is effected by an 
endless cross collecting band running in a triangular 
path over three pulleys, the top on e of which is provided 
with tensioning gear. This band is furnished with a 
number of wooden bars faced with soft-iron strips, and 
is traversed across the pole pieces of the upper magnets. 
The two pulleys at the base of the triangle are outside 
the field of the magnets, and the tramp iron is auto- 
matically dropped into a chute arranged at one side 
of the belt. The construction of the collecting band 
and the two upper magnets is well shown in Fig. 3. 
The chute has, sche been removed in this illustra- 


tion, and the lower magnets can barely be made out 
between the two surfaces of the conveyor belt. 

On the occasion of a recent demonstration, at which 
we were present, the separator functioned most 
effectively. A piece of steel weighing 22 Ib. was 
picked up and thrown off when the conveyor belt was 
travelling at a speed of 500 ft. per minute, while pins, 
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paper clips, small pieces of wire, and such other small 
objects as are frequently to be found in raw materials, 
were also removed with certainty. A test in which 
65 small iron and steel articles were placed in 1 ewt. 
of cotton-seed and the whole passed under the separator 
at a speed of 500 ft. per minute was equally successful, 
all the articles being picked out of the seed and thrown 
into the chute. Another test worth recording, though 
of a less practical nature than the last, was to place 
an iron washer in a cardboard box, ram in foundry 
sand until the box was full and put on a tight fitting 
lid. On being passed under the separator, the washer 
was picked out of the box and discharged, the box, lid 
and sand remaining on the belt. The speed of the 
belt was not noted in this case, but appeared to be 
the same as in the other tests. Tests showing specially 
the retarding influence of the bottom magnets proved 
both effective and interesting. 








NaturaL Gas IN THE UNITED Srates.—The steady 
growth which has characterised the natural-gas industry 
of the United States for a number of years was more 
than maintained in 1929, During that year, a total of 
1,917,693 million cub. ft. of the gas was produced and 
marketed. This represents an increase of 22 per cent. 
over the 1928 production, which itself had been 8 per 
cent. over the 1927 total. The unusually large increase 
is due primarily to the completion of a number of new 
distributing systems conveying the gas into many cities 
and towns not hitherto served. Some 81 per cent. of 
the gas was consumed for industrial purposes, and the 
remaining 19 per cent. for domestic purposes. It is 
interesting to note than 17 per cent. of the output was 
burned in the manufacture of carbon black. The main 
natural-gas producing centres oceur in Texas, Oklahoma, 
California, Louisiana, and West Virginia. The average 
price paid for the gas at the wells was 8-2 cents per 
1,000 cub. ft. in 1929, as compared with 8-9 cents in 1928. 
At points of consumption, the price was 21-6 cents per 
1,000 cub. ft. in 1929, as against 23-2 cents in 1928, 








HEAVY VERTICAL-SPINDLE 
GRINDING MACHINE. 


Up till a few years ago, surface-grinding machines 
were mainly used for finishing work, but the demand 
for higher floor-to-floor speeds in machine work 
generally has now led to their employment for machining 
parts from the rough. The economy in time resulting 
from the elimination of idle strokes, such as occur in 
the majority of planing or shaping operations, is very 
considerable, but the substitution of surface grinders 
for planers or shapers can only be satisfactory if the 
grinding machine is specially designed for dealing with 
rough cuts. 

The surface grinder illustrated in Figs. 1 to 3, on the 
opposite page, has been constructed with a view to the 
rapid grinding of parts which have not been subject to 
previous machining operations, although it is also 
suitable for work of a more normal character. Careful 
attention has been given to the elimination of waste time 
in the loading and unloading operations. The machine is 
manufactured by Messrs. Naxos-Union, Frankfort on 
Main, and, as will be clear from Fig. 1, it is fitted 
with two rotary tables mounted at the two ends of 
the main traversing table. The rotary tables are fitted 
with magnetic chucks, and the object of providing 
them in duplicate is to enable one to be loaded or 
unloaded while the work is being ground on the 
other. They are each about 4 ft. in diameter, and 
have a recess, 12 in. in diameter, at their centres, the 
magnetic field being confined to the raised portion. The 
exciting coils are concentric with the tables, and are 
closely spaced, with a view to giving the most effective 
grip on the work. The coils are adequately protected 
from emulsion, so that it is practically impossible for 
them to be short circuited by the penetration of fluid. 
The tables are driven by a 54-h.p. motor through a gear- 
box mounted on the column of the machine. Six speeds 
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HEAVY VERTICAL-SPINDLE GRINDING MACHINE. 


CONSTRUCTED BY MESSRS. NAXOS-UNION, ENGINEERS, FRANKFORT-ON-MAIN. 
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are obtainable, varying between 5 
r.p.m. and 24 r.p.m., the changes 
being effected by a single lever. Either 
table can be driven or stopped indepen- 
dently, the movement of the clutch 
lever also serving to close the switch 
to complete the circuit to the table 
coils. It is thus impossible to start 
up either table without energising the 
chuck. The longitudinal travel of the 
main table is effected hydraulically, 
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and is controlled by a single 
lever. Adjustable dogs are 
provided to limit the motion 
ateach end. The main ways 
are lubricated by a pump de- 
livering the oil under pressure. 
The pump for the hydraulic 
system is driven from the gear- 
box, and the drive is taken 
from the same box for the 
automatic feed of the wheel 
head. 

The main grinding - wheel 
spindle is driven by a 40-h.p. 
motor, which is capable of 
taking a temporary overload 
of 50 per cent. As shown in 
Fig. 2, the rotor is mounted 
directly on the wheel spindle, 
so that transmission losses are 
eliminated. The spindle is of 
case-hardened steel, accurately 
ground, and is carried in ball 
and roller bearings. The axial 
thrust is taken by a double 
ball-thrust bearing at the top. 
The grinding head is pivoted 
at the top of the slide, as shown 
in Fig. 1, and is located by 
means of two set screws, visible 
in Fig. 3. The head can there- 
fore be adjusted until the wheel 
is horizontal or set at a slight 
angle for heavy cuts. The rate 
of automatic vertical feed can 
be adjusted between 0-:0001 
in. and 0-004 in. for each re- 
volution of the table. The hand 
feed is controlled by a hand 
wheel provided with a gradu- 
ated dial, one division on the 
dial corresponding to a feed of 0-00005 in., while a 
complete revolution corresponds to 0-02 in. The auto- 
matic motion gives a total downward feed of 0-3 in., 
and an adjustable stop is provided for limiting the 
travel. The crossbeam on which the head is mounted is 
provided with a rapid rise-and-fall motion to set the 
machine for work of differing thickness, the drive 
being from a 2-h.p. motor. 

The wheel-trueing device is mounted on the grinding. 
wheel head, and can be swung into position while 
grinding is proceeding, if required. It is suitable for 
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giving either a rough cut or a light dressing to the 
wheel. The emulsion is circulated by a centrifugal 
pump, driven by a separate }-h.p. motor. There are 
two delivery pipes, one playing directly on to the work 
for cooling purposes, and the other serving to wash 
away the sludge. The two lines can be operated 
either together or separately. The water tank is 
divided into clarifying chambers, and is located in the 
foundations beside the machine bed. Effective protec- 
tion is provided against splashing and water mist. As 
shown in Fig. 1, splash guards encase the wheel 
and work during the grinding operation, the front 
portion of the guard, between the two rotary tables, 
being opened or closed hydraulically by the movement 
of a lever. This lever is interlocked with the one 
controlling the table movement, so that the table 
cannot be traversed while the guard is closed, and, in 
addition, the emulsion supply is turned on or off 
automatically with the opening or closing of the guard. 

The machine is strongly built throughout, with a 
view to avoiding vibration under heavy cuts, the main 
bed being heavily ribbed and the columns being suffi- 
ciently wide to eliminate any possibility of distortion. 
All the electrical control gear is located inside the front 
column, and a panel on the latter forms a switchboard, 
as shown in the figure. The ammeter visible in Fig. 1 
near the top of the panel, is in the grinding-wheel motor 
circuit, and the load on this motor is therefore con- 
tinually under observation. Two red lamps are provided 
on the panel, which light up when the circuit is com- 
pleted to the magnetic chucks. The machine weighs 
19 tons, and is suitable for grinding such work as 
motor-car cylinder blocks, gear housings, and so on. 
The diameter of the lower bearing for the wheel spindle 
is 3% in., and the spindle runs at 725 r.p.m. The 
clear space between the uprights is 59} in., and the 
crossbeam has a vertical adjustment of 18 in. The 
length of the table bed is 18 ft. 6 in., and the longitudinal 
traverse of the table is 7 ft. 3 in. 








ENGINEERING TRAINING AND 
EDUCATION. 

National Certificates in Mechanical Engineering.—The 
Institution of Mechanical Engineers, in conjunction 
with the Board of Education, is prepared to approve 
schemes submitted by technical schools or colleges for 
the award of national certificates and diplomas in 
mechanical engineering, under approved conditions. 
Certificates will be awarded in respect of part-time 
grouped courses, and diplomas in respect of full-time 
grouped courses. Certificates will also be awarded in 
respect of advanced part-time grouped courses, which 
include specialised instruction in automobile engineering 
and foundry work. Schemes for the joint approval of 
the Institution and the Board of Education must first 
of all be submitted, on the prescribed forms, to the 
Board. Application should in no case be made later 
than September 30 in the school year in which approval 
of the course is desired to operate. Copies of the 
conditions of the award of the certificates and diplomas, 
designated “‘ Rules 106,’’ may be obtained from H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2, price 1d. net. 

Science and Whitworth Scholarships.—The dates of 
the 1931 examinations for Science, Whitworth, and 
Whitworth Senior Scholarships have now been fixed. 
The examinations will begin on Wednesday, April 29, 
1931, and will continue uninterruptedly, with the 
exception of Sunday, May 3, until Saturday, May 9. 
In general, the examination times are from 7 p.m. to 
10 p.m., but candidates are asked to attend five minutes 
before the time fixed for the beginning of the examina- 
tion. The conditions of the examinations are set out 
in the Syllabus of the Science Scholarships Examination, 
and in the Regulations for Whitworth Scholarships, both 
of which pamphlets are issued by the Board of Educa- 
tion, and are obtainable on application to H.M. Station- 
ery Office, Adastral House, Kingsway, London, W.C.2. 








DESTROYERS FOR THE DutTcH Navy.—Satisfactory trials 
of the torpedo-boat destroyer Van Ness, built for the 
Royal Netherlands Navy by Messrs. Burgerhout, to the 
designs of Messrs. Yarrow and Company, Limited, Scots- 
toun, Glasgow, have recently been completed on the Clyde. 
The Van Ness is the last of eight destroyers, the con- 
struction of which was decideu upon by the Dutch 
Government in 1926. The designs then submitted by 
Messrs. Yarrow were adjudged the best and accepted. 
The first four of the vessels, namely, De Ruyter, Evertsen, 
Piet Hien, and Kortenaer, have twin-screws driven by 
Parsons turbines, steam being supplied by three Yarrow 
boilers, each with integral superheater and having an 
airheater in series. The boiler pressure is 275 lb. per 
square inch, and the steam temperature 610 deg. F. The 
second series of four vessels, comprising Van Galen, 
Witte de With, Banckert, and Van Ness, are similar in 
form to the first four, but have special high-pressure, 
high-temperature steam machinery, the boiler pressure 
being 400 lb. per square inch, and the steam temperature 
685 deg. F. All the vessels were built in Holland to the 
designs and- under the technical advice of Messrs. Yarrow 
and Company, Limited, Seotstoun West, Glasgow. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Waterworks.—The installation of waterworks at Ach- 
moun. The Egyptian Ministry of the Interior, Cairo ; 
January 1, 1931. (Ref. No. A.X. 10,518.) 

Road Roller—The Municipality of Kelowna, British 
Columbia, is in the market for a 10-ton petrol motor- 
driven road roller. (Ref. No. A.X. 10,513.) 

Cables.—The supply and delivery of flame-proof and 
fire-resisting cables with (a) cotton braided and (b) asbestos 
braided insulation, required during the year 1931-1932. 
The Indian Stores Department, New Delhi, December 11. 
(Ref. No. A.X. 10,530.) 

Oil Purification Plant.—The supply and delivery of an 
outfit for the centrifugal purification of fuel oil for use 
under boilers, capable of dealing with 20,000 kg. of oil 
= day of 8 hours’ continuous working. The State 

lectricity Board, Uruguay; January 15, 1931. (Ref. 
No. A.X. 10,528.) 

Tank Locomotives.—The supply of four narrow-gauge 
passenger tank locomotives. The Latvian Railway 
Administration ; December 10. (Ref. No. A.X. 10,527.) 











BOOKS RECEIVED. 


Department of Scientific and Industrial Research. The 
Investigation of Atmospheric Pollution. Report on 
Observations in the Year ended March 31, 1929. Fif- 
teenth Report. London: His Majesty’s Stationery 
Offre. [Price 3s. 6d. net. ] 

The iron and Steel Industry in Czechoslovakia. Compiled 
by Dr. Anronin Kriz. Prague: . Association of 
Czechoslovakian Engineers. 

The Indexing of Books and Periodicals. By JoHN W. T. 
WatsH. London: Edward Arnold and Company. 
[Price 6s. net.] 

The Manchester Association of Engineers. Transactions. 
Session 1929-30. Manchester: Offices of the Asso- 
ciation. 

Iron and Steel Industrial Research Council. Technical 
Report No. 1. Coke for Blast Furnaces. First Report 
of the Midland Coke Research Committee. By R. A. 
Morr and R. V. WHEELER. London: The Colliery 
Guardian Company, Limited. [Price 25s. net.] 

Testing Radio Sets. By J.H. ReyNeR. London: Chap- 
man and Hall, Limited. [Price 10s. 6d. net.] 

Boiler-House Manual. By B. Frissy. London: 
Crosby Lockwood and Son. [Price 2s. 6d. net.] 

Department of Scientific and Industrial Research. Report 
of the Building Research Board for the Year 1929. 
London: His Majesty’s Stationery Office. [Price 
2s. 6d. net. ] 

Alternating Current Electrical Engineering. By W. 
Totmé& Maccauti. Second edition. London: W. B. 
Clive. University’ Tutorial Press Limited. [Price 
15s. net.] 

United States Bureau of Labour Statistics. Bulletin 
No. 515. Union Scales of Wages and Hours of Labour, 
May 15, 1929. [Price 50 cents.] No. 517. Decisions 
of Courts and Opinions Affecting Labour, 1927-1928. 
[Price 85 cents.] Washington: Government Printing 
Office. 

Our Worldand Us. By ApbAMGowans WuyTE. London: 
Watts & Co. [Price ls. 6d. net.] 

Rahmentafeln. By Dr. FuUKUHEI TAKABEYA, 
Julius Springer. [Price 16 marks. ] 


Berlin : 








ContTRaActs.—Twelve car sets of electrical equipment, 
for use on the tramways of the Auckland Transport 
Board, have been ordered from Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. Each set consists of four tramway 
motors, each developing 40 brake horse-power, at 500 
volts on the one-hour rating. This is the third repeat 
order from Auckland obtained by the firm.—Amor 
many contracts recently placed by the Great Western 
Railway Company, the following may be cited: The 
supply and delivery of 108 1}-ton to 2-ton goods chassis, 
Messrs. Dennis Brothers, Limited, Guildford, Surrey ; 
the filling in of part of Prince of Wales Dock lock, Swan- 
sea, and the construction of a dock wall across the inner 
entrance to the lock, Messrs. Topham, Jones and Railton, 
Limited, London; and the supply and delivery of 18 
35-cwt. to 40-cwt. Morris vans, Messrs. The Morris 
Garages, Limited, Oxford.—What is claimed to be the 
largest order for steam-raising plant ever placed in 
Denmark has been secured by Messrs. The Stirling Boiler 
Company, Limited, 32-33, Farringdon-street, London, 
E.C.4. The contract is for the new Orsted power station 
of the Copenhagen Municipal Lighting Department, and 
comprises eight tri-drum Stirling boilers, the total evapo- 
rative capacity of which is 844,800 lb. of water per hour, 
and the working pressure 356 lb. per square inch. The 
order includes mechanical stokers, Bailey walls, air 
heaters, economisers, and forced and induced-draught 
plant.—The Electricity Supply Commission of Johannes- 
burg has just placed an order with Messrs. International 
Combustion, Limited, Africa House, Kingsway, London, 
W.C.2, for the supply of new boiler plant in connection 
with extensions at the Congella power station, Durban. 
The contract comprises two standard Combustion steam 
generators, having an evaporative capacity of from 
100,000 to 120,000 Ib. per hour, at a pressure of 270 Ib. 
per square inch and a final temperature of 700 deg. F., 
complete with Lopulco pulverised-fuel firing equipment. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The half-crown fall in 
Midland pig prices has had no apparent effect on this 
market. Producers adhere to their fixed minimum prices 
for Cleveland pig, and report the limited make to be 
absorbed by needs of their own consuming plant, and 
requirements of home customers. Export demand is 
quite trifling. Second hands have very little Cleveland 
pig to offer. Comparatively cheap foreign iron is coming 
forward steadily for consumption on Tees-side, and more 
extensive use of Midland iron in this area is not unlikely 
to follow the drop in Midland pig value. Quantities of 
Cleveland iron stored at the blast furnaces are not 
inconveniently large, and are not likely to increase. 
No. 1 Cleveland is 66s.; No. 3 g.m.b., 63s. 6d.; No. 4 
foundry, 62s. 6d. ; and No. 4 forge, 62s. 

Hematite.—A steady feeling pervades the East Coast 
hematite branch of the staple industry, and prices are 
not only upheld, but are inclined to stiffen. The statis- 
tical situation is far from satisfactory, but has improved 
considerably, and the continued gradual reduction of 
stocks is gratifying and encouraging. Both makers and 
merchants are doing rather more business with home 
customers, and report moderate overseas sales. Ordinary 
qualities are 71s. ; and No. 1 grade of hematite is 71s. 6d. 

Foreign Ore.—Business in foreign ore is difficult to 
put through. Consumers are holding off the market, 
as they have considerable stocks on hand, and have 
heavy contracts arranged. Best rubio is no more than 
16s, 6d. c.i.f. Tees, and probably less would be accepted 
for early delivery. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
abundant, and sellers experience difficulty in inducing 
buyers to negotiate for supplies. Good medium qualities 
are offered freely at 17s. delivered to works in this 
district, but local users are not disposed to pay that 
figure. 

Manufactured Iron and Steel.—Orders for most descrip- 
tions of manufactured iron and steel are urgently needed. 
Departments supplying necessities for the shipyards are 

ly off for work, but manufacturers of constructional 
steel and railway requisites are turning out fairly large 
tonnage, and producers of galvanised sheets have more 
work to execute. Semi-finished materials have to 
contend with the very low prices at which Continental 
products are offered. Common iron bars are 10I. lds. ; 
best bars, 117. 5s.; double best bars, 11/. 15s.; treble 
best bars, 12/. 5s. ; iron rivets, 117. 5s. ; packing (parallel), 
8l.; packing (tapered), 10/.; steel billets (soft), 67. 5s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship plates, 81. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 8/. 10s. for parcels of 500 tons and 
over, and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 81. 10s. to 8/. 128. 6d. ; and 
galvanised corrugated sheets (No. 24 gauge), 11/. 12s. 6d. 

Scrap.—Heavy steel scrap is in better demand, and 
a rise of a shilling advances the quotation to 46s. Other 
descriptions of scrap are slow of sale and unaltered in 
price. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A survey of the local industries shows 
little alteration as compared with recent weeks. The 
most notable feature is the growing expectation in nearly 
all sections of steel manufacture that better times will 
shortly emerge. While it is not easy to trace solid rea- 
sons for this hope, it is apparent that distributors generally 
have in mind the exceptionally low state of stocks in 
consuming centres. So far as the heavy steel trade 
is concerned, Continental competition continues to loom 
large. In the cheapest grades of material, which, 
though not suitable for general use, form the basis of a 
widespread demand, Continental steel is being offered 
at prices lower than ruled pre-war. This is of advantage 
to re-rollers who cater for export trade, and transactions 
are reported, though these, in turn, are limited by the 
restricted demand from foreign customers for finished 
goods. In hard basic steel and acid steel the outlook 
is still uncertain. Orders are numerous, but the small 
tonnages specified are mainly for immediate use, and 
there is a disappointing shortage of forward bookings, 
with the result that a good deal of capacity is idle. Work 
is also needed at the heavy forges, foundries, and 
rolling mills. Valuable orders are in hand for hollow 
forged steel drums for steam power and aircraft testing 
purposes. Dismantlers are having to face the importa- 
tion of substantial quantities of scrap from the Continent. 
Little change is shown in the market for ferro-alloys, 
where special efforts are being made to restore sales. 
Quotations are: Siemens acid-steel billets, 91. 108. 
per ton; hard basic, 91. 28. 6d. to 91. 12s. 6d. ; medium 
hard basic, 71. 12s. 6d. to 81. 2s. 6d.; soft basic, 6l. 5s. ; 
Derbyshire foundry pig iron, 66s.; Derbyshire forge 
iron, 63s. ; crown iron bars, 10/. 5s. ; iron hoops, 121. ; 
steel hoops, 10/.; soft wire rods, 7/. 15s. to 8l.; basic 
scrap, 47s. 6d. The specialised sections show the greater 
movement. Alloy steels for high-class engineering ser- 
vices are in growing demand, and a steady business is 
being done in crushing and mixing plant, and in high 
efficiency tools for boring, drilling, and cutting. 

South Yorkshire Coal Trade—Business in house coal 
is steadily gathering force, and is expected, in the near 
future, to reach a considerably higher level. Gross sales 
are still, however, below output capacity, and producers 
are anxious to clear stocks with a view to restoring more 
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steam coals. Export sales are more active at recent rates, 
and improved support is afforded to inferior grades. 
In the majority of cases recent prices are well held. 
Inland deliveries are steady under running contracts, 
though the weakness of the coal, iron, and engineering 
trades reacts against forward buying. Larger deliveries 
of gas fuel are going to undertakings supplying domestic 
and industrial users. Business in small coal is disappoint- 
ing. Consumption in the textile trades is unsatisfactory, 
while the quantities required for coke production are 
below the average level. Quotations: Best branch 
hand picked, 25s. 6d. to 27s.; Derbyshire best brights, 
20s. to 22s. 6d. ; Derbyshire best house, 19s. 6d. to 20s. 6d.; 
screened house coal, 17s. 6d. to 19s. ; screened house nuts, 
14s. 6d. to 16s. 6d.; Yorkshire hards, 14s. to 15s. 6d. ; 
Derbyshire hards, 14s. to 15s. 6d. ; rough slacks, 8s. 6d. 
to 9s. ; nutty slacks, 6s. 6d. to 7s. ; smalls, 3s. to 5s. 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—There has been no change in the 
state of the Scottish steel trade since last report, and 
employment at the works is no better. Specifications 
fall far below capacity and plant can only be run inter- 
mittently—one plate mill is out of commission this week. 
The home demand, as well as that from overseas, is 
extremely poor, despite the fact that inquiries of recent 
date held out some promise of a fair amount of new 
business. Conditions in the black steel sheet trade are 
still rather unsatisfactory, and dealing is a very difficult 
matter so long as Continental quotations are so keen. 
Makers of galvanised sheets are also complaining of a 
similar state of affairs and are very quiet. Prices 
officially show no change, and are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, } in., 
8l. 5s. per ton; galvanised corrugated sheets (No. 24 
gauge), 117. 17s. 6d. per ton, all delivered at Glasgow 
stations. 

Malleable Iron Trade.—No improvement of any kind 
can yet be reported in connection with the malleable 
iron trade of the West of Scotland, and there is a dearth of 
new business. The re-rollers of steel bars are also very 
quiet and any tonnage on offer is subject to very severe 
competition. “‘Crown’”’ bars are unchanged in price 
at 101. 5s. per ton for home delivery and 91. 15s. per ton 
for export, but re-rolled steel bars are easier at 7/. per 
ton for home delivery and 6l. 15s. per ton for export. 


Scottish Pig-Iron Trade—The demand for Scottish 
pig-iron is still very unsatisfactory, and local consumers 
are only buying sufficient to meet their day-to-day 
requirements. The import of English and Indian pig- 
iron is a factor with which the local producers have to 
contend. Foreign demands are as poor as ever and the 
weekly shipments overseas remain very low. The number 
of furnaces in blast is still ten. The following are the 
current market quotations :—Hematite, 77s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
79s. per ton, and No. 3, 76s. 6d. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending last Saturday, November 15, amounted to 
485 tons. Of that total 463 tons went overseas and 
22 tons coastwise. During the corresponding week of 
last year the figures were 868 tons overseas and 545 tons 
coastwise, making a total shipment of 1,413 tons. 

Bridge Contract.—Messrs. Sir William Arrol and Com- 
pany, Limited, Glasgow, have secured a contract from 
the Mersey Docks and Harbour Board to supply and 
erect four rolling bascule bridges at Liverpool. The 
opening span of one of the bridges will be 100 ft. and that 
of the three others 80 ft., and the passage, in and out, of 
large size vessels will thus be assured. 








PERSONAL.—Messrs. The Howden-Buell Combustion 
Company, Limited, 130-132, Leadenhall-street, London, 
E.C.3, have entered into a working arrangement with 
Messrs. The British Rema Manufacturing Company, 
Limited, Halifax, whereby the former company becomes 
the sole selling agents for all British Rema mills and manu- 
factures in the British Empire. Mr. C. P. Walker, who 
was recently handling the interests of the British Rema 
Manufacturing Company, Limited, in London and the 
South of England, has been placed in charge of the crush- 
ing and grinding department of Messrs. the Howden- 
Buell Combustion Company, Limited.—The degree of 
Doctor of Engineering honoris causa has been conferred, 
by the Swiss Federal Technical High School, Zurich, 
upon Mr. Sidney Brown, vice-president of Messrs. Brown, 
Boveri et Compagnie, Baden, Switzerland. 





_ UNDERGROUND ELEcTRIC RaILway, BuENos AIRES.— 
Che first section of the new Lacroze Underground 
Railway, Buenos Aires, Argentina, was officially opened 
to the public on October 18. The new subway, which is 
five miles in length, is the latest link in Argentina’s 
railway system. It connects the four railways entering 
Buenos Aires with a terminus in the heart of the business 
section of the city. On the first day of working 183,000 
passengers were carried, this figure increasing on the 
second day, Sunday, to 196,000. The work, which was 
begun some twenty months ago, has been constructed 
by the Buenos Aires Central Railroad and Terminal 
Company at a total cost of 4,000,000/. Thirty-one cars 
supplied by Messrs. Metropolitan-Cammell Carriage, 
Wagon, and Finance Company, Limited, Birmingham, 
are in operation on the railway. A further section of 
the subway, which will carry traffic as far as the limits 
of the Port, has not yet been commenced. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—The South Wales Miners’ Federation 
have expressed their indignation at the persistence of 
the coalowners in their demand for wage reductions, 
and have decided to support their executive in resisting 
any reduction in wages and confirm their demand for an 
improvement in the present conditions. The future 
procedure, rendered necessary by the failure to arrive 
at a settlement with the owners, has also been left in 
the hands of the council. The outlook, so far as South 
Wales is concerned, has been rendered more ominous 
than ever, for the men’s resolution means that a deadlock 
has been reached in the negotiations with the owners for 
an agreement to take the place of the present agreement, 
which expires at the end of the month. The position 
will be reported to a national conference of the Miners’ 
Federation, and it is practically certain that Government 
intervention will follow. Whether a strike will be 
averted, however, remains to be seen. At any rate, 
the outlook, as it stands at present, seems hopeless, for 
the owners declare that they cannot compete with 
foreign countries unless costs are lowered, and one of the 
steps to achieve this object is a reduction in wages, 
which, they say, would be minimised by a spread-over of 
the working hours. The men, however, ask for increased 
wages, together with other changes, and are against the 
spread-over of hours. Meanwhile, in spite of the uncer- 
tain outlook, demand shows no improvement, and buyers 
are content to follow a hand-to-mouth policy in pur- 
chasing. Though collieries are compelled to work short 
time because of the lack of trade, output remains in 
excess of requirements, and consequently, all classes of 
large and small are readily available at the schedule 
prices based on 20s. per ton f.o.b. for best large, and 
13s. 6d. for best bunker smalls. Sized products, how- 
ever, are steady, the reduced make, through colliery 
stoppages, having been booked up some time back, with 
the result that salesmen can secure a premium on the 
schedule. Sized classes, however, represent only 15 per 
cent. of the shipments. Only 14,000 tons of the Algerian 
State Railway contract for 252,000 tons of patent fuel 
for delivery over next year has come to South Wales, 
Holland having captured the bulk of the business with 
an order for 130,000 tons, while 36,000 tons has been 
allocated to Belgium, 15,000 tons to France, and the 
balance of 57,000 tons to an Algerian fuel works. The 
loss of this business is a heavy blow, for at this time last 
year, South Wales secured an order for 40,000 tons of fuel 
and 60,000 tons of coal. 

Tron and Steel.—Welsh steel-bar manufacturers have 
reduced the price of bars by 15s. per ton to 51. in view of 
foreign competition, while the tin-plate makers have also 
abandoned the minimum price of 17s., though output 
regulation and the allocation quota for orders will remain. 
Shipments of iron and steel goods last week totalled 
11,534 tons, or 2,700 tons more than in the preceding 
six days. Shipments of tin-plates and terne-plates were 
raised from 5,967 tons to 6,269 tons, of black-plates and 
sheets from 521 tons to 600 tons, of galvanised sheets 
from 1,445 tons to 2,075 tons, and of other iron and steel 
goods from 887 tons to 2,600 tons. 








LECTURES ON SUPPORTS FOR UNDERGROUND WORKINGS 
tN Mrngs.—A course of four lectures on ‘‘ Supports for 
Underground Workings in Coal Mines ” will be given at 
the Imperial College, Royal School of Mines, Prince 
Consort-road, South Kensington, London, S8.W.7, by 
Dr. M. A. Hogan, at 5.30 p.m., on December 8, 9, 10 and 
1l. The lectures are of an advanced nature, and cover 
such subjects as roof supports at the coal face, timber 
preservation, steel pit props of various types, cogs and 
chocks, supports for mine roadways, steel girders, and 
steel arches. The lectures, which will be illustrated 
with lantern slides, are addressed to students of the 
University of London and to others interested in 
the subject. Admission is free, and no tickets are 
required. 

THE Bucket Hopper DREDGER “ LorD CocHRANE.”’— 
The twin-screw bucket hopper dredger, Lord Cochrane, 
was launched on November 6 last, complete with 
machinery aboard and steam up, from the Port Glasgow 
shipyard of Messrs. Ferguson Brothers (Port Glasgow), 
Limited. The vessel has been built to the order of The 
Crown Agents for the Colonies, for special service at 
Bermuda, and will be employed principally in the dredg- 
ing of rock. She has a length of 215 ft., a breadth of 
41 ft., and a depth, moulded, of 16 ft. 6 in. ; the overall 
length, over the dredging ladder, is about 245 ft. The 
main machinery comprises two sets of triple-expansion 
engines, arranged to disconnect from the propelling gear 
and to connect with the dredging gear, as required. 
Steam is supplied by two marine boilers working at a 
pressure of 180 Ib. per square inch. The boilers are 
arranged for oil firing on the Wallsend-Howden forced- 
draught system; coal fronts, however, are also pro- 
vided to enable coal to be used as the fuel, if desired. 
The hoisting gear for the bucket ladder is placed on the 
starboard side below the deck, and is controlled from the 
control house on deck. The bucket chain is specially 
designed for rock dredging ; the buckets are of cast steel 
and are provided with manganese-steel renewable lips, 
the pins and bushes being also of manganese steel. The 
hopper doors, which are of extra heavy steel construction, 
lined on top with greenheart, are controlled by two 
multi-barrelled winches, arranged on port and starboard 
sides. For handling the buckets and lifting the large 
boulders encountered on service, a special 8-ton steam- 
driven crane has been fitted on the port deck and a boul- 
der dump placed adjacent to it. A searchlight has been 
fitted on the fore framing for night work. 


NOTICES OF MEETINGS. 





INsTITUTION OF PROFESSIONAL CiviL SERVANTS.— 
To-night, 5.30 p.m., Surveyors’ Institution, 12, Great 
George-street, S.W.1. ‘‘ Some of Our Road Problems,” 
by Colonel C. H. Bressey. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. “‘The Coefficients of 
Heat Transfer from Tube to Water,” by Mr. A. Eagle 
and Mr. R. M. Ferguson. Graduates’ Section, London : 
Monday, November 24, 6.45 p.m. ‘“‘ Machine Tools,” 
by Mr. C. H. Russell. North-Western Branch : Thursday, 
November 27, 7.15, Engineers’ Club, Manchester. “‘ Oil- 
Electric Traction,” by Mr. A. E. L. Charlton. London : 
Friday, November 28, 7 p.m., Storey’s-gate, S.W.1. 
Informal Meeting. ‘‘ Export Trade Emancipation,” by 
Mr. E. Batten. 

Juntor Institution oF Enererers.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘“‘ Ancient Clocks 
and Horological Curiosities,” by Professor R. P. H. 
Graham. Friday, November 28, 7.30 p.m. “ Photo- 
graphy Applied to Science,” by Mr. G. H. Willett. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Saturday, 
November 22, 6 p.m., Queen’s Hotel, Keighley. “‘ Machi- 
ning Allowances on Castings,” by Mr. 8S. W. Wise. 

Inst1ITuTeE oF British FounpRYMEN.—Lancashire 
Branch, Junior Section : Saturday, November 22, 7 p.m., 
College of Technology, Manchester. ‘“‘ The Art of Brass 
Founding,” by Mr. F. W. Rowe. Birmingham, Coventry, 
and West Midlands Branch: Monday, November 24, 
7.30 p.m., King’s Head Hotel, Coventry. ‘‘ Apprentice 
Training,” by Mr. A. E. Berriman. Newcastle-on-Tyne 
and District Branch : Saturday, November 29, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘Iron Foundry 
Refractories, with Special Reference to Moulding Sands,” 
by Dr. J. G. A. Skerl. Wales and Monmouth Branch : 
Saturday, November 29, 6.30 p.m., Merchant Venturers’ 
Technical College, Bristol. ‘‘ Jobbing Moulding and its 
Relation to the Engineer,” by Mr. 8. Southcott. 

InsTITUTION OF ELEcTRICAL ENGINEERS.—Monday, 
November 24, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ The Syllabuses of 
Day and Evening Courses in Electrical Engineering. 
Do they meet Commercial Requirements ?” by Mr. J. P. 
Yorke. North-Eastern Centre: Monday, November 24, 
7 p.m., Armstrong College, Newcastle-on-Tyne. ‘‘ Some 
Problems in High-Voltage Measurements,” by Professor 
W. M. Thornton. North-Western Centre: Tuesday, 
November 25, 7 p.m., Engineers’ Club, Manchester. 
““Some Data Concerning Railway Electrification in 
Italy,” by Mr. G. Bianchi. North-Midland Centre : 
Tuesday, November 25, 7 p.m., Hotel Metropole, Leeds. 
“The Cooling of Electrical Machines,” by Mr. D. B. 
Hoseason. 

InstrITuTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre: Monday, November 24, 7.30 p.m., Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘“‘ Some Experiments on the Factors 
Affecting the Motion of a Four-Wheeled Vehicle when 
some of its Wheels are Locked,” by Mr. J. Bradley and 
Mr. 8S. A. Wood. ‘“ Factors Affecting the Behaviour of 
Rubber-Tyred Wheels on Road Surfaces,’ by Mr. J. 
Bradley and Mr. R. F. Allen. 

Royat Socrery or Arts.—Monday, November 24, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
“Modern Domestic Scientific Appliances ’’ (Lecture [), 
by Professor C. R. Darling. Wednesday, November 26, 
8 p.m., ‘‘ The Chemical Constitution of Coal,” by Pro- 
fessor W. A. Bone. 

Institution oF Crvit ENGINEERS.—Tuesday, No- 
vember 25, 6 p.m., Great George-street, S.W.1. Dis- 
cussion on ‘‘ The Lochaber Water-Power Scheme,” by 
Mr. W. T. Halcrow. Manchester and District Associa- 
tion: Wednesday, November 26, 6.45 p.m., Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester. ‘‘ Electric Thermal Storage as Applied to 
Building Heating,” by Mr. 8S. M. Saunder and Mr. W. E. 
Swale. Yorkshire Association : Thursday, November 27, 
7.30 p.m., Hotel Metropole, Leeds. “‘ Some Aspects of 
the Concrete Problem,” by Mr. H. A. Judd and Mr. W. H. 
Vickers. 

SHEFFIELD METALLURGICAL AssocraTion.—Tuesday, 
November 25, 7.30 p.m., 198, West-street, Sheffield. 
** Preparation of Standard Steels,” by Mr. G. C. Waite. 

Newcomen Socrety.—Wednesday, November 26, 
5.30 p.m., Caxton Hall, Westminster, 8.W.1. Annual 
General Meeting. ‘‘ Early Fire-Extinguishing Engines,” 
by Mr. R. Jenkins. 

INsTITUTION OF LOCOMOTIVE ENGINEERS.—Thursday» 
November 27, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. ‘The Rainhill Locomotive Trials 
of 1829,” by Mr. C. F. D. Marshall. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 27, 6.30 p.m., 10, Upper Belgrave-street, 
S.W.1. ‘“‘ The Structural Engineer’s Relation to Building 
Construction and Transportation,” by Mr. A. Bassom. 

Institute oF Metats.—Birmingham Local Section : 
Thursday, November 27, 7 p.m., Chamber of Commerce, 
New-street, Birmingham. ‘‘Solders,” by Dr. O. F. 
Hudson. 

Nortu-East Coast INstITuTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 28, 6 p.m., Mining 
Institute, Newcastle-on-Tyne.. “The Ocean-Going 
Tramp Steamer from the Owner’s Point of View,” by 
Mr. W. S. Hinde. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 28, 7.15 p.m., Engineers’ Club, Manchester. 
“The Selection and Treatment of Materials for Gears,” 





by Mr. F. W. Rowe. 
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4-6-2 TYPE DIESEL LOCOMOTIVE FOR THE ITALIAN STATE RAILWAYS. 


CONSTRUCTED BY MESSRS. ANSALDO §S.A., ENGINEERS, GENOA. 


(For Description, see Page 645.) 
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LAUNCHES AND TRIAL TRIPS. 


“* Steaac.’’—Single-screw oil-tank motorship; _ six- 
cylinder, single-acting, two-cy cle Armstrong-Sulzer Diesel 
engine. Trial trip, October 15. Main dimensions : 
length, 408 ft. ; breadth, 54ft. 9in. ; deadweight carrying 
capacity, 9,000 tons. Built to the order of Messrs, 
Skibsaktieselskapet ‘‘Cleantank,”’ Oslo, Norway, by 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
(Shipbuilders), Limited, Willington Quay-upon-Tyne. 

“* Otymp1a.”"—-Twin-screw passenger and cargo motor- 
ship; Burmeister and Wain Diesel engines. Trial trip, 
October 18. Main dimensions: 401 ft. by 54 ft. 3 in, 
by 27 ft. 4 in. Built by Messrs. Nakskov Shipyard 
Limited, Nakskov, Denmark, for Messrs. ‘‘ Orient ” 
Steamship Company, Limited, Copenhagen. 

** Mavis.”’—Single-screw cargo steamship; _ triple- 
expansion engine. Trial trip, October 28. Main dimen- 
sions: 225 ft. by 35 ft. by 21 ft. 6in, Built by Messrs, 
Workman Clark (1928), Limited, Belfast, for Messrs. The 
General Steam Navigation Company, Limited, London. 

“* GanGEs.”’—Single-screw cargo and emigrant steamer, 
triple-expansion engine, together with Bauer-Wach ex- 
haust turbine, supplied by Messrs. D. and W. Henderson 
and Company, Limited, Glasgow. Trial trip, October 29. 
main dimensions: 423 ft. 6 in. by 55 ft. 9 in. by 31 ft. 
4 in. Built by Messrs. Harland and Wolff, Limited, 
Goven, for Messrs. James Nourse, Limited, London. 

“ ABEILLE 16,"—Twin-screw steam tug for harbour 
and sea service; triple-expansion engines. Launch, 
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October 29. Constructed for French owners by Messrs. 
Ferguson Bros. (Port Glasgow), Limited, Newark Works, 
Port Glasgow. : 

“ EBano.”—Single-screw asphalt-tank steamer ; triple- 
expansion engine. Trial trip, October 30. ; Main dimen- 
sions, 290 ft. by 47 ft. by 19 ft. 6 in. Built by Messrs. 
Harland and Wolff, Limited, Belfast, for Messrs. Ebano 
Oil Company, Limited, London. 
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“ Perer Hvrwt.”—Twin-screw oil-tank motorship ; 
Diesel engines supplied by Messrs. Fried. Krupp Ger- 
maniawerft A.-G., Kiel. Trial trip, November 4. Main 
dimensions: length, 520 ft.; breadth, 70 ft.; dead- 
weight-carrying capacity, 16,000 tons. Built by Messrs. 
Palmers’ Shipbuilding and Iron Company, Limited, 
Hebburn-on-Tyne, for Messrs. Standard Shipping Com- 
pany, New York, U.S.A. 
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INSTITUTIONAL CO-OPERATION. 
Ir is frequently asserted that the practitioner 
in any branch of science or industry tends to become, 
every year, a narrower specialist, losing in extent 
what he gains in intent and failing at times to make 
the best of his own sphere owing to ignorance of 
contiguous country. In many of its applications 
this assertion is exaggerated.or ill-applied, but it 
contains enough of truth to give it vitality. The 
complexity and extent of modern science and modern 
industry make it impossible for the worker to have a 
detailed knowledge of more than his own immediate 
sphere, and perhaps of its fringe subjects, but he 
may be expected to have a general working know- 
ledge of a much wider field ; although a telephone 


dynamo design, he is, none the less, likely to. have a 
general broad knowledge of power station work, 
sufficient toenable him to know how to set about 


inviting workers in pure science to deliver ‘Thomas 
Hawksley lectures is another example of the same 
tendency to extend the activities of an institution 
outside its immediate interests. 

Work of this kind has usually been sporadic, but 
an association has recently been formed to give 
it, in certain fields, a more permanent form. This 
association covers so many institutions that we 
cannot find space to give a list of them, but the 
extent of its range is sufficiently illustrated by a 
quotation from its articles of association to the 
effect that its purpose is to “co-ordinate the acti- 
vities, discussions and researches of scientific 
and technical societies and institutions, dealing with 
mining, metallurgy, chemistry, fuel, petroleum 
and rubber.”’ The association covers fifteen “ con- 
stituent institutions,’ and three “‘ associated bodies.” 
Ten of the constituent institutions are already repre- 
sented on the Empire Council of Mining and Metal- 
lurgical Institutions. The associated bodies are 
trade associations. The organisation is burdened 
with the somewhat portentous title of ‘The 
Association for the Promotion of Co-operation 
between Scientific and Technical Societies and 
Institutions within the British Empire.” It is 
clear from its articles that it proposes to attempt 
something much more elaborate than the mere hold- 
ing of joint meetings between its constituent bodies. 

It is probable that the promoters of the Associa- 
tion are not yet clear about the extent to which 
its activities may ultimately develop, but as it 
contains two constituent bodies domiciled in South 
Africa, and one each in Australia, Canada and 
India, it is clear that it may at least be expected 
to result in closer technical relations, in some spheres 
of work, between practitioners in this country and 
in other parts of the Empire. The whole of these 
five bodies are concerned in some way with mining, 
and as the Association includes the Institution of 
Mining and Metallurgy and the Institution of 
Mining Engineers, the common interest which the 
Association will provide should prove of very definite 
technical value in the interchange of information 
bearing on mining practice. It is not so clear, 
however, that any closely common ground exists 
between the interests of say the Iron and Steel 
Institute and the Institution of the Rubber Industry. 
Certainly occasional joint meetings, of the type 
to which we have already referred, might be held by 
two such bodies, but it is difficult to see that any 
close interworking is either possible or desirable. 
The one subject in which this somewhat miscel- 
laneous collection of technical institutions may, 
perhaps, usefully work together, is in the prosecution 
of research. Even in this sphere, however, the 
Association could apparently hardly, in general, 
be more than consultive. The particular researches 
in which, for instance, the Institute of Metals is 
interested are not such as could usefully be turned 
over to a common council on which that institute 
would presumably have a representation of only 
some 6 per cent. Where the Association may be 
of value in this particular field would appear to 
be in the inauguration of such special researches as 
have definite relation to the interests of two institu- 
tions, the fields of which, in general, do not overlap. 
Such case might arise, for instance, between the 
Institute of Fuel and the Iron and Steel Institute. 
In dealing with the functions of this new Associa- 


tion, we have followed the order in which its objects 
are stated in its own articles of association, It 
would appear however, that its main purpose and 
interests are at present devoted to the object 
which appears last in ite list of intended activities. 
It is one of the functions of the technical institu- | This is the establishment of a central building “ in 
London or elsewhere,” to house the various societies, 
We allow ourselves to think that this proposal is 
the seed from which the whole association has 
sprung. There are many important scientific and 
technical 
London, which have no central premises in which 
they can hold their meetings, and the idea of a 
central building, presumably with adequate lecture 
theatres, reading rooms, &c., is obviously likely to 
be attractive to them. These societies usually 
have no difficulty in obtaining permission to hold 
their meetings in the buildings of other institutions, 
but it would clearly be an advantage to be able to 


societies, with their headquarters in 
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meet in their own quarters. 





Central buildings for scientific and technical socie- 
ties have been built in some foreign cities and a 
similar structure in London would be of consider- 
able convenience and utility. It is particularly from 
the point of view of the provision of adequate 
lecture theatre accommodation at headquarters, 
that we would say this. The desirability of amalga- 
mating reading rooms and libraries is more doubtful. 
The Engineering Societies’ Building in New York is 
practically confined to professional bodies, but this 
proposed London building would house societies 
covering such multifarious activities that it would 
appear to be of doubtful value to attempt to form a 
common library. One can scarcely imagine a build- 
ing containing 18 independent libraries, and yet it 
would hardly appear likely to be of advantage to a 
member of a metallurgical institution to have his 
special library diluted with the books from a library 
devoted to rubber or petroleum. There is much to 
be said for a general technological and scientific 
library, such as is provided at the Science Museum, 
but a special library which specialised only in a few 
more or less random subjects would seem likely to 
fall between two stools. It might at times be a con- 
venience for a member of the Institute of Fuel to 
have ready access to a metallurgical library, but this 
type of convenience may easily be carried too far. 

The main advantage of a special library is that, as 
far as possible, all works dealing with its particular 
subject are brought together and are readily avail- 
able, while the librarian in charge may be expected 
to have an adequate knowledge of what the library 
contains and to know where to find any specific 
information when it is required. To increase such a 
library to 18 times its size, seventeen-eighteenths 
of the material being outside the immediate interests 
of the special library, while still refraining from turn- 
ing the special library into a general library, would 
not appear to be likely to add to the convenience of 
either the librarian or user. We know nothing of the 
intentions which the promoters of this Association 
may have in regard to the special libraries of the 
constituent bodies, but suggest that if amalgama- 
tion is to take place, it should be confined to libraries 
of closely allied interest and that its library, or 
libraries, should remain special in the proper sense 
of the term. 

A good deal has been heard about this Association 
in a desultory way during recent years, but it is 
only in the last few months that it has actually 
taken form, having been incorporated on Sep- 
tember 15. It signalised its official birth by a dinner 
at the Guildhall on Thursday of last week, at which 
its standing and importance were recognised by 
the presence of H.R.H. the Prince of Wales. This 
very successful function will enable the Association 
to begin its more active operations with a prestige 
which new bodies cannot usually command. Its 
main task of raising funds for such a central building 
as is contemplated is, however, a heavy one and the 
Association will want all the support which its con- 
stituent bodies can give it. 








THE SPEED OF ROAD TRAFFIC. 


Ir can hardly have been the lure of speed that 
led Johann Haustach, some three centuries ago, to 
design “‘a chariot going by spring and making 
two thousand paces an hour.” In more recent 
times, however, designers of motor vehicles have 
very generally regarded increased speed as synony- 
mous with progress in design. To-day, the private- 
car owner is apt to disdain a vehicle which is 
incapable of achieving a speed of at least 50 miles 
an hour on the open road, while many standard 
vehicles can be driven at speeds between 70 miles 
and 80 miles an hour. In practice, the actual 
speeds attained are controlled rather by the road 
conditions than by the capacity of the vehicle, a 
point which should be borne in mind when speculat- 
ing on the future of transport in general. It may 
be said, with little fear of contradiction, that sea 
transport has already approached the practical 
limit of speed with the types of prime movers now 
in use, and while there is no doubt that the speed 
of rail traffic can be increased by the employment 
of special devices, the economical limit of speed 
for ordinary traffic appears also to have been 
approached in this case. It is no exaggeration 
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to state, however, that if a new road, of adequate 
width, and free from bends and side turnings, were 
to replace any of those already existing in this 
country, the average speed of traffic between the 
two points served could readily be doubled. It 
is unlikely that such roads will be laid down in 
Great Britain, in the immediate future, although 
they already exist on the Continent, and it is of 
more immediate interest to speculate as to whether 
any further increase in speed is practicable on the 
roads as they exist to-day. 

Under the new road regulations, which come into 
force at the beginning of the new year, there will 
be no speed limit for passenger vehicles unless they 
are adapted to carry more than seven passengers, 
when a limit of 30 miles an hour is imposed, 
Light goods vehicles will also be limited to the 
same speed. The speed limit for heavy motor cars 
has been raised from 12 m.p.h. to 20 m.p.h. if fitted 
with pneumatic tyres, and 16 m.p.h. if fitted with 
soft, or elastic tyres. Various lower limits are 
imposed for goods vehicles drawing a trailer, for 
heavy and light locomotives, and for other classes 
of special traffic. The speed limits at present 
existing were imposed in the supposed interests of 
public safety, and the unanimity with which their 
removal for private cars has been accepted is a 
striking indication of the growth of a traffic sense 
on the part of the public. The dictum that speed 
qua speed is dangerous, however, is apparently 
still held to be true in the case of goods vehicles. 
From the broadest point of view, the latter con- 
stitute the most important form of traffic utilising 
the roads, and it will be a matter for regret if the 
new regulations affect it unfavourably. In effect, 
the new speed limits roughly constitute a sliding 
scale based on weight for all forms of traffic other 
than private cars, while the speed of the latter is 
broadly left to the discretion of the driver. The 
wisdom of this differentiation may, from one point, 
be open to question, as heavy traffic is usually 
handled by experienced professional drivers, who 
are certainly more competent, as a body, to judge 
what is a safe speed in any given conditions than 
the private motorist. 

The new Act is certainly not intended to be a 
charter for unlimited speed on the part of the 
touring-car driver. The pertinent clause in the 
act bearing on speed states that a person shall not 
drive recklessly, or at a speed, or in a manner, 
dangerous to the public, and it is further laid down 
that a person shall not drive without due care and 
attention, or without reasonable consideration for 
other road users. Presumably even the much- 
harassed pedestrian is embraced in the latter 
clause, but his interests are further guarded by a 
statement in the Act that foot passengers are 
entitled to the exercise of proper care on the part 
of drivers of vehicles on the highway. It follows 
that all actions brought against drivers of private 
cars on the ground of excessive speed must be based 
on the charge that the particular speed was exces- 
sive under the circumstances, ruling at the time. 
This must largely be a matter of opinion, and 
demands trained judgment on the part of the 
observers. Such judgment can, in the nature of 
things, hardly be possessed by the ordinary police- 
man, but mobile police units are now in course of 
creation, whose duty will be to enforce the provisions 
of the act in relation to careless and dangerous 
driving. These units are being recruited from men 
who have a special knowledge of road conditions, 
and the Minister of Transport can at least be con- 
gratulated on his courage in attempting to deal 
with the reckless driver on original lines for this 
country. 

The special limits embodied in the new Act will 
certainly tend to increase the speed of the private 
car and to slow down other types of vehicles. 
While it may be admitted that accidents with 
goods and passenger vehicles are far too common, 
the majority of these occur at speeds coming 
within the new legal limits. It may be assumed 
that the new regulations are framed largely with 
the idea of suppressing the high speeds which have 
been necessary on the part of long-distance “bus 
drivers in order to maintain tightly-timed schedules, 
and improvement in this regard will be welcome, and 
easier timing and slower speeds should reduce, for 
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instance, the risks of accident due to insufficient 
slowing down at cross-roads, &c. Perhaps the 
most fruitful cause of accidents at the present time 
is the practice of cutting in; in such, high speed 
may be actually conducive to safety, from which 
it would seem that the most promising method of 
reducing accidents would be the strict insistence 
on adherence to the code of manners incorporated 
in the new Act. 

Fears have been expressed that the new speed 
limits will hamper progress in design, and attention 
was directed to this point by Mr. C. le M. Gosselin, 
President this year of the Commercial Motor 
Users’ Association, in a paper on “ The Commer- 
cial Motor—Some Difficulties of the User,” read 
recently before the Institution of Automobile 
Engineers and Institute of Transport. In this 
paper, Mr. Gosselin points out that the manufac- 
turers of to-day are producing goods vehicles which 
can with safety and economy carry loads of high 
capacity at speeds of from 30 m.p.h. to 40 m.p.h. 
To meet the conditions of the Act, Mr. Gosselin 
concludes that manufacturers will be faced with 
the problem of reproducing a vehicle of inferior 
performance, and incidentally, of crippling their 
prospects of competing in those countries where 
empirical speed limitations do not exist. We 
hardly think that these results will necessarily 
follow from the new regulations, and, in fact, it 
appears possible that the latter will have the 
opposite effect on design. Vehicle owners will still 
demand a type of vehicle which attains the maxi- 
mum working efficiency under the speed limits. 
Under modern road conditions, a heavy lorry with 
a maximum speed of 20 m.p.h. will, in practice, 
average less than 10 m.p.h. on the road, due to its 
slow speed up hills, and the time lost in accelera- 
tion. It is at least as much for this reason, as from 
a desire to achieve a high maximum speed, that 
modern vehicles are fitted with powerful engines 
giving a high power-weight ratio, and the lower the 
maximum speed allowed by law, the more important 
does it become to lose as little time as possible in 
hill climbing and acceleration, in other words, to 
design a vehicle with the minimum difference 
between the average and maximum permitted 
speeds. 

There is, however, one point that should not 
be overlooked. The fuel consumption per horse- 
power hour of a petrol engine increases as the load 
decreases, and if the average load is a relatively 
small fraction of the full load, the engine is running 
relatively uneconomically. The difference between 
full-load consumption, and that at about 40 per cent. 
of full load, which represents approximately the 
average load under present road conditions, may 
be as much as 30 per cent. Matters may well be 
still worse under the imposition of a relatively low 
maximum speed limit, and the engine is therefore 
likely to be running decidedly uneconomically 
during the whole of the time that the vehicle is 
running on the level. It is not possible to enter 
into the factors governing the efficiency of petrol 
engines on reduced load, but it may be said that 
there is little hope of improving the efficiency under 
these conditions. In the case of a heavy-oil engine, 
the difference in fuel consumption between the 
limits stated, that is, full load and 40 per cent. of 
full load, is only about 10 per cent., and it will be a 
somewhat unexpected result of the new act if it 
gives an impetus to the employment of heavy-oil 
engines on commercial vehicles. 








NOTES. 
RIveER POLLUTION. 


Tue Royal Sanitary Institute held on the 18th 
inst. a conference on the pollution of rivers and 
streams, which was largely attended, and gave rise, 
so far as time allowed, to vigorous discussion. It 
was evident that public and professional opinion is 
alive to the present necessity of safeguatding water- 
courses, and well aware of the prospect that without 
such measures not only the growth of population 
but the increasing use of water for the purposes of 
domestic sanitation on the one hand, and of industrial 
processes on the other, will tend to pollute water 
courses increasingly. It is stated, moreover, that 
even now a population of 6,000,000 is without a 
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piped water supply, and though it is unlikely that 
all of them will ever be brought near enough to 
each other to make the running of mains be- 
tween them economically practicable, there will be 
undoubtedly a constant addition to the present 
demands for such supplies and for the correlative 
sewerage, which will add to the need for unpolluted 
streams and to the volume of sewage effluents. 
The urgency with which the subject is regarded 
generally has been indicated in the passage of the 
Land Drainage Act of this year, and, in particular, 
in the power given to the Minister of Health to set 
up on his own motion the equivalent of a Rivers 
Board for any catchment area or combination of 
catchment areas. It may, perhaps, be questioned 
whether the present most urgent need is not so much 
an increase in the powers and complexity of ad- 
ministrative mechanism as a growth of the practice 
of intimate consultation and co-operation between 
authorities and undertakings, whose operations 
may affect each other’s enjoyment of water rights. 
A typical example was given by one speaker at this 
conference of how, presumably without any mali- 
cious intention, such operations of one party may be 
incredibly mischievous to another. In this instance, 
a new industrial effluent was introduced into a 
district, and in order to avoid polluting the surface 
waters, which were on a clay basin, the responsible 
parties bored conscientiously through an underlying 
bed of chalk, so as to be sure of discharging the 
effluent where it could not pollute the surface waters. 
This was all well as far as it went, but from the 
point of view of the speaker, the measure was open 
to the objection that he was already drawing the 
water supply for a neighbouring district from the 
previously pure waters below the chalk. This is a 
gross example of how operations on a water system 
affect one another, and illustrates the advantage of 
mutual consultation. From another point of view 
the same conclusion is reached. Measures of 
water supply and sewerage are always costly, and, 
for a given volume, their cost is invariably greater 
when they are many and small than when they are 
few and large. By common action it is often 
possible to construct works that are more economical 
for all parties, both in first cost and in operation, 
and more likely to be efficient. Questions of 
standard of purification, again, are essentially matters 
to be decided largely on local circumstances. There 
seems, fortunately, to be a growing disposition 
towards agreement. Ina paper by Dr. H. Maclean 
Wilson, it was recorded of the West Riding that 
wherever a local authority had a private Act, 
agreement had been reached readily for the treat- 
ment of trade refuse at the authority’s sewage works, 
and already more than 30 local authorities were 
giving facilities for such treatment. The present 
chief objective of water authorities should appar- 
ently be to get together as intimately a3 they can, 
and by mutual goodwill to make the most of the 
wide and comprehensive mechanism for improving 
the purity of their supplies which is already at their 
disposal. 


SCIENTIFIC AND TECHNICAL LITERATURE. 


Those who have to use technical and scientific 
books ; those, such as librarians, who have to file 
and list them; and, possibly, also those who have 
to review them, find the constant stream which 
issues from the publishing houses somewhat difficult 
to deal with. In certain lines of work, many books 
wre published which traverse ground already ade- 
quately covered by earlier works, and the latest 
book is by no means always the best. As most 
scientific books are published by private firms as a 
Susiness speculation, and as the publishers must 
carry the loss if there is one, the fact that the 
stream tends to increase rather than diminish 
suggests that usually there is no loss, and that most 
of the books sufficiently meet users’ needs to pay 
their way. It must, however, always be difficult 
for a publisher to determine if there is a market for 
yet another book on some specific subject, and in a 
paper read before the recent Oxford meeting of 
the Association of Special Libraries and Information 
Bureaux, and entitled “ Suggestions for the Im- 
provement of Scientific and Technical Literature,”’ 
Mr. T. W. MacAlpine suggested that if some kind 
of advisory body could be constituted which could 


furnish information about the classes of new scientific 
books for which there seemed to be an opening, its 
services might be of considerable value to publishers. 
This advisory body was, however, not suggested 
out of any altruistic regard for the banking accounts 
of publishers. Its purpose was rather to exercise 
some control over the stream of publications in the 
interests of the user, and, apart from advising what 
books might well be published, it was suggested 
that it might also exercise some control over format, 
methods of indexing, &c. It is obvious at once that 
the basic weakness of this suggestion lies in the 
difficulty, or impossibility, of finding such a body 
as that suggested. Its field would have to be the 
whole of science and technology, and it could clearly 
be constituted only by agreement and co-operation 
between every scientific society of importance in 
the country. One of the functions which Mr. 
MacAlpine suggested the advisory body might 
perform, was the introduction of uniformity in 
nomenclature and symbolism. A little progress— 
very little—has been made in the introduction of 
such uniformity in physics and engineering and the 
difficulty of getting anything done in this, relatively, 
restricted sphere illustrates the enormous task 
before this proposed advisory body, a task, moreover, 
which would form merely an incidental part of its 
herculean labours. It is to be feared that this 
proposed body is not likely to come into existence 
for very many years. Although the stream- of 
scientific books is at times an inconvenience, it is 
doubtful if matters are so unsatisfactory as Mr. 
MacAlpine suggested. The whole of scientific 
knowledge is advancing so rapidly that most scienti- 
fic and technical books tend in a few years to fall 
behind current practice, and it is only by constant 
renewal that scientific books can in any proper way 
continue to represent the subjects with which they 
are concerned. Books can seldom, or never, be 
absolutely in touch with the latest developments— 
that is the sphere of the periodical press—but they 
cannot allow themselves to fall too far behind. 
Certain outstanding scientific books appear which 
become classics, but the majority which make up 
the stream are but a form of periodical literature 
and must, in turn, make place for successors. 
Some of this majority are excellent, many are 
adequate and some are bad. These latter merely 
tend to pollute the stream, and, fortunately, in a 
short time, fall to the bottom and are forgotten. 


THE STRENGTH OF PrrE BENDS. 


In a paper read last August at Stockholm, before 
the Third International Congress for Applied 
Mechanics, Professor William Hovgaard gave a 
résumé of his theoretical and experimental inves- 
tigations on the bending of curved pipes. In 
papers previously published, of which the first 
appeared in 1926, Professor Hovgaard has pointed 
out that the stress distribution across the section of 
a pipe differs entirely from the linear law followed 
in the case of solid sections. When bent, the pipe 
flattens, and as one result the stress is not a maxi- 
mum at the top and bottom of the section, but 
at other points. His analysis shows that, when 
subjected to a bending moment M, the maximum 
longitudinal stress is given by the relation 

KMr 
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where @ is the complement of the angle which a 
radius drawn from the mid-point of the section to 
the point under consideration makes with the plane 
of the bending moment. The significance of the 
other symbols is as follows :— 


R = radius of curvature of the axis of the pipe, 

2h = wall thickness, 

r = radius to middle surface of pipe wall, 

I = moment of inertia of transverse section of 
pipe, 

E = Young’s modulus. 


The coefficient K is defined by the relation 
_ 4842 RE + 10 r4 
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Professor Hovgaard has also found an expression 








for the transverse stress on the pipe, due to the 


flattening of the section. 
stress by py, he finds that 
, ._KMr 182R.cos26 
’o" T° SPT Ee 
Here z denotes the radial distance of the point 
under consideration from the middle surface of the 
pipe wall. It has therefore + h as its extreme values. 
As the result of his experiments, Professor Hov- 
gaard suggests that a safe value for the stresses, 
as calculated by the above formule, is 16,000 lb. 
per square inch. These experiments were 10 in 
number and covered a wide range of wall thicknesses 
and relative curvatures. Details of the latest of 
these investigations are given as an appendix to 
the author’s Stockhoim paper. In this case, the 
specimen was semicircular. The mean outer dia- 
meter was 12-95, the wall thickness # in., and the 
mean radius of the bend 17-88 in. Strain-meter 
readings were taken at 32 selected points, and 
were in excellent agreement, both with the author’s 
theory and with his previous tests on less sharply 
bent specimens. 


Denoting this transverse 


THE Rattway Position rn SIERRA LEONE. 


It appears from the Administration Report of 
the General Manager of the Sierra Leone Railways 
for 1929, that industrial conditions are having an 
effect on transport undertakings in that colony 
similar to that with which we are all too familiar in 
Great Britain. In fact, the slump during 1929 
was so bad that one combined goods train on 
alternate days was found sufficient to meet the 
demands of both the main and branch lines between 
Banya and Freetown, and on the other days one 
train in each direction was all that was necessary 
on the main line. The not unexpected result was 
that the gross revenue fell to 233,512/., or 24,6471. 
less than in 1928. On the other hand, the gzoss 
expenditure was 286,843/., which was 3,2431. less 
than in the previous year, and the working expen- 
diture was 208,691/., or 2,021/. less than in 1928. 
Thus, the excess of revenue over working expenses 
was only 24,8211/., the percentage of working expen- 
diture to revenue being as high as 89-37 per cent. 
The position was acerbated by the necessity of 
expending considerable sums on the improvement 
of the track. The mileage open for traffic at the 
end of the year was 332, this being six miles less 
than in 1928, owing to the closing of the mountain 
railway from Water-street. The area that this rail- 
way dealt with is now served by a motor-omnibus 
service operated by the Department. The staff 
amounted to 55 Europeans and 1,896 Africans, 
the number of both nationalities being slightly 
lower than in the previous year. These figures 
are exclusive of temporary bushing and relaying 
gangs. Nearly 14 miles of main line were relaid, 
the work being completed in six and a half weeks. 
A special feature of railway operation in Sierra 
Leone appears to be the theft of steel keys, and 
no less than 29,677 of these fittings had to be 
replaced during the year. The number of pas- 
sengers decreased from 604,737 to 367,602. This 
was largely due to the closing of the mountain 
railway, and was more than compensated for by 
the 276,848 passengers carried by the omnibus 
service. On the other hand, privately owned motor 
transport accounted for a falling off of 32,078 
passengers between Water-street and Kissry. 








THE JUNIOR INSTITUTION OF ENGINEERS.—At the forty - 
ninth annual general meeting of the Junior Institution of 
Engineers, held on November 14, Mr. E. D. Gill was 
elected chairman; Messrs. J. Foster Petree and H. P. 
Wright, vice-chairmen; Mr. C. E. Atkinson, honorary 
editor, and Mr. W. M. Hurrell, honorary treasurer. 

ANUARIO DE MINERIA, METALURGIA, Y ELECTRICIDAD,— 
Engineers, contractors and merchants who contemplate 
doing business with Spain will find interesting informa- 
tion in the Year Book on Mining, Metallurgy, Electricity 
and other industries of the country, issued by the Madrid 
journal Revista Minera, Metalirgica y de Ingenieria, 
the offices of which are at Villalar 3. Vol. XXX, for the 
current year, has recently appeared. Its price is 10-50 
pesetas. Besides the names and addresses of all the 
Spanish railway and public works engineers, it gives 
information on the mining companies; iron, steel and 
non-ferrous metal works ; electric installations ; chemical 
and other factories distributed throughout Spanish terri- 
tory. The information includes the address of each 
company, its capital, the names of the members of the 








Board of Directors, and particulars concerning the plant 
and production. ve Snir Kaien 
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THE CONTROL OF THE FLOODS 
OF THE RIVER THAMES. 


By A. B. Bucxxey, M.Inst.C.E. 


THE loss of life which occurred in January, 1928, 
the necessity for the conservation of the water 
resources of the Thames Valley, the material 
damage to property, and the serious interruption to 
means of communication suffered on account of the 
overflow of the river, have recently brought the 
question of the floods of the Thames very much to 
the fore. 


The Thames Conservancy Act of 1894 provides | 
that the flow of the river at Teddington shall be | 





demnation was pronounced in such terms as to 
impress the Conservators up till the present day is 
shown by the repeated allusions in the Conser- 
vators’ proceedings, from that time onwards, to the 
evidence tendered by witnesses at the enquiry of 
1877, for instance, that of Mr. Rawlinson, who stated 
that no estimate of the flow of the Thames had 
ever been made and that the very magnitude of the 
task made any such enterprise impossible. For- 
tunately, however, the legislators responsible for 
the Thames Conservancy Act of 1894 decided that 
such measurements were expedient, continuous 
measurements were instituted, and the time has 
now arrived for profiting by the foresight shown by 


measured daily by that authority, and that the | the framers of the Act. 


results shall be made available to the public on| 
application ; the degree of accuracy aimed at is not | 
mentioned. From time to time announcements | 


have appeared emanating from the Thames Con- | 
servancy calling attention to the magnitude of | 
particular floods, and from these and from the | 
Teddington statistics it is possible to form an| 
estimate of their relative importance. 

The information available shows that the seasons 
1914-1915, 1927-1928 and 1929-1930 were those of 
greatest flow, with the exception of 1894, but there 
is abundant evidence to show that the conditions of | 
that year were quite abnormal. We are told, for 
instance, by the Conservators, of the weirs having 
been blocked with ice and probably damming back 


TABLE I. 
Limiting Flow. Maximum 
| Million gallons per day. | flow — 

" | | one day, 
Season | - million 
| | | | gallons 

| 4,500 5,500 6,500 per day. 

Storage. | Storage. | Storage. | 

1914-1915 .. 63,700 47,730 32,000 11,119 
1927-1928 ..| 81,500 | 34,360 14,860 9,999 
36,990 24,870 10,490 


| 
1929-1930 . 81,470 | | | 
| 


the flow which, when released, no doubt, aggra- 
vated the conditions which would, in any case, have | 
been serious, and, indeed, we find this given in | 
explanation of the phenomenal flow in a paper read 
before the Royal Meteorological Society in 1895 by | 
Mr. G. J. Symons, F.R.S., while Mr. G. Chatterton | 
also remarked that the amount of rainfall over | 
the Thames Valley did not appear to have been | 
sufficient in itself to account for the floods. There 
appears, therefore, to be no justification for antici- 
pating the repetition of a similar flood. 

While references to floods occur in historical 
records since the earliest times, it is in the London | 
area that the problem may be said to have first | 


TABLE II. 


| Percentage of | Percentage of flow controlled 
| 


rt | total flow. | by the reservoirs. 

| | | 
Windrush 5 _ 3°5 | 
Evenlode 6 6 — | 
Cherwell 12 12 + 
Thame .. 6 | 6 24-0 
Kennett ll | _— 11-0 

| 

Percentage under control 38-5 

! 


! 


assumed a serious aspect. That the tidal effect 
above London Bridge was unquestionably greatly 
modified by the demolition of the old bridge is 
proved by evidence, such as the diagram of water 
level, prepared by Mr. H. Law and produced in 
evidence before the Select Committee on the Thames 
River (Prevention of Floods) Bill in 1877, while the 
narrowing of the waterway by the construction of the 
embankments and other wa.ls on both sides of the 
river seems also to have contributed to the accentua- 
tion of the tidal effect. These causes, combined 
with the continued development of the Metropolis, 
brought about the Parliamentary enquiry, to which 
allusion has just been made, and this appears to have 
been the first organised attempt ever made to 
discover a remedy for the flood menace, which was 
becoming acute, and has since continued to give 
cause for anxiety. The proposal to abate the floods 
by means of storage reservoirs which should, as it 
were, cut off the peak flow of the floods and release 
the water when they had subsided was considered 





and condemned as impracticable. That the con- 


Je are told by the Conservators that the Thames 
can carry a flow of 4,500 million gallons per day 
without overflowing, and from the published 
statistics we find that the storage capacity shown 
in Table I would be required in order to 





is it required for the convenience of traffic or, as 
investigation has shown, for the convenience of 
those householders who from force of circumstances 
have built their dwellings on low lying ground 
subject to flooding, where, probably, the building 
of dwelling houses had far better never been 
permitted. 

In any case it has been found by enquiry of these 
people that a maximum flow corresponding to 
about 6,500 million gallons a day at Teddington 
causes them little inconvenience and it is, therefore, 
found that for all practical purposes the floods can 
be controlled with a reservoir capacity of approxi- 
mately 40,000 million gallons. 

It is remarkable and providential that the best 
sites for reservoirs occur in the upper reaches of the 
Thames Valley, principally in the clay country and 
in the valleys of those tributaries which supply the 
highest percentage of flood flow to the Thames. 
A preliminary survey has shown that storage up to 








Fug. I. THAMES FLOOD RESERVOIRS. 
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limit the flow at Teddington to, respectively, 4,500, 
5,500 and 6,500 million gallons per day. 

Therefore, accepting the Teddington statistics 
as accurately representing the true discharge of the 
river at that point, in order to limit the flow to 
4,500 million gallons per day, in the year of highest 


74,000 million gallons could be secured affording 
command over seven tributaries and 64 per cent. of 
the flow of the Thames, or nearly the whole storage 
capacity necessary to limit the flood flow to 4,500 
million gallons per day. This degree of control 
being unnecessary, a scheme involving the use of 

















17,395 | 


TABLE III. 
Reservoirs. Dams. 
Name. io as th a ee ae ee ew ena Ae ae 
Water levels. | Water areas. | Contents. Crest length. | Greatest head 
Top ft., O.D. Top, acres. Million Galls. Ft. of =. 
| is | aa 
Windrush 400 1,385 5,700 1,750 50 
Ot-Moor 201 7,850 8,680 | 1,200 11 
Thame .. | 200 5,760 14,900 | 3,700 35 
Brimpton 250 | 2°40 10,450 | 23900 2 
| 
| 39,730 | | 
} 





flood, storage capacity of 81,500 million gallons 
might be required, or approximately only four times 
the reservoir capacity at the disposal of the Metro- 
politan Water Board at the present day. So 
rigorous a limitation is, however, neither necessary 
nor desirable. Although floods of excessive height 
and duration are undoubtedly objectionable, their 
complete suppression for all time would not be 
welcomed by the agricultural community. Neither 





four reservoirs has been developed, the general 
characteristics of which may now be described. 
The accompanying map shows the possible sites of 
the reservoirs. One isin the valley of the Windrush, 
and commands about two-thirds of its flow. 
Another lies in the well-known Ot-Moor depression, 
a third occupies part of the Thame Valley and a 
fourth lies in the valley of the Enborne, a tributary 
of the Kennet. The land levels between Ot-Moor 














657 


ENGINEERING. 


NOV. 21, 1930.] 








Tw 


-+* Weg 
ut gnd 0q [IM yIOM UOTZONIYsUOD ArvUTUNord yey} pozed 
-101jUB SI 4 puB ‘peouSUIUIOD Useq sBy yYIOM SutAoAins 


“aBoX yxou pusy 


‘e10ULIOY}AN,T ‘“SOIpIIOYINB oY JO YUOSSB OY} POATODOI 
‘804848 UNQIING IWWM0UCIT asaulYyD 2Y4,f JO ENSSI JUDO B 
‘sey BIunqouPy Ul soul, ABMIeI YOUBIG Mou LZ PIINg 04 
jesodoid W—'‘VIMOHONVT NI NOILODULSNOZ) AVA TIVY 








*poyxoo]10Ao oq YOU Pfnoys 981048 JoyeM JO oUTEYOS 
% ‘souleyy, 94} JO Spooy oy} JO [o1zWOD 0473 IOz Yooford 
Je1oues Aue ut yey} MoYs 03 pres useq Apvor[e 
sey JUoIOygNs yey} YYSNoY} ST 4 4nq ‘eporyze sIqy 
jo odoos oY} UTYAIM JOU SI Ss[leyop JO UOIssnosIp VW 
"092 Jo uoTye[ndod v sey ory JO 4sesI] O44 ‘pos10ul 
-qns 0q p[NoM soseyIIA [[eUs Ino; ATUO SITOAIOSEI INOF 
ey} UT ‘“pezooye oq PlNoM peor [el10z18 oo ATUO pue 
‘gpeOl YIM OUdIO}10JUI SNOLIOs OU eq P[NOM oI0YT, 
*JoAg] 1oyeM doy ovoqge “43 FT Ajozeutxosdde sal] Joo] 
[rer or0ym ‘AoT}Voy MA Ieou suoddey styy ‘ sIloAreser 
04} jo suo SZutssoio AVMpIeI @ JO SIND00 os¥vd 9UC 
*puv[ JO 4800 04} se poydope useq sey oxov Jed “709 
jo oSvi0Ae Uy ‘soTjovId SulJooulsue UJopou 4seq 
04} YJIM souRpIOOe UT poJONIysUOD SUTep UdyZIVE 
IO} BuLMoy]e “7000‘000F Jo pooyrnoqysieu ey} ut oq 
P[NOM sULEyOS 94} JO 4800 94} 4VY} PozVUITySe ST 47 
“mI0ysuTvI AAVOY B 104J8 SIIOM OY} 
Zurmerp ATpider 10; o[qepreae Useq 0F.1044TY oAVY ULYY 
sorqlovy 104013 Surpraoid Aq oanqny oy} Ut poyueaoid. 


JONRIZENIONG,, 





oe6! 
alae AYYNYTII 





wz6I 
annr 

















atl 














Coots UIs !!05 
WwaMixiny ‘oh 





| souueisoid «Sully ey, 


AYVNNUT) YABWIIIO | YIBWI 


oq 4ysTUL Zulpooy sous yey} suOTeorpul are | Jo Ayloedeo ev SurppelA ‘aFvi0ys 19}¥M Joy Iv 94} 
e10y} ‘yue}xe 19}¥0I13 Yonu e 07 Uedo AT[eUIIOU ore | ynOYSsNoOIYy o[qeiteae A[JUSURUTIEd opeUT oq prnom 
SITOM OY} USYM OUITZ B 48 “19ZUTM 04} UT MOG J078eI3 | 4rUNTT STYA 07 dn sITOAroser oY} Jo Aytoedeo 04} 4eq3 
yonut AzoaaA @ Aq poonpoid 4ey3 4zIM o[qeredutoo | peurnsse useq ‘a10joI0y} ‘sey 4I pue Iva 19y}0 Aue 
weeq sey JouIUINs 04} ZuLINp opnyruseur sty Jo Mog | Ul ueyy porsed sasuo, Yonu AOA & OZ pesi1oUIqns 
e Aq peonpoid uolyepunul 043 sy ‘poopy JeurlUINs | Useq BARY P[NOM salDe QOO‘OL JO Pore UP OEGI-6Z61 
ysiy @ jo opnytuseur oy} Surmoys oAIND & pUNO} | Ul 4ey} MOUS DF pur HE ‘vz ‘Sd UI sydeid vare oY, 
oq [ILM ¢ “317 Ul soUDTUAAUOD JO} pure ‘IoWIUINS 04} UT ‘TIT 919%, Ut wears ore saToAroser 
peLmMoo0 savy YOIYM Spoop 0} doUEIEJoI v yNOYyIM | 949 JO soNsiojowlvyo yueTes oy], ‘eqeyTysnt 
IaA0 possed oq youuvs ofv103s Jo uoTysenb oyy, ieodde A[prey ‘sooueysuinolio 943 Jepun “IaAoMoy 
‘Iva 4satIp 94} JO 10q040Q pure Jequiaqdag | ‘prnom 4soo jeyideo soy ‘“IOAIeseI [eUOTyIppe 
‘gsn3ny ‘Aine jo syjuou oy} Sutunp ‘queo sed gg | ue jo uolyeicdioout 043 Aq pozeututja oq pnoo 
Aq soureyy, 94} Jo MOY 9Y4 osvarIOUT 07 soyyNs prnom | suolydeoxe oyy, “Aep ied suojjes uoryrur QQe‘e pesoxe 
pei0js snyj 193eM oy, ‘“potssd poog oy} jo uolyeU 
-TUI10} 94} 104j8 sIvoA ][e UT pel] 9q PNoo siOATOSeI 
oY} ‘IoulUINSs 94} JO SYJUOUT 107”, 94} UT UOUTMIOOUN 
goust Avp sod suoyjes uorpim geg jo Mog [eanyqeu | ‘vore yuoUTYyo}eo 94} Jo soyover Joddn oy} ur ‘AjoureU 
ese puv ‘Aep dod suojjed uorpIUr QOL MOjoq JOAII 04} | ‘aAtqoogo ysour oroya pordde oq prnom foro. 043 
jo Mop AyTqjuour oSeviaAe oy} Sulonper ynoyyIM osn | pue ‘eueyos oy} Aq poT[oryUOD 9q plNomM YoIyM MOF 
IOWIUINS IOF pol0ys PUR poJORIYSqe UsEeq GARY P[Nod | snoUTUINIOA ysOUI 94} YIIM SIOATI OY} Oq ‘aIOJOI0YY 
suoTTeS wor] QOO'ES ‘S147 JO ‘stom uoySurppay, | ‘pmnom 4] -yue0 sed g pu 1 ‘ATearqoodsar “yyIM ‘LOA, 
possed soz@M jo suoT[es UoTTIU QOOTE ‘Ssrv0d | oy} pue sop oy} Aq UoHe} Suloq YIINOJ pue pig 





O1BI YRIM VY} MOYS QF 0} DZ ‘SBI 4 OUR, VW 


qsoAp oy} jo [dy pue yore] Jo syzUOU oY4 SuLnp | 043 ‘sooetd yyUoAes pue YRXIS ‘4IZG 04} ‘ATeATgoedsar 
4ey} MOYS SO4SIZRIG “Yorep[ JO spppru oy4 Aq 4s80qRT] | ‘Adnooo ysnipurj, pus ouleyy, ‘“oporusaq oy} ‘puooes 
04} 9e 103eM pooy jo Aqdure aq avo 4MoUFIp ysour | 
04} UI pynoo sIloAIeser oy} ATessedou FI 4RY} MOYS 

‘suoT|es uoTTTT 00'ES | 


soul0d YoUUSY oY} SIYM TJoaseyy oy} st poog 
Sump oseyucoied 4sozv013 943 BurynqtiyU0o suo 
oy} ‘souley_y, 94} JO SolreyNqrI4 UreUr ATOM 943 JO 











626/ 826! Uj 


HIYWN |AYVNYEIS| AYVANUS| YIBWIIICO| YVIGWIAON 
Z oL aL 


ot 0 oz OL 0% 
. 
000% 


v' 


aw 


~ 


qommoy un buppeL 


4 


oS 
“PasD$ FUOTOD 


>) 


S 
= 


‘Suoyoyuorny- o2)y Tommy Uuojpbrurppay 


‘qgbaq 


~ 
~ 


L 


“‘Papooy 


gy punsnoy | 
2Poony So1y 
puDsnoy], 


at Sop bay 





St 
o & 


‘“SVIVY BIOAYISIY INIQNODSIUYOD FHLB AVG YId SNOTIVD NOITIIW OOS'S O14 MOTI FHL LUNI OL AUVSSIIIN IDVHOLS FHL 


HLIM YIHLIIOL SUVIA TOOTS HIIH WWIIGAL IFBHL YOI NOLONIGAIL LY MOTS TVYUNIYN ATIVE FHL SNIMOHS S18VHI 
‘SUIOAYISIH FOVYOLS AFIWWA SIWVHI 


‘SANVHL UHAIN AHL AO SGOOTH AHL AO TIOULNOO 











jou pinom Mop UoIZUIppey, WnuUIxeUr oy} 4eq} | 
@INsUe P[NOM poxdeT9s SITOAIOSEI IMOJ oY} SuUOT}da0xa | 


HIYUUN 








*[01}UO0 JepuN o3eqU00 
-Iod. pozVUllys9 94} YIIM 10y3930}4 ‘TT ofqey, Ur UOATT 
SI peuII0UOS salreyNqiy 944 Jo yore Aq poynqiyU0D 
SouULVyy, 94} JO MOB pooy oy Jo oSsequeosed oy], 
"QF 0} vg ‘SBI Butkueduoooe oy} wor svedde 
[IM se UOJ WeIseIp ul UMOYs ATJUETUAATIOD AI0A 
oq uvo ose} ‘souUTeIS0Id Sutpunoduit spreBer sy 
*SITOAIoser Sutpunodurt jo uorjons4s 
-W00 943 0} A[qeviturpe jfeszt spuey, Avjo ospliowWTy 
pue proxxQ Aljedtourid Suteq uoreus0g [votBoloos 
ey, ‘uoyduitig Mojeq yuiod yuotueAU0D & 4% JOATI 
oUles OY} 0} pouINyeI oq prnom 4t pue ‘AmmqMoyNy 
JO pooyMogysiou oy} Ul youUay oY} UtO’y 10zvA 
Suryez [euevo v Jo suvout Aq poyy oq pinom AaTyeA 
euloqguY 94} UI IOAIosel uoyduIg oyy, ‘ormbor 
q4sIur saouvysunoito se JoyeM snidims jo edvose 
04} JOZ SfeuUVYydD se SITOAIOSAT OY} MOTOG SIOATI 
04} Sulavay “4tun o[Buis v se Zuryesodo sitoAsosar 
oulvyT, PUB 1OOW-30 94} Ul pepunoduit eq 0} Yo 
Pe] PuUw peqooT[Oo sNYy4 ST SIOALI osey} JO MOB oy, 
‘100-30 0FUl spusosep A]Teuy ‘19yeM 8yt dn Suryoid 
pue {jeareyg oY} Suissoio 19zye pue uopr[g woz 
BUIZIVIS “YOM [VURS B JO yNOALT O44 0} J[OSzT SpUdT 
IOOW-30 0} Epofueam oy} worz AIZUNOD oY} OTTYA 
“93 gr Ajeyeutxoidde Suteq ‘MOAIOsel 100-30 
a4} jo Joao, Ajddns y[nz oy} oaoge “4yZtoy 4s80q"0I3 
| oy} ‘Mo, A[JUeTUeATION ore AoTTVA OMeYT, 04} pure 





(a eeez) 


S16! 


AuUNYEIS| A NUr| ¥39NWI9790 





~) 


“papoory 


SouyPuOsnYy], —“suoqposyruorpy-'MO7.T 


8 


“Or 


AA 





&. 





658 


| ENGINEERING. 





[Nov. 21, 1930. 





CARDIFF ENGINEERING 
EXHIBITION. 


THE South Wales Institute of Engineers is, we think, 
to be complimented on the enterprise it has displayed in 
organising, under the somewhat depressing industrial 
conditions now obtaining, the ninth Engineering Exhi- 
bition at Cardiff, which was opened by the President 
of the Institute, Mr. G. D. Budge, on November 12, 
and closes to-morrow. This enterprise is shared by the 
exhibitors, some fifty in number, by whom all the 
available space is very well filled. It is true that the 
exhibition has, to some extent, changed in character, 
for it has, of late years, become a display of general, 
rather than mining, engineering, and this year it retains 
this aspect, though the view has been advanced that if a 
larger hall were available more exhibits of coal-getting 
appliances would be forthcoming. In this latter con- 
nection, some statistics put forward by Mr. Budge may 
be mentioned. In these, it was stated that the out- 
put in South Wales and Monmouthshire got by coal- 


‘ cutters has been increased from 639,719 tons in 1913, to 


4,178,341 tons in 1929. The corresponding figures for 
the United Kingdom are 24,609,958 tons and 71,949,511 
tons, respectively. The increase in mechanisation in 
the South Wales district is, therefore, much greater 
than the general rate, and the industry there cannot be 
justly accused of an undue adherence to out-of-date 
methods. 

Parallel figures regarding the use of electrical plant 
in coal mines may also be quoted. In the South 
Wales district, the horse-power of such plant was 
181,818 in 1913 and 426,000 in 1929. The figures for 
the United Kingdom were 628,098 and _ 1,753,704, 
respectively. Seeing that the conditions in many of 
the South Wales mines impose limitations on the use of 
electricity, the advance in the use of appliances so 
actuated is greater relatively in the district than in the 
country at large. 

Perhaps the most novel exhibit, inasmuch as it has 
never before been shown in this country, is the dis- 
play of Messrs. The Dressing and Screening Company, 
Limited, 116, Victoria-street, London, S.W.1. This 
includes specimens of a great variety of sieves, screens 
and conveying belts, which illustrate the fact that coal 
is tending to become more a manufactured article, due 
to the care taken in preparation, than a raw material. 
In one sieve for de-watering fine coal, the wires, of 
wedge section, are bent so as to form terraces on the 
sieve surface over which the material falls in steps. 
The slits of the terraces remain open, and splintery 
and long-shaped material which slides along the slit or 
is forced into it by the oncoming charge is traversed 
to the open end of the slit, whence it drops on to the 
next terrace. Other sieves for de-watering slurry are 
made with accurate slits, with openings as small as 
0-05 in. Many kinds of woven screens intended to 
replace the perforated plates in the bottom of washing 
boxes or in flat or rotary screens are shown, and a 
new design of metal conveyor belts, suitable for con- 
veying hot materials, such as ashes, coke, castings, as 
well as cold materials, may be mentioned. The links 
of these conveyors are formed of flat wire spirals 
coupling transverse rods. These links take the strain 
and are covered in with pressed-steel casings, present- 
ing a flexible continuous surface provided with pro- 
jections of various forms to afford a better grip to the 
material. 

A distinctive colliery display is also to be found in a 
very effective group of main road and mitre arches, 
manhole formers and struts, erected at the entrance to 
the exhibition by Messrs. The British (Guest, Keen, 
Baldwins) Iron and Steel Company, Limited, Cardiff. 
An interesting feature in the exhibit is a new fish plate 
for colliery arches. This is straight, instead of curved, 
as is the older practice, and the arch is flattened at the 
point of junction to accommodate it. The result is not 
only a considerable saving in first cost but a reduction 
in the number of fish plates required to be kept in 
stock as there is no necessity to have plates of different 
radii. A rather unexpected result of their employment 
is shown by two specimens tested to destruction. One 
of these, the new fish plate, with two bolts { in. in dia- 
meter, gave way under a load of 27 tons while the other, 
of the curved pattern, which had four 3 -in. bolts, failed 
at 23 tons. 

The only example of coal-cutting apparatus, apart from 
pneumatic picks, &c., was one shown by Messrs. The 
Uskside Engineering Company, Limited, Newport. 
This firm has recently taken over the business of 
Messrs. W. A. L. Coal Cutter, Limited, Bradford, and 
the machine is, in consequence, known as the Uskside 
W. A. L. longwall chain coal cutter, F.A.C. model. As 
=ssembled on the stand, it is fitted with an alternating- 
current motor and has a 4-ft. jib, arranged for cutting 
on the floor level. The motor unit can be removed 
without affecting the other parts of the machine, and 
an air-driven turbine, in a casing having exactly the 
same external dimensions, can be substituted. The 
whole design embodies some new features for which 





reliability and low running costs areclaimed. Another 
exhibit on this stand is an electric jigger driving gear. 

Unlike coal-cutting machinery, the other charac- 
teristic feature of mining engineering, viz., safety 
lamps, is adequately represented, three well-known 
firms having attractive stands with full displays. 
Of these, Messrs. Oldham and Son, Limited, Denton, 
Manchester, show an improved form of their gas- 
detector lamp for overseers. This lamp, of 26 candle- 
power and having a central beam, consists of a rect- 
angular aluminium case containing the battery, on 
opposite faces of which case is a lamp and lens. 
The front inspection lamp consists of an electric 
bulb with the switch above it; the back lamp is 
an oil gas-detector lamp with a guarded double gauze 
above it, the flame being ignited by a coil ener- 
gised by the battery. The presence of gas is detected 
to within ] per cent. to 1} per cent. content, by the 
flame cap in the usual way, estimation of the size of 
the cap being rendered easier by the magnification 
afforded by the lens. Should the interior of the lamp 
require examination, it can be illuminated by a bulb at 
the back. Suitable controls are provided for this bulb, 
the ignition coil, and the flame. An ingenious system 
of interlocks prevents the oil container from being with- 
drawn unless the battery circuit is broken other than 
by the switch, and ensures both gauzes being in place, 
as well as preventing the lens from being unscrewed. 
The removal of the cover, which is secured by a single 
lead plug, automatically breaks the switch connections 
with the battery. The battery can then be withdrawn 
without any uncoupling of wires. The total weight is 
64 Ib. Another improvement in Messrs. Oldham’s 
products is the fitting of an adjustable reflector to the 
hewers type lamp, which gives a greatly increased 
illuminating power. 

Messrs. Ceag, Limited, Barnsley, have improved 
their cap lamp, a method of lighting now increasing 
in favour in South Wales. The battery of this 
lamp is carried on the miner’s body and the bulb 
and lens on the peak of his cap, so that both hands 
are always free, and the light is directed into the 
quarter in which he is looking. The battery and 
lamp are connected by a reinforced cab-tyre cable. 
The chief modification consists of the fitting of double- 
pole safety fuses and the strengthening of the cable 
particularly at its ends, these alterations removing the 
objections formerly held that the cable was liable to 
accidental rupture, and that such rupture might be 
accompanied by sparking. Messrs. Thor Lamps and 
Supplies, Limited, Tredegar-street, Cardiff, have now 
acquired the manufacturing rights of the lamps made 
by Messrs. Concordia Elektrizitats. A.-G., Dortmund. 
This lamp has obtained a large measure of success on 
the Continent, and Messrs. Thor Lamps and Supplies, 
Limited, have commenced to make them in this 
country. The firm’s stand, accordingly, displays 
various types of Concordia lamp and lamp-room 
equipment. The lamp may be said generally to be a 
two-part one with Concordia-Edison type alkaline 
accumulator and concentric contacts. The case is of 
welded steel and is cadmium-plated. The Thor lamp 
and accessories, the manufacture of which will be con- 
tinued, are also shown. 

Another colliery appliance of a somewhat novel type 
is a tippler lid manufactured by Messrs. Silvesters, 
Newcastle, Staffs. A common method of emptying 
colliery trams at the pit-head is by a rotary tippler 
from which the coal falls through a distance of approxi- 
mately 3 ft. 6 in. on to a sizing screen, a process which 
results, in the case of tender coal, in a breakage of 
about 8 per cent. The lid, which can be fitted to any 
make of tippler, consists of a curved fork hinged at 
one side. The fork extends the full width of the tippler 
and the free end rests upon a fixed curved plate 
shrouding the tippler for about one-quarter of its 
circumference. When the tram is inverted in this 
quarter the load is deposited on the fork, through which 
the small stuff escapes on to a sloping chute which 
forms a continuation of the fixed curved plate, and is 
deposited without a fall on to the perforated plate 
leading to the conveyor. Further rotation of the 
tippler results in the fork gradually opening as the 
free end slides down the sloping chute, and the large 
pieces are deposited on the perforated plate. The 
small coal has, in the meantime, fallen through the 
perforated plate, and a more complete separation is 
thereby effected, as it is not riding on the large coal. 
The fork automatically falls back into the closed 
position as the tippler is rotated to the empty-tram 
position. 

Electrical apparatus is fairly well represented, but 
most of it is of standard type or shows only minor 
modifications. Among the exhibits on the stand of 
Messrs. The General Electric Company, Limited, 
Kingsway, London, W.C.2, however, a liquid controller 
of special interest in colliery work may be noticed. 
This is a 50-h.p. liquid controller in which the casing 
area is sufficient to ensure effective cooling without 
a water supply, which is. not always easily obtained in 





remote workings. The operating lever is directly 
connected to the dippers. An oil-immersed drum 
switch, either of the flameproof or industrial pattern 
and attached directly to the casing, is provided for 
stator reversing. It is interlocked with the controller 
so that the switch cannot be reversed unless the dippers 
are withdrawn. Both the controller and drum-switch 
lever can be operated by one hand, and the balance of 
the former is such that, when the hand is taken off the 
operating lever, the controller automatically returns 
to the starting position. A number of other types of 
switchgear are also shown. The Fraser and Chalmers 
Engineering Works of Messrs. The General Electric 
Company, Erith, shows a solid-injection burner for 
pulverised fuel for a Lancashire boiler and an illustra- 
tive exhibit of the Redler conveyor, while an item 
which attracted considerable interest was a laboratory 
form, in essence a working model, of a Bliss cluster 
rolling mill, with two working rolls and four support 
rolls, for the manufacture of which in all sizes the firm 
are the licensees in this country. 

Messrs. Ferranti, Limited, Hollinwood, Lancashire, 
may be mentioned as making an attractive display 
of examples of their five main products, viz., meters, 
transformers, instruments, heaters and wireless appa- 
ratus. The stand of the Cardiff Corporation Elec- 
tricity Department is an admirable example of the 
way in which the uses of electricity can be popularised, 
and though most of the exhibits make a general appeal, 
one of them has a more particular technical interest. 
This consists of the method of recording the station 
load. The daily load curves are plotted on stiff 
squared paper and each sheet is then cut out along the 
curve and with a uniform square base. All the sheets 
are clamped together and stand vertically in a frame, 
and the result is a three-dimensional model of the load, 
which, by its hills and valleys, shows at a glance not 
only the hourly, daily and seasonal variations but the 
increase of the load since 1922. 

Other electrical exhibits that may be mentioned are 
some on the stand of Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne. These include a new 
30-ampere flame-proof air-break circuit-breaker which 
is, amongst other uses, particularly suitable for switch- 
ing squirrel-cage motors direct on to the line. It is 
of the triple-pole type, for use on 660-volt alternating- 
current systems. The mechanism is built up on a 
frame which can be completely removed from the 
cast-iron casing. Each phase is fitted with a bi-metallic 
over-current trip, having an inverse time-lag character- 
istic, in addition to a separate instantaneous over- 
current release working from a series trip-coil also 
serving as a blow-out coil. Mechanical interlocks are 
also provided. The circuit-breaker may be used as a 
single unit, or may be mounted on a ’bus-bar chamber 
to form part of a switchboard. Another new item is an 
air-break reversing switch designed for use in conjunc- 
tion with electric drilling machines. Messrs. Reyrolle’s 
associated firm, Messrs. J. H. Holmes and Company, 
Limited, Hebburn-on-Tyne, show a squirrel-cage ball- 
bearing motor, totally enclosed with an external guarded 
fan, which is specially designed for working in hot 
places. A flame-proof squirrel cage ball-bearing motor 
with a flame-proof switch is also of particular interest 
in mining work. 

On the stand jointly occupied by Messrs. Premier 
Electric Welding Company, Limited, and Messrs. Alloy 
Welding Processes, Limited, Forest-road, London, E.17, 
is a novel and compact design of a motor-generator 
arc welding set rated at 6 kw. and giving 200 am- 
peres continuously under welding conditions. The set 
includes a simple control gear and is mounted on a 
welded-steel bedplate, so making a readily portable 
unit. The welding leads are attached directly to the 
dynamo terminals. A static transformer arc-welding 
set is also shown, and an interesting display is made of 
the Premag process for welding copper. This is an oxy- 
acetylene welding process, in which a special alloy filler 
rod with a protecting coating is used. This avoids 
oxidation of the weld metal. An informative exhibit 
of oxy-acetylene welding and cutting equipment, 
including a portable set, was shown by Messrs. Allen- 
Liversidge, Limited, Victoria Station House, London, 
S.W.1. Another electrical apparatus but of quite a 
different character, since the current employed is mea- 
sured in amounts of from 1-3 to 4 amperes and in milli- 
volts only, is a motor-generator set and control panels 
for the N.O.C. process for the prevention of scale and 
corrosion in boilers. The exhibit is shown by Messrs. 
The New Oscilloscope Company, Limited, 272-4, 
Vauxhall Bridge-road, London, S8.W.1, a company 
associated with Messrs. Alfred Herbert, Limited, Coven- 
try, and includes examples of scale removed from 
various types of boilers with diagrams showing the 
method of applying the process to those boilers. 

Of the stands devoted to general engineering, that 
of Messrs. Tangyes, Limited, Birmingham, contains 
the largest variety, examples of many types of 
this well-known firm’s products being shown. The 
outstanding example is a 60-h.p. horizontal low- 
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compression heavy-oil engine. The distinctive feature 
of this engine is that, by means of a device on the 
camshaft, a super-charge of air is admitted to the cylinder 
at the beginning of the compression stroke when starting, 
so that no auxiliary heating device is required to ensure 
ignition. After some 10 to 15 seconds, the super-charge 
is cut out, and the engine continues to run on a com- 
pression which is claimed to be considerably lower 
than that normally adopted in heavy oil engines. 
A new product of the firm, namely a small vertical 
two-stroke oil engine, was illustrated by 2} h.p. and 
6 h.p. examples. 








GRAPHICAL METHODS OF FUEL 
CONTROL. 


At the meeting of the Institute of Fuel held at 
Burlington House, London, W.1, on the 12th inst., a 
paper dealing with graphical methods of fuel control 
in connection with furnace operations was read by 
Mr. James Cunningham, Wh. Sch. The fuel consump- 
tion of a furnace was stated to depend upon :— 

(1) The nature and amount of the material to be 
heated. 

(2) The type of furnace available or installed to 
deal with this material. 

(3) The method of running the plant, controlled by 
the shop management, subject to the requirements of 
the customers, and the adjustment and maintenance 
of the plant. 

(4) The actual operation by the furnaceman, within 
the limits imposed by (3). 

The investigations into furnace consumptions were 
undertaken with the twofold purpose of establishing 
some basis of comparison between what had obtained 
in the past and what might be attained, and also to 
find some method of rewarding the furnaceman for any 
improvement he might effect. This involved careful 
observation and measurement under actual working 
conditions. 

It was found, as a first approximation, that the 
variation of fuel consumption with output, and also 
with time, could be represented by a straight line, or 
a formula of the type F = A + 6S + cT, 


where F = total fuel consumption per run, 
= fuel required for lighting and heating up, 
S = number of shifts, 
T = tons heated, 


} and c being constants depending on the design of the 
furnace and the class of material heated. The diagrams 
in the paper showed various methods of representing 
the formula, each with the object of emphasising the 
importance of one of the factors, and a simple nomo- 
gram was given to facilitate calculation of the 
“scheduled” consumption per week. When, by 
suitable tests and examination of past records, such 
diagrams had been prepared, they could be used in a 
number of ways. In the first place, similar to the 
well-known Parsons’ line, they could be employed as 
a measure of the efficiency of the firing, improvement 
in which should have the effect of displacing the lines 
in the direction of reduced consumption. In addition 
to this, the placing of numerical values for the results 
of different variations in the method of operating and 
loading the furnace would draw direct attention to 
possibilities of economy which were independent of 
the furnaceman. The author pointed out that when 
new plant, or alterations to existing plant, were under 
discussion, the working conditions should be carefully 
considered, due regard being given to the relative 
importance of the constants A, 6, and c in the formula. 
For instance, when the furnace was required to be 
frequently heated up, the quantity of fuel A required 
for each such heating up should be reduced to a 
minimum by suitable design. 

The attainment of fuel economy in practice, the 
author stated, was largely a matter of book-keeping, 
and this applied to all furnaces, whether old or new, 
of poor design or of efficient type. The most efficient 
furnaces, which gave excellent results on test, often 
ceased to function as desired. It was not enough, 
however, to keep such records ; they must be studied 
and kept in evidence, so that each party concerned 
could add his appropriate contribution to the final 
result. While it was true that book-keeping could 
accomplish much, and was, in fact, essential, there was 
still ample scope for technical work. The establish- 
ment of the schedule served to provide a means of 
comparison of the past and the present, but it would 
also call attention to points which could be modified 
with little trouble and expense, and permit an appre- 
ciable lowering of the schedule itself. It was a common 
experience that greater economies could be effected in 
cost by attention to the quantity of fuel consumed, 
rather than by such small reductions in the price of 
the latter as were usually possible. While, however, 
seeking to reduce the cost of fuel, it must not be over- 
looked that this was only one item in the total, and 
that, while high capital expenditure might result in 
low cost of unit production under suitable conditions, 


if the use factor were low the ultimate cost would be 
less with plant of lower heating efficiency and higher 
fuel consumption. 

In the discussion on the paper, Mr. F. J. Bailey 
said that one of the difficulties experienced in the 
control of the consumption of coal-fired furnaces was 
the variation in the quality of the coal. This, although 
ignored by the author, had been found to cause con- 
siderable discrepancies between the expected results 
and those actually obtained. The validity of the 
straight-line law was questioned by Mr. Vernon, who 
pointed out that, at high loads, a point of maximum 
efficiency might be expected, after which the line 
would bend upwards. Mr. E. C. Evans, who occupied 
the chair, stated that the difficulties of measurement, 
for instance, in the case of hot, crude producer gas, 
were considerable and had not yet been solved. This 
prevented the complete application of fuel control. 
While agreeing that, due to such difficulties, accurate 
results were not obtainable under ordinary works 
conditions, the author said it was possible to obtain 
figures which would prove of considerable service, 
without resorting to elaborate tests. 








THE LATE PROFESSOR E. R. 
MATTHEWS. 


THE news of the death in London, on November 6, of 
Professor Ernest Romney Matthews, at the early age of 
57, will be received with regret by a wide circle in the 
engineering profession. A former Chadwick Professor 
of Municipal Engineering at University of London, 
University College, Gower-street, Mr. Matthews had 
held the position of Chief Drainage Engineer to H.M. 
Office of Works since November, 1920. The third son 
of the late Mr. William Henry Matthews, Chief Officer 
of Coast Guards, Hastings Division, and one of the few 
survivors of the ill-fated troopship Birkenhead, which 
sank in tragic circumstances off Cape Agulhas in 1852, 
Mr. E. R. Matthews was born on January 16, 1873. 
He received his general education at St. Michael’s 
Private School, Hastings, and, in 1890, at the age of 
17, entered the office of Mr. P. H. Palmer, Borough and 
Waterworks Engineer of Hastings. After serving for 


some years as junior assistant he became senior assistant | 


and obtained a considerable amount of general experi- 
ence. In 1898, when only 25, Mr. Matthews was 
appointed Borough Engineer of Bridlington, Yorkshire. 
During his tenure of that office, which he retained until 
1914, he designed and carried out a number of important 
undertakings. These included main drainage works, 
road improvements, electricity works, waterworks 
extensions, sea defence works, harbour and sea-front 
improvements, retaining walls, and bridge construction. 

Mr. Matthews became Chadwick Professor of 
Municipal Engineering at University of London, 
University College, in 1914. He was also appointed 
consultant to the Troon Town Council, Ayrshire, the 
Walton-on-the-Naze Urban District Council, and the 
Bognor Town Council, in respect of sea defence works. 
In 1915, Professor Matthews joined the British Expe- 
ditionary Force in France and Belgium as a specialist 
sanitary officer. He held the rank of captain in the 
Royal Army Medical Corps (Territorials) and com- 
manded the 34th and 57th Sanitary Sections. He was 
responsible for the water supply to the troops and also 
for sanitation ; in recognition of his services he was 
twice mentioned in Despatches. Upon returning to 
this country in 1919 he resumed his Professorship at 
University College, and continued to occupy the Chair 
until November 1, 1920. At this time he also took an 
office in Victoria Street and practised as a consulting 
engineer. On November 1, 1920, he entered upon his 
duties as Chief Drainage Engineer to H.M. Office of 
Works, and during the subsequent years he designed 
sewerage, drainage, and sewage disposal works. 
Among these may be mentioned the re-drainage of 
Broadmoor criminal lunatic asylum, of Hampton 
Court Palace, and of the Houses of Parliament, and 
drainage works for the Government’s Hull Housing 
Scheme. 

Professor Matthews was for many years a contri- 
butor to our columns. He was, for instance, the 
author of a long series of articles on ‘‘ Coast Erosion 
and Protection,” the first of which appeared in 
ENGINEERING, Vol. xciv, page 282 (1912). Among his 
other articles, to mention only two, are ‘‘ Wave Action 
on Breakwaters” (vol. xcvii, page 175, 1914), and 
‘Sewers in Bad Ground and Deep Cuttings” (vol. 
xevi, page 843, 1913). On several occasions he dealt 
with coast erosion and sea defence works in able papers 
presented at meetings of the British Association. As 
long ago as 1904, when he was only 31 years of age, 
he read a paper before the Institution of Civil Engineers, 
entitled ‘“ Erosion on the Holderness Coast of York- 
shire.” Professor Matthews was for many years a 
fellow of the Royal Society of Edinburgh, of the Roya] 
Geographical Society, and of the Geological Society, 
He became an associate member of the Institution of 





Civil Engineers on April 3, 1906, and passed to ful) 


membership in January 23, 1923. He was elected a 
member of the Institution of Municipal and County 
Engineers and of the Royal Sanitary Institute in 1898. 
In October, 1905, he was made a fellow of the latter 
Institute, and later served on the Council. For long a 
member of the Society of Engineers, Mr. Matthews was 
awarded the Bessemer Premium for his paper on the 
Bridlington parade extension works in 1905. 








THE LATE MR. ARTHUR MUSKER. 


WE regret to note the death on November 13 last, 
at his home in Antrim-road, Hampstead, London, 
N.W.3, of Mr. Arthur Musker, for many years a partner 
in the firm of Messrs. C. and A. Musker, Limited, 
Liverpoool. Mr. Musker, who had latterly practised 
as a consulting engineer in London, and occupied an 
office in Abbey House, Victoria-street, S.W.1, was 
born on April 4, 1862. He was educated at The 
Grange School, Bootle, and afterwards, from 1878 to 
1883, served a pupilage of five years under Messrs. 
J. H. Wilson, Liverpool. Subsequently he became a 
draughtsman and assistant engineer in the works of 
Messrs. Ransomes and Company, Ipswich. After 
serving, for a short time, in a similar capacity with 
Messrs. Emerson Walker and Company, Newcastle- 
upon-Tyne, he became a partner in the firm of Messrs. 
C. and A. Musker, Limited, Liverpool, in 1888. Subse- 
quently he became managing director. During the 
years which followed he was engaged in the design and 
manufacture of hydraulic lifting and pressing machinery, 
steam engines, hydraulic machinery for making concrete 
paving slabs, electrical lifting appliances and power 
installations. His firm also manufactured heavy steam 
motor wagons. 

Mr. Musker was responsible for the construction of 
many important hydraulic installations for docks and 
railways, including plant for the Mersey Docks and 
Harbour Board. When the works were built, at 
Manchester, for the British Westinghouse Company, 
he designed and supervised the erection of passenger 
and goods lifts, electric pumps, and other equipment. 
The firm of Messrs. C. and A. Musker, Limited, closed 
down in 1911, and Mr. Arthur Musker opened a con- 
sulting practice in Northumberland-avenue, London. 
One of his first works was to design two-ton compen- 
sated electric luffing cranes, working on the Musker 
and Davison system, and constructed by Messrs. 
Stothert and Pitt, Limited, for the Bristol Docks. 
Furthermore, 25 three-ton electric jib cranes, supplied 
by Messrs. Royce, Limited, Manchester, for installation 
at the New Joint Dock at Hull, opened by H.M. the 
King in June, 1914, were fitted with Musker-Davison 
luffing gear. Mr. Musker continued in practice for a 
long period ; he occupied an office at 22, Northumber- 
land-avenue, London, W.C.2, for some time, but had 
recently removed to 301, Abbey House, Victoria-street, 
London, 8.W.1. For many years a member of the 
Liverpool Engineering Society, he became president 
in 1902. Mr. Musker became a member of the Institu- 
tion of Mechanical Engineers in 1897. He was made an 
associate member of the Institution of Civil Engineers on 
December 1, 1896, and was elected to full membership 
on April 22, 1902. 


THE LATE MR. E. GARCKE. 

Tue death of Mr. Emile Garcke, which occurred at 
Pinkneys Green, Berkshire, on November 14, at the 
age of 74, deprives the British electrical industry of 
a well-known figure. In his early days he was recog- 
nised as an especially able and far-sighted organiser 
and as a whole-hearted believer in private enterprise, 
even when that enterprise was hampered by, what 
he was not alone in thinking, misconceived legislation. 
His views, no less than his methods, often brought him 
into conflict with authority and vested interests with 
the usual results, but with the passing of years he was 
able to develop a retrospective philosophy, and to 
regard his early struggles with a detachment from 
which he tried to extract what he called a broad view 
of existence. He often developed this theme at great 
length, but it may be summarised by saying that as a 
thinker he felt a little uncomfortable that so many 
millions of money and so many thousands of persons 
were employed in dealing with a “thing” or “activity,” 
like electricity, which could not be accurately defined. 
In his opinion, the electrical engineer ought to develop 
exceptionally large views and to discover for himself 
how fundamental not only to physics and chemistry, but 
to biology and psychology, electricity was, difficult as 
that task might be in the midst of his other and varied 
activities. This plea for a larger outlook he emphasised 
by pointing out that on the more everyday side of 
electricity, and, indeed, of industry generally, there 
was an all-round lack of co-ordination, notwithstanding 
the efficiency of British methods in attaining practical 
ends. It was probably with this end in view that he 
took a leading part in the formation of the British 














Institute of Philosophical Studies, of which he became 
Honorary Treasurer, but it may be doubted whether, 
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for obvious reasons, his views have yet received the 
close examination they deserve. 

Emile Garcke was born in Germany in 1856, but 
he came to this country at an early age and was natu- 
ralised as a British subject when he was only twenty- 
four. After being engaged in banking and on the 
business side of mining for some years, he began his 
first connection with the electrical industry in 1883, 
when he was appointed secretary of the British Electrical 
Engineering Company. He maintained a life-long 
connection with this concern, and was its chairman 
at the time of hisdeath. In 1893, he became managing 
director of the Electric Construction Company, of 
Wolverhampton, and two years later formed the British 
Electric Traction Pioneer Company, which subsequently 
developed into the British Electric Traction Company. 
This concern, with Mr. Garcke at its head, played an 
active part in the establishment of electric tramways 
in this country and in the attempts, mainly abortive, 
which were made to rid that form of traction from 
the burden of the municipal veto. The company was 
also concerned with the development of public electricity 
supply both by provisional order and by means of 


power companies. The finance and promotion of these’ 


undertakings was controlled by the Electric and 
General Investment Company, which was formed 
for this purpose. 

Mr, Garcke’s activities in these fields were largely 
confined to the Midlands, but, as showing their scope, 
it may be mentioned that he was associated with over 
80 companies, including the Shropshire, Worcestershire 
and Staffordshire Electric Power Company, and the 
North Metropolitan Electric Power Supply Company, 
of the former of which he was chairman. He was also 
president of the British Electrical Federation and 
deputy chairman of the British Electric Traction 
Company. His interest in electrical legislation is 
indicated by the number of committees on which he 
served. These included Lord Thurlow’s Electric Light 
Act Committee, of which he was secretary. He was 
also instrumental in founding the electrical section of 
the London Chamber of Commerce, of which he became 
chairman ; was a member of the Executive Committee 
of the Federation of British Industries, and a vice- 
president of the Tramways and Light Railways Associa- 
tion, He was elected a member of the Institution of 
Electrical Engineers in 1889. He was also the founder 
of that useful reference book The Manual of Electrical 
Undertakings, with which all those concerned in the 
industry are closely familiar. 








THE LATE MR. CHARLES FLETCHER. 

Enainecers in the Manchester district will learn 
with regret of the sudden death of Mr. Charles Fletcher, 
which occurred at his home in Hilltop Avenue, Cheadle 
Hulme, Cheshire, on November 10 last, from pneumonia, 
following influenza, Mr. Fletcher, who had _ been 
managing director of Messrs. Edward G. Herbert, 
Limited, Atlas Works, Levenshulme, Manchester, for 
the past 28 years, was born on October 28, 1868. 
After receiving his general education at grammar 
schools in Stevenage and Freshfield, he commenced, in 
1883, when 15 years of age, an apprenticeship of five 
years with his uncle, Mr. Edward Fletcher, who traded 
as Messrs. William Collier and Company, machine-tool 
makers, Salford. Meanwhile, he continued his tech- 
nical education in Manchester Municipal Technical 
School. In 1888, Mr. Fletcher was appointed chief 
draughtsman of Messrs. The Patent Exhaust Injec- 
tor Company, Limited (now Messrs. Davies and 
Metcalfe, Limited, Romiley, Manchester). In the 
following year, however, he joined the engineering staff 
of Messrs. Henry Simon, Limited, Manchester, and 
remained with this firm urtil 1892. During the period 
from 1892 to 1897, he was ‘unior partner, with the late 
Mr. John Heaton, in the firm of Messrs. Heaton and 
Fletcher, mining and chemical-plant engineers. The 
partnership was terminated by the death of Mr. 
Heaton, and Mr. Fletcher became chief draughtsman 
in the works of Messrs. Holden and Brooke, Limited, 
Manchester, a position he continued to occupy until 
1901. From 1902 until his death he was managing 
director of Messrs. Edward G. Herbert, Limited; he 
acted as joint managing director, with Mr. E. G. 
Herbert, from 1902 to 1928, but became sole managing 
director in June, 1928. In this capacity he had full 
responsibility for all technical, manufacturing, and 
commercial matters. Mr. Fletcher became a member 
of the Manchester Association of Engineers in 1920, 
and was elected to full membership of the Institution 
of Mechanical Engineers a few months ago. 








Tue Benes Fvuer Pump; Erratum.—We regret that 
when describing the fuel pump for heavy-oil engines 


developed by Messrs. Benes, Limited, 24, Holborn, 
E.C.1, we stated that the pump was undergoing tests 
by the Admiralty. This should have read the Air 
Ministry, and a corresponding correction should be made 
in connection with Fig. 4, page 629, ante, which shows 
the pump fitted to an Air Ministry engine, and not an 
Admiralty engine as stated. 


OIL FILM LUBRICATION. 


COMPARISON OF EFFIOIENCY OF THE ENGINES OF THE §.S. ‘“‘ BELAWAN”’ (ORDINARY LUBRICATION) AND 
8.8. “ Birrygoz” (O.P.R. LuBricatton). 
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LETTERS TO THE EDITOR. 


RESEARCH AND EMPIRICISM. 


To THE EpiToR oF ENGINEERING. 


Srr,—In your leader on Mr. Paterson’s presidential 
address at the I.E.E. in your issue of the 3lst ultimo, 
you suggest in effect that the law of supply and demand 
must regulate research as it does things in other walks 
of life, and you are led to doubt the existence of a case 
for research into variation of supply voltage. 

There is an important factor in the operation of the 
law of supply and demand which is frequently over- 
looked and which is an important one in this instance. 
I refer to the predominating effect of organisation. 
Where either demanders or suppliers are highly organ- 
ised and the corresponding suppliers or demanders 
are not so, the view of the organised section is apt to 
predominate to an extent which may greatly reduce 
the effectiveness of the law of supply and demand. 
Competition has driven manufacturers to research and 
to the close study of the public demand to an extent 
which is still on the upward grade, as I am convinced 
that the economical limit of expenditure on research 
by industry in this country is a long way above the 
average present expenditure by manufacturers. Elec- 
trical manufacturers have organised research on a 
large scale for many years past—it has been the 
foundation of their business—and they have organised 
their business as well in a co-operative sense. 

Now, it was a most noticeable feature that when 
research for the industry as a whole was organised by 
the manufacturers and by the I.E.E., representing 
the professional element, it was soon found that the 
researches most needed by the industry were researches 
to be conducted almost exclusively from the standpoint 
of the user. That is to say, for lack of organisation the 
proper demand of the user had been to a large extent 
ineffective. On the one hand there were the “ author- 
ised undertakings,” large users of electrical plant, 
and on the other ‘‘ the public,” large and prospectively 
larger users of electricity and electrical appliances. 
The solution of problems outstanding at the time the 
Electrical Research Association was formed repre- 
sented many millions to the general public and very 
large sums to the authorised undertakers. This was 
due to the inability of unorganised users to make their 
needs felt. There had been an accumulation of users’ 
problems outstanding for many years. 

But to come nearer to the case in point: is it not 
a fact that whereas the user, organised only in a 
general sense through the Government, has demanded 
a voltage variation not exceeding + 4 per cent., the 
organised business of electricity supply, practically 
free from internal competition, whether in the hands 
of municipalities or companies, does not always 
recognise this limit ? Has the average individual user 
any effective way of making his demand heard ? The 
case against the gas industry is worse, but where do 
demanders get an effective hearing ? It is common 
knowledge that in certain districts one had better not 
attempt Sunday cooking at the usual hour, and the 
public has been driven to buy automatic regulators 
for gas cookers because the automatic regulation by 
the gas supplier is so bad. Can it be seriously argued 
that the present variation in gas pressure really repre- 
sents an economical limit ? Isn’t it fixed mainly in 
the interests or supposed interests of the pockets of 
organised gas supply undertakers ? 

I submit that the case for research into supply 
voltage variation is mainly that the demand of the 
user has not been effectively voiced for lack of organi- 
sation, and that it is therefore almost certain that the 
conditions of supply fall below the economic limit. 
The ultimate allocation of permissible variation in 
product as between the manufacturer of appliances 
and the supplier of electricity is an economic problem 
of great public importance, towards the solution of 





which there are no adequate data available on the side 





of supply. There is thus a case for research into both 
voltages and economics. 
Yours faithfully, 
E. B. Wepmore, 
Director and Secretary. 
The British Electrical and Allied Industries Research 
Association, 
36 and 38, Kingsway, London, W.C.2. 
November 14, 1930. 





OIL FILM LUBRICATION. 
To THE EprTor OF ENGINEERING. 


Smr,—In the issue of ENGINEERING of October 10 
(page 478 ante) you published an account of the paper 
which I read at the World Power Congress of Berlin on 
some improvements relative to “ the increase of effici- 
ency of propelling machinery of ships.” 

In the table of savings obtained, the figure of 8 per 
cent. is given as corresponding to “ Oil film lubrication 
(Michell).”” The Co. Générale Transatlantique own a 
number of vessels fitted with thrust-blocks of the Michell 
type. We have always been fully satisfied with those 
thrust blocks, and have observed that they give a 
notable reduction in frictional losses. Following on 
consideration of those excellent results, Mr. Martin du 
Pont, General Engine Surveyor at the Havre branch, 
investigated the means to obtain an oil film in ordinary 
thrust blocks in existing bearings without using oscil- 
lating pads. 

The principle of the new device (known as the 
O.P.R. or I.N.A. system) first lies in priming the film 
through a suitable connection with the bearing surface 
of special pockets cut out in that surface, and in fitting 
these pockets at sufficiently small intervals. The 
result obtained with thrust blocks have been so satis- 
factory (on the 8.S. Marigot we were able to eliminate 
five collars out of six, and to go on working with only 
one collar) that in succession we took measures to 
adapt this device to all engine bearings, including shaft 
bearings, top and bottom ends of connecting rods, 
eccentrics, guide-blocks, &c. All applications led to 
the same successful results, namely, the suppression of 
wear in metal, decrease in oil consumption, and increase 
in efficiency. From various records we found that the 
increase in efficiency obtained in marine engines through 
the application of those devices to all bearings including 
thrust block, was about 8 per cent. 

Very complete measurements have been made 
recently on the two Royal Packet Navigation Com- 

ny’s S.S. Belawan and Blinjoe, the former being 
fitted with the ordinary lubrication system, and the 
latter with our special device, providing for an oil film. 
In each of those steamers the power developed in the 
cylinders and on the shaft was recorded with the 
utmost care. 

The results obtained are given by the table above. 
The increase in efficiency was found to be 5 per cent. 
at full power and 10 ? cent. at reduced speed. It is 
noteworthy that both vessels are driven by efficient 
engines without slide valves for the distribution of 
steam, Lentz valves being employed for the four 
cylinders, driven by only two eccentrics. The com- 
parative measurements being made on engines already 
designed to have a high efficiency have led to a lower 
improvement than if they had been made, for instance, 
on engines fitted with slide valves. 

To sum up, the records made by the Royal Packet 
Navigation Company fully confirm our first valuations 
as regards the average increase in efficiency at about 
8 per cent. Such saving is due not to the use of 
oscillating pads such as the Michell system, but to 
the production of an oil film between parallel surfaces 
on the O.P.R. system, now adopted by the “Co. 
Générale Transatlantique” on many of their vessels. 

We trust you will kindly publish this correction. 

Yours faithfully, 
M. H. Brix. 
Office de Perfectionnements Rationnels, 
16, Rue Clément-Marot, Paris, 8e. 
November 3, 1930. 
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SOME CONSIDERATIONS AFFECT- 
ING FUTURE DEVELOPMENTS OF 
THE STEAM CYCLE.* 

By K. Baumann. 
(Continued from page 599.) 
Design of Pipe Flanges.-—The question arises as to 
what conditions must be met to prevent leakages in 
flange joints. Referring to Fig. 8, the bolts must be 


able to take the thrust due to the steam pressure. It 
is usual to assume that this will be exerted on the 


Fig.8. 
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the total force to be exerted by the bolts, the following 
value :— 
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Where:-a and b = Constants in Creep-rate (c)-Stress ()-Relation: f-a +b Loge C. 


E = Modulus of Elasticity 


of Steel. 


fo- Initial Tension wr Bolt. 
n = Ratio : (Flexibility of Flange): (Flexibility of Bolt. 
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Basis flange stress is calculated by Waters’ and Taylor’s method (Mechanical Engineering, Mid-May, 1927, 


page 531), with correction for effect of bolt holes. 


Flange flexibility at bolt circle is calculated by 


Waters’ and Taylor’s method, with allowance for deflection by direct compression and shear. 


Stress and flexibility of bolts are calculated for 


liameter of the pipe and the area of the joint surface. 
In addition, the bolts must produce a certain pressure 
over the joint surface 8, which must bear some 
relation to the steam pressure. On the assumption 
that the pressure per square inch on the joint surface 
would be m times the steam pressure, we obtain for 





_* Paper read before the Institution of Mechanical 
Engineers, North-Western Branch, at Manchester, on 
November 6, 1930. 








ring of 12 bolts. 


It is doubtful whether the joint can be maintained | 
with a pressure at the joint less than double the steam | 
pressure, so that the stress in the bolts must be at | 
least 1% times that resulting from the steam thrust | 
calculated on the internal diameter of the steam pipe. | 
It is customary to tighten the bolts to a higher stress | 
than is suggested by the above formula, and also good | 
practice provided care is taken that the bolts are not | 
stressed above the elastic limit when cold. Bolts so 
tightened, at least for high pressure or high tempera- | 
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ture flanges, should preferably be measured for exten- 
|sion, and the tightening up is facilitated by heating 
| the bolts. 

| It is assumed, in the first place, that the pipe has 
been put under pressure, and that flanges and bolts 
have been brought up to normal temperature, and 
that this temperature is uniform throughout the flange 
joint. The flange itself is assumed to be rigid, com- 
pared with the flexibility of the bolt. The stress in 
the bolts may be 10 tons per square inch at a given 
time. The creep rate of the bolt material, at a given 
temperature, is assumed to vary with stress according 
to Curve A, Fig. 8. This straight-line relationship 
between stress and logarithm of creep rate holds with 
reasonable accuracy, as may be seen by comparison with 
| the creep rates shown in Figs. 3 and 4, page 598, ante. 
| The stress of 10 tons per square inch, being within the 
creep range, the bolt will start to creep, i.e., extend 
in length quickly at first, more slowly later, thus 
reducing the stress in the bolt. This decrease in stress 
is shown in curve B of Fig. 8. It will be seen that, after 
900 hours, the stress is reduced to 6 tons per square 
inch, and after 9,300 hours to 3 tons per square inch, 
which is the stress corresponding to a creep rate of 
10-°. If the steam thrust corresponds to this stress, 
the pressure between the joint faces will have dis- 
appeared completely, and the joint is bound to leak. 
Most probably, the joint would have started to leak 
after 4,000 hours, when the stress was reduced to 4 tons 
per square inch, and the pressure between the joint 
faces was reduced below double the steam pressure. 
The sharp initial drop in the bolt stresses indicates that 
the initial tension in the bolt does not affect the life 
of the joint appreciably. Curve C shows the fall in 
the stress in the bolt on the assumption that the 
flexibility of the flange is equal to the flexibility of 
the bolts, but that the stress in the flange does not 
cause any creep of the material. In this case, the life 
of the joint is doubled. If the flexibility of the flange 
is increased still more, to four times the flexibility of 
the bolts, the life of the joint becomes five times that 
obtained with rigid flanges. Curve B applies also to 
the hypothetical condition of rigid bolts and a flexible 
flange, the flexibility and the creep rate of which are 


Fig.i0. 
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| equal to those of the bolts just considered, and conse- 
quently curve B also applies to the case when equal 
| flexibility and equal creep rate in both bolts and flanges 
are obtained. Similarly, it can shown that* for any 
flexibility of flange 
flexibility of bolt 
| creep rate of flange 
creep rate of bolt 
to fall from one given value to another is q 
1 


j 1 


” 


ratio, n = and for any ratio p = 


, the time required for the stress 


+n, : 
—— times that given by curve B. 


Thus, curve C holds for all values of » and p which 
produce g = 2; for instance : 

| n= 1 Pp 0 

n 2 } 

n 3 p= I, &. 
| The parameter q is a direct measure of the relative life 
|of a joint. It should be noted that creep of the flange 
}is a much more complicated process than creep in 
| the bolt, because the stresses in the flange are largely 
| bending stresses, and creep produces a redistribution of 
| stress. 
The following three deductions from this analysis 


| are worth special mention :— 


(1) If the stress in the bolts due to steam thrust alone 
produces creep of the order of 10-*, it may be possible 
to keep the joint tight for approximately one year, but 
not longer, providing the flexibility of the flange is at 
least equal to that of the bolts, and provided the stresses 
in the flange do not produce creep. With Cr-Mi-Mo alloy 
steel with creep characteristics shown in Figs. 2 and 4, 
page 598, ante, and a bolt temperature of 800 deg. F., 
the corresponding stress would be approximately 65 





* See Appendix. 
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tons per square inch ; for 850 deg. F., 4 tons per square | ship between the life and parameter q only holds if, 


inch ; for 900 deg. F., 2-5 tons per square inch ; for | 


950 deg. F., 1-5 tons per square inch ; and for 1,000 deg. 
F., 1 ton per square inch. 

(2) Flexibility in the flange is very desirable, pro- 
vided the stresses in the flange do not cause creep. 
A flange of which the flexibility equals that of the bolts 
compensates for a reduction in creep strength of the 
bolt of roughly 25 per cent., or alternatively doubles 
the life of the joint. , 

(3) With a rigid flange, the life of the joint is indepen- 
dent of the length of the bolt, both creep and flexibility 
being increased in proportion with the length, and 
their individual effects are compensated. The use of a 
longer bolt is beneficial only if the addition of a washer 
or the like adds to the flexibility of the flange, but does 
not add proportionately to the creep rate. In general, 
the life of a joint is only increased by additional flexi- 
bility if this additional flexibility does not involve a 
proportionate increase in the creep rate of the structure. 

In view of the importance of the relative flexibility 
of flanges and bolts, the use of a loose flange is of 
special interest. It is more flexible than the solid 
flange, and its flexibility and the stresses can be more 
readily calculated and high-grade material can be chosen 
from the point of view of creep strength. The curves A, 
B, C, D, E and F, in Fig. 9, page 661, show the stresses 
and the flexibilities in both bolts and flanges as a 
function of the thickness of the flange. The joint is 
suitable for a pipe of 84-in. bore and a steam pressure 
of 1,400 lb. per square inch. The stresses in both the 
flange and the bolts are the same for a flange thickness 
of 4-66 in. The flexibilities in both the flange and 
the bolt also become equal for about the same thickness 
of the flange. If the shank of the bolt is machined 
down to the root diameter of the thread, its flexibility 
is increased and it becomes equal to the flexibility of a 
flange of 4-2-in. thickness. 
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when a flange slackens, the ratio of the creep in a bolt 
and the creep in a flange remains constant. According 
to the creep rate stress relation shown in Curve A, 
Fig. 9, this would apply only for the case where the 
materials for both bolt and flanges, as well as the 
stresses, are the same. If these conditions do not apply, 
then the parameter qg changes during the life of the 
joint and the true life must be obtained by a complicated 


Fig i. 
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the bolts and the flanges are identical. For a flange 
thickness above 34 in., the three curves calculated for 
bolt stresses of 2, 3 and 5 tons per square inch, res- 
pectively differ little from one another, whereas for 
thinner flanges, the parameter depends to a large extent 
on the stress in the bolts. This means that, for thin 
flanges, the life parameter varies considerably during 
the life of the joint, and the actual life would have 
to be determined by a further process of integration. 
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Fg.?2. RELATIVE LIFE OF LOOSE FLANGES SHOWING 
COMPARISON OF FULL AND UNDERCUT BOLTS. 


Fg.t3. STRESSES IN JOINT DURING STARTING UP. 
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being the same in both cases.. The ratio » has been | above, the calcula- = 


plotted for various thicknesses of the flange in Fig. 10, | tions, which are ae 
on the previous page, for both the full bolt and the | given below are only to be considered as qualitatively 


undercut bolt. 


|correct, but not necessarily quantitatively. They, 


The determination of the value p presents greater | however, serve to prove a few rules, the accuracy of 
difficulties for the following reasons :—(1) In the absence | which will not depend on the uncertainty of the factors 


of test results on creep of flanges, or even bars under 
bending, the relation between maximum bending stress, 
calculated in the customary manner, and creep cannot 
be predicted with certainty. The redistribution of 
stress in a bar under bending is not known. An analysis 
of the probable conditions based on existing knowledge 
of creep is urgently needed. For the purpose of the 
calculations given below, it was assumed that creep of 


stated above. 

It can be shown that the creep of the flange measured 
in the direction of load is approximately inversely 
| proportional to the flange thickness for a given creep 
in the direction of stress. It follows, therefore, that, 
for given stress conditions, the creep of the flange 
measured in the direction of load is inversely pro- 
portional to the flange thickness, whereas the creep 





the flange in the direction of stress varies with the | of the bolt is proportional to the flange thickness. 
maximum stress according to a logarithmic law of the | The life parameter is plotted in Fig. 11 for the case 


same nature as the creep of the bolt. (2) The relation- | where the physical properties of the materials used for 


As the true life lies between the curves given for the 
various stresses, it follows that, for thick flanges, the 
curves shown indicate the true life with considerable 
accuracy. 4 

The following conclusions can be drawn from Fig. Bs 
—(1) The maximum of life is obtained for a thickness 
of the flange between 3 and 3} in. (2) The maximum 
life of the joint occurs at a point where the flexibility 
of the flange is about double that of the bolts (see 
Curve F). (3) The life decreases slowly with increased 
thickness of the flange, and, finally, the life parameter 
reaches the value of 1, i.e., that for a rigid flange. 
(4) The life decreases rapidly with decreased thicknes= 
of flange, on account of the rapid increase of the 
creep of the flange. The latter is indicated by the 
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creep of flange 
creep of boits 
If the creep strength of the material used for the 
flange is lower than that of the bolts, the position is 
changed, as shown in Fig. 12, Curve A, being the same 
curve as A, in Fig. 11. Curve B, shows the life para- 
meter for the joints, in which the creep strength of the 
flange material is only half that of the bolt material. 
The maximum life is reduced in the ratio of 2-3 : 1-37, 
and the thickness of the flanges for maximum life is 
increased from 3-2 in. to 4-7 in. 

It has been suggested that it is beneficial to reduce 
the diameter of the shank of the bolt to the root dia- 
meter of the thread. In Fig. 12, Curves A,* and B,* 
show the life of joint with full bolts in relation to the 
life of the joint using undercut bolts, (Curves A, and 


Curves C,, C3, C;, showing the ratio of 
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B;) for the same loading of the flange. On account of 
the decreased rate of creep of the full bolt, resulting 
from the lower stresses in the shank of the bolt, 
the life of the joint is roughly doubled, which clearly 
proves that the practice sometimes suggested is erro- 
neous. 

If during normal operation the bolt and the flange 
are at the same temperature, it follows that, when 
cold, the stresses will be the same as when under load, 
provided the coefficients of expansion of the material 
in both flange and bolts are the same. During warming 
up, the temperature in the bolt will not be raised as 
quickly as the temperature in the flange, with the 
result that both the bolt and the flange will be sub- 
jected.to higher stresses. If the elastic limit is 


exceeded, the bolts, and possibly also the flanges, may 





be permanently stretched, and this may cause a leakage 
of the joint. 

As these stresses occur at lower temperatures than | 
the normal, and as the starting up periods are of 
short duration, the question of creep will not usually 
enter into consideration. 





The conditions obtaining during the starting period 
are shown in Fig. 13, for the flanges, which have been 
in use for some time at the Mannheim power station 
for a steam pressure of 1,420 lb. per square inch gauge 
(100 atm.), and a steam temperature of 870 deg. F. 
It has been reported (V.D.I., September 5, 1930, page 
1237), that difficulties have been experienced owing 
to stretching of the bolts, which occurred during start- 
ing up periods. This conclusion was arrived at after 
examining the stresses which were likely to occur 
owing to the difference in the temperatures of the bolt 
and the flange, the flexibility of the flange being 
considered negligible. From temperature measure- 
ments on other flanges, it was assumed that, during 
starting, the maximum difference in temperature 
of the flange and the bolt was about 180 deg. F. 
(100 deg. C.) during normal operation, and the differ- 
ence was reported to be about 25 deg. F., the 
temperature of the flange itself being about 25 deg. F. 
less than the temperature of the steam. The diagram 
in Fig. 13 shows, approximately, the conditions which 
obtain under these conditions. 





Ftg.15. IMPROVEMENT IN 
HEAT CONSUMPTION. 


A. By Raising Temperature only 
B. By Raising both Temp.& Fress. 


135 















1-30 


125 


1:20 


7-15 





7-10 





Ratio of Heat Consumption. 





Ratio of Thermal Efficvency. 


1-00 





700 800 900 1000F ° 
300° = 600‘ NOOO. SGN. 
Steam Pressure & Temperature. 


Fig.17. RATIO OF HEAT IN 
SUPERHEAT TO HEAT 
OF EVAPORATION. 


0-7 


=) 
a 


erheat. 


Heat of Evaporation. 
> 
a 


S 
a 


at uy. 
°°: ¢ 
~ & & 





Ratio 


700 600 900 1000 
Temperature Deg.Fatr: 
a a a 
300 400 600 800 1000 

Steam PressureLb.perSg-In. 


“ENGINEERING” 


The stress in the bolts, based on steam thrust alone’ 
is 3-1 tons persquare inch. In this case, the stress was 
calculated in accordance with the practice adopted in 
Germany on the assumption that the steam thrust acts 
on the area of a circle the diameter of which is equal 
to the mean diameter of the joint face. The initial 
tension when cold was reported to be 9 tons per square 
inch. During warming up, the stress in the bolt would 
vary according to curve B, and reach the high value 
of 25 tons per square inch if the flange was rigid. 
Actually the flexibility of the flange is about 1-58 times 
that of the bolts, and consequently the stress only 
reaches a value of 15 tons per square inch shown in 
curve C. Even this stress, however, exceeds the yield 
point (curve D) of the material used for the bolts by 
a small amount, with the result that the bolt is 
stretched and the initial tension is lowered, until after 
repeated starting and stopping the stress in the bolts 
would vary according to curve Cl, which is, however, 
still sufficient to maintain the joint. The explanation 
offered, therefore, cannot be accepted. The obvious 
explanation lies in the fact that the bolt was subject to 
creep during the normal operating conditions. Judging 
from the data given in Figs. 1 and 2, page 598, ante, 
steel is subject to creep at a rate of at least 10-* strain 
per hour, at a stress of less than one third of the yield 


of the bolt material under the normal operating tem- 
perature was 9 tons per square inch, while the creep 
rate with a stress of 3 tons per square inch would be 
at least 10-* strain per hour. As this stress is equal to 
the stress produced by the steam thrust alone, it 
follows that the failure of the joint was bound to 
occur within at least a year. To overcome the dififi- 
culties experienced, it was decided to use steel (Krupp 
E.F.D. 70) having a considerably higher yield point 
(Curve D'). As the creep strength of this new material 
will no doubt also be greater, the life of the joint will 
be increased, not because stretching of the bolt will 
not occur during starting periods, but because the 
rate of creep during normal operation will be reduced. 
The decision, however, to reduce the diameter of the 
bolt to the root diameter of the thread, shown on the 
right in the section of the flange, Fig. 13, would appear, 
however, to be of doubtful benefit judging from the 
conclusions arrived at above. 

The differences in the temperatures of the bolts 
and the flange which are reported to arise during 
starting periods appear large, but even with this large 
difference in the temperatures, the analysis of the 
conditions obtained shows that the life of the joint 
depends on the creep characteristics of the material 
under normal operating conditions. Nevertheless, it is 
obvious that frequent heating and cooling may cause 
extension of the bolts if the heating takes place 
rapidly. 

It is of interest to note the effect of the difference 
between the steam temperature, the temperature of 
the flange, and the temperature of the bolt, obtained 
during normal operation. It would obviously be bene- 
ficial if the temperature throughout the joint could be 
kept below the temperature of the steam. According to 
Fig. 2, page 598, ante, the creep strength for a creep 
rate of 10-° is increased roughly 25 per cent. for every 
25 deg. F. lower temperature, and this is roughly 
equivalent to doubling the life of the joint. With the 
customary constructions of steam-pipe joints, a lower 
temperature is only obtained as a result of heat loss 
by convection, the lagging not being a perfect insulator. 
As the bolts are farther removed from the steam, their 
temperature would normally be lower than the mean 
temperature of the flange. Consequently, the stresses 
in the bolts and the flanges will be greater during 
normal operation than when cold, and the pressure 
between the joint faces will be increased. The period 
during which this pressure can be maintained during 
normal operation, however, depends on the creep 
strength of the material, and if the difference in the 
temperatures of the bolt and the flange exceeds a 
certain limit, it follows that, when cold, the pressure 
between the faces will disappear and the joint will 
leak when put under pressure. As the joint heats up, 
however, the bolt will heat less quickly than the flange 
and the joint will become tight. The decreased stresses 
in the joint when cold may be the source of difficulties, 
as additional bending stresses may occur, unless the 
joints are located in those parts of the pipe line where 
bending stresses are small. These difficulties could be 
minimised if the coefficient of expansion of the bolt 
material were slightly higher than that of the material 
used for the flanges. 

It is apparent, therefore, that there is a definite 
limit to the difference in the temperature of the bolt 
and that of the flange from this point of view. In 
addition, a relatively large difference in these tem- 
peratures will also involve a correspondingly increased 
difference in temperatures during starting up, as an 
unsatisfactory lagging of the joint would undoubtedly 
introduce greater temperature stresses than a perfect 
lagging during starting up, which would produce 
stretching not only of the bolts but also of the flange. 
The flanges are subject to a higher temperature than 
the bolts, and for this reason they are liable to creep 
to an extent which has probably not been appreciated 
sufficiently. Measurement of flange distortions is not 
easily carried out, and it is possible that they have 
escaped notice. In view of the high stresses existing 
in the Mannheim flanges, it will be of interest to watch 
further developments. 

It is evident that flange joints for high pressures 
and temperatures have a limited life, but that a new 
lease of life can be obtained by the simple process of 
tightening the bolts. If the bolt material is satisfactory, 
and is not liable to become brittle, it is not advisable 
to replace them unless a better material can be obtained. 
New bolts of the same material are liable to creep during 
the first stage, which is of relatively short duration at 
a considerably greater rate than that which occurs 
during the second stage, and which has been the subject 
of our considerations. It has been determined by test, 
that Cr-Ni-Mo steel, which creeps at the rate of 2 x 10-* 
during the second stage, has an initial creep totalling 
10-4 in 200 hours (or roughly one quarter of the elastic 
extension). This corresponds to a creep which will 
occur during 5,000 hours in the second stage. The 
effect of this initial creep can probably be compensated 





stress (i.e. about 3 tons per square inch). 
In the case of the Mannheim joint, the yield point 


by applying additional initial tension. It would not 


seem desirable, however, to apply this method on 
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flanges which have already been “ seasoned,”’ as this 
would cause an additional distortion of the flanges. 
It is a matter for further investigation whether or 
not it would be better to submit new bolts, prior to their 
use in flanges, to stresses at the appropriate temperature 
in order to pass them through the first stage of creep. 
The conclusions which have been arrived at in 
these notes emphasise the urgent necessity for syste- 
matic investigations on the behaviour of flanges at high 
temperatures and pressures on a greater scale than 
has been contemplated hitherto. 

The investigations indicate that the steam tempera- 
ture for power stations is limited by the creep properties 
of existing materials, and that steam plants for tem- 
peratures above 800 deg. F. require very careful 
examination from this point of view. Creep charac- 
teristics of existing materials, as far as they are avail- 
able, indicate a very definite falling off in the strength 
of the materials at higher temperatures. The use 
of high temperatures has been encouraged recently, 
as it has enabled the use of higher pressures without 
reheating the steam. If the wetness in the exhaust 
is to be kept below a certain maximum (say 12 per 
cent.) to prevent excessive corrosion, then it will be 
possible to raise the pressure with the temperature 
according to curve A in Fig. 14, page 663. By raising 
the temperature from 800 deg. F. to 900 deg. F., for 
instance, the pressure could be raised from 430 Ib. per 
square inch gauge to 680 1b. per square inch gauge. The 
improvement in thermal efficiency of the plant by raising 
hoth temperature and pressure would be roughly 8 per 
cent. for every 100 deg. F. increase in temperature, 
whereas the improvement by raising the temperature 
only would be one-half, i.e., 4 per cent. for 100 deg. F. 
increase in temperature. This is shown in Fig. 15. 

The use of higher temperatures, together with corre- 
spondingly higher pressures, as suggested, is seriously 
handicapped by the variation in the steam tempera- 
ture which occurs in most boilers using convection 
type superheaters with varying load. The greater 
the load on the boiler, the higher the superheat. 
This means that, at periods of highest loads, the con- 
ditions become most severe, a condition which should 
obviously be avoided if possible. With higher tem- 


peratures, which mean higher superheats, as shown | 


in curve B, Fig. 14, this variation of total temperature 
becomes greater than with moderate steam con- 
ditions, because the proportion of heat to be trans- 
mitted in the superheater becomes larger and the pro- 
portion of heat required to evaporate water becomes 
gradually smaller. This is shown in Fig. 16 for the 
conditions that feed water is supplied to the boiler 
at temperatures given in curve C, Fig. 14, which 
has been calculated on the basis of four-stage feed-water 
heating, and for the gain due to feed heating being 


$ per cent. below the maximum theoretical gain. | 


The temperatures calculated on this basis produce, 


for average conditions of load factor, cost of coal, | 


&c., the maximum economic gain. 

The ratio of heat in superheat to heat of evaporation 
shown in Fig. 17 is:—2I1 per cent. at 700 deg. F. and 
270 Ib. per square inch g.; 28 per cent. at 800 deg. F. 
and 430 Ib. per square inch g. ; 37 per cent. at 900 deg. F. 
and 680 Ib. per square inch g. ; 50 per cent. at 1,000 deg. 
F. and 1,040 tb. per square inch g. In view of these 
conditions and the rapid decrease in creep strength 
of all materials at higher temperatures, it becomes 
increasingly more important to provide boiler plant 
in which the superheat can be automatically con- 
trolled. It is suggested that the boiler shown dia- 
grammatically in Fig. 18, which may be called a 
inultiple-superheater boiler, meets these conditions and 
offers, at the same time, various other advantages. 
It retains those parts of the existing boiler which have 
proved successful and which are essential, such as 
water-cooled walls, but all water tubes, apart from 
those exposed to radiation, are eliminated. 

The necessary convection cooling surface for the 
gases is obtained by means of superheater tubes, in 
which the steam is superheated twice, each process 
being carried out in separate superheaters. Before 
the steam passes from the first to the second super- 
heater, the steam is cooled in tubes immersed, or 
partly immersed, in the water in an evaporating drum. 
The water evaporated in this drum is added to the 
steam evaporated in the boiler proper, and passed 
together with it to the first superheater. 

The gases pass from the furnace A, which is sur- 
rounded by water walls B, to a superheater chamber 
C, which is arranged above the furnace, but is pro- 
tected from the radiation of the furnace by two or 
more rows of tubes, which form part of the circulation 
between the back water wall and the boiler drum D. 
The de-superheating evaporator is shown at E. The 
steam from both drums D and E passes to the first 
superheater, which is shown to be arranged in counter 
current with the flue gases, and after being super- 
heated it is led to the cooling tubes arranged within 
the evaporating drum E. As the pressure on the 


water side is slightly higher than that on the steam 
side, the steam is cooled to a temperature higher than 
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saturation temperature, and it is then led to a second 
superheater, which may be arranged in parallel 
current with the flue gases, in order to keep the tem- 
perature of these tubes, which are exposed to the 
hotter gases, as low as possible. After being super- 
heated to the required temperature, which is auto- 
matically controlled as described later, the steam is 
supplied to the turbine. 

The additional steam supplied by the de-superheating 
evaporator may be 20 to 40 per cent. of the total 
steam quantity, according to the superheat and 
pressure used. The maximum amount of heat which 
may be taken up in the additional superheater is 
indicated by the cross-hatched area in Fig. 16. These 
figures are well within the range of possibility, and 
show quite clearly that the multiple superheater 
can be used to displace the usual convection surface 
|of a boiler, since, in practice, boiler operation figures 
| have shown that it is possible to transmit to the 
| furnace walls amounts as high as 80 per cent. of the 
| heat of evaporation. 

The evaporator tubes may be of the hairpin type, 
and the separate evaporating drum would be of a 
design similar to a high-pressure feed heater, with 
the exception that the steam passes through the 
tubes and the water surrounds the tubes. Tubes of the 
greatest obtainable length can be used for the con- 
struction of this boiler, thus reducing the number of 
expanded joints to a minimum. The full height of 
the boiler unit, 7.e., from the bottom of the furnace 





Fug. 18. DIAGRAMMATIC ARRANGEMENT OF 
MULTIPLE SUPERHEATER BOILER. 
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to the drum, is available to maintain natural circula- 
tion, and this applies to all the heating surface of the 
boiler—that is, there are no mixed systems of circula- 
tion within this boiler. The superheater tubes may be 
of a relatively small diameter, thus reducing the 
weight of material for a given surface. They may 
be bent, and also made in great lengths, so that the 
number of joints is greatly reduced. 

The superheater is conveniently arranged to be 
accessible for cleaning and adjustment. The final 
superheat is maintained constant by automatically 
‘controlling the active surface in the evaporator, by 
lowering or raising the water level in the evaporator. 
This is effected by means of a relatively small throttle 
valve arranged in the saturated-steam pipe from the 
evaporator, this valve being controlled from a thermo- 
stat in the steam pipe after the final superheater. Thus 
there is no higher steam temperature obtained in any 
part of the plant than that intended for normal operation. 

The arrangement of economisers, preferably steaming 
economisers and air heaters at the back of the boiler, 
as shown, makes for compactness and simplicity. The 
boiler drum itself can be kept smaller, as only a portion 
of the total quantity is evaporated within it. Thus, 
considerable savings are effected in this part of the 
installation. Also, the number of tubes discharging 
into the drum is far less than is usually required with 
existing boilers, so that the strength of the wall of 
the drum is not reduced to the same extent. The 
thickness of the wall can therefore be reduced, thus 
further reducing the cost of the drum. All water 
tubes are conveniently arranged to enter the drums 
near the water level, thus minimising the risk of 
priming to a very large extent, while the drum is 
‘located in such a manner that it is not exposed to the 
hot gases. All expanded joints between tubes and the 
drum and the intermediate headers can be arranged 
|external to the furnace, so that any steam leakages 
become visible and can be remedied as soon as they 
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occur, and before excessive damage has resulted. As 
expanded joints are not exposed to high gas tempera- 
tures, large differences in temperature between the 
expanded tube and the headers or the boiler drum are 
eliminated. Added to this, the stresses on the joints 
are kept to a minimum by the flexibility of the tubes 
which the arrangement provides. The risk of leakage, 
therefore, is reduced to a minimum. 


(To be continued.) 








BULGARIAN INDUSTRY AND TRADE. 


BvuLGaRIA at present affords an example, of which 
there are many throughout the world, of a country 
which has but one way in which to seek for future pros- 
perity, viz., the establishment of a properly organised 
and modernised agricultural industry. The problems 
that confront those directly concerned with the welfare 
of the country are many: Old roads and railways must 
be improved, and new ones constructed ; silos for grain 
storage must be erected; handling charges for produce 
must be reduced through the introduction of modern 
equipment ; live stock must be improved; and irriga- 
tion schemes must be brought into operation in many 
districts. The land requires chemical fertilisers on a 
large scale, and rationalisation, through co-operative 
ownership of suitable implements on the small and 
scattered holdings, has become essential to future well- 
being. The task is a very great one, needing greater 
capital resources than those locally available if it is to 
be accomplished in a reasonable time. This is pointed 
out by Mr. 8. Harrison, the Acting British Consul at 
Sofia, in a report he recently prepared, entitled ‘* Eco- 
nomic Conditions in Bulgaria,” for the Department of 
Overseas Trade. In this publication, the estimate of 
the machinery required is given as :—600,000 ploughs, 
500,000 harrows, 100,000 cultivators, 100,000 trenching 
implements, 35,000 seed drills and 30,000 reapers. 
There are at present in use 300,000 ploughs, but no other 
class of implement reached so high a proportion of what 
is necessary. Without proper equipment and the means 
of making fhe production readily available to the 
markets, Bulgaria cannot expect to export to an extent 
commensurate with her requirements in imports. 

It has recently been decided to construct a barrage on 
the river Iskr, to impound 300 million cubic metres 
of water, as part of an irrigation scheme. Land recla- 
mation work is being undertaken in the swamp areas of 
Bourgas and Petrich, and a new scheme has been 
decided on to deal with the Vardimsko area east of 
Svishtoff on the Danube. 

Attempts are being made to stimulate the industries 
of Bulgaria by protective tariffs and by privileges under 
the law passed in 1928, establishing compulsory powers 
for the acquisition of land, the reduction of railway rates 
for materials and produce, the exemption from customs 
duties and municipal taxes for machinery and raw 
materials not manufactured or mined in Bulgaria, 
taxation relief in respect of buildings and income. 
and the establishment of priority rights for Bulgarian 
products in connection with State, district and munici- 
pal contracts. This attempted industrialisation has 
proved, in practice, to be ineffective in contributing to 
the amelioration of the economic situation. Indeed, 
it has increased to a considerable extent the financial 
distress of the country and, at the same time, may 
involve foreign suppliers of plant and machinery and 
of the raw materials of industry in heavy losses. 

During the last five years, the imports received from 
the United Kingdom have varied in value between 
1,100,0007. and 1,400,000. They consisted of textile 
materials of all types, machinery, implements, metals 
and metallurgical products, and chemicals. The exports 
to Great Britain in the same period ranged in value from 
60,0001. to 150,0007. and comprised oil-seeds, oil-cake. 
skins, cereals and tobacco. It should be noted that 
only a relatively small proportion of the overseas 
trade is conducted on a cash basis, and even such articles 
as coffee, tea, and metals are, at present, commonly 
supplied on terms ranging up to three months from the 
date of arrival of the goods in Bulgaria. Raw materials 
and semi-manufactured articles are seldom paid for 
earlier than six months from the date of receipt, while 
plant and machinery may only be accepted on terms 
extending over a period of years. The value of British 
goods absorbed by Bulgaria in recent years has shown 
no marked change, but the proportion of the total 
importation fell from 12 per cent. in 1927 to 10-8 per 
cent. in 1928 and 8-8 per cent. in 1929. In the Depart- 
ment of Overseas Trade report, Mr. Harrison warns 
British exporters that they will find themselves con- 
fronted with intense competition, and must be prepared 
to meet the exact requirements of the markets and 
accept terms and conditions of payment such as are 
agreed to by continental houses. There seems to be 
room for expansion in trade in many types of British 
goods, such as pig-iron, steel, nails, hollow-ware, bare 
copper wire and insulated cables, motor vehicles of all 
types, boilers, electrical machinery and appliances, 
agricultural implements and brickmaking machinery. 
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Fie. 1. GENERAL VIEW oF RIFLE. 
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Fia. 3. INSERTION OF LOADED CARTRIDGE CLIP. 


THE VICKERS’ PEDERSEN SELF- 
LOADING RIFLE. 


Ir is well-known that the military rifle has not been 
developed to the same point of effectiveness as the 
machine-gun, although the magazine rifle has been in 
use since 1890. The design of a weapon which has to 
be handled sometimes by partly-trained men, has to 
be carried by the individual soldier, and has to stand 
rough usage, presents many difficult problems, some 
of which have hitherto only been solved at the expense 
of others, the success of the general solution not being 
complete enough to warrant the discarding of weapons 
which have, for want of it, to be retained in spite of 
their limitations. The Pedersen self-loading rifle, 
which is illustrated by Figs. 1 to 4, above, is claimed 
by Messrs. Vickers-Armstrongs, Limited, Broadway, 
London, S.W.1, to fill the requirements for effective 
small arms for both infantry and cavalry in a more 
thorough manner than hitherto. 

The term “ self-loading ”’ is used for the rifle in the 
sense that once the magazine, which holds ten rounds, 
is placed in the breech, all the ammunition can be 
expended without any further effort than a pressure 
on the trigger for each shot, that is, there is no bolt 
to manipulate, and loading and ejection are automatic. 
At the same tine it must be understood that to avoid 
waste of ammunition fully automatic working with a 
continuous trigger pressure has been deliberately 
avoided. From the general views given in Figs. 1 
and 2, it will be seen that the new rifle is particularly 
free from any projections which might make it diffi- 
cult to handle. It has a barrel 24 in. long, and a 
total length of 45in. The weight is 8-8 1b. which com- 
pares favourably with the 9 1b. of the British service 
rifle. On the other hand the calibre is 0-276 in. (7 mm.) 
as against 0-303 in. of the service rifle, but, as the pos- 

















sible rate of fire is 90 rounds per minute, as an expert 
can fire 50 aimed shots per minute, and a reservist, say, 
25, this decrease in calibre is balanced by the greater 
amount of ammunition dealt with. The number of 
rounds carried can be increased by about 25 per cent. 
without addition to the load previously borne. The 
weight of 10 rounds complete with a clip, which is ex- 
pendable, is 0-486 lb., and the weight of one cartridge 
is 302-6 grains. This may be compared with the 
7-92 mm. Mauser cartridge which weighs 370-3 
grains. The barrel has 6 rifling grooves, with a uni- 
form twist of one turn in 9 in. The muzzle velocity 
is 2,700 ft. per second. 

The rear part of the barrel is air-cooled by means 
of helical fins, and is kept from contact with the hand 
by a light perforated cover. This is more clearly 
visible in Fig. 3, in which the operation of loading is 
shown. Below the cover the stock is formed with a 
gripping groove, making the rifle very comfortable to 
hold. The cartridge clip is loaded by a simple down- 
ward pressure of the thumb, and ‘is automatically 
ejected when the 10 rounds have been fired leav- 
ing the breach open in the position shown in Fig. 4, 
thus drawing attention to the fact that reloading 
is necessary. Incidentally, the breech flies open into 
this position at the firing of every shot, thus appa- 
rently obscuring the back sight. Paradoxical as it may 
appear, however, this action, which is followed by 
immediate and automatic closing, does not interfere 
with aiming in any way, due to its rapidity and the 
natural phenomenon of persistence of vision. The 
mechanism depends upon the contact of rolling surfaces, 
and is therefore not easily choked with sand or mud, 
a factor conducing to reliability under almost any 
conditions. The back sight, seen immediately behind 
the breech block in Fig. 4, is of the aperture type, the 





bar perforated with the aperture being capable of 





Fie. 4. Esrection or Empty CARTRIDGE CLIP. 


being moved transversely either way, for wind allow- 
ance, by an indexed thumb-screw on the right hand. 
Alteration for elevation is effected by a large vertical 
thumbscrew, with an index and formed with a helical 
milled ridge to ensure a proper grip. It is graduated 
to 1,000 metres. This sight can be adjusted both for 
wind and elevation with the right hand without remov- 
ing the rifle from the shoulder. The foresight is equally 
novel. It is of the bead type, but is carried on a bridge 
so that there is a view below the bead, as well as above 
it, a property which should be particularly valuable 
when using the gun against a moving object, such as 
aircraft. This sight does not interfere with the fitting 
of a bayonet of any desired type. 

As regards the performance of the rifle, we recentiy 
had the opportunity of witnessing a test on the National 
tifle Association ranges at Bisley, in which three men 
took part. Each fired about 180 rounds, beginning 
at a range of 500 yards, and then running forward 100 
yards and again firing, repeating this until a range of 
100 yards was reached. The best score was 85 bulls, 
53 inners, and 37 outers, and the worst was 50 bulls, 
60 inners, and 43 outers. In rapid firing for one 
minute at 100 yards one of the men made 62 bulls 
4 inners, 1 outer and 1 miss, a total of 68 shots. The 
recoil of the rifle was low, and it would appear that 
apart from the reduction in fatigue effected by this 
there is less tendency for the firer to lose his target 
between shots; while the elimination of frequent 
loading and bolt manipulation, reduces the number 
of times the target has to be picked up, and so conduces 
to a saving in ammunition by a smaller number of 
wasted rounds. Examination of the trajectory curve 
shows that this is flatter than that of the 7-92 mm. 
Mauser rifle, while the remaining velocity at a range 
of 1,000 metres is 1,120 ft. per second as against the 
Mauser rate of 925 ft. per second for the same range. 











666 


ENGINEERING. 


[Nov. 21, 1930. 








NOTES ON NEW BOOKS. 


Tur Handbook of Physics Measurements, by Ervin S. 
Ferry (Chapman and Hall, Limited, 12s. 6d. net), 
is a concise treatise on experimental physics, intended 
as a text-book for the use of undergraduate students 
and as a work of reference for industrial technicians. 
It is likely to prove especially valuable to instructors 
in technical institutions, for whom the tutorial experi- 
ence of Mr. Ferry and his collaborators in the Purdue 
University of Indiana, U.S.A., provides authoritative 
guidance in the selection of experiments in which, 
whilst the fundamentals of physical science are ade- 
quately illustrated, the applications of physics to 
industry and the limitations of college laboratories 
are not disregarded. Volume II of the handbook, 
which now reaches its third edition, deals with Vibra- | 





tory Motion, Sound, Heat, and Electricity and Mag- | 
netism. The presentation of each of these subjects | 
falls into two parts. In the first, the essential physical 
quantities are defined and briefly discussed, the | 
equations required for experimental measurements are | 
derived from the underlying theory, and the characteris- | 
tics of suitable apparatus examined. The second | 
part is devoted to a detailed description of the mani- | 
pulation of experiments, and the application of theory 
to the evaluation of numerical results. The mathe- 
matics is as simple as possible, the integral calculus 
being very sparingly used. Attention is everywhere 
directed to the corrections and experimental precau- 
tions necessary if reliable quantitative data are to be 
obtained. The basic idea of the authors has been, in 
fact, to devise problems which involve measurements | 
of physical constants, as distinct from qualitative | 
experiments without reference to any particular | 
application. Thus, the section on Heat includes | 
determinations of flash points, calorific values and heat- 
insulating properties. In all, over a hundred experi- 
ments are described in detail, whilst directions and 
suggestions for nearly as many more are contained in a 
supplement. With the exception of the short chapter 
on Sound, which relates only remotely to problems 
of the type encountered in works practice, the book 
calls for little adverse criticism. Two rather unex- 
pected omissions are the Kelvin double bridge and a 
standard pattern of liquid-fuel calorimeter. The 
determination of viscosities by an oscillating disc 
method might, with advantage, be supplemented by 
comparative direct measurements with some ordinary 
type of viscometer. In connection with the vibra- 
tion experiments, also, an example to demonstrate 
the principle of dimensional similarity would have been 
_ appropriate. On the other hand, the book is well 
produced and illustrated, and the text is admirably 
clear. An index and tables of physical constants 
increase its value for reference purposes. 








The prevention of boiler scale is not merely a question 
of water softening. The feed water may contain 
many different salts, the solubilities of which change 
in different ways with the temperature and the steam 
pressure ; the reactions are complex, and a good 
softener for low-pressure conditions may fail in modern 
high-pressure steam plant. The rate of circulation of 
the water is, moreover, an important factor, and there 
is a good deal more physical chemistry about the 
problems than is apparent from the simple relations of 
the phase rule. Thus, Mr. R. Stumper’s pamphlet, of 
50 pages, on Physikalische Chemie der Kesselstein- 
bilding und threr Verhiitung (Stuttgart: Ferdinand 
Enke ; price 4-80 marks) is likely to be instructive. 
He might have been a little more explicit regarding 
cures, however, and especially about his own methods of 
promoting water circulation, or he would have done 
well to wait until his own processes could be disclosed. 
Boiler scale is a costly and troublesome nuisance, as he 
points out, though it may not result in increasing the 
coal bill by more than 1 per cent. On the other hand, 
he admits that we must refrain from turning the boiler 
into a laboratory apparatus. Mr. Stumper is the 
chief of the chemical and metallographical research 
department of the Rothe-Erde Metallurgical Works, 
near Esch, Luxemburg, and, with Sauer and Karplus, 
W. Otte, Splittgerber, R. E. Hall, E. P. Partridge, and 
A. H. White, one of a none too large group who have 
not kept their studies of these »roblems private. He 
does not survey new anti-scale mixtures and processes. 
He stresses the point that the crystalline hardening 
mineral deposit must be converted into soft muds by 
treatment of the water, and by facilitating the liberation 
of the steam bubbles from the boiler walls, by providing 
for a rapid flow of water in a helical sense, if possible ; 
or by rotating the tubes and other means. A steam 
bubble deposits its mineral salts, which it can no 
longer keep in solution, in its shell or seat, where it 
tends to harden. If the bubble is liberated, the 
mineral may be redissolved; if not, it serves as a 
nucleus for further sediment. Some salts settle pre- 


ferentially on the colder portion of the boiler; some 


steam pressures ; for higher pressures, sodium phosphate 
and barium salts are preferable, but they are required 
in higher concentrations as the steam pressure is 
raised. The addition of colloids and _ electrolytic 
precipitation are doubtful remedies, as yet insufficiently 
tried. The author might well have given more informa- 
tion on these matters and on the mechanical processes 
for facilitating the liberation of steam bubbles. 





The romance of engineering, added to the romance 
of the sea, makes a story which fills some of the most 
fascinating chapters of the history of the mechanical 
arts over the last hundred years or so. These chapters 
interest a wide circle, and it is not only those who 
make a study of the history of steam navigation, but 
many general readers also who will find pleasure and 
instruction in the volume which has been published 
by the Isle of Man Steam Packet Company, Limited, of 
Douglas, under the title The Isle of Man Steam Packet 
Company, Limited, Centenary, 1830-1930. (Price 1s.) 
The history of the company with which it deals is 
naturally the main purpose of this work, but it gives 
an interesting account of the service which was pro- 
vided between the island and the mainland prior to its 
formation in the year 1830. Before 1767, communica- 
tion with the Isle of Man was furnished only by vessels 
sailing at irregular intervals, usually from Whitehaven 
or Liverpool, but in that year, the English Government 
established a regular weekly service for mails and 
passengers by means of a cutter sailing between White- 
haven and Douglas. The first steamer to call regularly 
at the Island was the Robert Bruce, which maintained 
a service between Liverpool and Greenock via Douglas, 
in 1819. She took an average of ten hours for the 
passage between Douglas and Liverpool. This steamer 
was followed by a number of others during the next 
ten years or so, but while a comparatively satisfactory 
service was run during the summer months, when a 
remunerative passenger traffic was furnished by 
visitors, great dissatisfaction was expressed over the 
accommodation provided during the winter. This 
dissatisfaction ultimately found expression in a public 
meeting at Douglas in December, 1829, at which it 
was decided to form a purely Manx company to provide 
a steamer service. The company ordered a steamer— 
the first Mona’s Isle—from John Wood, of Glasgow, 
the engines being constructed by Robert Napier. The 
boat arrived in Douglas on August 14, 1830. She had 
a length of 116 ft. and a gross tonnage of 200, was built 
of wood, had a nominal horse-power of 100, and 
a speed of 8} knots. She was very successful, and it 
is stated in this booklet that Robert Napier, in after 
years, said that he was largely indebted for his reputa- 
tion to the name made for him by the Mona’s Isle. 
The boat was followed by the Mona, a somewhat 
smaller, but slightly faster boat, in 1832, and by the 
Queen of the Isle in 1834. The publication contains 
a folding plate giving particulars of the 45 steamers 
used during the hundred years of the company’s 
history, from the Mona’s Isle of 1830, to the 3,104 ton, 
23-knot Lady of Manx, launched this year. This 
table is, in a sense, an epitome of the development of 
cross-channel steam craft, although, when looking at 
it from that point of view, it is necessary to remember 
that the company was frequently ahead of the average 
practice of its time. It built its first iron boat in 1845, 
and its first steel one in 1882. Its last paddle boat 
was built in 1903. An interesting chapter in the 
booklet, contributed by Mr. J. B. Waddington, one of 
the directors, and Mr. J. R. Kelly, the Superintendent 
Engineer, gives an account of the development of 
marine engines, as illustrated by the company’s ships, 
from the side-lever engines of the Mona’s Isle, operat- 
ing with steam at 15 lb. per square inch, to the geared 
turbines of the Lady of Manx. The publication is 
illustrated with views of both the early and present- 
day ships of the company, and forms an interesting 
contribution to the history of cross-channel navigation, 
and of the remarkably successful company with which 
it deals. The company, in the year 1929, carried 
1,177,799 passengers, and in busy times in August has 
run nearly fifty sailings in one day. Its present fleet 
consists of 17 steamers. 





The Report of the Second International Congress 
for Bridge and Structural Engineering, which was held 
in Vienna from September 24 to 28, 1928, under the 
presidency of Professor Friedrich Hartmann, of the 
Vienna Technische Hochschule, is a very interesting 
bulky volume of 790 pages illustrated by 597 figures 
in the text. All the European states and other coun- 
tries, such as China, Japan and the United States, 
were represented at the Congress. Only the summary 
of the proceedings is given in the three Congress 
languages, viz., German, English and French; the com- 
munications and discussions are reproduced in the 
language in which they were presented. In this connec- 
tion, the German language predominated. There were, 
altogether, 79 papers, some of which are only reproduced 
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in abstracts. They were divided into general reports 


(32 in number) and sectional papers and lectures on 
steel construction and on reinforced concrete, with a 
few supplementary contributions. The first general 
group also comprised reports on reinforced-concrete, 
its properties and concrete construction. Professor 
Emperger, one of the Congress Committee members, 
limited himself in his contribution to the reinforcement 
of vaulted concrete ribs. Our readers are familiar 
with his advocacy of proportioning the strength of the 
reinforcement to the load by the use of thickened rolled 
sections rather than the numbers of the bars of 
the reinforcement. One of the most instructive and 
prolonged discussions was on the effect of the impact 
of moving loads on bridges. Reports on this problem 
were presented by Professors Almon H. Fuller (Iowa), 
Goddard (Paris), Mendizdbal (Madrid) and Streletzky 
(Moscow), and the speeches and communications sent 
in by Messrs. A. Bihler (Berne), Hawranek (Briinn), 
Kégler (Freiberg, Saxony), Tillmann (Vienna), A. Hunter 
(Rutherglen), and others added considerably to their 
interest. The contents of the volume cover too wide 
a field to admit of further detailed comment, but we 
should add a word of commendation for the illustrations, 
which are excellent in spite of their small size. The 
publishers are Messrs. Julius Springer, of Vienna, and 
the price of the Report is 36 marks. 





The volume on the Berechnung der Anheizung und 
Auskiihlung ebener und zylindrischer Wande (Hauser und 
Rohrleitungen) (Berlin: Julius Springer; price 15 
marks), is a joint publication, in so far as two authors 
deal in two papers with the same subject, i.e., the 
calculation of the heating and cooling of plane and 
cylindrical walls, such as houses and pipe systems, 
having made their studies together at the Technical 
High School of Darmstadt. Each author is, however, 
only responsible for one paper. Dr.-Ing. W. Esser 
explains the theory, and Dr.-Ing. O. Krischer develops 
the simplified calculations based upon the approximate 
formule deduced by his colleague, for the computation 
of tables and graphs on the cooling coefficients of 
pipes of different sizes provided with insulating 
jackets of various thicknesses, in periods ranging 
from 2 hours to 48 hours and infinity. Theoretically, 
heat-flow problems can be solved by Fourier analysis. 
In practice, that method becomes too complicated 
except for stationary temperature conditions, and 
serious errors arise when these are presupposed with 
periodical heating and cooling. Dr. Esser considers 
the cooling of a wall when the heat source is cut off, 
and subsequently the re-heating. There will first be 
a sharp boundary between parts directly affected 
and parts not affected. After that period, the character 
of the thermal distribution, as denoted by sine and 
cosine functions for plane walls and Bessel functions 
for cylindrical walls, will remain essentially uniform, 
and there a steady free flow of heat, 
depending only upon the heat content and the 
gradient and representing a certain fraction y of the 
heat content in the stationary state. Dr. Krischer 
confirms the approximate formule deduced for 
% and the cooling rates by experiments, which are, 
however, limited to the determination of the thermal 
data of a steel pipe of 2 m. length heated by steam 
and insulated by kieselguhr, and he proceeds then to 
give tables and to general economical considerations. 
Good insulating materials, he concludes, are the more 
economical, the smaller their density and thermal 
conductivity. In making cost estimates for different 
insulating materials, the heating-up and cooling periods 
should always be determined, and such estimates of the 
most economic insulation thickness, with the daily inter- 
ruption of the heating periods, are only possible when 
the costs of the heat losses are small by comparison 
with the costs of the materials; the relations become 
simpler and more favourable with weekly periods. 





The only satisfactory test of a student’s grasp of 
mechanical and mathematical principles is the working 
out of well-selected examples. An excellent collection 
of these has just been published by Messrs. G. Bell 
and Sons, Limited, London, under the title of Examples 
in Mechanics. The price is 4s. 6d. net, and the book is 
the joint production of Messrs. A. Robson, M.A., and 
C. J. A. Trimble, M.A., of whom the first-named is the 
senior mathematical master at Marlborough College, 
whilst his colleague holds a similar post at Christ's 
Hospital. The authors, having each found existing text- 
books unsatisfactory, had, independently of each other, 
commenced to collect typical and instructive examples, 
and ultimately joined forces. Many of the questions 
in the collection under review have been taken from 
scholarship papers set at the Cambridge colleges, 
but a large number of easier problems are included. 
The questions are grouped under 19 heads and cover 
pretty well the whole field of elementary statics 
and dynamics. The volume also includes a series of 
revision papers, which add considerably to its value. 
Answers to the questions are given at the end of the 
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THE DETROIT-WINDSOR TUNNEL. 
(Continued from page 609.) 


WE concluded our first part of this article with a 
description of the steel shells of the sections of which 
the tunnel was built, stating that on the launching 
ways these were fitted with timber outside forms 
and watertight bulkheads, while the reinforcing 
steel for the lining was also placed in position at 
that time. 

In this condition each tube section weighed 450 
tons. They were launched sideways, and except 
in the case of the first section, in about 60 minutes. 
Figs. 26 and 27 show the launching arrangements 
hauling and control lines being led from the cradle 
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and when the lining and the small amount of tremie 
concrete was completed, the draught was 23 ft. 
The water in the slip was 25 ft. deep, but in order 
to reach the ship channel, several shoals had to be 
crossed, but for this, all the concrete might have 
been placed at the wharf, and the subsequent 
operation omitted. Owing to this the sections were 
towed up river, about five miles against a two to 
two-and-a-half mile current. This took about four 
hours, using four tugs, the destination being a point 
just above the site of the tunnel. Here, out in the 
river, four pile clusters had been constructed with 
their axis normal to the stream, and against these 
the section was moored. A floating concrete 
plant then completed the envelope of tremie 
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to the toe and head of the slipways. Fig. 31, on 
page 668 shows one of the sections on the slip. 
The launching ways in the first instance were inade- 
quate and settled so that the section, when partly 
in the water, stuck on the ways and had to be 
floated off by placing under it twelve pontoons. 
This accident caused a delay of four weeks. 

As soon as launched, the tube sections were 
towed to the adjoining wharf. Fig. 32, page 668, 
shows a section at the wharf before concreting was 
proceeded with. At this wharf the entire inside 
concrete lining was deposited and the floor slab 
cast. Outside, the lower or keel section of tremie 
concrete was poured, and a few feet on either side 
of the lower diagonal sides. In Fig. 32, showing 
one of the sections at the quay, work is proceeding 
on the forms. Figs. 33 and 34 show the concreting 
plant, the former depicting a section well advanced. 
The gaps in the forms were left for the insertion of 
the tremie pipe. At launching, a section drew 6} ft., 












concrete, until the section was almost awash. 
Alignment masts were next set in place and the 
necessary side anchors were set and rigged. The 
section was then ready for sinking. Fig. 43, on 
page 682 shows the pile clusters and a concreted 
section awash fitted with its alignment masts. 

While this work on the sections was proceeding, 
a trench had been excavated across the river on 
the required line and gradients. The question of 
foundation was not serious. The clay was every- 
where very stiff and each section, when fully com- 
pleted and back-filled, did not weigh more than 
750 tons over its buoyancy value. The ultimate 
footing pressure per square foot is not in excess of 
575 lb. per foot, not taking into account thé bearing 
value of the two lower 45 deg. sides. The problem 
was one of providing holding down weight during 
the operations rather than of bearing value on the 
foundations. 





The bed was prepared by depositing courses of 


sand and gravel over the previously excavated bot- 
tom of the trench. As the tunnel is generally on a 
gradient of 2} per cent., to get this sand equally dis- 
tributed to the correct slope at a depth below 
surface of from 65 ft. to 85 ft., was no easy matter. 
It was first proposed to effect this by means of a 
barge, but this plant was not approved by the engi- 
neers, because of the impossibility of securing satis- 
factory levelling from a floating plant liable to 
movement by wave action. To spud such a barge 
at the great depth required was impracticable. 
To get over this difficulty, the contractor contrived 
an appliance consisting of steel tubes arranged as 
a cattamaran, with a cross frame of smaller tubes at 
each end, leaving a clear working space in the centre 
of about 20 ft. by 60 ft. The arrangement is shown 
in Figs. 28, 29 and 30, below. A working platform 
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built upon these tubes supported rails for a traveller. 
The whole was attached at four corners to heavy 
concrete anchors against which it was pulled down 
by winches, until it was under such a strain as to be 
practically unaffected by the moderate waves 
encountered in the Detroit River. From the travel- 
ler above referred to was hung a grillage of I-beams, 
which could be lowered so as just to sweep the sand 
bed at the desired level. The traveller was set 
from the deck at the desired angle, corresponding 
to the prescribed grade. After depositing the sand 
through a hose it was levelled by the scraper pulled 
along by tackle attached to a dead man and brought 
up to the traveller. By means of this apparatus 
the sand was deposited almost to exact grade, 
and measurements taken by wire could be made with 
great accuracy. Fig. 44, page 682, shows the floating 
rig used, and Fig. 45 the sweep and concrete blocks 
used for anchorages and the dead men. 

While the finishing touches were being given to 
the preparation of the bed, the tunnel séction to 
be placed was depressed first at one end and then 
at the other by placing heavy blocks of concrete 
upon the deck. Over each end was floated a 
pontoon, and to these the section was fastened. 
Anchor lines were also attached to petrol-driven 
winches. The general arrangement of pontoons and 
lines is shown in Figs. 35 to 37, on page 669. The 
whole apparatus, consisting of the section and 
two pontoons was next warped round across the 
current and slowly let down over its approximate 
final position. The added weights resulted in the 
sections weighing about 70 tons more than their 
buoyancy value. In such a condition they could 


be easily raised or lowered in a few minutes. The 
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next proceeding was to warp the section close up 
to the joint, shift it up or down stream as directed 
by the alignment engineer, and finally slip it over 
the joint and lower it into place. Divers then put 
in the pins and keyed them. Figs. 38 and 39 show 
the preliminary conditions at the cluster piles, and 


Fig. 35. 


dredger. This was carried out at any convenient 
time subsequently. 

This entire process, after small errors and omissions 
were eliminated, proved satisfactory and expedi- 
tious. After the personnel had been tuned up, and 
when weather conditions were favourable, the time 
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Figs. 40 to 42 the sinking arrangements. Actually, 
however, the pontoons were placed fore and aft as 
shown in Figs, 35 to 37 already referred to. Fig. 46, 
on page 682 shows the pontoons and section ready 
for sinking. After placing a section in this way, the 
next step was to complete the work by tremie con- 
creting the few pockets at the top of the section left 
unfilled, and then removing the concrete blocks. 
After a joint has been connected, the steel joint 
forms were placed in position by divers as described 
in our last article, and the tremie plant completed 
the filling-in position around and over the joint. 
Nothing then remained but the backfilling by 








concreted and prepared for towing. Of a total of 
nine sections, eight were towed up the river, finished 
at the dolphins, and sunk. The working season 
extended from April 15 to December 5. In all 
nine sections were required. 

At one time river shafts were contemplated at 
the junction of the tube sections and the shield- 
driven tunnel. These would have been very 
expensive, and in a river like that at Detroit carrying 
very heavy traffic, it would have been difficult, if 
not impossible, to secure from the navigation 
authorities on each side of the international border, 
the necessary permission to construct and maintain 
them. It was finally arranged to build up the shore 
ends of tunnel sections Nos. 1 and 9 with a bell- 
shaped enlargement into which the land shield was 
guided. This arrangement, shown in Figs. 9 and 10, 
page 606, ante, proved successful, the shield entering 
the bell mouth with great exactness. 

Experience gained on the work appears to suggest 
a few modifications of the plan of operation and 
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occupied by each operation proved to be about as 
follows : 
Erection of section ready for launching—about 
36 days. 
Launching—about 60 minutes. 
Lining and preparing for towing—17 days. 
Towing up river—4 hours, depending upon wind 
and current. 
Preparing for sinking while at dolphins—11 days. 
Manceuvreing into position over trench—4 to 6 
days. 
Sinking and aligning—one working day. 





During 1929 eight tube sections were ereeted, 








“ENGINEERING” 


design, as above set forth. The octagonal cross 
section of the tunnel units was entirely satisfactory 
except at the joints where great difficulty was 
experienced in setting the lower diagonal forms. 
In future work it would be preferable to have at 
least ten feet at each end, of a rectangular cross 
section so that the joint forms might be placed 
vertically from the pontoon. The elimination of 
the necessity of finishing the sections at moorings, 
instead of at the slip, would have resulted in a great 
saving of time and undoubtedly would have been 
less expensive. 


(T'o be continued.) 








THE SaLe or Motor Cars 1n S1am.—A confidential 
report on the market for motor cars in Siam has been 
prepared by the Department of Overseas Trade, 35, 
Old Queen-street, London, 8.W.1. United Kingdom 
firms desiroys of receiving a copy of this report should 
communicaté with the Department at the above address, 
quoting Reference No. A.X. 10,421. 
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THE BUILDING RESEARCH BO ARD. | Full-scale observation on a wall of various bricks, 


Tue fourth annual report of the Building Research 
Board, dealing with the year 1929, has recently been 
issued.* As in previous years, the Board’s own 
report consists of a short summary of its proceedings, 
emphasising such aspects as in its view deserve 
special attention, and is supplemented by the much 
more circumstantial report of the Director of 
Building Research, which describes in some detail 
the various investigations in hand and the progress 
that has been made with them. 

Among the additions which have been made to 
the programme of work of the Building Research 
Station is a survey to be made, jointly with the 
Geological Survey and Museum, of natural building 
stones, including both their technical and economic 
aspects. The work undertaken by the Station in 
conjunction with the committee of the British 
Engineering Standards Association is now likely 
to lead to the publication of specifications for 
certain building materials. Another very im- 
portant addition to the Board’s work is seen in 
the co-operative research into the possibilities of 
the more efficient and economic use of steel in 
buildings and bridges, for which, by the co-opera- 
tion of the Station with the British Steel-work 
Association and the Institution of Civil Engineers, 
a Steel Structures Research Committee has been 
appointed. In various ways the contact between 
the Building Research Station and the building 
industry continues to be strengthened. The 
Institute of Builders has arranged to maintain 
one or two studentships at the Station, and there 
is a prospect that in one of the older Universities, 
a Chair of Building may be instituted. 

Weathering.—The work which is being carried 
out in the investigation of weathering is of much 
interest. Under this heading are included not 
merely the processes by which building materials 
may be deteriorated, but also those that produce 
phenomena such as damp walls. The study of 
the subject that has already been made has 
led to results of both theoretical and practical 
interest, but in many respects the processes of 
weathering are not yet fully understood. In the 
investigations into them, important developments 
have been made by introducing conceptions and 
methods which have arisen in connection with soil 
physics. 

In the first place, it has been necessary to 
understand the processes by which soluble salts 
are transferred within the material, and disfigure 
or disintegrate the surface when they crystallise. 
This involves a knowledge of the factors that 
control the movements of water through the porous 
material and its evaporation from the exposed face, 
as well as of the further forces involved when the 
liquid carries with it salts in solution. 

For a variety of reasons the ascription of these 
movements to a capillary head has proved inadequate 
to explain the observed phenomena. The condition 
in which further explanation is most needed is that 
in which the porous medium is not completely 
saturated, and the column of liquid within it may 
not be continuous. In such circumstances, the 
droplets within the pcres do not build up their 
hydrostatic pressure directly, but nevertheless they 
communicate with each other, either by way of a 
gel phase or through the effect which their hydro- 
static pressure exerts on the vapour pressure. A 
similar explanation has been given for the power of 
very tall trees to lift sap against the force of gravity 
to an extent that cannot be accounted for by the 
capillary properties of continuous tubes, each 
droplet being subject to forces equivalent to the 
osmotic pressure acting on a plant cell within a 
semi-permeable membrane. Measurements are there- 
fore being made of the vapour pressure in porous 
materials, in order to ascertain the hydrostatic 
pressure in the droplet, and it is hoped that they 
may lead to further knowledge of the processes of 
the movements of the water, and of its evaporation 
from the surface, as well as provide a means for 
studying the mechanical stresses induced in a 
porous material on wetting. 





* Department of Scientific and Industrial Research. 
Report of the Building Research Board, with the Report 
of the Director of Building Research, for the year 1929, 
H.M. Stationery Office. 
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exposed to severe weather, showed patches of 
localised ice formation, which there was reason to 
think, were due to water derived from the body of 
the bricks, and to arise partly from differences in 
the capillary properties of the material, and partly 
to differences in the reflecting power of the surfaces 
for infra-red (heat wave) radiation. Another 
instructive observation was made on a wall built 
with Fletton bricks and very finely pored mortar, 
and soaked with a salt solution applied at the base. 
The mortar was badly disintegrated, apparently 
through holding most of the water, while no signs 
of either efflorescence or ice appeared on the bricks, 
though at the time both were very marked on the 
bricks of other walls in the neighbourhood not 
impregnated with salt. In regard to processes of 
evaporation from various materials, information is 
being accumulated as to the rate at which bricks 
dry in different conditions of moisture, and as to 
the distribution of moisture during drying. The 
work is being continued with the object of 
verifying and completing the present explanation 
of the process. At the same time, the addition 
of salt solution instead of water, is being studied. 
So far, no evidence has appeared to show that 
osmotic forces arising from the salt are of sufficient 
magnitude to account for disintegration of porous 
materials, or do more than produce small transient 
pressures, which are relieved by the diffusion of the 
salt within the material. 

These and similar results obtained in these inves- 
tigations, have already been applied to elucidating 
problems relating to efflorescence and allied pheno- 
mena. Positions at which crystallisation occurs 
have been shown, for instance, to be influenced 
both by external circumstances and internal struc- 
ture. If, for instance, the external conditions of a 
homogeneous block of porous material cause water 
to evaporate more quickly at one part of the surface 
than another, the solution will flow in the process of 
drying to the region in which evaporation is the 
more rapid, in which soluble salts will tend to be 
concentrated. The position at which crystallisa- 
tion occurs, again, is affected by the rate of water 
movement relatively to that of evaporation, and the 
rate of water movement is affected by structure. 
With a porous brick, for example, in which water 
can move easily, it has been found that most of the 
drying takes place on the solid surface, where 
accordingly soluble salts tend to crystallise and 
produce efflorescence. Another application of the 
physical investigation is in regard to the manner in 
which the treatment of a surface by preservative 
solutions may also influence drying and crystallisa- 
tion. Thus if a wall treated with a wax solution, 
which, both prevents the absorption of water 
and retards drying from the surface, becomes 
damp within the body of the material, drying can 
occur only from the pores, and any soluble salts 
crystallise behind the treated surface. A somewhat 
similar effect is seen when a wall is pointed in a very 
dense cement mortar. As such a mortar is prac- 
tically impervious to water, very little drying can 
take place from the mortar joint. If, therefore, 
the wall becomes wet, it can dry out only through the 
surface of the brick, at which any soluble salt will 
thus tend to be concentrated, and so the liability 
of the brick to damage by crystallisation will in- 
crease. Experiments have shown also that the hard 
skin of calcium sulphate, formed on weathered 
limestone, reduces the rate at which evaporation 
can take place from the surface. 

In the study of the chemical attack on building 
materials by atmospheric gases an apparent dis- 
crepancy has been found between the resistance of 
limestone to sulphur dioxide in the laboratory, and 
the observed weathering properties of the stone. 
In the experiments in question, which were 
described in last year’s report, the specimens were 
exposed to the moist gas during the day and dried 
during the night in a vacuum desiccator. This 
year the experiments were repeated, with the varia- 
tion that during the night the specimens were left 
in the moist atmosphere of the exposure vessel, and 
under these conditions the results conformed much 
more closely to the order of the known weathering 
qualities of the stones. The result appears to suggest 
that condensation may be a more important factor 











in weathering than it has been recognised to be, 
in the same way as it is in its effect on the rate of 
corrosion of metal, and that heat capacity and 
radiation should therefore be further studied re- 
garding their effect on weathering. In other experi- 
ments, exposure of limestone to sulphur dioxide 
has produced skins such as have been found in 
weathering, sometimes with the characteristic blister- 
ing and exfoliation. These skins are extremely 
impervious both to water and to water vapour, 
so much so that while a specimen of such a stone 
was being dried in an air oven, it burst after a 
short time with explosive violence through the 
absence of outlets for the water vapour that was 
being generated. The similar skins formed on non- 
calcareous sandstones have been examined in 
detail, but at present it cannot be said whether 
they are protective or, like the calcium sulphate 
skins on limestone, are mischievous. 

The observation-described last year with regard 
to remedial measures have been continued. Among 
other results they have confirmed the favourable 
view expressed of washing as a means of retarding 
the decay of stonework as well as of keeping it 
clean. It was applied with good results in repairs 
carried out during the year on the central tower of 
the Houses of Parliament, a powerful jet of water, 
obtained from a small pump driven by an electric 
motor, proving sufficient to remove all the more 
incoherent soot deposit, and to reveal the stones 
that needed replacement, though not able to remove 
the hard surface skins formed in sheltered positions. 
A still more effective process is that of steam 
cleaning, and no evidence was found that the heat 
of the steam jet caused appreciable damage. The 
use of caustic alkalies, on the other hand, which are 
often present in secret preparations, is definitely 
mischievous, the more so because the damage may 
not become apparent for as long as twelve months 
after the alkali has been applied. In competent 
hands steam alone can do all that is necessary, and 
should not be applied without a guarantee that no 
alkali or other deleterious chemical is used. 

Building Materials. Extensive examinations 
were made during the year of a number of asphalt 
mastic roofings, the primary object being to obtain 
a specification of chemical and physical tests for 
distinguishing materials that might be expected to 
weather well. Considerable difficulties were found, 
and only one specimen of the mastics examined 
complied strictly with all the clauses of the proposed 
specification. Up till now the widespread introduc- 
tion of synthetic roofing materials, prepared from 
petroleum residues, has been accompanied by a large 
number of failures. No evidence has been produced, 
however, to show that synthetic mastics are neces- 
sarily inferior to natural products, but the possibility 
of obtaining satisfactory synthetic material appears 
to require a combination of research with actual 
demonstrations of weathering properties, which as 
yet has not been attempted. By a test developed at 
the Station, a number of bituminous sheetings have 
been examined for resistance to cycles of exposure to 
artificial light at moderate temperatures, freezing, 
and rain, successively. During the last year, 
irradiation was given at temperatures between 
50 deg. C., and 55 deg. C., and under these tests a 
pronounced weathering effect was produced, in 
some instances after two or three daily cycles. 
Generally severe weathering was produced after 
50 cycles, though one specimen was found to under- 
go very little change. Tensile strength increased 
with radiation, though not through temperature 
effects alone. The effect of the ultra-violet spectrum 
on the weathering has been shown directly to be 
proportionate to the transparency to the ultra- 
violet spectrum of shields covering the sheeting, 
and the typical crazing of bituminous sheeting 
during weathering was found to be minimised or 
perhaps obviated by impregnating the surfaces with 
very fine sand. 

The work on sand-lime bricks has been concen- 
trated mainly on investigating the importance of the 
ratio of the wet and dry strengths of the brick. 
The results show that this ratio is not a sensitive 
indication of the quality of the product. Methods 
have been developed and are being perfected, by 
which it is hoped to refer the hardening of sand-lime 
bricks to the presence of a chemical compound, 
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and to determine the relation of the strength to 
the amount of this compound present in the brick. 

The investigations on pozzuolanas have been 
pursued both in respect to methods and applica- 
tions. In particular, a good pozzuolana has been 
shown to exert a powerful effect in checking the 
disintegration of cement containing lime by solutions 
containing sulphates and similar salts. A large 
number of routine tests on various pozzuolanas have 
likewise been made, which until now show that 
spent shales are at least as efficient as the best burnt 


clay, and that either is better than high grade pozzuo- | 
lanas which have been used regularly on the Conti- | 


nent. 

Foundations. Professor Jenkin continued at 
Oxford his researches on earth pressure and the 
fatigue strength of stone, until the middle of the 
year, when on his resignation of his Chair at 
Oxford, the work was transferred to the Building 
Research Station. These investigations are to be 
continued, but in the meantime two important 
results have been obtained in regard to the load on 
sand foundations. It has been found that the 
closeness with which sand is packed may affect 
the resistance of the foundation to such an extent 
that, when closely packed it may be ten times as 
strong as loosely packed. 
that the pressure of the underside of a foundation 
resting on it is not distributed uniformly, but 
increases towards the centre from a negligible value 


It appears, moreover, | 
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| the lower temperature being only 4 deg. F. in excess | vibrator for current measurement, the whole 
of the maximum shade temperature for the day. | oscillograph can then be used down to 50 
| Similar though less pronounced results were obtained | milliamperes at 50 volts or less, the limiting 
| with other coatings. A series of experiments, still feature being now the voltage disturbance caused 
‘in progress, have shown very wide differences | by the current element. 

between different building materialsin their diffusive, The conditions which must be fulfilled by a valve 
reflecting powers, not only as between the different | circuit for use with vibrators are as follows: It 
' materials but also as between different wave lengths must be possible to calibrate the instrument by 
of radiation. direct current, and this calibration must hold for 
all wave forms or frequencies up to the limit of the 


THE USE OF TRIODE VALVES WITH 2ccuracy of the vibrator ; the effect of the curvature 
DUDDELL TYPE OSCILLOGRAPHS. ° the grid-voltage anode-current characteristic of 


the valves must not be so large as to distort unduly 
By Professor E. L. E. Waratcrorr and the oscillograms ; the adjustment must be simple, 
A, Granam, M.Sc. |and the zero-voltage line must correspond to zero 
Tue Duddell type of oscillograph is now a stan-| current through the vibrator, in order to make the 
dard equipment in electrical-engineering test labora- | best use of the film or screen width and the carrying 
tories, and, valuable as it is for many purposes, capacity of the vibrating strip. For this purpose, 
its range of utility is curtailed by the fact that, the steady part of the valve current must be 
‘for a reasonably large displacement, it needs a | balanced out. 
/eurrent of about 50 milliamperes if the natural} The circuit of the two-stage resistance-coupled 
frequency of the vibrator is to be kept high com- | amplifier used by the authors, with the calibrating 
pared with the harmonics usually measured. The | instruments, vibrator and batteries, is shown in 
| vibrator wire has a resistance of about 10 ohms, | Fig. 1. The anode of the first stage, which consists 
so that the full-scale consumption of an element | of a single B-11 type valve, is supplied by a 120-volt 
may be taken as 50 milliamperes at 500 millivolts. | dry battery B. The maximum current in this 
Consider such an element as used for current | circuit does not exceed 2 milliamperes, hence the 
measurement. Since 500 millivolts is 1 per cent. of | battery will maintain a steady output over long 
50 volts, we may say that the standard instrument | periods. The second stage of the amplifier, con- 
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at the edge. For similar foundations of different 


Fig. 2. 





sizes, however, the load carried varies as the cube 

of the dimensions and not, as hitherto believed, as 
the square. The tests are being repeated with more 

accurate apparatus, and if the results are confirmed, 

they will show that large foundations will bear | 
bigger loads than are calculated at present, and | 
that the bending moments on raft foundations for | 
similar spreading footings are less than is believed. | 
Attention has been given to devising methods for | 
conducting the more difficult tests on clay, and tests 

are in progress. It has been found that existing | 
theories, both for sand and clay foundations, are 

unsatisfactory, and new theories have been devised | 
and are under examination. Fatigue tests have | 
been applied not only to further stones than those | 
previously examined, but also to some wet stones, | 
and it has been found that on such stones as have 

been tested, the wetness has lowered the fatigue | 
limit much more than the static compression! °%% 

strength, reducing the ratio of the strength from | 

0-87 for dry stones to 0-32 for wet. Further tests |is suitable for current measurement on all circuits 
are to be made to ascertain the extent to which | of greater pressure than 50 volts, allowing that the 
the results are affected by the rate of loading. | disturbance caused by the vibrator be not more than 
It is remarked that the behaviour of stone and steel | 1 per cent. Now let the same element be used for 
under fatigue, which was found to be very similar voltage measurements. Fifty milliamperes is 1 per 
in the tests on dry materials, is still more strikingly | cent. of 5 amperes, so that the current rating of the 
so in the presence of moisture, the effect of water circuit on which the standard instrument is used 
or a salt solution in reducing the strength of steel | must not be less than 5 amperes, if we again limit 
under alternating loads being now well known. | the disturbance to 1 per cent. 

Temperature Effects in Buildings. The work) In the experimental laboratory, it is often a 
on the efficiency of buildings from the standpoint | great convenience to cut down the current scale of 
of the user has been directed mainly to ques-|a test well below 5 amperes, whereas usually 50 
tions of temperature and the reflection and_| volts is sufficiently small. One reason for this is 
transmission of radiation, and to the absorption | that a large number of modern circuits are operated 
and transmission of sound. It has been shown | at constant voltage, so that a minimum voltage of 
that the daily heat requirements of a house are | 50 implies a maximum voltage of about the same 
determined sufficiently when the average tempera-| value, whereas the minimum current desired is 
ture and amounts of sunshine, rain and wind are | always, in the limit, zero, 7.e., the open-circuit 
known. Methods have been devised for determining | condition. Therefore, the disturbance caused by 
what is known as the effective temperature of a|the vibrator must be calculated, not on full-load 
room, that is to say, the temperature at which, in| current, but on some current much less, which is 
still air, a sizeable black body at standard tempera- | arbitrarily fixed as the lower limit of the test. 
ture will lose heat at the same rate as it is being! The arrangement described in this paper was 
lost in its environment. Instruments have also | developed for the measurement of potential across 
been devised by which the heat transmitted by|a high-voltage arc, where the maximum current 
radiation and by convection can be recorded sepa- | was limited to 3 amperes, and where it was very 
rately. Experiments have shown that in wired | desirable to carry the tests down to the lowest limits 
glass there appears to be no measurable difference! of current, and where, in particular, the most 
of temperature between the wire and the glass, | interesting part of the potential wave occurred 
from which appreciable strain can be set up in the | when the current was very small. 
glass. Some experiments made during the summer! Since a potential divider was essential, it was 
on the effects of white-washing upon the transmission | desirable to use such a circuit as would take the 
of solar heat through glass roofs have shown that, | least possible current from the divider—namely, the 
under conditions tending to prevent the escape of ; valve-operated Duddell oscillograph. The range of 
heat otherwise than through the roof, the effect |such an instrument goes down to about 10 volts, 
of two coats of whitewash was to reduce the maxi-| and it is believed that such a circuit as is described 
mum temperature to 81 deg. F., while the tempera- | here has a considerable general utility for voltage 
ture under the clear glass reached 248 deg. F.,| measurement. In conjunction with a standard 
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sisting of four P.X.650 type valves connected in 
parallel, is supplied by a 150-volt, 10-ampere-hour 
accumulator A,. The anode current in this stage 
varies between 0 and 150 milliamperes. Now, 
such a variation of loading gives rise to changes in 
the battery voltage which may be of the order of 
4 volts, due to the practically open-circuit condition 
of the battery which obtains when the anode current 
is near zero. This, of course, would cause varia- 
tions in the calibration, and to avoid this open- 
circuit condition and the consequent unstable 
anode voltages, a 20-watt lamp is loaded across the 
anode battery, as shown. 

The balancing circuit required to neutralise the 
steady anode current is supplied from a 50-volt 
extension of the anode battery, A,;. The current in 
this circuit is controlled by a slide resistance R of a 
maximum value 1,250 ohms and a carrying capacity 
of 0-3 ampere. The steady anode current is 
between 60 and 70 milliamperes, and the voltage 
required for the balancing circuit is that which is 
sufficient to send this current through the control 
resistance R. It will be noted that the balancing 
control resistance forms a parallel path with the 
vibrator, and, therefore, in order not to by-pass 
any appreciable amount of the vibrator current, 
its value must be kept high compared with the 
resistance of the vibrator, which is about 10 ohms. 

The filaments of all the five valves are connected 
in parallel and supplied from an 8-volt accumu- 
Jator A,. Grid bias for both stages is provided by 
the small dry batteries, G, and G,, and an accumu- 
lator A,, which supplies current to the calibrating 
potentiometer. The coupling for the two stages 
is by a 9,500-ohm resistance non-inductively 
wound in the way described by Curtis and Grover.* 
‘ on Bureau of Standards, Vol. 8, pages 495-517, 

913. 
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It consists of a cylinder of about 4 in. long and 1 in. 
diameter. The cylinder is slit from one end for 
about two-thirds of its length. Winding, for which 
47-gauge Eureka wire is used, is carried out by 
putting on one turn, passing through the silit, 
then winding a turn in the reverse direction, and 
again passing through the slit, but from the opposite 
direction. The order of winding is then repeated. 

Under steady conditions, the grid voltage on the 
first stage is approximately — 26 volts, and that 
on the second stage about — 28 volts. Of this 
latter, about 10 volts is caused by the drop from 
the anode resistance in the first stage, leaving the 
battery to give about 18 volts. The grid excursion 
on either stage, to give full output (i.e., + 60 milli- 
amperes) to the vibrator, does not exceed + 10 volts, 
so that the negative grid potential on either stage 
is never less than, say, 16 volts. A switch S is 
provided as a safeguard to protect the vibrator 
strip from possible excess current, which may 
occur when the balancing current is incorrectly 
set. In the case of the four valves here used in 
parallel in the second stage, a separate 175-ohm 
non-inductive resistance is placed in the grid circuit 
of each valve. It was found by test that 50 ohms 
per grid was sufficient to prevent inter-valve oscilla- 
tion, but the value of 175 ohms was adopted as 
being sufficiently large to ensure a factor of safety, 
yet quite small enough to give negligible phase 
displacement to the grid voltage. 
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Due to slight changes in the voltage of the battery 
A,, slight changes in anode current will occur from 
time to time, requiring the adjustment of the 
balancing resistance R, to maintain the zero posi- 
tion of the vibrator. In this connection, it may 
0 ta 
o Vg 
is practically constant for small changes in the anode- 
battery voltage. The slope of the characteristic 
is, therefore, practically unaffected by a slight 
change in the voltage of A,, the effect being to 
bring the characteristic on to a line parallel to the 
previous characteristic, but slightly displaced 
above or below it, and, therefore, requiring an 
adjustment of the balancing current only. The 
position of mean grid voltage, however, must 
remain constant, as this would give rise to a lateral 
displacement affecting the symmetry of the charac- 
teristic. Now the grid voltage constancy depends 
on Vg, G, and G,, and on the anode current in this 
first stage. This anode current is very small, and 
is supplied from a triple-capacity battery which, 
in practice, has been found to remain unchanged 
over periods of weeks. No current is drawn from 
either G, or G,, and the potentiometer voltage 
is continually under observation, and can be 
adjusted to the chosen value at any time. 

A further point to note is that the calibration of 
the amplifier must be carried out with the vibrator 
in circuit, as the resistance of the vibrator, in 


be pointed out that the valve constant g = 


The instrument may be calibrated directly in conjunction with the balancing current which tra- 


terms of input-volts against vibrator-displacement 
or input-volts against output-milliamperes. The 
calibrating voltage is adjusted in steps of, say, 
one volt on each side of the mean value, or zero 
vibrator position, and the corresponding values 
plotted. The complete curve must now be judged 


| Arc Volts 
for symmetry about the balance point chosen. It ~ 
will probably be found that slight alterations in the | 


grid-bias values and balance point will have to be | i 


made before a satisfactory symmetry is found. | 50~ 
This is readily accomplished by a few rough trials. | 
A calibration curve of the instrument is shown in | 
Fig. 2. The balancing current, in this case, is | : : . 
fixed at 64 milliamperes, corresponding to a steady | Verses it, results in a slight decrease of the slope 
grid voltage of — 26 volts, or 10 volts on the|of the characteristic, the characteristic rotating 
voltmeter Vg, Fig. 1. It will be noticed that the | #bout the balancing point value. 

curve is very nearly symmetrical about this balance | After taking all precautions to eliminate capaci- 
point, and the oscillograms are but little distorted | tative and inductive effects in the amplifier, it 
for grid excursions of 5 volts, giving a vibrator | Was thought desirable to make further tests at 
current of approximately 50 milliamperes. This | 2,000 cycles on each stage of the amplifier. The 
is quite ample current, and gives a reasonable | results of these tests, which are given in Tables I 
deflection to the vibrator. On the other hand, a | and II, confirm the fact that there is no noticeable 
grid excursion of 10 volts only gives a current | Phase angle between the grid voltage and the 
of 65 milliamperes. The oscillograms still remain ne = 2,000 Cycle Test of Stage I. Mazi- 
symmetrical, but the peak values are proportion- | mum Angle between Anode Current and Grid Volts 0-005 
ately depressed. This is an incidental, but valuable, | Radian. 

advantage of the two-stage arrangement when the | 
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two stages are coupled in opposition, that is, so | einai | Mean Anode | D.C. Slope. 40 ae 
that increasing anode current in the first stage; “yoits. | ,,,Current | Milliamperes | Mitiamperes 
gives decreasing anode current in the second stage, | | ceiaitiaaal | aliens per Volt. 
and vice versa. By this means, the current output | ; ———_—_—__—<_ 
at both extremes is definitely reduced, and since | 27 0-22 | 0-08 0-079 
the calibration curve bends sharply at both ends, | = —- |i 22 — 

it is possible to give the instrument great sensi- | 21 1-10 | 0-21 0-209 
tivity for low voltage readings, whilst avoiding any e = | Pie yd 
overload due to the voltage peaks or accidental 15 2°55 0-27 0-275 


voltage rises. For example, it is possible to set | __ Nise ea eeee x : 
the instrument to have a full-scale reading of afew) pygre 11.—D.C. and 2,000 Cycle Test of Stage II. No 
hundred volts for the lower arc potentials, without | yfeasurable A ngle between Anode Current and Grid Volts. 
any danger to the amplifier and vibrator if the are | ———— ee — 














goes out and the potential rises suddenly to several | Mean Anode | D.C. Slope | A;C.Slope at 
thousands of volts. To ensure constancy of opera- | berg | Current Milliamperes Fittiasoons 
° . : . | 4 
ion, the valves shou worked well inside their oe : : per Volt. 
t th 1 hould be ked ll de th | Milliamperes per Volt Volt 
rated capacities. Tests at intervals on the valves | - = ae 
here used showed no appreciable change in the 36 14:9 ee | 2-95 
emission over a period of six months. Before a 34 = 4 “— 
calibration is carried out, the instrument should be 4 40-9 | 5-6 | 5-64 
allowed to remain with the valves operating at the 28 53 : 7 .<. 
mean values for about five minutes, to permit the 24 82-1 8-0 | 7-88 
valves and batteries to reach their steady working 22 99-2 8-5 | 8-53 

: j 20 117-1 9-1 9-15 


state. The filament voltage must be maintained 


constant throughout, as any change in the heating | j i 

current will affect the valve characteristic. For | vibrator current at this frequency ; neither is there 
this purpose, a filament rheostat and voltmeter any appreciable deviation from the direct-current 
are provided on the instrument. The maintenance | calibration. An oscillogram, taken with this instru- 
of the filament voltage within the limits of reading | ment, of the voltage and current of a high-potential 
errors of the voltmeter Vy suffices to prevent any | arc is given in Fig. 3. The suppression of the high- 
measurable change. 


‘voltage peaks and the open scale of the lower 





voltages is clearly shown in the oscillogram, the 
peak values for which are of the order of 4,000 volts, 
whilst the lower flat portion of the voltage has the 
value 420 to 400 volts. 
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Engineering Materials. Vol. III. Theory and Testing of 
Materials. By ArtuurR W. Jupa@e. London: Sir 

Isaac Pitman and Sons, Limited. [Price 21s., net.] 
THE author, in revising his work on Aircraft and 
Automobile Materials, found it necessary to separate 
the first volume into two, owing to the large amount 
of new material to be included, adopting, at the 
same time, the more general title given above. 
Volume I of this new work, which dealt with the 
Properties of Ferrous Materials was recently reviewed 
in our columns. The remaining section, in consider- 
ably extended form, has now been issued and, while 
still largely dealing with the subject from the original 
standpoint of aircraft materials, is sufficiently 
comprehensive to make it of service to engineers 
in general. An elementary account is given of the 
theory of the strength of materials, with the stresses 
in beams and the formule for loads on struts. A 
reference to the crippling-load curves for tubular 
steel struts at the end of the first chapter seems un- 
duly vague until a diagram giving these is found in 
one of the Appendices. The properties of materials 
under test are discussed with the results obtained, 
including the effects of the rate of application of 
load and of the temperature. The latter is associ- 
ated with lengthy creep tests, regarding the results 
and application of which the author gives a fair 
amount of information. He also deals with impact 
and fatigue tests at high temperatures, pointing out 
especially in connection with the latter, that speci- 
mens will usually withstand, at certain tempera- 
tures, without fracture, many millions of reversals 
of a cycle of stress of which the maximum is 
appreciably greater than the statical limiting stress. 
This is quite contrary to experience at normal 
temperatures, where variable loading is accompanied. 
by a reduction of the maximum load which causes 
failure. The question of fatigue is treated fairly 
fully, commencing with some extracts from the 
classic work of Wohler and including recent research, 
such as the effect of increasing the frequency of the 
stress cycles. The latter, contrary to earlier views, 
raises the fatigue or endurance limit. The failure 
of materials under test, with a review of the principal 
theories, is dealt with briefly but lucidly, the in- 
adequacy of the ordinary theory of bending in 
relation to the failure of beams being pointed out. 
The object of testing being to obtain information 
for the design of structures, the author discusses the 
application: of the results and the various items 
to be included in the overall factor of safety, giving 
some interesting particulars of those employed in 
aeroplane construction and the additions to the 
normal loading of planes due to looping, &c. _Parti- 
culars are given of the results of impact and hardness 
tests. 

The second half of the book deals with testing 
machines and methods, most of those required by 
engineers being described with the necessary ex- 
planations, with such accessories as stress-strain 
recorders, including the Dalby optical apparatus, 
and extensometers. Among the special machines 
of which particulars are given are the Smith, Haigh, 
Sankey and N.P.L. torsion fatigue testing machines, 
various impact machines, the Herbert and Fletcher 
machine for testing the cutting properties of tool 
steels, and the Herbert file-testing machine. Useful 
information is given on the methods of carrying 
out tests at high temperatures. 

While test pieces serve to provide fundamenta 
data on the properties of materials themselves, the 
actual stresses to be provided against in composite 
structures are not always readily determined. The 
book, therefore, fittingly concludes with a chapter on 
stress determination by such methods as tests on 
scale models, measurement of the strain in bridges 
and similar structures, and the optical methods 
associated with the name of Professor Coker. A 
judicious selection has been made of a number of 
examples from the latter, while references are 
given to some of Professor Coker’s original papers. 
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Similar bibliographies throughout the book, by 
means of which those who desire more detailed 
information on definite points are enabled to ob- 
tain it, should prove of considerable service. It is 
noted that some of these references are to articles 
and publications which are by no means recent 
but still retain their value and which, except for 
such lists, would be unknown to younger engineers. 





Fahrzeug-Dieselmotoren. By A. E. TotmmMann. Berlin: 

Richard Carl Schmidt and Co. [Price 22 marks.] 
THE description “ Diesel”? has, by common consent, 
been applied to many engines which have little 
resemblance either to the original “rational heat 
motor” or to the constant-pressure combustion 
cycle which was later developed under this name. 
In fact, with or without the qualification “‘ semi-”’, 
it has become practically equivalent to ‘‘ heavy oil” 
and it is in this sense that it is used in the title of 
this book. The engines which are dealt with, for 
motor vehicles, boats and aircraft, are limited in size, 
the largest output per cylinder to which reference 
is made being 125 brake horse-power, but there is 
no lack of variety, ranging from those for motor- 
cycles to the multi-cylinder power units of sub- 
marines and airships. The author has set out to 
demonstrate the lines along which progress has 
proceeded in the past, with the object of providing 
a sure basis for arriving at a just evaluation of any 
future proposals. It is only from a clear apprecia- 
tion of what is already known that the behaviour of 
new designs can be predicted with any degree of 
certainty. 

The first chapter gives a sketch of the early history 
of the heavy-oil engine, somewhat marred by a criti- 
cism of Dr. Diesel’s work and his patents, the manner 
of expressing which is not in good taste; neither 
does it serve any useful purpose in the book. This is 
followed by a careful consideration of the funda- 
mental thermodynamic questions of the temperature 
attained on compression, the consequent heating 
of the fuel oil and the resultant ignition and com- 
bustion, with the possibilities of effecting improve- 
ment by finer atomising and by adopting a more 
suitable shape for the combustion chamber. The 
next chapter deals at length with the admission of 
the fuel, injection being both by air and airless, or 
solid. One of the greatest problems is the raising 
of the mean effective pressure while obtaining com- 
plete combustion with low exhaust temperature. 
This is intimately bound up with both the timing 
and method of fuel admission, and a number of 
experiments are given bearing on this, besides 
illustrated descriptions of the constructional details 
adopted on different engines in practice. Among the 
methods available for securing certainty of ignition 
in spite of load fluctuations, with complete com- 
bustion and high mean pressure, is the use of an 
antechamber, with a capacity of about 30 per cent. 
of that of the combustion chamber into which the 
fuelis injected. A number of examples of this design 
are given and discussed, as also are the limita- 
tions of the hot-bulb engine, of which it may be 
regarded as a development. Similar in appearance, 
though entirely different in method of operation, are 
the engines in which the compression space prac- 
tically consists of a reservoir or recess formed either 
in the piston or the cylinder cover, from which the 
compressed air issues on the working stroke to meet 
the fuel, which is not injected into this chamber. 
There are numerous illustrations of engines which 
have been built and used, with critical descriptions, 
the whole constituting a comprehensive survey of the 
present position, concluding with a short discussion 
of future possibilities. 





Blacksmith’s Manual, Illustrated. By J. W. Lixo. 

London: Crosby Lockwood and Son. [Price 9s. net.] 
Tae author, who is an ex-foreman of Messrs. Arm- 
strong, Whitworth’s Scotswood Works, has produced 
an essentially practical book. He rightly claims 
that a good workman should have a clear idea of 
what to do first, before bringing the heated iron 
belowthe hammer. Some of the examples of smith’s 
work which he gives emphasise the importance 
of this, necessitating careful measurement and plan- 
ning to attain the desired product. The book is 
arranged with drawings on one page, (there are 100 
such plates altogether), showing the’part to be made 





and the stages through which it passes, with the 
tools required. The opposite page has the corres- 
ponding text, describing the operations in a simple 
but clear manner. The aim has been to demon- 
strate the best, simplest and quickest way of making 
a number of articles, covering a fairly extensive 
range. The method to be adopted will vary 
according to circumstances, and in several instances 
alternatives have been given. After descriptions 
of a number of forges or hearths, there follows a 
section dealing comprehensively with tools, some 
of which are of a distinctly special type. Not 
only are these illustrated and described with instruc- 
tions for using them, but in a number of cases the 
manner in which they are made is given, providing 
good examples of simple work. The estimation 
of the amount of material required to produce a 
given article is treated simply but practically, the 
snare of apparently more exact calculation being 
exposed.’ For example, it is pointed out that a 
slight under-estimate of the length of bar required 
to make a hoop is comparatively unimportant, 
owing to the ease with which the hoop can be ex- 
panded. If too much material be taken it would be 
necessary to resort to jumping up to reduce the 
diameter. 

It is rather a pity that when simple formule 
are developed, such as those for calculating the 
weights of bars, it was not pointed out that, in 
measuring off stock to make a given article, it is the 
volume of material which really matters, and that 
the arithmetic can accordingly be reduced. The 
advantage of this is not merely a saving of time, but, 
more important still, there is less chance of a mistake 
being made. Calculation of weight is really only 
required in the preparation of an estimate of cost ; 
in practice the weighing machine would be used to 
determine the amount of stock used and the weight 
of the finished article. 

The book concludes with some useful notes 
on the subjects of hardening and tempering, 
the value of which is somewhat reduced by the 
uncertainty that must arise on the score of tempera- 
ture in the mind of anyone who actually requires 
such assistance. For example, the instructions 
for forging high-speed steel are to heat to a bright 
red colour or between 990 deg. C. and 1,040 deg. C., 
and to stop forging when the temperature has 
dropped to between 760 deg. C. and 820 deg. C. 
On referring to the table which follows the letter- 
press, it is found that a bright red colour is given as 
corresponding to 800 deg. C. Such discrepancy 
can only cause confusion, since colour is the only 
guide to temperature which the smith normally has- 
In spite of this slight defect, the book can be 
thoroughly commended. 





Geochemische Migration der Elemente. By Professor 
Dr. A. FersMann. Halle (Saale, Germany): Wilhelm 
Knapp. [Price: Vol. I, 10-20 Marks; Vol. II, 
8 marks. ] 

BetwEEN 1920 and 1927, the author of this work 
conducted an exhaustive examination, on behalf 
of the Leningrad Academy of Science, of four areas 
in Russia remarkable for their geological and minera- 
logical characteristics. The expedition under Dr. 
Fersmann’s leadership obtained a vast amount of 
data which continue to provide much labour in 
classifying, checking and scientifically summarising. 
The work under review represents a portion of these 
labours. In his preface, however, the author states 
emphatically that the book is not intended merely as 
a detailed description of certain mineralised zones 
in Russia, but rather to utilise the data thus 
made available as material evidence in support of 
geo-chemistry, the new branch of science which 
is still in its infancy and is a natural and logical 
development of applied mineralogy. By “ migra- 
tion of the chemical elements ” is understood the 
geo-chemical movement of the elements of the earth’s 
crust in accordance with natural physical, chemical, 
and geological laws brought about by inner forces, 
the building up of atoms and crystals, resulting in 
metamorphism, and aggregation or segregation of 
certainelements. It is the author’s expressed desire 
to awaken in the reader of his book a realisation of 
the infinitely slow but vast physico-chemical pro- 
cesses which gradually but unceasingly work changes 
in the earth’s crust, and are the origin of all geological 
phenomena before the occurrence of organic life. 


Professor Fersmann is an ardent supporter of the 
new science of geo-chemistry, his basic idea being 
that, at present, in geological investigations, much 
too little consideration is given to evidence of a 
chemical] nature, and that geo-physical, geo-chemical 
and geological phenomena should be considered 
together as a whole, and conclusions drawn under 
the same relative conditions. The data collected 
from the four mineral deposits described are believed 
to provide new material in support of the geo- 
chemical theory, and to render the laws more easily 
comprehended. 

The first 20 pages of Vol. I are devoted to a brief 
analysis of the elements of geo-chemistry, followed 
by the description of (1) the magmatic area of 
Nepheline-Syenite in the Chibina-Tundra on the Kola 
peninsula in the far north of the Soviet Union, and 
(2) the Pegmatite, pneumalitic formation of the 
emerald mines in the Urals. Volume II contains 
descriptions of (3) the famous uranium-vanadium 
mines at Tuja-Mujun in Turkestan, as an example 
of hydro-thermal deposits, and lastly (4) the central 
Asiatic desert of Karakumy. 

Whilst this learned work, which is written in 
German, is scarcely likely to appeal to the average 
mining engineer, it should prove interesting to 
mineralogists and geologists, particularly those 
specialising in ore deposits and their origin. 





Theory and Practice of Alternating Currents. By A. T. 
Dover, M.I.E.E., A.A.I.E.E. Second edition, revised. 
— Sir Isaac Pitman & Sons, Ltd. [Price 18s. 
net. 

Ir only as a change from the more usual kind 
of manual on alternating currents, Mr. Dover’s 
treatise deserves attention for its thoroughness 
and painstaking care. Designed to give a grounding 
in the principles of single-phase and polyphase 
currents, and in the calculation of electric circuits, 
it can be safely said that the material contained 
in the book will give the reader a firm grip of the 
technology of alternating currents. 

The bulk of the work relates to the theory, of 
the subject which is treated in great detail. All 
the important methods of dealing with alternating- 
current problems are given, the author changing 
from one method to another in accordance with 
convenience and clarity. 

The last third of the book is devoted to instru- 
ments and measurements, and is, in the main, a 
valuable treatment of a somewhat neglected subject. 
Even so, space is somewhat restricted, and room 
for the explanation or elucidation of some of the 
formule derived in this section has to be found 
in the numerous excellent worked examples. The 
meaning of the word “ practice” in the title may 
be rather misleading, since, in the accepted sense 
of the term, the book is devoted more to the theory 
of alternating currents. The illustrations are clear 
and the format attractive. The book is one of the 
best of its kind for the reader who is ready to 
proceed beyond the rudiments of the subject. 





Steenkool. By J. J. Boorscezer. Deventer (Holland) : 

A. E. Kluwer. 
COAL-MINING in Holland may be said to date 
roughly from the commencement of the present 
century, and ranks therefore as a comparatively new 
industry. It received a considerable impetus during 
the war when the usual supplies of coal from England, 
Germany or Belgium were either cut off entirely or 
rendered precarious by the state of hostilities. 
Although the existence of coal beds in Holland had 
been known for centuries, the condition of the coal 
was not such as to enable it to compete with the 
imported article, particularly English coal, which had 
the advantage of being marketable without pre- 
paration. However, by adopting modern methods 
of coal washing, the Dutch mines are now in the 
position to produce coal which is able to compete 
in the open market. Although the coal production 
of Holland still takes a modest place as compared 
with certain other countries, it is none the less true 
that her mines will bear comparison with the best 
as regards their equipment and the high efficiency 
of the surface plant, including washeries, coke 
ovens and the like. 

As recently as May, 1929, the first book published 





in England, which dealt comprehensively with 
modern methods of coal washing, was reviewed in 
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these columns, so that, even in this country, this 
particular aspect of coal production must be 
regarded as of quite recent development. It is not 
surprising, therefore, if the subject is one of which 
little is generally known in Holland. 

The author of the above work is to be congratu- 
lated not only for filling a gap in Dutch technical 
literature which gives all his countrymen an oppor- 
tunity of studying the subject in their own language, 
but also on the excellent manner in which he has 
accomplished his task. Mr. Bootsgezel writes with | 
the authority gained by many years experience at | 
the Dutch State Mines, but has selected his material | 
from many sources, the illustrations and descriptions | 
of plant chosen for their modern design including | 
many American and German examples. 

The book is divided into four parts, the first of 
which treats briefly with the origin of coal, petro- | 
leum, water power and other substitutes for coal in 
the production of power, and may be regarded as an 
introduction to the main sections. Part II, which | 
occupies 127 pages, deals with coal washing, 
describing, amongst other methods, those of Baum, | 
Humboldt, Coppée, and the Rheo Laveur. Part ITT, | 
which is the most important, and covers 236 pages, is | 
entitled ‘‘Chemical Preparation of the Mine} 
Product,’ and gives a comprehensive description | 
of modern coke-oven practice including the Otto, | 
Carl Still, Koppers and Hinselmann ovens, passing | 
on to gas production, ammonia, benzol, coal-tar | 
distillation and by-products. Part IV is devoted | 
to the cleaning and utilisation of waste fuel, describ- | 
ing briquetting plant and its operation. The volume | 
is well printed, and profusely illustrated throughout, | 
containing many excellent diagrams and photo- | 
graphic reproductions. | 
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(Continued from page 613.) | 


At its downstream end, the main tunnel, of which 
we gave a description in the first part of this article, 
opens into a surge chamber, which is excavated in 
the hill above Fort William. The position of this 
surge chamber is shown in Fig. 1, which appeared 
on page 611 of our issue of November 14, while the 
details of the connection between it, the main tunnel 
and the two penstock tunnels leading, through the 
pipe line and valve house, to the generating station 
are given in Figs. 30 to 32. _As will be seen, the surge 
chamber is circular in section, its diameter being 
30 ft. and its height 239 ft. It is lined throughout 
with Ciment fondu concrete and, as indicated in Fig. 
32, has an enlargement on one side. This enlarge- 
ment opens into a 10-ft. length of tunnel, so that 
when the scheme is completed and the full amount | 
of water is flowing any excess caused by a surge | 
can be carried off into the next valley. 

The junction of the surge chamber and the upper | 
end of the pipe line is effected through two penstock | 
tunnels, each 12 ft. in diameter. As shown in | 
Fig. 31, the axes of the entrances to these tunnels 
are at right angles, but they are thereafter driven | 
on a 100-ft. curve, so that eventually they will be | 
nearly parallel. At present, however, only the | 
northern of these two penstocks has been constructed 
for the whole of its length, though the other has been 
carried fora short distance beyond the surge chamber. 
The clear span at the opening between the surge 
chamber and the existing penstocks is 10 ft., and 
the clear depth 13 ft. The sill level is 608-21, the 
level at the top of the surge chamber being 845. 
The maximum static water level is 819, so that the 
maximum head to the centre of the gate is about 
204 ft. The normal position of the gate is 20 ft. 
above the sill level, so that the bottoms of the roller 
frames are clear of the opening. The maximum 
height of lift of both the gate and screen is approxi- 
mately 210 ft. At the entrance to the penstock from 





the surge chamber the tunnels are faced with granite, 
and, though only one complete sluice has been 
supplied, all the parts that have to be built into 
the masonry are already in position, and the over- 
head bearers, gearing and other equipment have been 
arranged, so that the necessary extension work will 
be facilitated. 
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The facing of the sluice consists of iron groove 
castings, which carry the rocking roller paths, as 
well as a cast-iron sill and lintel, the latter being 
rigidly connected to the side castings. The gates 
and screen, which were supplied by Messrs. Ran- 
somes and Rapier, Limited, of Ipswich, are of the 
same general design as those in the valve shaft,* and 
are fitted with the same lifting and staunching 
devices. The gear and platform at the top of the 
surge chamber are carried by two main plate-web 
girders, the latter supporting the winches for both the 
gate andscreen. In this case, however, the crabs are 
separate, and are driven electrically. The motor 
operating the gate gear is of the Maxtorque type, 
and was made by the Lancashire Dynamo and Motor 





* See ENGINEERING, page 611 ante. 
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Company, Limited, of Manchester. It has an 
output of 10 h.p. at 520 r.p.m., and is supplied 
with three-phase current at 400 volts to 440 volts. 
It is mounted in the crab and is connected to the 
hoisting barrel through a centrifugal clutch and 
spur gearing. The crab is also equipped with a 
centrifugal brake, so that the lowering speed cannot 
exceed 8 ft. per minute, and automatic stop working 
solenoid brake, so that no creep can occur. This 
solenoid brake can be worked either by alternating 
current or by hand. A direct-current solenoid 
is also provided for lowering the gate in case of 
emergency. This is operated from the power house. 
In addition, limit switches are provided to cut 
out the motor and apply the brakes when the gate 
reaches its highest position, and also when it is 
being lowered to its normal position clear of the 
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Fie. 35. 54-In. 








Fia. 37. 


sluice opening. The latter switch can be tripped 
to allow the gate to be lowered on to the sill. 

The screen is fitted with similar driving arrange- 
ments, the maximum lowering speed in this case 
being 16 ft. per minute. A light sprag is provided, so 
that the barrel will not unwind when the screen is 
on the sill. The screen in the second penstock will 
be driven from the same motor as the first through 
a clutch and bevel drive, but a completely separate 
driving unit will be installed for raising and lower- 
ing the gate. Hand gear is also provided for work- 
ing the screen and gate, and is interlocked with 
the electrical equipment. 


As shown in Fig. 31, the lower end of ~ 


penstock tunnel is enlarged to a width of 31 ft., 

that the water shall be equally distributed ~trelbn 
the three pipes, to which connection is made at 
this point, 


It will also be noticed from Fig. 37 that 
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Fie. 36. 69-In. Automatic SELF-CLosiIna VALVE. 


the entrances to the pipes | be formed should a pipe break. They can also be 
are protected by granite-| used to release air when the pipes are being filled. 
nosed partitions. The pipes | All these valves were manufactured by Messrs. 
themselves are provided | Glenfield and Kennedy, Limited, of Kilmarnock. 
with cast-iron bell mouths,| The 54-in. valves, the general appearance of 
and for the first 200 ft. | which will be gathered from Fig. 35, are of the 
of their length are em- | round- bodied type and are arranged to be tight 
bedded in concrete. Only ; against pressure from one side only. The dome, 
two complete pipes have | body, and door are of cast-steel, the two latter parts 
been installed at present, | being provided with a large phosphor-bronze face 
but a length of the third | ring, so as to maintain the bearing load at a low 
has been laid as far as value. 'The operating cylinder and piston are of 
the 54-in. sluice valve | cast-iron, while the piston rod is of forged bronze. 
situated inside the valve | This rod passes through a stuffing-box, which, like 
house, the position of | the piston, is fitted with leather cups, and is secured 
which is also indicated in, to a door by a screwed collar. The amount the 
Figs. 30 and 31. valve is open is shown on a scale secured to the 
The end of this section, | encasing hood by a pointer, which is connected to 
as shown in Figs. 30) an extension of the piston rod. These valves are 
and 31 forms the rear | operated by pressure water, which is drawn from 
wall of the valve-house. | the upstream side through a connection in the body 
The equipment in the lat-| and is then led through reflex and stop valves and 
ter consists of a 54-in.}a common bus main to the control valves. This 
hydraulically operated iso- | ensures that the maximum pressure is always used 
lating sluice valve for} | for operating purposes. Both hand and remote 
each of the three pipe | control are provided, the latter being effected by 
lines, a 693-in. automatic | solenoids, which operate a small pilot valve, the 
self-closing balanced disc | latter in turn opening or closing the main valve. 
valve, and two 18-in. anti-vacuum valves for each | The valves are designed to close in six minutes to 
of the two pipe-lines which are now in operation, | prevent the pressure rise exceeding 7} per cent., 
together with a number of bye-pass, drain, and | though the rate of travel is slowed down towards 
other auxiliary valves. The general arrangement | the end of the run by a valve, which is operated by 
of these valves will be clear from Figs. 33 and | the pointer and retards the flow of water into the 
34, from which it will be gathered that the! upper end of the cylinder. 
isolating sluice valves are situated immediately! One of the 694-in. automatic self-closing valves is 
at the penstock outlets, taper, reducing, and illustrated in Fig. 36. This is of the balanced- 
recovery pipes being provided to allow valves of disc type, a tripping paddle, which is suspended 
this diameter to be used on a 69}-in. pipe. This within the pipe from an external pivot, being loaded 
procedure was adopted, owing to the large saving in| by a balance-weight to offer a slightly higher 
the capital cost that was thereby possible, whereas resistance than the reaction due to the maximum 
the difference in hydraulic loss is practically negli- desired velocity of flow. If this velocity is exceeded 
gible. The balanced disc valves are bolted to the | the increased reaction raises the lever visible at the 
downstream flanges of the recovery taper pipes, and | top of the illustration. This in turn disengages the 
below these are pipes with special branches, on which | | supporting pin, so that the weights are free to fall 
the anti-vacuum valves are mounted. The latter| and close the valve. The rate of movement is 
are designed to admit air so that no vacuum will! controlled by a cataract cylinder, which can be 
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seen on the extreme right of the illustration, which 
contains a mixture of glycerine and water. Arrange- 
ments are also provided for retarding the rate of 
closing towards the end of the travel, while re-setting 
is effected by a hand pump, which returns liquid to 
the cylinder and thus causes the weights to be 
raised. The valve can also be closed electrically 
from the power station by admitting pressure water 
to the lower end of the small cylinder, which is 
visible at the top of the illustration on the left. 
This raises the lever and allows the weights to fall 
as before. 

The anti-vacuum valves are of the same pattern 
as those already described in EN@INEERING.* They 
are 18 in. in diameter and are designed so that, 
should a burst occur at the power-station level on 
full load the pressure will not fall below 10-2 Ib. 
per square inch absolute. At the power-house end 
of the pipe line each main branch is fitted with a 
42-in. hydraulically operated sluice valve the design 
of which is similar to those described above. The 
smaller branches to the auxiliary turbines are also 
equipped with sluice valves to control the flow. 


(T’o be continued.) 








THE ARAPUNI HYDRO-ELECTRIC 
POWER SCHEME. 


Tue Arapuni scheme, which is one of the most am- 
bitious that the Government of New Zealand has 
embarked upon, suffered, as is known, a very severe 
set-back last June, which resulted in the station 
being shut down. It will be remembered that the 
undertaking formed the subject of a paper read 
before the Institution of Civil Engineers last year, 
by Mr. F. W. A. Handman, M.Inst.C.E. 

Arapuni is about 120 miles from Auckland, and 
the station was intended to be tied in with others 
to supply that city and province. It is on the 
Waikato river, and the ultimate development was 
to be 200,000 h.p. on a mean static head of 175 ft. 
The dam across a narrow gorge diverts the im- 
pounded water down an old river bed which was 
deepened and widened to form the head-race. 
Some }-mile from the mouth of the head-race, 
penstocks lead off to the power house, built in an 
excavation in the side of the gorge of the Waikato. 
At the same point, the head-race terminates in a 
spillway, from which the overflow continues down 
the old bed, passing over falls 70 ft. in height 
about } mile farther on. Ultimately, this water 
finds its way back to the Waikato river, 1} miles 
beyond the power house. The gorge of the Waikato 
and the head-race run side by side at varying dis- 
tances apart, being separated at the power house 
site by about 500 ft.. The conditions of the site 
are approximately represented by the accompanying 
sketch map, Fig. 1, based upon the plan given in 





* Soe ENGINEERING, vol. cxxvii, page 266 (1929). 





the Proceedings of the Institution of Civil Engineers 
in connection with Mr. Handman’s paper. 

After the completion of the main dam, the flow 
of the river was passed down the head-race and 
over the spillway. The power house is ultimately 
to consist of eight units of 25,000 h.p. each. The 
initial installation of three units was completed 
only about two years after the dam; a fourth 
was in course of being put in last summer. The 
bulk of the ultimate flow to be utilised was therefore 
passed over the spillway, and, in time, resulted in 
unexpectedly serious erosion at the falls, converting 
them into two steps, the upper one of which moved 
back some 200 ft. up stream. On this occurrence, 
it was decided to reduce the flow over the spillway 
by excavating two more penstocks at the station 
site, and fitting the discharges with Glenfield and 
Kennedy jet dispersers. 

On the night of June 7 last, a serious crack, reported 
to have been accompanied by a tremor, appeared, at 
the intake, in the island formed between the head- 
race and spillway channel and the river bed proper. 
This crack extended from the junction of the spill- 
way and intake structures in a down-stream direc- 
tion towards the Waikato bed. It was 2 in. to 2} in. 
wide, and, after disappearing, could again be clearly 
traced over a very considerable distance. At the 
same time, water also made its way directly across 
the island site and discharged from the side of the 
gorge. The step was at once taken of lowering the 
level of water in the head-race, by permitting it to 
escape through the diversion tunnel at the dam, 
the result being, of course, that the station was put 
out of action. The station itself suffered some 
damage from the movement. On the head-race 
being drained, the crack appears to have been 
traced for a considerable distance upstream, as 
indicated very approximately by the dotted line 
on Fig. 1. Within a few hours of the lowering of 
the level in the head-race the crack began to close, 
and the whole mass of country ultimately returned 
to nearly its original position. 

The Government immediately commenced investi- 
gations by their own geological and other experts, 
and decided to call in an expert from Europe to 
report on the scheme from the civil engineering 
point of view. Their selection fell on Professor 
P. G. Hornell, of Vattenbyggnadsbyran, consulting 
engineers, of Stockholm. Professor Hornell was 
accompanied by Mr. P. W. Werner of the same 
firm, whose London representative is Mr. B. 
Hellstrom. It may be remembered that this firm 
has been responsible for such important hydro-electric 
schemes as Forshuvudforsen and Hammarforsen, 
both of which have been described in our columns. 

The report of Professor Hornell has just reached 
this country, and while it suffers from the fact that 
it is not accompanied by maps and drawings, as 
published by the New Zealand Government, is never- 
theless an interesting and reassuring document. 





The geological characteristics of the site were 
referred to in Mr. Handman’s paper, already men- 
tioned. The formation is volcanic, and includes 
an upper bed of firm rhyolite-tuff, an interme- 
diate bed of stronger rhyolite-tuff and breccia, and a 
lower bed of consolidated pumiceous breccia. Below 
this bed was found one of weathered soft tuffaceous 
deposit. Mr. Handman remarked upon the treacher- 
ous character of such volcanic formations, but 
more, it appears, with a view to drawing attention 
to the liability to irregularity. The rhyolite-tuff 
is columnar in. character, as is well shown in 
the upper part of Fig. 2, a view of the excavated 
site of the power: jhouse,} and both this’ and 
the breccia are capable of {absorbing great quan- 
tities of water. They expand when doing so, and 
possess an exceptionally small modulus of elasti- 
city. Professor Hornell rejects the theory that the 
crack was caused by hydrostatic pressure resulting 
from the high level in the head-race, owing to the 
length of time (two years) during which the race 
had been in use without previous sign of trouble. 
The cause is rather traceable, in his opinion, to the 
presence of water in the head-race and capillary 
action in the rock. The rock has been shown to 
swell as much as 1/2000th per unit length, and 
although it must have been nearly saturated before 
water was let into the head-race, considerable stresses 
may have been produced between strata of unequal 
saturation. 

The fact that gas escaped from the bottom of 
the head-race Professor Hornell also surmised might 
have been due to capillary action causing com- 
pression in the deeper strata. The compressed 
gases, it is concluded, might be a contributory 
cause of the movement, from tending to lift the 
overlying strata. The overlying strata appears 
to have undergone little change, but the head-race 
would result in a supply of water at 30 ft. to 40 ft. 
above the level of the marsh from which, formerly, 
the rock absorbed moisture by capillary action, 
thus producing a great change of conditions and 
new stresses. Once a crack had formed, the 
internal stresses would be relieved, but water 
then entered, and produced hydrostatic pressure, 
tending to widen the fissure. It is considered that 
the ridge has been subjected to a severe test, but 
that it is safe for the future. The fact that the 
crack practically closed and the power station 
structure returned nearly to its original position, 
suggests that the lower stratum is not crushed. 

Provided remedial measures are carried out, 
Professor Hornell considers that the plant can be 
reconditioned satisfactorily, and the whole scheme 
completed at an economical figure. In order to 
prevent water soaking through into the rock, it 
is recommended that the head-race be lined, the 
cracks which have formed also being grouted, and 
the deeper strata drained by low-level tunnels at 
right angles to the axis of the river and head-race. 
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In grouting, since inclined holes should be employed, 
advantage may be taken of these for reinforcing 
the rock at the intake, by the insertion of reinforcing 
bars. 

The head-race should be prepared for lining by 
being spread with layers of crushed rock, coarse 
gravel and sand to a total thickness of from 8 in. 
to 12 in. On the sand it is proposed to place a 
layer of plastic bituminous material and metal 
sheeting, providing in this way a plastic lining, 
which could be protected by concrete slabs. A 
drainage trench would run longitudinally under 
the head-race towards the spillway, near which it 
would join an existing inspection tunnel. Upstream, 
the lining is to extend some 350 ft. above the first 
outcrop of columnar rocks, and is to end in a 
cut-off trench filled with concrete. Apron work 
below the spillway is also suggested. 

When invited by the Government to report on the 
damage done, Professor Hornell was asked to’,reply 
to a number of questions. Some of these scarcely 
need be referred to, but others are of greater interest, 
in view of what has happened. Professor Hornell 
considers that the position of the main dam is good 
and its stability satisfactory, though there is leakage 
which should be dealt with. 

The rock at both abutments could, with advantage, 
be strengthened by reinforcing bars concreted into 
drilled holes. The existing topography is reported 
to have been utilised to the best advantage, and 
the works are sited to ensure the maximum power 
at an economic expenditure. From the civil en- 
sineering point of view, Professor Hornell had no 
‘Titicism to offer. The difficulty of foreseeing an 
occurrence of the kind is pointed out, and it appears 
to be concluded, as a result of the investigation, 
that no carélessness can be laid at the door of the 
Public Works Department, while there is no reason 
why the other penstock tunnels should not be 


present power-house site being satisfactory. The 
channel below the spillway should be protected by 
lining, and pot holes filled in, and a duplicate 
diversion tunnel at the main dam is recommended. 

Professor Hornell gave no estimates of cost in 
his report, but it is understood that the Public 
Works Department have estimated work on the 
lines suggested at 360,000/. The plans for the 
consolidation of the falls already decided upon 
have been estimated to work out at 200,000/., 
making a total additional charge of 560,000. This 
would bring the cost of the undertaking in its 
present state to about 2,500,000/., with three units 
available, and a fourth in course of installation. 

The report of Professor Hornell is in distinct 
contrast with that of the Government’s own geo- 
logical experts, who proposed buttressing the whole 
block of country affected by the damage. As 
this is something like a mile in length, and from 
300 ft. to 500 ft. broad, with a gorge in the neigh- 
bourhood of 200 ft. deep on one side, the magnitude 
of the proposition will be evident. After putting 
forward their proposal, the geologists seem to have 
left more specific planning, in connection with the 
working out of their idea, to the engineering pro- 
fession, but Professor Hornell would. appear to 
have found a rather more logical and certainly more 
economical way of dealing with the situation. 








Memoria To Mr. L. A. A. LE Prince.—A bronze 
tablet, in memory of Mr. L. A. A. Le Prince, a 
pioneer in the art of kinematography, will be unveiled at 
160, Woodhouse-lane, Leeds, by the Lord Mayor of 
Leeds, on December 9, next. The inscription states 
that Louis Aimé Augustin Le Prince had a workshop on 
the site, in which he made a one-lens camera, and with 
it photographed animated pictures. Some were taken 
on Léeds Bridge in 1888. He also made a projecting 
machine, and thus initiated the art of kinemato- 
graphy. He was assisted by his son and by Joseph 


Whitley, James W. Longley, and Frederic Mason, of 


THE MOTOR SHIP *‘ KOTA AGOENG.”’ 


THe Féttinger transmission system, originally 
developed by the Vulcan Company, of Stettin, was 
first applied in marine practice to a small steamer, 
the Féttinger Transformator, in 1909. Although the 
results obtained with this vessel were decidedly 
promising, the system has never been widely adopted, 
either for turbine or Diesel drive. The number of 
vessels embodying the transmitter has, however, con- 
tinually increased in the last few years. Among these 
may be mentioned‘the St. Louis, of the Hamburg- 
America line, propelled by four double-acting two- 
cycle Diesel engines of the M.A.N.-type, developing 
a total of 12,000 b.h.p., and a German cruiser with a 
total power of 50,000 b.h.p. In all, some 29 installa- 
tions of this type have been carried out in the past six 
years. The system appears to possess particular 
advantages when applied to Diesel engines, as the 
coupling between the engine and propeller shafts is 
of an elastic nature, and is thus calculated to protect 
the gearing from shock arising from the variations in 
engine torque. The intermediate shafts can thus be 
made much lighter than in the case of direct Diesel 
drives. Assuming that the usual principle of coupling 
two engines to each propeller shaft be adopted, either 
engine can be readily uncoupled, so that the vessel can 
be run at reduced speed on one engine, resulting in an 
economy of fuel, as compared with running two engines 
at reduced power. Manceuvring can also be carried 
out on one engine only, and in the event of the break- 
down of either unit, repairs can be effected while the 
voyage is continued on the other. The latest applica- 
tion of the system is illustrated in Figs. 1 to 6, pages 
678 and 679, which show details of the engine and 
transmitter’ on the Rotterdam Lloyd Company’s 
vessel, Kota Agoeng, built by Messrs. Maatschappij 
voor Scheeps- en Wertuigbouw Fijenoord N.V., of 
Rotterdam. 

The vessel is a sister ship to the Kota Inten-Kota 
Gede, and Kota Tjandi, which are, however, single- 
screw vessels fitted with double-acting two-cycle Diesel 
engines of the slow-running type, and the owners will 
thus be in a position to obtain interesting comparative 








driven and the scheme ultimately completed, the 





Leeds. 


results. The-vessels have a length of 448 ft 4 in. 
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TWIN-ENGINE DIESEL INSTALLATION FOR THE MOTOR SHIP “ KOTA AGOENG.”’ 
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Fie. 5. ONE OF THE MAIN ENGINES. 


between perpendiculars, a moulded beam of 60 ft. 6 in., 
a depth to the upper deck of 33 ft. 6 in., and a draught 
to summer freeboard of 26 ft. 7} in. The gross register 
tonnage is 7,331, and the net register tonnage 4,600. 
As compared with her sister ships, the carrying capacity 
of the Kota Agoeng shows an increase of 140 tons, due 
to the decrease in engine weight. The vessel has three 
decks, and is fitted with a Star contra propeller, with 
rudder, which is expected to give better results than 
the Oertz rudders with which the sister ships are fitted. 
Details of the Star contra propeller will be found in 
ENGINEERING, vol. cxxiii, page 333 (1927). She has 
been designed chiefly for the express cargo service to 
the Dutch East Indies, but is provided with accommoda- 
tion for 14 passengers amidships. About 1,300 pilgrims 
can be carried in the ’tween-decks spaces. The service 
speed is over 14 knots. The vessel has a double bottom, 
suitable for the carriage of oil fuel, cooling and drinking 
water, and water ballast. The hull is divided by eight 
watertight bulkheads, into a fore peak, two forward 
holds, a forward tank, motor room, an after tank, two 
after holds, and the after peak. The tanks are suitable 
for carrying edible oil. The ship is provided with 
freezing and cooling chambers, the plant being supplied 
by Messrs. Koeltechniek, of Apeldoorn. All the deck 
machinery, inclusive of the steering engine and anchor 
windlass, is electrically driven. 

The main propelling machinery consists of two high- 
speed Diesel engines of the Fijenoord-M.A.N. type, one 
of which is shown in Fig. 5, on this page. Each engine 
has five cylinders, and is of the double-acting type, 
operating on the two-stroke cycle. The engines are 
direct-reversing, and develop 2,750 b.h.p. at 215 r.p.m. 
They are coupled through Vulcan clutches and reduc- 
tion gearing to a common propeller shaft. The overall 
efficiency of the couplings and gearing is about 95 per 
cent., so that the power delivered to the propeller shaft 
1s approximately 5,200 b.h.p., the speed being reduced 
to 86r.p.m. The engine room is shown in elevation and 
plan in Figs. 1 and 2, and the clutches and reduction 
gearing are illustrated in Figs. 3 and 4. The cylinder 
bore of the main engines is 520 mm. (204; in.), and the 
piston stroke is 700 mm. (27, in.). The scavenge 
pump and air compressor are incorporated in the 





engine, as shown in Fig. 5, and are driven off the | 
‘forward end of the crankshaft. The scavenge pump is | 
of the single-crank double-acting tandem type, while | 
the compressor is of the usual three-stage type, with | 
intercoolers. The available space athwartship for the | 
exhaust manifolds and scavenge-air piping was some- | 
what limited, and the uncooled exhaust manifolds were 
therefore formed in one casting with the scavenge air 
trunk. Special consideration was given to silencing 
the exhaust, and the scavenge-pump suction tank was 
made throughout with cast-iron bends for the same 
reason, while the vertical air trunk to the boat deck, 
through which the air is drawn in, is of sheet steel, 
stiffened by means of a large number of staybolts and 
lagged with wood. Silencers are fitted to the inlets 
on the boat deck, while the starboard enginé can also 
draw air under the engine-room floor through a separate 
cast-iron trunk fitted with a silencer. This arrange- 
ment ensures good ventilation in the lower part of the 
engine room. Both engines are mounted directly on 
the double-bottom plating. Fresh water is employed 
for cooling purposes in the cylinder jackets, the circuit 
being totally enclosed. The pistons are oil-cooled, the 
oil being drawn from a tank in the double bottom, and 
fed to the pistons through telescopic pipes. 

The Vulcan gearing has been supplied by Messrs. 
Deutsche Schiff- und Maschinenbau, A.-G., Weser 
works, Bremen. The system was fully described 
in ENGINEERING, vol. xcvi, page 213 (1913), and it 
may be recalled that each hydraulic coupling consists 
of a primary impeller, coupled to the engine, and a 
secondary impeller coupled to the pinion shaft, with 
the open sides placed opposite to each other. The 
impellers are provided with radial blades, as shown in 
Fig. 6. The gearing between the transmitter and pro- 
peller shafts is shown in Figs. 3 and 4, the latter 
showing the casing cover removed. The thrust bearing 
is of the single-collar type, and is incorporated with the 
gearing. The reduction ratio between the pinions and 
gear wheel is 1 to 2-41. A cast-iron cover is mounted 
on the primary impeller, totally enclosing the secondary 
impeller, and forming a joint round the secondary shaft 
by means of a labyrinth-type stuffing box. The 
diameter of each impeller is 2,650 mm. (8 ft. 8} in.), ' 





Fig. 6. TRANSMITTER IMPELLER. 


the clearance between the two impellers being 10 mm. 
(25 in.). The slip, under normal running conditions, 
is about 34 per cent. The couplings are filled with 
lubricating oil, which enters through the hollow 
pinion shafts. There are a number of holes in the cir- 
cumference of the primary impeller, through which the 
coupling can be emptied. These holes can be closed by 
a ring, which has an axial movement. To keep the tem- 
perature of the oil in the coupling within the required 
limits, the oil is allowed to circulate by keeping the 
regulating valves in the oil supply circuit at the ends 
of the pinion shaft constantly open. The heated oil 
flows through the labyrinths in the secondary shafts, 
and collects in a drain tank, built in the double bottom 
under the gear casing. When it is required to empty 
a coupling, the regulating valves are closed, and at the 
same time the sealing ring on the primary impeller is 
moved clear of the holes, so that the coupling is rapidly 
emptied by centrifugal force. Each coupling is con- 
trolled by a separate mechanism, the control lever 
being located at the manceuvring stand of each engine. 

With a view to dividing the total power required to 
drive the ship equally between the two main engines, 
the manceuvring gears for each engine are inter- 
coupled, so that both engines can be regulated from the 
starboard control station. The design of the engines 
facilitates the intercoupling of the controls, since the 
operations of reversing, starting and regulating the 
speed are controlled by a single handwheel. It is, 
therefore, only necessary to couple the manceuvring 
shafts through bevel gearing. Arrangements are made 
for readily uncoupling the controls if only one engine 
is required in service. As, when the couplings are 
empty, both engines are entirely free from the pro- 
peller shaft, it was necessary to provide turning gear 
on each engine as well as on the tunnel shafting, and as 
soon as any one of these gears is brought into operation, 
the manceuvring gear is automatically locked. In 
completing the description of the main power installa- 
tion, it may be mentioned that the tunnel bearings are 
of the Michell type. 

The auxiliaries are electrically-driven throughout the 
ship. There are two main dynamo sets, driven by Diesel 
engines, each of 200 kw. capacity, generating direct 
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current at 200 volts. The engines are Fijenoord-M.A.N. 
three-cylinder units, developing 300 brake horse-power 
at 250 r.p.m., the cylinder bore being 425 mm. (163 in.) 
and the piston stroke 600 mm. (23% in.). These engines 
normally operate with airless-injection, but should the 
quality of the fuel available render it necessary, 
provision is made for converting them to operate with 
air injection, the change over only occupying a few 
hours. The engines are equipped with three-stage 
air compressors for this reason. The cylinder jackets 
are cooled with sea water, the pistons being uncooled. 
The engines can be coupled to fresh-water pumps, to 
enable warm water to be circulated through the jackets 
of the main engines in severe weather, with a view to 
facilitating starting. Either dynamo set is of sufficient 
capacity to meet the total demand for current, either 
under sea-going conditions or in harbour during loading 
or discharging, the second set acting as a standby. A 
small dynamo set of 50 kw., driven by a four-cylinder 
M.A.N. engine, is provided for light loads. 

For supplying the necessary starting air indepen- 
dent of the main compressors, the vessel is equipped 
with an electrically-driven three-stage Hoek auxiliary 
compressor, having a capacity of 550 cu. m. of free 
air per hour at 75 atmospheres ‘pressure. A small 
emergency compressor, with a capacity of 15cu. m. of 
free air at 75 atmospheres, is provided in addition. There 
are two air-storage vessels in the engine-room hatch, 
each of 2,570 litres capacity at 75 atmospheres working 
pressure. A spare injection-air vessel of the same 
capacity is mounted on the forward engine-room bulk- 
head, and the two service injection-air vessels, each of 
210 litres capacity, are located immediately adjacent 
to the manceuvring stations. All fuel oil for the engines 
is purified, two de Laval purifiers being provided in the 
engine room for this purpose. An electric fuel-oil 
heater is also provided. For transferring oil from the 
various fuel tanks, which are built in in the vessel, 
there are two Stothert and Pitt pumps with a capacity 
of 25 cu. m. per hour each. For dealing with large 
quantities of fuel, which may be carried as cargo, a 
250-ton Borga rotary pump is fitted. 

The total weight of the engine installation compares 
very favourably with that of the sister ships, in spite 
of the larger number of auxiliaries required for the 
Vulcan couplings. The weight of the installation on 
the Kota Agoeing is, in fact, about 175 kg. per shaft 
horse-power, while that of the sister vessels is about 
206 kg. per shaft horse-power, the latter thus being 
17 per cent. heavier. The vessel is the first of the Dutch 
merchant fleet to be propelled by high-speed Diesel 
engines in conjunction with the Vulcan reduction gear- 
ing, and her performance will be watched with the 
greatest interest in shipping and engineering circles. 











ENGINEERING TRAINING AND 


EDUCATION. 

London University Guide——The 1931-1932 edition 
of that well-known book of reference, London University 
Guide, issued by the University Correspondence 
College, Burlington House, Cambridge, has just come 
to hand. This publication, which has not been issued 
since September, 1927, constitutes a useful work of 
reference, giving, in clear and concise language, full 
particulars regarding the Matriculation and external 
degree examinations of the University of London. The 
regulations affecting the various examinations in each 
faculty are given, together with their respective 
syllabuses and advice as to the choice of subjects and 
text-books. Lists of the Council and of resident tutors 
on the staff of the College are included. Details 
are furnished of the courses provided by the College 
and of the fees for the courses. The book, the price of 
which is 2s. 6d. net, may be obtained from Burlington 
House, Cambridge. 

Royal Technical College, Glasgow.—The annual 
report of the 134th session of The Royal Technical 
College, Glasgow, has recently been published. The 
report was adopted at the annual meeting of the Gover- 
nors of the College, held on October 21 last, and contains 
particulars of the work done during the 1929-30 session. 
The day-class enrolments totalled 3,658, as compared 
with 3,580 in the previous session, and the evening- 
class enrolments aggregated J,851, against 5,951 
in the 1928-29 session. The many and varied activities 
of the department of mechanics and mechanical 
engineering were well maintained during the session 
under consideration. A complete set of tests on the 
Diesel engine, carried out under Professor Mellanby’s 
supervision, afforded directly comparative figures on the 
relative merits of the air-injection and solid-injection 
systems. In conjunction with other members of the 
mechanics staff, Professor Kerr has been engaged on 
some analytical investigations on stresses in plates, 
non-circular drums, &c., with reference to design 
problems involving temperature and pressure in 
combination. Much useful work has been done by 


the department of electrical engineering on high- 
voltage condenser bushings, insulation, and arc welding. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details pe | be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Telephone Apparatus.—The supply of telephone jacks 
and number plates, to patterns. The Posts and Tele- 
graphs Department, Melbourne, Australia ; January 27, 
1931. (Ref. No. A.X. 10,544.) 

Trolley Omnibuses.—An important inquirer in Switzer- 
land is desirous of receiving full particulars and data 
relating to the provision and service of trolley omnibuses. 
(Ref. No. A.X. 10,524.) 

Wind-Driven Electric Plants.—A firm in New Zealand 
wants particulars of wind-driven electric lighting plants 
of British manufacture. (Ref. No. A.X. 10,531.) 


Overhead-Line Material—The supply of overhead- 
line material, consisting of cross arms, insulators, fly 
fuses, street light fittings, &c. The City of Cape Town 
Electricity Department, South Africa; December 17. 
(Ref. No. A.X. 10,549.) 


Road Rollers.—The supply and delivery of four road 
rollers. The Municipality of Singapore ; December 22. 
(Ref. No. A.X. 10,550.) 

Waterworks.—The presentation of schemes for the 
supply of water to the city of Seville, Spain. The time 
allowed is four months from November 1, (Ref. No. A, 
10,552.) 

Rail Motor Cars.—Information is available concerning 
the supply of rail motor cars suitable for South African 
conditions. (Ref. No. A.X. 10,553.) 

Electric Transformers.—The supply of 40,000-kv.-a 


transformers. The Copenhagen Lighting Department, 
Denmark, January 3, 1931. (Ref. No. A.X. 10,568.) 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Friday, 


Iron and Steel.—Efforts to stimulate iron and steel 
business meet with scant reward. The recent price 
reductions in pig iron appear to have had little, if any, 
effect on consumption, and complaints are made of 
growing stocks at furnaces. Unless the position shows 
early improvement, a further limitation of output seems 
inevitable. Bar iron mills badly need orders. Foreign 
competition in the cheaper grades is intense. The Conti- 
nental product can be bought at 31. 10s. to 31. 15s, 
per ton below the British price. Needless to say, such a 
difference cannot be bridged by any known system of 
costing or Works economy. Equally intense, though less 
effective, is Continental rivalry in bulk steel. Local 
aorgren are severely undersold in soft grades, but fully 

old their own in the more expensive hard basic and 
acid varieties. Concerning derelict collieries and works, 
dismantlers have in hand schemes that will produce a 
large tonnage of iron and steel scrap. Current supplies 
are more than ample to meet demands, particularly 
having regard to the increased dumping of Continental 
scrap, but dismantlers in a big way of business (some 
of whom normally dispose of a thousand tons of scrap per 
day for steelmaking purposes) are making preparations 
in anticipation of more active conditions in the heavy 
engineering and constructional industries. They believe 
that when such conditions return the basic-steel trade, 
which is the largest buyer and user of scrap, will experience 
a much enlarged demand because of the light weight of 
stocks carried by the finished trades throughout the 
country. Latest quotations are as follows: Siemens 
acid billets, 9/. 10s.; hard basic billets, 91, 2s. 6d. to 
91. 12s. 6d.; medium hard basic billets, 77. 12s. 6d. to 
81. 2s. 6d. ; soft basic billets, 6/. 5s. ; Derbyshire foundry 
pig iron, 66s. ; Derbyshire forge iron, 63s.; crown iron 
bars, 107. 5s.; iron hoops, 12/.; steel hoops, 101. ; 
basic-steel scrap, 478. 6d. |The heavy engineering trades 
have undergone little change. Makers of railway rolling 
stock are working under capacity, and complain of the 
shortage of business, not only on home account but also 
from overseas markets. Local makers of marine 
forgings, castings, and plates have so far failed to derive 
any benefit from the reported increased activity at 
associated shipyards. The output of high-class special 
steels is maintained at a satisfactory level. Other 
progressive lines include automobile steel, rustless and 
stainless materials, electrical apparatus, and tool steel. 
The tool trades are only spasmodically employed. 


South Yorkshire Coal Trade.—Inland conditions 
generally are of a stationary character, though export 
requirements show an upward tendency. The con- 
tinued depression in the iron and steel trades is reflected 
in the weak market for all grades of industrial fuel. 
There is a steady demand for house coal, and further 
improvement is anticipated during the next few weeks. 
An active call is reported for slack, electricity under- 
takings being good customers. Gas coal is moving 
more freely. The coke market has several weak features, 
Foundry and furnace sorts have failed to maintain their 

osition, while prices have eased Is. per ton. Increased 

usiness is being done in gas coke at 23s. to 26s. per ton. 
Quotations: Best branch handpicked, 25s. 6d. to 278; 
Derbyshire best brights, 20s. to 22s. 6d.; Derbyshire 
best house, 19s. 6d. to 20s. 6d.; screened house coal, 
178. 6d. to 19s. ; screened house nuts, 148. 6d. to 16s. 6d. ; 
Yorkshire hards, 14s, to 15s. 6d.; Derbyshire hards, 
148. to 15s. 6d. ; rough slacks, 8s. 6d, to 98, ; nutty slacks, 
6s. 6d. to 7s. ; smalls, 3s. to 5s, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Increase of imports of 
Continental iron for consumption on Tees-side, and 
some expansion of use of Midland iron in this district 
are disturbing factors. A recent contract for Belgian 
iron is stated to have been made at 48s., f.o.b. Antwerp, 
which is equal to 9s. below the price quoted for Cleveland 
pig. Ironmasters are understood to be prepared to make 
substantial price concessions to secure trade with firms 
in Scotland, but for home business they adhere to their 
minimum fixed figures. Most of the transactions are in 
small parcels for early delivery, buyers being disinclined 
to negotiate for forward supplies. The bulk of the 
restricted output is still going into consumption at 
producers’ own works. Export demand is very light. 
Second hands are not in a position to put through 
anything like extensive business in Cleveland pig, and 
makers’ prices remain: No. 1 grade, 66s. ; No. 3 g.m.b., 
63s. 6d.; No. 4 foundry, 62s. 6d.; and No. 4 forge, 62s. 

Hematite—Conditions in the East-coast hematite 
branch alter little. Prices vary somewhat, as sellers 
have a free hand, and terms of contract are a matter of 
individual bargaining, but values are more inclined to 
stiffen than otherwise. Both makers and merchants are 
doing a steady moderate home trade, and report a few 
small sales to overseas customers. Ordinary qualities are 
“ome 71s., and No. 1 is in the neighbourhood of 
71s. 6d, 


Foreign Ore.—There is next to no activity in foreign 
ore. The'nominal price of best rubio is 16s., c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and sellers experience difficulty in inducing 
customers to negotiate. Good average qualities are on 
sale at 17s., delivered here, but local consumers are 
disinclined to pay that price. 

Manufactured Iron and Steel.—A further substantial 
order for constructional material has created a rather 
more hopeful atmosphere in the steel trade, but in all 
branches of manufactured iron and steel, more work is 
urgently needed. Quotations are, however, steady. 
Commoniron bars are 101, 15s, ; best bars, 111, 5s. ; double 
best bars, 11/7. 15s.; treble best bars, 12/. 5s.; iron 
rivets, 11/7, 5s. ; packing (parallel), 82. ; packing (tapered), 
102.; steel billets (soft), 61. 5s,; steel billets (medium), 
71. 128, 6d.; steel billets (hard), 8. 2s. 6d. ; steel rivets, 
111. 5s. ; steel ship plates, 8/. 15s, ; steel angles, 8/. 7s. 6d. ; 
steel joists, 87. 10s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 12/. 10s. ; black sheets (No. 24 gauge), 8/. 10s. ; 
and galvanised corrugated sheets (No. 24 gauge), 110. 5s. 

Scrap.—The scrap trade is extremely quiet. Quota- 
tions for most descriptions are nominal, but a little 
business is passing in heavy steel, the price of which is 
45s. Borings are offered freely at 30s., and turnings at 
35s., while light iron scrap is 40s., heavy cast-iron, 50s. ; 
and heavy machinery metal, 52s. 6d. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—No improvement of any kind is 
reported in the Scottish steel trade this week, and makers 
are very hard up for orders. Specifications are not 
coming in at all freely, and consumers are only taking in 
deliveries to meet their actual needs at the moment. 
Continental quotations have shown a tendency to 
harden, but this would only seem to be due to the un- 
economic rates quoted recently, as business the world 
over is still very bad. Local prices can scarcely be 
expected to go much, if any, lower, and whenever there is 
the slightest sign of a revival in trade the market will 
stiffen up considerably. Unfortunately there is no indi- 
cation of a change for the better, and this year seems 
destined to be classed as one of the most difficult and 
perhaps unsatisfactory in modern times. The shipyards 
are not consuming much in the way of plates or sections 
just now, and the demand from overseas is also very 
easily met. Makers of black steel sheets are no better 
off for work this week and prices tend to weaken. 
Galvanised sheets are in poor request and have been 
reduced in price to stimulate business, but orders had to 
be accepted at a very low figure because of the keen prices 
quoted by Continental producers. The following are 
the current market quotations: Boiler plates, 107. 10s. 
per ton; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. 
per ton; black steel sheets, 4-in., 8/. 5s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 111. 10s. 
per ton, all delivered at Glasgow stations, and galvanised 
corrugated sheets, as above, are called 111. 5s. per ton for 
export lots. 

Malleable Iron Trade.—In the West of Scotland 
malleable iron trade the depressed state continues, and 
plant is only kept going with great difficulty. Orders 
are exceedingly scarce and inquiries are likewise. The 
re-rollers of steel bars are also experiencing great difficul- 
ties just now and there seems no bright spot anywhere. 
Prices are unchanged and are as follow :—‘‘ Crown” bars, 
107. 5s. per ton for home delivery, and 9/. 15s. per ton for 
export ; re-rolled steel bars, 7/. per ton for home delivery, 
and 6/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—No change has taken place 
in the condition of the Scottish pig-iron trade, and the 
10 furnaces in blast seem quite able to satisfy all demands 
for thelocal product. The import from India continues, 
and the usual arrival took place last week. Prices are 
unchanged and are as follow :—Hematite, 77s. per ton, 
delivered at the steel works; foundry iron, No. 1, 79s. 
per ton, and No. 3, 76s. 6d. per ton, both on trucks at 
makers’ yards. 
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Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending last 

aturday, November 22, only amounted to 80 tons. 
Of that total 50 tons went overseas and 30 tons coast- 
wise. During the corresponding week of last year the 
figures were 550 tons overseas and 522 tons coastwise, 
making a total shipment of 1,072 tons. 

Shipbuilding.—Messrs A. and J. Inglis, Limited, 
Pointhouse, Glasgow, have secured a contract to build 
a composite vessel for the Corporation of Trinity House, 
London. This vessel is for light-ship service. 

Fusion of Scottish Steel and Iron Concerns.—An amalga- 
mation of no little interest has just been announced 
between the well-known West of Scotland firms of Messrs. 
David Colville and Sons, Limited, and Messrs. James 
Dunlop and Company, Limited. The new arrangement 
concerns the steel works, blast furnaces, and certain 
other interests of the two companies. The new Company 
will be known as Colvilles’, Limited, and, subject to the 
approval of the shareholders of the contracting com- 
panies, the scheme will take effect as on January 1, 1931. 
The new concern will acquire the following assets :—From 
Messrs. David Colville and Sons, Limited, Dalzell Steel 
and Iron Works, Motherwell ; Clydebridge Steel Works, 
Cambuslang ; and Glengarnock Iron and Steel Works 
From Messrs. James Dunlop and Company, Limited, Clyde 
Tron Works, Tollcross ; Calderbank Steel Works, Airdrie ; 
Clyde Coalfield and the Clyde and Calderbank Collieries. 
The new company will also take over working capital 
by way of floating stocks or otherwise to the value of 
650,000/., of which Messrs. Jas. Dunlop and Company 
will contribute 65,0007. Outstanding debts due to the 
vendor companies will not be acquired, nor will the new 
company assume any of their liabilities. Messrs. David 
Colville and Sons, Limited, will retain its holdings in its 
subsidiary companies. Messrs. Jas. Dunlop and Company 
will remain in existence a8 a company holding its 
allotment of the shares of the new company and 
operating the Cardowan Colliery, which has now reached 
the stage of production. 

Steel Works Closed.—The plate mill at Calderbank 
Steel Works has been closed down this week, and perhaps 
the proposed fusion mentioned above may have had some- 
thing to do with this. 








CANADIAN PRODUCTION OF CoBALT.—The production 
of cobalt in Canada during 1929, amounted to 929,415 lb. 
valued at 1,801,915 dols. 





PERSONAL.—Messrs. Electromersible Motors and 
Pumps, Limited, Abbey House, Westminster, S.W.1, 
having acquired the goodwill, drawings, patterns, &c., 
of Messrs. Submersible Motors, Limited (in liquidation), 
together with the Reed Cooper patents relating to sub- 
mersible motors and pumps, have now opened works at 
Hammond-road, Southall, for the manufacture of 
pumping equipment of this class. They are also able to 
undertake repairs, and to supply renewal parts for these 
pumps.—After Christmas, the offices of the Federation of 
British Industries will be removed from 39, St. James’s- 
street, to 21, Tothill-street, London, S.W.1.—Messrs. 
Clark’s Machine Tool Company have opened new offices 
and show rooms at 67, Pellon-lane, Halifax.—Messrs. 
Newton, Chambers and Company, Limited, Thorncliffe 
Ironworks and Collieries, near Sheffield, have made 
arrangements with Mr. Arnold Walters, director of 
Messrs. Christmas and Walters, Limited, 8, Grosvenor 
Gardens, London, 8.W.1, to represent them in respect of 
those products they have acquired from Messrs. Dew- 
hursts Engineering Company, Limited, and also in 
connection with their present steelworks specialities.— 
In order to cope with increasing business, Messrs. R. A. 
Lister and Company, Limited, Dursley, Gloucester, 
have opened new showrooms and offices in Imperial 
House, Kingsway, London, W.C.2. 





Contracts.—Messrs. Austin Motor Company, Limited, 
Birmingham, have placed orders with Messrs. J. W. 
Jackman and Company, Limited, Vulcan Works, 
Blackfriars-road, Manchester, for the full equipment 
of moulding and core-making machines of the Osborn 
type, in connection with their new foundry re-organisa- 
tion scheme.—Messrs. The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
have received, from the London Underground Railways 
Company, an order for the supply of some 300 heavy 
traction motors for the new rolling-stock required in 
connection with the Cockfosters-Hounslow extension 
of the Piccadilly Line. The same company has also 
received, through Messrs. Birmingham Railway Carriage 
and Wagon Company, Limited, the order for the com- 
plete electrical equipment of 61 new compartment-type 
coaches now being constructed to the order of the Metro- 
politan Railway Company, London.—Messrs. The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, have secured the order for 
the conversion, from 25 cycles to 50 cycles, of the main 
generating units, at Bonnington and Stonebyres power 
stations, of the Lanarkshire hydro-electric scheme. 
The same firm is also supplying 62 motors, each of 135 
h.p., together with control equipments, for three eight- 
coach Diesel-electric trains of the Buenos Aires Great 
Southern Railway. The main contractors are Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
who will also manufacture the Diesel engines.—Messrs. 
Crossley Motors, Limited, Gorton, Manchester, have 
supplied, through the Crown Agents for the Colonies, 
one of their Silver Crossley type chassis, fitted with a 
touring-car body, for the official use of H.E, the Governor 
of Nyassaland. A special radiator, for operation in 
hot climates, has been fitted to the vehicle. 





NOTICES OF MEETINGS. 





InstITuTION oF ELEctricaL ENGINEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ Electric Traction,’ by Lieut.-Colonel 
H. E. O’Brien. Western Centre: Monday, December 1, 
6p.m., The Guildhall, Gloucester. ‘‘ Surge Investiga- 
tions on Overhead Lines and Cable Systems,’’ by Mr. 
S. W. Melsom, Mr. A. N. Arman, and Mr. W. Bibby. 
Wednesday, December 3, 6 p.m. Wireless Section 
Meeting. ‘‘ Beam Arrays and Transmission Lines,” by 
Mr. T. Walmsley. Thursday, December 4, 6 p.m. 
Ordinary Meeting. ‘‘ Loud-Speakers since their Concep- 
tion with Gramophone Pick-ups and Wireless Recording 
Apparatus,”’ by Mr. 8. G. Brown. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s Gate, S.W.1. Informal Meeting. 
Discussion on ‘Export Trade Emancipation,” by 
Mr. E. Batten. Midland Branch : Thursday, December 
4, 6.30 p.m., Grand Hotel, Birmingham. ‘‘ Machinery 
and Methods of Manufacture of Sheet Glass,” by Professor 
W.E. 8. Turner; and at London: Friday, December 5, 
6 p.m., Storey’s-gate, S.W.1. Glasgow and West of 
Scotland Branch: Thursday, December 4, 7.30 p.m., 
Royal Technical College, Glasgow. ‘‘ Interesting Details 
of Woodworking Machinery Design,” by Mr. 8. Lister. 


JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Photography Applied 
to Science,’’ by Mr. G. H. Willett. Friday, December 5, 
7.30 p.m., ‘‘ Oil Burning for Domestic Central Heating,” 
by Mr. R. L. Mayston. 


Roya Institrution.—Monday, December 1, 5 p.m., 
21, Albemarle-street, W.1. General Meeting. Tuesday, 
December 2, 5.15 p.m. ‘‘ Stellar Structure and Energy,” 
by Professor E. A. Milne. Thursday, December 4, 
5.15 p.m. ‘ Reclaiming the Wastes,” by Mr. J. Russell. 


Socrety oF ENGINEERS.—Monday, December 1 
6 p.m., Geological Society, Burlington House, Piccadilly, 
W.1. “Some Ground Aspects of Aviation,” by Mr. 
W. R. Baldwin-Wiseman. 


ENGINEERING Society.—Monday, De- 
cember 1, 7.30 p.m., Technical College, Great Horton- 
road, Bradford. ‘‘ The Application of Diesel Engines to 
Road Transport,” by Mr. W. H. Goddard. 


INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
December 1, 7.30 p.m., Arts Theatre Club, Great Newport- 
street, W.C.2. Annual Meeting. ‘‘ Chemical Aspects of 
Vulcanisation with and Without Sulphur,” by Dr. A. 
Van Rossen. 


WOLVERHAMPTON AND District ENGINEERING 
Socrery.—Monday, December 1, 7.30 p.m., Victoria 
Hotel, Wolverhampton. ‘‘ The Machine Tool in Relation 
to Modern Engineering Practice,’’ by Mr. H. A. Drane. 


Royat Socrety or Arts.—Monday, December 1, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
‘Modern Domestic Scientific Appliances ” (Lecture IT). 
by Professor C. R. Darling. Wednesday, December 3, 
8 p.m. ‘‘The Building of the Mansion House,” by 
Mr. S. Perks. 


Soctrery or CHEemicaL Inpustry.—London Section : 
Monday, December 1, 8 p.m., Chemical Society, Burling- 
ton House, Piccadilly, W.1. ‘‘ Analytical Chemistry, 
its Past History and Future Development,” by Mr. J. H. 
Coste. 


InstTITuTE OF TRANSPORT.—Bristol and _ District 
Section : Tuesday, December 2, 5.40 p.m., The Univer- 
sity, Bristol. ‘‘ The Effects of Net Registered Tonnage 
on Ships, Docks and Rates,” by Mr. E. H. Slater. 


INstTITUTION oF Civi, ENGINEERS.—Tuesday, Decem- 
ber 2, 6 p.m., Great George-street, S.W.1. ‘“ Cairo 
Main Drainage Extensions,’”’ by Mr. A. O. W. D. Pinson. 


InstituTE oF Metats.—Scottish Local Section: 
Tuesday, December 2, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. Joint Meeting with Institution of Engineers 
and Shipbuilders in Scotland. “ Non-Ferrous Alloys 
Used by Engineers ” by Mr. W. Lambert. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
December 2, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. “‘Some Experiments on the 
Factors Affecting the Motion of a Four-Wheeled Vehicle 
when some of its Wheels are Locked,” by Mr. J. Bradley 
and Mr. 8. A. Wood. ‘‘ Factors Affecting the Behaviour 
of Rubber Tyred Wheels on Road Surfaces,”’ by Mr. J. 
Bradley and Mr. R. F. Allen. 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, December 3, 7 p.m., Swedenborg 
Hall, 20, Hart-street, Bloomsbury, W.C.1. ‘“ The 
Cost of Operating Industrial and Private Electric Generat- 
ing Sets Compared with Public Supply,” by Mr. E. G. 
Phillips. 


BRADFORD 


Nortu-East Coast INsTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Graduates’ Section: Wednesday, 
December 3, 7.15 p.m., Bolbec Hall, Newcastle-on- 


Tyne. ‘‘ Wharf Cranes for the Handling of Cargo,” 
by Mr. J. C. Dixon. 

InstrTuTION OF PRODUCTION ENGINEERS.—London 
Section: Wednesday, December 3, 7.30 p.m., Society 
of Motor Manufacturers’ and Traders, Limited, 83, 
Pall Mall, S.W.1. ‘‘ Works Costing and Production,” 
by Mr. E. T. Elbourne. 


INSTITUTION OF CHEMICAL ENGINEERS.—Thursday, 
December 4, 10.30 a.m., Chemical Society, Burlington 
House, Piccadilly, W.1. ‘‘ Industrial Wastes,” by 
J. B. C. Kershaw. ‘“‘ The Treatment of Suint Liquors 
from Wool Scouring,” by Mr. A. T. King. “The 


Treatment and Disposal of Wool-Washing Effluent,” 
by Mr. B. A. Smith. At 2.30 p.m. ‘‘ Whitewater 
in Paper and Pulp Mills and its Utilisation,” by Mr. R. J. 
Marx. “The Distillation of Wood Waste and the 
Utilisation of the Products,” by Mr. M. Schofield. 
“The Utilisation of Industrial By-Products, with Special 
Reference to the Pulp Industry of the United States 
of America,”’ by Mr. R. W. Griffiths. Friday, December 
5, 10.30 a.m. ‘“‘The Problem of Tannery Waste,” by 
Dr. D. J. Lloyd. ‘‘ The Use of Wood Waste for Heating 
and Generation of Power,’”’ by Mr. O. Wans. At 2.30 
p.m. ‘‘ The Utilisation of Waste Rubber,” by Mr. E. B. 
Busenburg. “The Recovery of Metal from Waste 
Materials,”’ by Prof. J. W. Hinchley. 


BritisH ASSOCIATION OF REFRIGERATION.—Thursday, 
December 4, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. ‘Latest Achieve- 
ments in Rapid Freezing and Chilling,’’ by Mr. M. T. 
Zarotschenzeff. 


InstituTE or British FounDRYMEN.—Lancashire 
Branch : Saturday, December 6, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘‘ Foundries— 
and Foundries,”’ by Mr. S. H. Russell. Scottish Branch : 
Saturday, December 6, 4 p.m., Royal Technical College, 
Glasgow. ‘‘The Production of an Aluminium Alloy 
Casting,’’ by Mr. A. Harley. West Riding of Yorkshire — 
Branch: Saturday, December 6, 6.30 p.m., Technical 
College, Bradford. ‘‘ Some Aspects of Modern Foundry 
Practice,” by Mr. F. Griffiths. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

Owners’ Wages for 74-Hours’ Shifts—Representatives 
of the South Wales coal owners and miners having failed 
to come to a settlement for a new agreement to take 
the place of the present arrangement, the owners have 
posted, at the collieries, the terms on which the pits 
will be open for work on Monday. The terms involye 
(a) the reduction of the percentage payable on the 1915 
standard rates from 28 to 18; (b) the alteration of the 
subsistence wage from a uniform figure of 7s. 104d. to 
a scale varying according to standard rates and actual 
earnings, but ranging approximately from a minimum 
of 6s. 3d. to a maximum of 7s. ; (c) the abolition of the 
system under which workmen employed on the after- 
noon, and/or night shifts, have been paid a bonus turn 
for a full week’s work, and the substitution of payment 
at existing standard rates, plus percentage, according 
to the actual number of shifts worked ; and (d) the dis- 
continuance of the payment to continuous shift work- 
men of overtime rates for regular week-end shifts. The 
owners, in posting these terms, state that they endeav- 
oured to persuade the workmen’s leaders to co-operate 
with them in an effort to share all that there was in the 
industry, with the least hardship to the workmen as a 
whole, and enable the owners to carry on with some 
small return for the time being. The workmen’s repre- 
sentatives, however, refused to consider anything except 
the same wages for less work. The terms are offered 
now instead of in three months’ time on account of the 
Coal Mines’ Act reducing hours from 8 to 74. Under a 
supplementary agreement, it was arranged that the 
existing wages should remain in force till the end of next 
February, unless, in the meantime, the hours of work 
were disturbed by legislation. The trading position in 
the past year has, it is pointed out, gone from bad to 
worse. The output of coal in the South Wales coal- 
field has fallen by 1,200,000 tons, compared with the corres- 
ponding period of last year, and foreign cargo shipments 
have declined by 600,000 tons, while the fall in inland 
consumption has been even greater. It is impossible to 
raise prices without losing orders, and thereby close 
more pits, and dismiss more men. In the meantime, 
though collieries have become somewhat busier, on 
account of more activity in inland deliveries and export, 
coupled with the bunkering of boats laid-up, supplies 
of all classes of large and small coal are plentiful with 
stocks heavy and prices stationary on the basis of the 
minima. The only section in which sellers can secure 
more than the minimum is for sized coal, which is com- 
fortably stemmed on account of commitments previously 
arranged. The outlook, though gloomy, is not alto- 
gether hopeless, for there is still time for the South 
Wales miners to follow the lead of North Wales and 
Cumberland, and accept a spread-over of working hours, 
in which case, the owners would doubtless be prepared 
to pay a higher wage rate. 


Iron and Steel.—A better inquiry has developed for 
Welsh tin-plates, following the abandonment of the 
minimum price, and, for ordinary sizes, orders have been 
booked at 15s. 9d. to 16s. 3d., and for odd sizes, at 16s. 
to 16s. 3d. Shipments of iron and steel goods last week 
totalled 15,450 tons, or 4,000 tons more than in the 
preceding six days. 








THE BritisH InstiruTeE or RapIoLoGy.—The annual 
congress and exhibition of the British Institute of 
Radiology, which is incorporated with the Réntgen 
Society, will be held in the Central Hall, Westminster, 
on December 3, 4 and 5, next. The exhibition opens at 
10 a.m. each day, and closes at 7 p.m. on December 3 
and 4, at 6.30 p.m. on December 5. The official opening, 
by Sir Humphry Rolleston, Bart., takes place at 2.30 p.m. 
on December 3, after which Mr. C. E. S. Phillips will 
deliver his presidential address. Technical and medical 
papers will be read during the mornings of December 4 
and 5, respectively, while memorial lectures will be 
delivered in the afternoons of those days. The congress 
will conclude with the annual dinner, which will be held 





at the Trocadero Restaurant at 7.30 p.m. on December 5. 
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THE SURFACE CONDENSER. 

THE surface condenser was invented by Watt, 
but it was Hall who was mainly responsible for 
its development as a practically indispensable 
adjunct to the marine engine. It was little used in 
land service until the advent of the power station. 
The pioneers may, possibly, have framed some more 
or less rational theory about the phenomena con- 
cerned. Pioneers often do, but their successors not 
infrequently content themselves with certain types 
of empirical formulae based on experience, which 
serve reasonably satisfactorily, their immediate 
needs. This was notably the case with the surface 
condenser as applied to the marine engine. The 
cooling surface provided was quite commonly 
made some fraction of the boiler heating surface, 
and the air pump was given a displacement based 
on that of the low-pressure cylinder. These rough- 


|and-ready rules proved fairly adequate to the 


needs of the time, largely because the reciprocating 
engine could not make effective use of a high 
vacuum. 

With the introduction of the steam turbine, it 
soon became evident that more consideration must 
be given to basic principles in condenser design. 
Sir Charles Parsons seems to have been the first 
to have realised how very important the presence 
of air became at high vacua, and in his vacuum 
augmenter, which has since seen numberless 
variants, provided an effective means of eliminating 
most of this air. Such experiments as were made 
on condensers, however, still continued to record 
merely the overall resistence to heat flow from 
steam to water and, so long as results were 
expressed in terms of conductivities instead of 
resistances, it proved impossible to distinguish 
between the separate items out of which the gross 
total was built up. In particular, experimenta- 
lists differed widely about the effect on the 
conductivity of the speed of the circulating water. 





The wide divergencies in the conclusions reached 
by different observers was very clearly brought 
out in a diagram given in a paper read in 1913 
before the Institution of Mechanical Engineers by 
Mr. Leigh Scanes. A little later than the date of this 
paper, the plan was introduced of plotting resistances 
against a negative power of the velocity, instead 
of conductivities against a positive power of the 
velocity. Much then became clear, partly because 
resistances in series are additive whilst conductivities 
are not, and partly because the resistance to heat 
flow becomes: zero at the same time as a negative 
power of the velocity. Thus, one definite point 
was obtained outside of the range covered by the 
observations then available. This made it possible 
to determine resistances at velucities higher than 
usual by the safe procedure of interpolation, whilst 
on the plan previously followed extrapolation would 
have been necessary, but was generally quite im- 
practicable. 

The resistances to heat flow from the steam to the 
circulating water are various. In the first place, 
even assuming the steam to be absolutely air free, 
its temperature must be higher than that of the 
thin film of water which covers the external surface 
of the tubes. This resistance is easily calculated. 
With a 28-in. vacuum, for example, about 5,250 Ib. 
of steam molecules per hour will strike every square 
foot of condensing surface. If the condensation 
is at the high rate of 12 Ib. per square foot per hour, 
the surface of the water film will be at a tempera- 
ture such that it sends off 5,238 lb. per hour. From 


5|\this it is readily calculated that the temperature 


of the film is about ;'; of one deg. F. below the 
steam temperature. At higher pressures, the tem- 
peratures difference will be even less. It is obvious 
therefore that the density of the steam can have 
little effect upon the rate of heat transfer. A 
contrary conclusion was reached by certain of the 
earlier experimenters, but it is now obvious that 
the effects they observed were really due to the 
presence of air in the steam, which is relatively less 
important the higher the pressure in the condenser. 

The film of water which deposits on the tubes 
has a thickness of the order of 1 mil., but this thick- 
ness is presumably a function of the surface tension 
and will thus vary somewhat with the temperature. 
Owing to the low conductivity of water this thin 
film offers a resistance to the flow of heat which 
is, perhaps, 6 or 7 times as much as that due to 
the metal of the condenser tube. On the water 
side of the condenser tube there is a film in viscous 
flow through which heat can only pass by conduc- 
tion, whilst the transfer of heat from the inner sur- 
face of this film to the turbulent core, constituting 
the main mass of the flow, takes place as Osborne 
Reynolds pointed out, by convection, and he was 
able to establish a rational formula for this convec- 
tive resistance, as it may conveniently be termed. 

It is obviously important that definite figures 
should be obtained for the value of each of the 
items out of which is built up the total resistance 
to heat flow from the steam to the circulating water. 
So far as the resistance on the water side of the 
tubes is concerned, accurate data are provided 
in the paper read last Friday before the Institution 
of Mechanical Engineers, by Messrs. A. Eagle, and 
R. M. Ferguson, which we reprint on page 691. The 
research, which originated in the enlightened policy 
of the British Electrical and Allied Industries Re- 
search Association, has taken some years to complete, 
and in view of the care displayed by the observers, 
may be regarded as authoritative. 

In the discussion which followed the reading of 
the paper, some of the speakers seemed inclined 
to criticise the authors because the conditions in 
which their experiments were made did not exactly 
reproduce those met with in actual surface conden- 
sers. Such critics might fairly be asked to specify 
what the latter are. It is, of course, quite true 
that at the inlet to a tube the flow has not reached 
the ultimate steady state, but how is the departure 
from this to be specified ? It may quite conceivably 
differ for every tube in a condenser. In all experi- 
mental work it is, in fact, all important to aim at 
ideal conditions, which alone can be accurately 
described and reproduced. A clean tube, for 
example, is something definite, whilst a dirty tube 
may mean anything from a film of deposit 
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one-thousandth of an inch thick to a layer of lime 
2s in. thick. The departures from ideal conditions, 
found unavoidable in practice, can only be dealt 
with satisfactorily by the introduction of correction 
factors. 

A point of some interest was raised by Professor 
Lea in connection with the dimensions of certain 
of the terms included in one of the author’s equa- 
tions. There is, as a matter of fact, room for 
confusion here. For instance, in Kaye and Laby’s 
tables of physical constants, zero dimensions are 
attributed to temperature, whilst in Professor 
Reiche’s treatise on The Quantum Theory tempera- 
ture is credited with the same dimensions as energy. 
Both, in fact, are right, and the discrepancy is due 
to the fact that there are two different, but both 
perfectly legitimate, ways of defining specific 
heats. Thus, a specific heat may be regarded as 
the ratio of the heat required to raise by 1 deg. 
the temperature of a mass of the substance in 
question, to that required to raise by 1 deg. the 
temperature of an equal mass of water under 
certain strictly specified conditions. On this 
definition specific heats are of zero dimensions, 
and so is entropy, which is in accord with the 
physical definition of entropy as the logarithm of 
a probability. On the other definition, entropy has, 


as Kaye and Laby state, the dimensions aa It 
may, perhaps, be added, in passing, that the present 
popularity of the theory of dimensions is not 
without certain drawbacks. It sometimes seems 
to lead observers to content themselves with a 
formula which fits their observations and is dimen- 
sionally correct, instead of trying to visualise the 
intimate nature of the phenomena concerned, and 
using this mental picture to fix the form of their 
functions. If this latter procedure be not followed, 
purely empirical, though dimensionally correct, 
equations will generally prove seriously in error 
when extrapolated. Much of the value of Osborne 
Reynolds’s masterly contributions to engineering 
theory were due to the pictures he gave us of the 
mechanisms at work. 

In this connection it may be noted that another 
point raised by Professor Lea illustrated a certain 
confusion which has arisen from a common method 
of describing Osborne Reynolds’s theory of the 
transfer of heat by turbulence. Osborne Reynolds 
pointed out that momentum and heat were trans- 
ferred in the same way. This is correct if the 
water be hotter than the tube, but in the converse 
ease, which is the usual one, it is ‘ cold” rather 
than heat which is transferred from the water to 
the wall. ‘Cold’ may be regarded as “ negative 
heat,” and the change of sign, of course, in no way 
affects the mechanism at work, so that no change is 
required in the experiments described by Messrs. 
Eagle and Ferguson to bring them into line with 
Osborne Reynolds’s theory, which, however, of 
course, deals only with a part of the phenomena 
involved. 

Another point raised in the discussion was whether 
or no there can be a layer of transition between the 
viscous film and the turbulent core. The point at 
issue is really this:—-When a particle of water is 
torn off the viscous film, is it instantly whirled to 
the centre of the tube, or is it, as likely as not, to 
be flung back into this film before it has got far 
away from it? This latter is, if we understand 
them aright, the view taken by the authors. It 
does not seem practicable to determine the point 
experimentally, and probably both the authors and 
their critic will adhere to their present views. In 
this connection it is, perhaps, of some interest to draw 
attention to a fact which, so far as we are aware, 
is not referred to in any hydraulic textbook, viz., 
that when the flow through a pipe becomes turbu- 
lent the pressure over a normal cross-section of the 
pipe can no longer be uniform. There must be, 
in fact, a pressure gradient along the radius. This 
will become obvious if it be noted that turbulence 
implies that the particles of the fluid have a radial 
as well as an axial velocity, and thus a radial 
momentum. This radial momentum is cancelled 
at the wall, and generates, accordingly, a pressure 
there. Experimental evidence in support of this 
view is afforded by certain experiments on impro- 
vised Venturi meters, in which at very low velocities 





impossibly high coefficients were recorded, due to 
the fact that the character of the flow was not quite 
the same on opposite sides of the throat. 

The part played by conductivity in the transfer 
of heat from wall to water is of some interest. We 
are inclined to think that one phrase used in the 
paper under discussion may prove misleading, 


viz., the remark that “ ae ne, ee are all the 


different independent quantities of zero dimensions 
which can be made out of the given variables.”” As 
a question of mathematics this would seem to be an 
over-statement. For example, c has, according to 


Kaye and Laby, the dimensions 7" 


Bs 


c 
Hence, —, 
ay 


is as dimensionless as 


Indeed, when the temperature does not vary with 
the time, as in conduction through a metal wall 
having its surfaces maintained at constant tem- 
peratures, the specific heat s is in no way involved, 
and the flux of heat depends only on the conduc- 
tivity and the temperature gradient. Moreover, 
since, on the definition of specific heat adopted by 
the authors, temperature is of zero dimensions, any 
term can be multiplied by temperature without 
affecting its dimensions. 

Ultimately, as Osborne Reynolds pointed out, 
such equalisation of temperature as occurs within 
the turbulent core must be due to the conductivity 
of the fluid; nevertheless, this equalisation is for 
all practical purposes independent of this conduc- 
tivity. This comes about because, in turbulence, 
the areas across which conduction occurs become 
enormous, whilst the layers of fluid at different 
temperatures become very thin. This was pointed out 
by Maxwell in his Theory of Heat, where he discusses 
the allied question of the diffusion of a salt in water. 

Weare glad to learn that the British Electrical and 
Allied Industries Research Association are extend- 
ing the present research to oil and to air. It 
should prove possible to include all fluids in a 
common and comprehensive formula, jus}t as has 
been done in the case with pipe friction. 








INDUSTRIAL LEGISLATION. 

IN many, perhaps most, subjects with which 
legislators have to deal decisions have to be reached 
largely as matters of opinion, and not adopted as 
necessary conclusions from established facts. It is 
natural that, as a rule, such decisions, which must 
be based mainly on whatever general principles 
may seem to be applicable, should be influenced 
by many considerations outside the merits of the 
question. In the recent Norman Lockyer lecture 
for 1930, delivered before the British Science Guild, 
Sir William Pope pointed out that there are questions 
in regard to which enough data are available to 
enable them to be decided on their own merits, 
irrespective of political opinion. As would be 
expected both from the speaker and the occasion, 
the chief illustration given of such questions was 
drawn from scientific industry. . The British Science 
Guild was founded about twenty-five years ago by 
Sir Norman Lockyer, not as a scientific, industrial 
or educational association, but as a body repre- 
senting all three aspects of social activity. It was 
formed to promote the active co-operation of these 
three elements of social prosperity. 

The most striking concrete example of a subject 
fit for scientific treatment, to which the lecturer 
referred, was the Dyestuffs (Imports Regulation) 
Act, passed in 1921, and due to expire at the begin- 
ning of next year. This Act was passed on the 
ground that the existence of synthetic colour-making 
factories with adequate technical staff and equipment 
was indispensable to national security, and it gave 
effect to this conviction by prohibiting the import of 
all dye-stuffs and intermediates used in their manu- 
facture, except when no British equivalent was 
available or when the British price was higher than 
the foreign. Detailed particulars have been kept 
and furnished to the Board of Trade in regard to the 
progress of the dye-stuffs industry and consumption 
during the ten years for which the Act has been in 
force, It appears that whereas before the war only 
about a fifth of the dye-stuffs required in our textile 
industries was made in this country, some 93 
per cent. of the total consumption are now British 





made, and derived largely from home-produced 
intermediates. Indirectly, moreover, the large 
stimulus given to the training of chemical students 
has greatly increased the technical strength avail- 
able for all branches of the growing chemical indus- 
tries, and has facilitated the technical progress of 
many of them. A flourishing dye-stuffs industry 
has been established, which there seems no reason 
to doubt is due to the operation of the Act in giving 
manufacturers an assurance of their home market 
so long as they supplied it as cheaply as their 
competitors. Sir William Pope’s contention is that 
the unusual volume and detail of available informa- 
tion in regard to this industry makes the propriety 
of the renewal or the discontinuance of this Act 
essentially a matter ready and proper to be inves- 
tigated in a judicial spirit, freed from any political 
bias. 

This expression of opinion by Sir William Pope 
has been followed by two incidents, one disturbing 
and the other hopeful. Within a day or two of the 
delivery of the lecture, the Government announced 
in the House of Commons that they proposed to 
allow the Dyestuffs (Imports Regulation) Act to 
lapse. This announcement was not coupled with 
any information that the operation of the Act, 
and the effect of its lapse, had been examined by 
any impartial business or scientific body which 
could consider the industrial effect of this step and 
its relation to the chemical trades as a whole. 
Apparently the Act must lapse because it is not in 
accord with certain political general principles, not 
because the Government is convinced that the dye- 
makers and dye-users will be better off without the 
Act and will employ more labour. 

This reply to Sir William Pope’s plea, so far from 
being a demonstration that the plea is unsound, is 
merely an added illustration of the necessity for 
such a body as he suggested, and it was hopeful to 
find his proposal reinforced by Mr. Winston Churchill, 
who spoke at the annual dinner of the British 
Electrical and Allied Manufacturers’ Association on 
Wednesday of last week. The importance of 
Mr, Churchill’s support of a proposal of this kind is 
that, in his position as a leading member of one of 
the political parties, he is in a position to bring 
influence to bear which might lead to the formation 
of such a body. Mr. Churchill’s proposal was for 
the constitution of, what he called, a sub-Parliament 
to sit alongside the political Parliament and deal 
with economic matters. The composition of the 
sub-Parliament would be mainly expert, but it 
would contain members of the political Parliament 
who would be chosen by the party leaders in pro- 
portion to the strength they possessed in the House 
of Commons. Some of Mr. Churchill’s hearers 
objected to this leaven of political members, but 
there is little doubt that his proposal is the correct 
one. If the new body consisted entirely of out- 
siders its proposals would be listened to with 
courtesy and then ignored. It would merely be a 
form of Royal Commission, a class of body on 
whicn, as Mr. Churchill said, business men are so 
often invited to waste their time. If the body 
actually represented the political parties its 
proposals might be listened to and even acted on. 

We cannot allow ourselves to imagine that this 
sub-Parliament is likely to come into immediate 
active being, but its suggestion by Mr. Churchill 
is another indication of the trend of thought which 
realises that the purely political control of our 
industrial questions is not proving a success. The 
point of view which the proposal represents has 
been put forward by otber influential men, notably 
by Sir Robert Hadfield, in connection with his 
proposed Empire Development Board. This pro- 
posal is not the same thing as Mr. Churchill's 
sub-Parliament, but both have for basis the belief 
that industrial matters are not being handled well. 
Sir Hugo Hirst, who proposed ‘‘ British Trade,” at 
the dinner of the British Electrical and Allied Manu- 
facturers Association, to which Mr. Churchill replied, 
pointed out that although the Central Electricity 
Board had been created by Government and blessed by 
all political parties, there was no attempt to ensure 
that the benefit of the extended market for electrical 
apparatus which its activities created should be 
available for home manufacturers. Possibly 4 


sub-Parliament might realise that the benefits of a 
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great national service, created with the backing of 
State credit, might be reserved to national industry. 
Sir Hugo also gave some interesting information, 
and expressed important opinions, about the 
manufacturing industries of the Dominions. He 
directed his remarks mainly to Australia and pointed 
out that the best policy for home manufacturers was 
to co-operate with the new industries of the country. 
It was obviously economically impossible for 
Australia to attempt to build up an electrical 
manufacturing industry covering the whole field, 
but in certain branches of work, which represented 
a large consumption, there was no reason why she 
should not develop her own works. This, with the 
assistance of the principal importers, had been 
arranged in connection with electric lamp manu- 
facture, and similar arrangements were being studied 
in connection with thermionic valves and certain 
types of cables and insulated wires. With properly 
fostered arrangements, this type of co-operation 
might be extended to many branches of the manu- 
facturing field, and there is little doubt but that 
adequate preference for other classes of manufacture 
might be a concomitant feature of the schemes. 
The present working treaties have been made 
without consultation with either the Australian or 
Home Governments, but the whole question appears 
to be one that might be handled in a business like 
way and considerably extended by such a sub- 
Parliament as Mr. Churchill suggested. 








BRITTLE FRACTURE IN METALS. 


At King’s College on Monday, November 17, 
Professor B. H. Haigh, D.Sc., M.Inst.C.E., delivered 
the first of a course of three lectures on “ Brittle 
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Fracture in Metals.” The course has been arranged 
for by the Armourers and Braziers Company of the 
City of London. 

The lecturer said that if his hearers would cast 
back their memories to their student days they 
would recall the fact that great importance was 
attached to tensile tests of materials, and rightly, 
since experience had proved the tensile strength to 
be the best basis for judging the suitability of 
metals for use in structures and machines. The 
matter was, however, in some sense anomalous. 
If we judged solely by what we learnt in the class 
room and laboratory, we would say to the mainte- 
nance engineer ; “‘ Don’t be anxious ; simply look out 
for signs of stretching of the metal, which, if found, 
indicate no immediate danger, since you may 
expect a lot more before fracture occurs and will 
thus have ample warning before the danger point is 
reached,” Actually, however, what was found in 
metals strained in service conditions was not stretch, 
but cracks, which appeared quite suddenly, The 
back axle of a motor car, for example, might snap 
without warning, and in bridge work even the ductile 
steel used might fail in the same way. The main- 
tenance engineer, therefore, was always on the 
look-out for the sudden appearance of a crack, 
though such, fortunately, were rarely found in the 
main bridge members, These facts might well tend 
to alarm the engineer and to cause him to question 
the reliability of the tensile test; but any such 
disquiet was unnecessary, since practical experience 
had thoroughly justified it. 

The results of a tensile test of a specimen of a 
fairly hard steel were represented in Fig. 1. The 
material had an elongation of about 15 per cent. 








It would be seen that the broken surface consisted of 
two distinct parts very different in appearance. 
Round the edge the material was cupped or coned, 
but the inner portion was very flat. Very few 
engineers seemed to have asked the question why 
there should be two distinct kinds of fracture. 
Attention had often been directed to the cupped 
rim which, it was pointed out, indicated that the 
failure here was due to shear, but nothing was said 
about the central section. Another type of failure 
representing a typical coarse-grained brittle fracture 
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was illustrated in Fig. 2, but even here around the 
very margin a certain amount of cupping was 
visible though it was only about two or three grains 
deep. 

In Fig. 3 two possible methods of failure were 
represented diagrammatically. In the case of A 
there was slipping along certain planes under the 
shears developed on them. In the case of B we 
had separation of the surfaces without slip, save at 
the very margin where a little “cupping” was 
indicated. It would be noticed that in the case 
of A the slipping was accompanied by a general 
thinning of the test piece. 

It was Ewing and Rosenhain who, some 30 years 
ago, discovered slip bands in micrographs of strained 
surfaces. These bands were well shown in Fig. 4. 
The discovery thus made was memorable, but 








incidentally, it had had oneun satisfactory effect 
It had led, perhaps, to an exaggerated importance 
being attached to shear and to the utter neglect of 
the older idea that fractures might be due wholly to 
normal stress and the surfaces separate without the 
development of either slip or shear. 

It was this kind of fracture which was associated 
with brittleness. One kind of brittle fracture had 
long been recognised, and was illustrated in Fig. 5. 
Here on the left was shown an etched and polished 
specimen of tin and on the right the same specimen 
after it had been broken in a tensile test. The same 
crystals could be seen in both, and it would be 
noticed that the grains had pulled apart, whilst 
remaining themselves intact, It was thus an 
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inter-granular failure of a type called a “ hot”’ 
fracture by Dr. Rosenhain. The melting point of 
tin being low, the metal might be regarded as 
having but recently solidified, and the inter-granular 
material was that which had done so last, This 
inter-granular matter was in a vitreous condition 
and still rather soft, having, indeed, a constitution 
not unlike that of ice-cream. In other cases where 
the metal was at a temperature far below the melting 
point, it was this inter-granular layer which was 
commonly stronger than the crystal grains, and it 
was the latter, therefore, which broke in two under 
test. Such failures had been called “cold” 
fractures by Dr. Rosenhain. The vitreous inter- 
granular layer was then mainly responsible for the 
strength developed. Nevertheless it was inherently 
brittle as, indeed, was glass. A glass tube, for 
example, could be drawn out in the Bunsen flame 
to an almost unlimited extent provided the motion 
were sufficiently slow. If hastened however, it 
broke off with a typical brittle fracture. Again, 
iron heated to the plastic stage resembled pitch 
breaking off short as in Fig. 6, with no development 
of cup and cone, which, indeed, were never met 
with in the fracture of brittle materials. 

Brittle fractures, however, were not necessarily 
an indication of brittle material, but were often 
due to the manner in which the material was loaded. 
Thus, in Fig. 7 the results were shown of notched 
bar tests on two similar specimens. In the one case 
the notch was on the tension side of the specimen 
and the result was a brittle fracture. In the other 
the notch was on the compression side, and there 
was no indication of brittleness which actually was 
never found in association with compression. ; 

Brittle fractures were also caused by fatigue. A 
typical case was represented in Fig. 8, which was of 
some historic interest, as it was with this that it was 
first proved that the atmosphere might play a 
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part in promoting brittleness. It was now known 
that chemical action might be important, a familiar 
example being the season cracking of brass. Much 
had still to be learnt on this head, and in future the 
engineer and chemist must work together. 

A very interesting case was represented in Fig. 9, 
which showed the failure from fatigue of a loco- 
motive crank axle. Sharp corners were commonly, 
and with reason, thought to be dangerous, but as 
the photograph showed, this was not necessarily the 
case. The fatigue fracture had, it would be seen, 
carefully avoided the sharp corners of the keyway, 
and the reason was that the key was very tightly 
driven. It was not one of the easy fitting splined 
keys now so familiar in motor-car practice. The 
key being very tight, the metal was strongly com- 
pressed, and could not accordingly break with a 
brittle fracture. A similar state of affairs was 
shown by a light patch near the upper right-hand 
corner of the photograph, which represented another 
region in which the metal of the shaft was heavily 
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compressed. Pressure, therefore, was a safeguard 
against fatigue. 

Suppose that in Fig. 10, a represented a grain of 
metal in a specimen subject to an axial pull, as 
shown, and that the weakest plane of the grain was 
along BC. The axial tension on the grain might be 
resolved into a tangential component and a normal 
component, the corresponding stresses being de- 
noted bytand x. If ¢ exceeded a certain limiting 
value ¢;, say, then slip occurred, and we should get 
the slip bands discovered by Ewing and Rosenhain, 
and the yield would be plastic. _There was, however, 
another alternative possible, viz., the normal stress 
n might exceed a certain limit n;, say, and the metal 
would then part with a brittle fracture. Moreover, 
if the latter limit were reached before the tangential 
component ¢ exceeded t;, then the fracture would be 
of the brittle type, even if the metal were inherently 
ductile. It would, in fact, not be given the chance 
of showing whether or no it was able to slip. 

Thus, if ¢ were low and n greater than n;, the metal 
would crack, so that cracking might be due either to 
n, being low or to the conditions being such that the 
shear stress ¢ was low. The plastic yield by which a 
heavily loaded area might relieve itself, passing on 
the excess load to its neighbours depended therefore 
on the development of large shearing stresses. 








In the notched bar test there was a great con- 
centration of the direct stress n near the bottom 
of the notch and very little slip occurred there. 
Deeper down, below the notch, the concentration 
was reduced and the metal yielded plastically. 

Consider next the case of a specimen subject to 
two equal tensional stresses in direction at right 
angles to each other, as in Fig. 11. Then the two 
tangential components cancelled each other and 
there could be no slip along BC. The plastic 
safeguard against over stress was then reduced, but 
the consequent danger was, in this case, less than 
might perhaps be thought, since slip was still 
possible along planes at right angles to the plane of 
the diagram. 

Suppose, however, a third tensional stress were 
added, equal in intensity and at right angles to 
the other two; all possibility of slip was then 
removed, and if failure occurred it would be of the 





of the metal, and these changes caused contraction. 
Suppose 99 per cent. of the change occurred at once, 
but that in 1 per cent. of the total mass the change 
was delayed till the rest of the metal had set, 
triple tensile stresses would again be developed, 
and it was these which were responsible for the 
hair cracks and snow flakes. 

Again, in the old days, shafts had to be forged 
with light hammers, and the result was not infre- 
quently a star-shaped cavity at the centre of the 
shaft, which extended a long way. The speaker 
had, in fact, once sunk his walking stick, up to the 
handle, in a 5-ft. length of the shaft of an old James 
Watt engine which was being dismantled. The 
effect of the light hammer was to drive in the metal 
under it as a series of little wedges, such as were 
indicated in Fig. 12. These wedges expanded the 
circumference of the shaft being forged, with the 
result that the interior metal was put under tension 


brittle type. This “triple tensile” stress was the | certainly in two directions, and probably also to a 
most dangerous of any, and failures due to it were | lesser extent in the third. Plastic yield was thus 
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of frequent occurrence, even in ductile materials. 
In such substances as pitch, the value of t, was zero, 
and this material was accordingly really a fluid, but 
it yielded so slowly to stress that there was no 
difficulty in breaking up, by sledge hammers, the 
contents of a cask, and under tensile test, unless the 
rate of application of the load was exceedingly slow 
it broke with a typical brittle fracture. 

Steel was a very different material. Here, ¢; was 
high, yet typical brittle fractures occurred in the 
case of steel ingots, particularly in time past, when 
makers were less wary than they had since learnt to 
be. In the old days, the ingot was not left long in its 
mould. The consequence was that the outside got 
rigid, whilst the inside was still hot, and was there- 
fore really plastic. As it cooled, it was put under 
triple tension in attempting to contract away from 
the rigid shell. The result was often a “ clink,” the 
fracture being of the typical brittle type, in spite 
of the fact that the metal was really highly ductile. 
Such “clinks”’ were exceedingly annoying to the 
steel maker. They gave no visible sign, but no 
after treatment would get rid of the damage done. 

Another troublesome type of failure, also due 
to triple tension, was met with in nickel-chrome 
alloys. On machining off about 1 in. of metal from 
an ingot of this material, hair cracks, or small 
stars, known as snow flakes, might be found. 
These were never found near or on the surface, and 
were accordingly only discovered after a good deal 
of work had been done on the ingot. The object 
of adding nickel and chromium to steel was to 
produce certain physical changes during the cooling 
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checked, and the result was a brittle fracture, as 
indicated in Fig. 12. With a heavy hammer, the 
wedges might extend right down to the centre, and 
a solid forging be obtained. It was a recognition 
of this which led Nasmyth to invent the steam 
hammer. 

Chain cables often provided another interesting 
case of a brittle fracture in a ductile material. With 
the cable taut there was simple compression at 
the point where one link bore on the next. Actually, 
however, pounding occurred, and the conditions 
then became analogous to those arising when a 
shaft was forged with too light a hammer. A 
wedge was driven in, causing at least two directional 
tensions on the inner metal, and possibly there 
was also some tension in the third direction. 
Under these conditions a crack started in the region 
indicated in Fig. 13 by the cross hatching. Of this 
crack no indication could be found on the surface. 
So much trouble arose from these cracks that the 
matter was referred to an official committee, who 
reported that the metal was embrittled in the region 
shown by the pounding the link received. The 
embrittlement was, however, of a singularly strange 
type, since specimens cut from the region indicated 
proved perfectly ductile when tested. As a matter 
of fact, the metal was not at fault, being in no way 
embrittled. It had merely been subjected to a 
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kind of stress in which plastic yield was prohibited. 
Another interesting case was provided by the 
balls used in ball bearings. If subjected to a 
compressive test, radial tensions were developed 
at the mid-section. Little wedges were driven in at 
top and bottom, as indicated in Fig. 12, and the 
ball finally split in two. In service the conditions 
were somewhat different. The ball was much less 
heavily loaded, yet, nevertheless, little wedges were 
driven in, expanding the skin and causing tensions 
in the interior. The conditions were such as to 
inhibit plastic yield, and the metal, therefore, 
parted with a brittle fracture, flaking off in spots. 
Nevertheless, the metal, in spite of its hardness, 
showed evidence of great ductility. To say it was 
glass hard was, in fact, unjust to it, since, if a 
diamond were driven into the ball there was dis- 
tinct evidence of plastic flow. It cracked like glass 
solely because of the kind of stresses to which it was 
subjected and not because of intrinsic brittleness. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A GENERAL meeting of the Institution of Mech- 
anical Engineers was held at Storey’s-gate, St. 
James’s-park, on Friday, November 21, the chair 
being occupied by the President, Mr. Loughnan 
St. L. Pendred. After the transaction of the 
routine business, the President introduced Mr. 
Albert Eagle and Mr. R. M. Ferguson as joint 
authors of a paper entitled “The Coefficients of 
Heat Transfer from Tube to Water.’”’ The paper 
wag read in abstract by Mr. Ferguson, and we 
commence to reprint it on page 691 of this issue. 


Heat TRANSFER FROM TUBE WALLS TO 
Water. 


After the vote of thanks, the discussion was opened 
by Dr. Gerald Stoney, who said that the paper pro- 
vided for the first time really reliable results of heat 
transfer on the water side in surface condensers, 
and similar apparatus, together with a consistent 
theory of such heat transfer. The theory might 
require modification in applying it to such fields as 
oil, where o = 50 or more, or to air and other gases 
where co = 1. Equations 11 and 12 appeared to be 
only true in a range from o = 3,too=15. _ Ex- 
periments on oil with high values of « would be 
most useful, and he suggested that the investigation 
should be extended to include this. The paper 
might be regarded as a first step to obtaining a uni- 
versal law for such heat transfer, similar to that given 
by Osborne Reynolds, Stanton and Pannell, and 
others, for the resistance to flow in tubes. Reynolds 
also provided a theory of heat transfer, and it was 
on this, modified by experimental results, that all 
the present theories were based. 

In a condenser, there was heat flow from the 
steam to the tube. This was a complicated pheno- 
menon, owing to the great number of variables, 
viz., the temperature, pressure, and wetness of the 
steam, its velocity over the tubes, the amount of 
air present, and the amount of water on the tube, 
as well as other things. Secondly, there was the 
rate of heat transfer through the tube wall. This, 
in most cases, was unimportant. Thirdly, there 
was the heat transfer from the tube to the water, 
which was the subject of the paper. Many tests 
had been made of the heat transfer from steam 
to water, but, as they had combined the whole 
three transfers, the results had varied greatly. It 
was only when the tube temperatures were measured 
that the three transfers could be separated out. From 
these results, the tube temperature, if the tubes 
were clean, could be calculated and, in any con- 
denser, the heat transfer on the steam side could 
be ascertained so as to determine the effect of 
better distribution of the tubes and better air 
extraction. 

He thought the paper was a good example of the 
confusion resulting from the use of the British 
system of units. As the equations 1 to 10 had 
quantities all of zero dimensions, they would be 
true for any consistent series of units. Making 
them convenient for British engineers had intro- 
duced complications. The viscosity, conductivity of 
the water, density and specific heat were C.G.S. 
units, while some dimensions were in either feet 





or inches, times were in seconds or hours, and 
temperatures in Fahrenheit or Centigrade degrees. 
The real remedy was to work such problems as 
arose from that paper in C.G.S. units. There were 
notable things in the paper. It had brought into 
prominence, as shown in Fig. 4 of the paper, the 
existence of an intermediate layer, partly turbulent 
and partly viscous, and the recognition of this 
fact greatly advanced the theory of heat flow. 
Another thing which had been brought out for the 
first time was that the resistance to flow of a fluid 
in a tube depended not on the temperature of the 
water, but on the temperature of the tube. 

Mr. H. M. Martin was the next speaker. The 
paper, he said, seemed to him to describe the 
finest experimental research yet made on the 
transfer of heat from a hot tube to water circu- 
lating through it, and every precaution seemed to 
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paper immediately after equation 8, was not 
constant. He had mentioned, at the time, that 
he fully expected it to vary, and was surprised that 
it did not do so. Webster’s results now appeared 
in good accord with those of the paper, except in one 
minor matter. In Webster’s experiments, air was 
freely liberated from the viscous film at high 
temperatures. Apparently the authors had found 
nothing similar. The reason would appear to be 
that Webster’s initial water temperatures were 
always low, and the air content correspondingly 
high. These conditions were reversed in the paper, 
in the high-temperature experiments. 

On the physical aspect of the matter Mr. Martin 
said he was inclined to adhere to the views he had 
expressed in 1923, and thought that the transition 
layer between the viscous film and the turbulent core 
suggested in the paper could hardly exist inside a 
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have been taken to ensure accuracy. He had 
plotted, in 1914, the diagram shown in Fig. 1, 
and he had added to it the points a, 6 and ¢, 
which represented the mean points of Fig. 2 in 
the paper, the water temperature being 60 deg. 
F., and the water speeds, 3 ft., 5 ft. and 12 ft. 
a second. As this diagram had been well tested 
in practical work during the past 16 years, he 
expected a good general agreement, but, at the 
same time, was somewhat surprised to find that the 
author’s points* fell exactly on the 60-deg. line 
of his diagram. On the other hand, the variation 
of resistance with temperature was less rapid 
than he had concluded from the data then avail- 
able. Thus, the point d in the figure repre- 
sented one of the results given in Table I of the 
paper, corrected to the rule he had adopted 16 
years ago. It fell, however, a little too low, but 
within the working range the maximum error 
never exceeded 10 per cent. 

Some ten years later, Mr. Martin continued, he 
had analysed certain results given in a paper read, 
in 1913, before the Institution of Engineers and 
Shipbuilders in Scotland. A comparison of this 
analysis with the results given in the present paper 
showed that, although there was an excellent 
agreement so far as the rate of variation with 
temperature was concerned, his calculated resist- 
ances were just about twice as large as those found 
by Messrs. Eagle and Ferguson. Re-examination 
of the analysis showed that, owing to a numerical 
slip, the entries in one column of it required multi- 
plication by 2. When this correction was made, 
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pipe. The history of the onset of turbulence in 
fluid motion round an obstacle seemed to be quite 
different from that within a pipe. Mr. Martin then 
illustrated his point by showing some slides of the 
development of turbulence. These were reproduced 
from Figs. 12, 17 and 19, on pages 27 and 28, vol. 
exxiii, of ENGINEERING (1927). The transition 
between viscous and turbulent flow came in gradu- 
ally in this case, but appeared to be sudden in a 
pipe, as Osborne Reynolds had emphasised. 

The difference in behaviour between internal 
and external flow might be illustrated by Fig. 2. 
It would appear that turbulence started in a pipe 
because the fluid tried to form a vortex there, or 
rather an indefinite series of them. Such a vortex 
ring was represented in the figure by two circles, 
A and B. The core of any vortex was called a 
vortex line. A vortex line in face of a solid wall 
always moved as if the wall were cancelled. and 
replaced by another vortex line, which might be 
regarded as a mirror image of the first. This 
reflection was indicated on the diagram by the 
dotted circles A?, B'. The real vortex would try 
to move under the influence of its image in a direc- 
tion opposed to the actual flow, which, in the 
figure, was vertically upwards. The opposing forces 
thus brought into play instantly tore the vortex to 
pieces, and its fragments were distributed through 
the mass of the fluid. Osborne Reynolds had stated 
that, on illuminating his turbulence by intermittent 
electric sparks, such fragments were visible. On 
this view, a particle at any given instant belonged 
either to the turbulent core or to the viscous film. 
The boundary between the two, though irregular, 
both in time and space, was always sharply defined, 
and, so far as the turbulent core was concerned, 
every one of its constituent particles would, sooner 
or later, though temporarily, form part of the 
viscous film. 

Professor F. C. Lea, referring to previous experi- 
ence in enamelling and copper-plating cylinder walls, 
said that these processes affected conductivity, 
and he could confirm the results referred to by 
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hydrostatic head, and the diminution of the amount 
of heat transference due to dirty tubes. Mr. 
Ferguson’s remarks on the effects following on 
increase of temperature in the tube walls should 
not be overlooked. Professor Lea then described 
on the blackboard, at some length, the distri- 
bution of velocity in a pipe as noted from 
some experiments he had carried out. Mr. Martin, 
he said, suggested that there was no viscous 
flow near the boundary, but a turbulent flow 
through the whole cross section. He, himself, 
thought there was some viscous flow near the 
boundary which broke up into turbulent flow. He 
could not agree with the criticism of Osborne 
Reynolds’ work, because the experiments were not 
confined to the limits of Reynolds’ theory. Thus, 
the method of the distribution of heat employed in 
them should be longitudinal rather than transverse 
to fill the conditions of that theory. He maintained 
that the authors had not strictly carried out the 
fundamental principles of the Osborne Reynolds’ 
theory. He would like to criticise equation 2 and 
ask what dimensions were really given in it. Did 
the authors think that specific heat should be 
expressed as a number, and if so, what dimensions 
were given to temperature ? 

Mr. I. V. Robinson, speaking as a member of the 
Committee of the British Electrical and Allied 
Industries Research Association, which had initiated 
and financed the investigations, stated that they 
had sprung from a suggestion made some six or 
seven years ago by Dr. Stoney. He, himself, had, 
at that time, the task of drawing up a programme 
of work which covered not only heat transfer in 
condensers but also in air and oil coolers, and for 
steam mixed with varying quantities of air as for 
inter-coolers and air ejectors. This was a compre- 
hensive programme of which only a beginning had 
been made. Dr. Stoney would ultimately have a 
full range of values of o of from 1 to 50, or 60. Later, 
also, more easily handled formulz might be evolved. 
As to the paper itself he had been struck by the 
statement, at the end of the fourth section, as to the 
tube temperature of 220 deg. F. breaking up the 
viscous film and increasing the value of K by 25 per 
cent. If more heat were to be transferred per square 
foot of surface, the viscous film must be overcome, 
which seemed to be impossible by a mere increase of 
velocity, This raised the idea of the employment of 
a fluid with a low boiling point and very low latent 
heat, which could be vaporised on the surface of the 
tube but recondensed when it got to the core. This 
would do away with the viscous film, but such a 
liquid would have to be accessible for large plants 
and not only merely available for laboratory experi- 
ments. 

Mr. E. R. Dolby said that the paper might have a 
very important bearing on the work of his firm, 
which specialised in installations for large public 
institutions. In this work, it was often necessary to 
arrange for the transfer of heat to air or water at 
the rate of 10,000,000 B.Th.U. or more per hour, 
and an exact knowledge of the underlying principles 
was essential. He would remind members that, 
over thirty years ago, Messrs. Royles, Limited, 
Manchester, had investigated the question of heat 
transfer in connection with the dented tube invented 
by Mr. Rowe, which had an efficiency double that 
of a plain tube. This was possibly due to the 
disruption of the inner core of fluid in the tube. 
About 1912, Messrs. Holden and Brooke, Limited, 
Manchester, had had a long series of tests made 
by Dr. Nicolson, and at low velocities had obtained a 
heat transfer of from 400 to 500 B.Th.U. per square 
foot of tube per deg. F. difference between the 
temperatures inside and outside the tubes. He 
thought the results of the present investigation 
would no doubt be equally applicable with the steam 
inside and the water outside the tubes. The quan- 
tities relating to the coefficients of heat transfer in 
Fig. 2, of the paper, were somewhat ambiguous, but 
if his reading were correct, with water at 140 deg. F,. 
a heat transfer of 134 B.Th.U. per second had been 
obtained with a velocity of 1 ft. per second, and one 
of 1,675 B.Th.U. with a velocity of 5 ft. per second. 
It must not be overlooked, however, that these 
rates were with clean tubes, and the deposition of 
iron hydroxide in them had affected the result. 
This was apparently due to Manchester water; in 





the London area the difficulty was with incrustations 
arising from hard water. 

Mr. H. L. Guy said the paper was really only an 
interim report, and the committee had decided to split 
up the whole subject into sections. The first was 
before the meeting, 7.e., the transfer of heat from the 
inner tube wall to the water. Investigation on the 
transmission of heat to the outer tube wall from 
steam or other media was proceeding. He was 
certain, as one having some responsibility for the 
design of heat-transmission apparatus, that the 
data already obtained were of practical use. His 
own firm had examined, in the light of the new point 
of view presented by the paper, the basis upon which 
such apparatus as air coolers, feed heaters, condensers 
and so forth, were being made, and the result had 
been an entire change of view of the importance of 
certain factors controlling design. Mr. Eagle had 
been associated with him in certain research work, 
and they had conceived the idea, since standardised, 
of forming a closed circuit for the generator cooling 
air, and cooling that air by means of water passing 
through tubes. At that time, the information 
available on the subject of heat transmission through 
a tube to air was extraordinarily limited. Mr. 
Eagle had undertaken certain analytical and 
experimental work on the distribution of the 
cooling surface between the tube proper and fins, 
and had devised his own method by using a one-foot 
length of tube. From the results so obtained he 
(Mr. Guy) had never found it necessary to change 
the basis of design, after a full-size installation had 
been built by way of confirmation. The present 
paper would no doubt lead to results of a similar 
practical character. 

Dr. J. W. Long said he did not quite understand 
the remark in the paper that ‘the coefficient of 
heat transfer obtained on the steam side of these 
experiments cannot be considered as having any 
applicability to ordinary condensers.” The heat 
supplied in the experiments was in the tube wall, 
and not outside it, and it seemed to him that, a priori, 
there was a difference between practical conditions. 
He would also like to know why the experimental 
tube was horizontal. Further, in the present in- 
vestigations, a feed tank, heated with steam jets, 
and fitted with a stirrer, had been used. He 
thought therefore that there had been the best 
possible conditions for getting great aeration of the 
water in the test portion of the tube. The paper 
stated, in the 5th section, that the observations at the 
exit thermocouple became very unsteady. The heat 
transfer varied a good deal, and the manometer 
readings were unsteady. All these might be put 
down to aeration. He could not quite agree as to 
the application of a ‘ correction to the coefficients 
of heat transfer obtained, these being taken as 
varying as the 0-8 power of the velocity ” (Section 
4). He would suggest that when the velocity had 
reached a certain value, which depended on the 
diameter of the tube, it would be found that the 
quantity of water going through the tubes did not 
affect the heat transfer. He could not quite agree 
with Mr. Guy as to the utility of the paper to 
practising engineers who wanted, say, to determine 
the length and diameter of a condenser tube. In 
his undergraduate days, he had received much help 
from a classic paper on surface condensers, sent him 
by Messrs. W. H. Allen, Sons & Co., Ltd. In the 
present case, he would have difficulty in picking out 
from the paper the necessary data for deciding such 
dimensions. 

Dr. A. P. Thurston said he would like to enquire 
whether any experiments had been made with tubes 
of different lengths, other conditions being the same, 
to eliminate end effects. Again, as the temperature 
of the section increased, the viscosity decreased, 
and it might be expected that the exchange of heat 
would decrease as the temperature increased. 
Had experiments been made with different tempera- 
tures of the core, other conditions being the same ? 
Further, onthe question of the effect of conicality 
of the tube bore, was the conicality divergent or 
convergent in the direction of flow? This would 
affect the boundary layer, and the pressure gradient 
developed at different points might well set up 
conditions of turbulence which would considerably 
alter the effects. 

Mr. F. C. Johansen contended that the paper 





appeared academic because, in view of the great 
number of variables involved, it was necessary to 
simplify the conditions of the experiments. With 
regard to the increased conductivity noticed with 
a convergent, as distinguished from a divergent, 
tube, he might quote tests he had made to improve 
the heat transmission from a cylinder. He had 
put on a tapered type of cowling, and had found that 
the heat transmission was improved as the result 
of a slightly convergent passage between the cowling 
and the cylinder surface which, at the time, he had 
put down to an increased velocity gradient in the 
neighbourhood of the cylinder walls. It was quite 
possible, as Dr. Thurston had pointed out, that 
the effect of a divergent boundary in varying the 
thickness, or otherwise, of the boundary, might 
have an important effect in that connection. 

The authors of the paper, Mr. Johansen continued, 
might be criticised for having complicated their 
experiments by carrying them out with water, 
rather than with air. In air, an almost perfect 
gas, the relation between viscosity, specific heat, 
and conductivity was almost invariably unity. 
This relation varied with liquids. Another difficulty 
in connection with liquids, as distinct from gas, in 
heat-transmission experiments, arose from what 
might be called the mechanism of viscosity. With 
an increase of temperature, the viscosity increased. 
With a liquid, an increase of temperature actually 
reduced the viscosity; in a great many cases very 
considerably. No doubt the real reason for using 
water was to make the experiments more strictly 
applicable to industrial work. 

At this point the President intimated that time 
did not permit of further discussion, and called 
upon Mr. Eagle to reply. 

Mr. Eagle, in replying, said that he thought 
Professor Stoney would agree that the tastes of 
British engineers as to units varied. It had been 
considered most convenient to give water velocities 
in feet per second and tube diameters in inches, 
although, in the case of water, they had used the 
nominal velocity, i.e., the exact physical velocity 
when the water was at its maximum density, this 
was because it was the only velocity that remained 
constant. Mr. Martin had given very interesting 
information, and it was surprising to find how closely 
the results given in the paper agreed with what he 
had arrived at from a discussion of Mr. Webster's 
results, although, owing to the arithmetical slip he 
had referred to, a considerable difference remained 
in the published accounts. Mr. Martin apparently 
disagreed with the authors on the subject of an 
intermediate layer between the turbulent core and 
the viscous film, holding that the boundary between 
them was always sharp and definite. A particle of 
fluid must be either in a viscous film or in a turbulent 
core, and would sometimes be in one and some- 
times in the other. This mean behaviour consti- 
tuted the intermediate layer. Professor Lea had 
criticised the author’s application of Reynolds 
theory. This theory, as usually put forward, dealt 
with the transference of heat from one surface at 
one temperature of a turbulent fluid to another at 
another temperature without allowing for the fact 
that the temperature throughout the turbulent 
flow might be variable. Professor Lea had main- 
tained that the velocity gradient and the tempera- 
ture gradient should be proportioned to one another. 
This would involve filling the pipe with a fluid the 
specific resistance of which varied with the distance 
from the centre, a condition difficult to fill. : 

As regards the dimensions of specific heat. Some 
people regarded specific heat as a mere ratio, and 
it was sometimes so defined. Specific heat really 
had dimensions which were those of (heat -;- tempera- 
ture) +- mass, t.e., 8 = zw Hence 8@ was of the 


dimensions of heat +- mass. As heat was energy, 
it was of the dimensions mass x velocity’. Hence 
36 was of the dimensions v*. The wording of the 
ordinates in Fig. 2 had been challenged. The 
symbol F meant degree Fahrenheit temperature 
difference between the inside tube wall and the 
water at that cross section, the temperature of the 
water being taken as that obtained if the tube were 
cut off at that section and the outflowing water 
mixed together. The abscisse should have been 
Jabelled ‘‘ water temperature.” The thick line 
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curves gave the coefficients for an infinitesimal 
heat-flow, the thin lines represented the coefficients 
for a heat-flow rate of 20,000 B.Th.U. per square foot 
per hour. A reason why a slightly bigger, about 
14 per cent., K, was obtained for converging tubes 
than diverging ones was that, with a converging 
tube, the tendency was for the viscous flow to be 
more stable and persist longer than with a diverging 
one. The bore of the tube had been formed by a 
mandrel. If the water was passed through the tube 
in the same direction as the mandrel was withdrawn, 
the irregularities of surface would not cut up the 
viscous film as much as when the water was passed 
through in the opposite way. 

The meeting concluded with an announcement 
that an informal meeting would be held at 7 p.m., 
on Friday, November 28, at which the subject for 
discussion, “ Export Trade Emancipation,” would 
be introduced by Mr. Edward Batten. An extra 
general meeting would be held on Friday, Decem- 
ber 5, at 6 p.m., at which a paper on “ Machinery 
and Methods of Manufacture of Sheet Glass” would 
be read by Professor W. E. S. Turner. 








THE INSTITUTION OF GAS 
ENGINEERS. 


RESEARCH work has become so important a part of 
the activities of the Institution of Gas Engineers that 
the innovation made last year of holding an autumn 
meeting for the discussion of reports on experimental 
work will probably become an annual event. The 
second meeting of the series was held, under the chair- 
manship of the president, Mr. Harold E. Copp, in the 
Incorporated Accountants’ Hall, Victoria-embankment, 
London, on Tuesday and Wednesday, November 25 
and 26. 

The first report taken on Tuesday morning covered 
the entire scheme of work conducted under the 
General Research Committee, and was submitted 
by the president. It dealt with investigations on 
the accuracy and reliability of continuous-recording 
calorimeters, gas-holder inspection and maintenance, 
and the safety of operation of purifiers, as well as 
with the research work which was the subject-matter 
of separate reports. 

Professor J. W. Cobb gave a survey of the recent 
research work done in association with the University 
of Leeds, after which Dr. F. J. Dent introduced the 
report on the “ Use of Creosote in the Manufacture of 
Carburetted Water Gas.” Owing to the state of the 
market for creosote, it was thought desirable to find 
under what conditions it could be substituted for the 
more expensive gas oil in the making of water-gas. 
Early tests showed that difficulties arose in the opera- 
tion of the plant when creosote was used alone. 
Laboratory tests had therefore been made on the 
cracking of gas-oil, light and heavy creosote, and 
mixtures of them, into gas oil, to obtain fundamental 
data and the possible basis of future large-scale tests. 
The conclusion was reached that, although dilution of 
the creosote with gas-oil overcame the difficulties 
encountered when creosote was used alone, it did not 
Increase the thermal yield of the gas given by the 
creosote above the low value obtained when creosote 
was used alone. Investigations of the cracking of 
creosote were now being conducted under conditions 
of temperature and atmosphere not imposed by those 
normally existing in the carburettor and superheater 
of a carburetted water-gas plant. 

An earlier report of the Joint Research Committee of 
the Institution and the University of Leeds dealt with 
the efficiency of production of carburetted water gas 
as ordinarily practised in 1921. In the intervening 
years changes had been made in the design of the plant, 
and it was thought advisable to repeat the investiga- 
tion with a modern plant. The new report dealt with 
the first stage of this investigation, which was carried 
out with a plant which was automatically operated, 
was equipped with a generator boiler and self-clinkering 
grate, and was designed so that part of the steam used 
for gas-making was superheated. It also made use of 
the “back-run” process of working. This consisted 
in heating the carburetter and superheater during the 
blow period to a temperature higher than was normal 
=a these chambers were used solely for oil cracking. 
Steam was then admitted at the top of the superheater, 
passed backwards through the superheater and carbu- 
rettor, and finally in a downward direction through the 
fuel bed. When coal was used as fuel, it was fed into 
the generator in a finely-divided form during this 
period; the heat in the superheated steam aided its 
rapid downward distillation through the hot fuel bed. 
Steam was then admitted below the grate, passed 
through the fuel bed in an upward direction, and the 
resulting blue gas was carburetted in the carburettor 


made on an actual plant at the Stratford works of the 
Gas Light and Coke Company, London, and during the 
96 hours that observations were made, the normal 
routine of operation was not altered in any way. The 
conclusion was reached that back-run steaming, 
regarded merely as a means of recuperating heat from 
the blow gases, did not appreciably increase the thermal 
efficiency of the production of carburetted water-gas. 
The heat absorbed by the back-run steam from the 
carburettor and superheater could, however, influence 
the efficiency of the generator. The test results given 
showed that the plant was not self-supporting in 
regard to steam production. It was difficult to ascer- 
tain from the two sets of tests to what extent the 
introduction of back-run steaming was responsible for 
the great increase in the volume of gas produced each 
day from generators of the same size, owing to differ- 
ences in the construction, cycles of operation, and fuel. 
It was thought necessary, therefore, to postpone the 
full consideration of the influence of the back-run until 
results had been obtained for both methods of working 
on the same generator and using the same fuel. 

On Tuesday afternoon, a report on the “‘ Examination 
of The Products of Combustion from Typical Gas 
Appliances,” was presented by Mr. J. W. Wood. It 
provided further additions to the data already published 
in four previous reports on the same subject. Experi- 
ments were made with a surface-combustion water- 
heater, a calorimeter burner, and with inverted incan- 
descent burners without the mantle, with an unshaded 
mantle with varying amounts of abrasion, and also 
with a mantle in an open or a close-fitting Vitreosil 
globe. In the case of the water heater, the best con- 
ditions were found when the quantity of air used was 
just sufficient to remove visible flame from the surface 
of the combustor. This condition was easily recog- 
nisable, and corresponded with an excess of air of 10 
to 15 per cent. over that theoretically necessary for 
complete combustion. With 10 to 15 per cent. excess 
air, the carbon monoxide production was less than 2 
parts per 10,000 of gas burned, or 0:05 part per 10,000 
in the exit gases from the appliance. With a typical 
Bunsen flame, the production of carbon monoxide was 
only 1 part per 10,000 of gas burned. When the in- 
verted burner without a mantle was tested, the results 
obtained were 6-5 parts per 10,000 of gas burned at 
3 cub. ft. per hour, and the corresponding figure for 
5 cub. ft. per hour was 3-1 parts. The addition of 
the mantle resulted in an increase in the production 
of carbon monoxide, and the tests further showed that 
improvements were effected by the addition of a globe, 

The carbon monoxide production was lowest over 
that range of gas rate at which the burner was normally 
used. The gas rate, and hence the total amount of 
carbon monoxide produced per burner, was small, 
and in practical operation the appliances tested would 
be harmless. 

The Refractory Materials Joint Sub-Committee of 
the Institution and the Society of British Gas Industries’ 
presented a report dealing briefly with recent investi- 
gations, and incorporating a paper on “ Observations 
on the Behaviour of Refractory Materials in Continuous 
Vertical Retorts,” by Mr. A. T. Green. The object of 
this paper was to give data on the deleterious influences 
affecting the life of the refractories used in this partic- 
ular application. Actions consequent on the nature of 
carbonisation ultimately caused the materials to fail, 
but it was noted that the period of collapse was not 
the same throughout the furnace. It was suggested, 
therefore, that different types of refractories were 
required for the different zones. It was thought possible 
to make a refractory that could resist flaking action 
better than asilica brick. For high temperatures, such 
materials would be costly, but if their use increased 
the period of continuous operation by 500 days their 
cost would be amply repaid. 

The report submitted by Mr. R. H. Ruthven, on 
behalf of the Corrosion of Pipes Committee showed that 
internal corrosion was being much reduced by the 
practice of distributing partially dried gas. External 
corrosion had become increasingly important owing to 
the great cost of reinstating pavings broken up when 
the service pipes had to be renewed. Experimental 
work conducted by the London gas companies was 
referred to, which showed the relative values of 
certain types of coverings. A fault in a coating 
was a source of danger, being the seat of concentrated 
corrosive activity. 

When the meetings were resumed on Wednesday, 
Professor J. W. Cobb and Mr. C. F. Botley introduced 
the report on Liquor Effluents incorporating two main 
parts, viz.,‘‘ The Disposal of Liquor Effluents from Gas 
Works ” and “ Phenol Recovery Plants in Germany,” 
both being investigations conducted by Dr. A. C. 
Monkhouse. In view of the success attained at the 


Hinckley gas-works by the separation of the heavy 
tar at the retort house by means of a high-pressure 
liquor spray, and also by an electrostatic precipitation 
plant, it was decided to investigate other systems of tar 


with was a cyclone tar extractor of the Colman type, with 
a closed liquor-circulation system. With the extractor 
in use, the higher tar acids in both the ammonia liquor 
and the spent liquor from the still were materially 
reduced, the reductions being of the order of 50 per cent. 
Evaporation of effluent liquor was possible by spraying 
into works chimneys or on to producer bars. Experimen- 
tal work of this type at Hinckley showed that 37 per 
cent. of the total effluents of the gas-works could be 
evaporated on the producer bars. The report on phenol- 
recovery plants in Germany showed that success had 
been attained by benzole-washing processes in connec- 
tion with coke-oven plants, where the indirect system 
of ammonia recovery was in use. 

In recent years, the fall in the price of sulphate of 
ammonia had created a situation in the gas industry 
which led to the formation of an Ammonia Committee, 
the members of which had reported on various possible 
systems of dealing with the ammonia question. This 
year’s report embodied two papers, one by Dr. A. Parker 
on “‘ The Field Processes of Extraction ’’ and the other 
by Mr. P. Parrish on “‘ The Use of Anhydrite (Calcium 
Sulphate) in the Production of Ammonium Sulphate.” 
A contribution to the report by Mr. H. Hollings and 
Dr. E. W. Smith, summarised the information obtained 
in the general survey. Their conclusions showed that, 
at the present time, no new research work could be 
initiated with any reasonable prospect of economic 
advantage. In most gas works, improvements in con- 
densation and distilling conditions represented the most 
useful work which could be taken in hand immediately. 

On Wednesday afternoon, the report of the Gas Re- 
search Fellow at Leeds University, Mr. A. H. Eastwood, 
on ‘‘ The Influence of the Inorganic Constitutents in 
the Carbonisation and Gasification of Coal: The Libera- 
tion of Ammonia ” was presented and discussed. 








Hypro-Etectric DEVELOPMENT IN SWEDEN.—The 
Commercial Counsellor, H.M. Legation, Stockholm, has 
forwarded to the Department of Overseas Trade a 
copy of a publication issued by the Swedish Water- 
Power Association, and entitled Hydro-Electric Develop- 
ment in Sweden. This copy is available for loan to 
British firms on application to the Department, at 35, 
Old Queen-street, London, S.W.1. Reference No. A. 
10,522 should be quoted in all communications on the 
subject. 





British StanDARD SPECIFICATION FOR ALUMINIUM 
Powper.—The British Engineering Standards Associa- 
tion has just published the last of the series of 61 
standard specifications for paints, varnishes, and paint 
ingredients. This concluding specification is designated 
No. 388—1930, and deals with aluminium powder for 
paints. The new publication follows the lines of those 
previously issued, and contains clauses regulating the 
composition, while standard reception tests and appen- 
dices outlining standard methods for carrying out the 
tests, are also included. Copies of the new specification 
may be obtained from the B.E.S.A., Publications 
Department, 28, Victoria-street, London, S.W.1, price 
2s. 2d. post free. The Association has asked us to state 
that it will welcome constructive comments about the 
usefulness, or otherwise, of this series of specifications. 
These should be addressed to the Director, at the address 
given above. 





VisuaL Epvucation.—In the Report of the Phila- 


| delphia Commercial Museum for 1929 some interesting 


information is given about exhibition cabinets which 
have been prepared in the museum for loan to schools. 
Many educationalists and curators have long felt that 
the ordinary type of museum exhibit, contained in a 
glass case, frequently fails to obtain proper attention 
or understanding from children and young people, 
and the exhibition cabinets are intended to overcome 
some of the inherent defects of the ordinary methods 
of display. In conformity with the objects and purpose 
of the Commercial Museum, the cabinets contain 
material representing such matters as the production 
of cotton from the plant seed to the yarn. Children 
are able to examine the exhibits closely and even handle 
them. It would appear that the method might be 
extended to a wider field. 





THE British ENGINEERS’ AssocraTIon.—The 1930 
edition of the classified handbook of its members and 
their manufactures has just been issued by the British 
Engineers’ Association, The object of the handbook 
is to establish a closer contact between overseas buyers 
and British engineering firms. The books contains two 
main sections, namely, an alphabetical list of members, 
together with their postal and telegraphic addresses, 
&c., the codes they employ, and a succinct list of their 
manufactures, and a classification of members’ products 
by trade groups and sections. At the beginning of the 
work are several short chapters containing sound advice 
both to the British manufacturer and to the overseas 
buyer. Incidentally, it is gratifying to find that pur- 
chasers abroad are invited to send their inquiries, 
written in any language, to the office of the Association, 
which undertakes to translate them into correct technical 
English. Although the Association itself does not 
undertake trading operations, all its efforts are directed 
to inducing the flow of engineering orders to the United 
Kingdom by facilitating business transactions. The 
director of the organisation is Mr. D. A. Bremner, and 





removal to attain the same end. The first to be dealt 





and superheater in the normal way. The tests were 


the offices are at 31, Victoria-street, London, 8.W,1. 
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LABOUR NOTES. 


At to-day’s conferences, in London, of the British 
railway companies and the railwaymen’s and shopmen’s 
unions, the workers’ organisations will give their 
considered replies to the wage reduction and other 
proposals of which the railway companies have given 
notice. They will also, it is expected, submit counter 
proposals. Strong opposition to the proposed changes 
has already, however, been expressed by prominent 
officials of the trade unions concerned. Mr. Cramp, 
the general secretary of the N.U.R., has declared that 
the guaranteed week will never be signed away by 
him. That was, in his opinion, an even more serious 
matter than the proposed wage reductions. According 
to Mr. Gore, the president, “‘ the wage reductions are 
such that they cannot be voluntarily accepted,” and 
‘the proposal of a minimum of 37s. a week is mon- 
strous.” Mr. Bromley, M.P., the general secretary 
of the A.S.L.E. and F., has declared :—‘‘ We cannot 
agree to have the standard of life of our members 
further depressed.” 





The craft unions with railway shopmen amongst 
their members have also expressed determination to 
resist the proposals, although between them and the 
N.U.R., which also enrols shopmen, there is a sharp 
cleavage of opinion on the question of the guaranteed 
week. The N.U.R. desires the guaranteed week for 
its shopmen as well as for its members in the traffic 
groups, whereas the craft unions prefer short-time 
working in order to provide employment for as many 
men as possible. It is not easy to see how this diffi- 
culty will be overcome, as, in the event of failure to 
agree on the part of the companies and the shopmen’s 
representatives, the trade union claim that goes to the 
Industrial Court will be a conflicting one. The cases 
of the conciliation grades, those, that is, of the National 
Union of Railwaymen, Associated Society of Locomo- 
tive Engineers and Firemen, and Railway Clerks’ 
Association, will go, of course, if direct negotiations 
fail, to the National Wages Board. 





At the end of October, 17,554 members of the Boiler 
Makers’ and Iron and Steel Shipbuilders’ Society were 
‘‘ signing the books,” as compared with 16,047 a 
month earlier. The number of members in receipt 
of superannuation benefit increased from 4,755 to 
4,758, and the number in receipt of sick benefit from 
2,192 to 2,247. In October, which had to bear five 
weeks’ outlays, the expenses were 11,0211. 15s, 11d. ; 
in September they were 8,928/. 4s. 8d. In the course 
of an allusion to the unemployment in the industry, 
Mr. Hill, the general secretary, says that in September, 
1929, the percentage was 24-2; to-day, it is 34-4. 
** We are still,”’ he continues, ‘* the premier shipbuilders 
of the world. We are still building more than all the 
rest of the world, and better quality than any country. 
But what of the 70,000 men in the industry who are 
now on the streets because the output per man is 
increasing year by year ? Have employers no obliga- 
tion to save the skill of these men for a possible trade 
expansion ? If not, then the money now spent to 
keep them alive in idleness must be spent in providing 
work at their craft. That seems to me the only suitable 
way of dealing with the problem of the unemployed. The 
only way of solving the problem of an idle man is to 
give him a job.” 


According to The Ministry of Labour Gazette, employ- 
ment continued to decline in October. Among work- 
people insured against unemployment in Great Britain 
and Northern Ireland, the percentage unemployed in 
all industries taken together was 18-7 at October 27, 
1930, as compared with 17-6 at September 22, 1930, 
and 10-3 at October 21,'1929. For males alone the 
percentage at October 27, 1930, was 19-4, and for 
females 16-8. At September 22, 1930, the corresponding 
percentages were 18 and 16-8. The percentages for 
September have been revised. On October 27, 1930. 
there were approximately 9,533,200 insured persons, 
aged from 16 to 64, in work in Great Britain. This 
was 113,300 less than a month before and 732,800 less 
than a year before. 


At October 27, 1930, there were 1,551,095 persons 
on the registers of employment exchanges in Great 
Britain, who were out of a situation. This was 137,853 
more than a month before, and 647,464 more than a 
year before. The total included 1,123,309 men, 48,021 
boys, 338,481 women, and 41,284 girls. It was made 


up approximately of 1,060,700 insured persons who had 
paid at least 30 contributions during the preceding 
two years, and therefore satisfied the full contributions 
condition for the receipt of unemployment benefit ; 
404,000 insured persons who had paid less than 30 
contributions during the preceding two years; and 
86,370 uninsured persons. 


The claimants for benefit 





numbering 1,408,138, included 247,261 men, 6,457 boys, 
50,757 women, and 3,300 girls who had been on the 
register for less than one month. 


There were registered as unemployed in Great 
Britain, 396,227 men, 11,944 boys, 163,558 women, and 
9,885 girls who were on short time or were otherwise 
suspended from work, on the definite understanding 
that they were shortly to return to their former employ- 
ment. The total of 581,614 was 15,159 less than a 
month before, but 323,477 more than a year before. Of 
workpeople who normally seek a livelihood by means 
of jobs of short duration, there were on the registers 
102,042 men, 267 boys, 2,462 women and 21 girls; 
these are mainly employed in dock, harbour, river 
and canal service. The total of 104,792 was 5,149 
more than a month before, and 32,172 more than a 
year before. 


There was a continuance of the seasonal increase in 
the numbers unemployed in the building industry, in 
public works contracting, brick, tile and cement 
manufacture, the transport and distributive trades, 
and in hotel and boarding-house service. Unemploy- 
ment also increased in most of the mining industries, 
including coal mining, in iron and steel manufacture, 
in general, marine, and constructional engineering, in 
shipbuilding and ship-repairing, artificial silk yarn, 
and hat and cap manufacture, and in dock and harbour 
service. On the other hand, there was an improve- 
ment in the pottery and motor vehicle industries, in 
the cotton, woollen and worsted, linen, jute, hosiery, 
lace, and carpet industries, in silk manufacture and 
artificial silk weaving, and in the tailoring, and boot 
and shoe industries. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during October resulted in an increase of nearly 5,0001. 
in the weekly full-time wages of 122,000 workpeople, 
and in a decrease of 5,700I. in those of 90,000 workpeople. 
The principal bodies of workpeople whose wages were 
increased included textile bleaching, dyeing, &c., 
operatives in Yorkshire, Lancashire, and Scotland, 
and men employed by civil engineering contractors ; 
in the case of the former there was a small increase 
(less than 1 per cent. on current rates) under cost-of- 
living sliding scales, while for the latter there was an 
increase of 4d. per hour. Among those whose wages 
were reduced were iron puddlers, iron and steel mill- 
men, &c., in the Midlands, who sustained a reduction 
equivalent to nearly 2 per cent. in current rates; 
and men employed by electrical contractors in England 
and Wales, for whom there was a reduction of }d. 
per hour. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in October, was 26. In addition, 12 disputes which 
began before October were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in October (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 5,900, and the 
aggregate duration of all disputes during October was 
about 41,000 working days. 


Under the British Government’s Hours of Industrial 
Employment Bill, the text of which has now been 
published, a statutory limit of eight working hours in 
any day, and 48 hours in any week, is imposed upon 
industrial undertakings. Extensions of these statutory 
limits are to be permitted. In the case of workers who 
are employed for less than eight hours in any day of 
the week, their hours of work may be extended up 
to nine hours on other days, subject to the maximum 
of 48 hours in the week. Shift workers may have 
their hours of work arranged so as to average not more 
than 48 hours over two or three weeks. The employ- 
ment of workers on continuous processes may extend 
to 56 hours weekly upon an average over three weeks. 
Other limits may be substituted for these on agreed 
proposals being submitted to the Minister by organisa- 
tions of employers and workers, provided that the 
weekly average of 48 hours is not exceeded. In 
particular, the working of 48 hours in a five-day week 
may be permitted, provided the workers’ organisation 
agrees. 





Provisions in the Bill applying to overtime require 
overtime to be paid for at the rate of not less than 
time-and-a-quarter, and the amount of overtime 
worked must not exceed 32 hours in any period of 
28 days, although the maximum may be varied by 





regulation or order. Restrictions upon working hours 
do not apply in case of accidents or other emergencies. 
Employers are required to notify their workers of the 
working hours, and to keep a record of hours worked. 
The Bill applies to work in mines (except where the 
Mining Acts apply), quarries, factories and workshops, 
upon building and works of construction, at docks, 
and upon warehousing and transport under contract. 
It applies also to industrial branches or departments 
of non-industrial undertakings. But non-industrial 
branches or departments of industrial undertakings are 
excluded, excepting warehouse and transport branches 
of such undertakings, although these may not be 
engaged on work under contract. 





Undertakings carried on by an employer and his 
family are not covered by the Bill, nor does it apply 
to persons engaged in supervisory, managerial or 
confidential capacities, to clerical workers, home 
workers, or persons employed at sea. It does, how- 
ever, apply to workers in industrial undertakings 
carried on under the Crown, and to those of local 
authorities. An important provision stipulates that 
shorter working hours, or higher rates of wages secured 
by custom or agreement are not to be affected by the 
Bill. And it is also provided that the Minister, before 
making any order or regulation respecting the arrange- 
ment of working hours shall consult organisations 
representing the employers and workers who will be 
affected. Financial provisions are made for the 
appointment of additional inspectors and other officers 
who are to be appointed for the purpose of enforcing 
the provisions of the measure. These officers will have 
power to enter places at any reasonable time, and 
require information from any person, including the 
production of time-sheets, wages-sheets, or other 
records from employers. 





The National Industrial Board for the mining 
industry, which met for the first time on Wednesday, 
is composed of the following :—Sir Harold Morris 
(Chairman), Sir Louis Arthur Newton, Sir Ernest W. 
Glover, Alderman F, Hayward, Mr. A. B. Swales, Mr. 
games T. Browne, Mr. James Cadman, Mr. A. C. Nelson, 
Mr. Charles Irwin, Mr. Samuel Hare, Mr. B. Madew, 
Mr. Thomas Richards, Mr. Ebenezer Edwards, M.P., 
Mr. Arthur J. Cook, Mr. Peter Lee, Mr. Joseph A. Hall, 
and Mr. John H. Harrison. The task of the Board 
will be to investigate and report on wages and condi- 
tions. The Coal Mines Bill provides that any district 
agreement on wages and conditions may be sent to the 
Board to be recorded. Where a dispute exists, or is 
apprehended, in any district as to the terms of any 
proposed agreement, and there has been a failure to 
settle, the Bill provides that either the owners or 
employees may refer the dispute to the National Board. 
The decisions of the Board will not be binding, but they 
will, nevertheless, be of great influence. 





At last week’s national delegate conference in London 
of the Miners’ Federation of Great Britain, the following 
resolution was, on the recommendation of the Executive 
Committee, unanimously adopted :—‘‘ This conference 
having received and considered reports from the various 
districts of the negotiations with the coal-owners 
relating to the wages agreement, resolves to offer 
every possible resistance to the attempts made further 
to reduce the wages of the workmen. The enormous 
reduction in wages already suffered by the mine- 
workers has left them with resources quite inadequate 
to provide the ordinary necessaries of a very low stan- 
dard of life. It also protests against the attempts 
made by the owners to enforce a spread-over method 
of working in contravention of the undertaking given 
by the representatives of all parties in the House of 
Commons and the House of Lords, during the passage 
of the Coal Mines Bill, that the spread-over should 
only become operative if mutually agreed upon by 
owners and workmen, and confirmed by the national 
organisations of owners and workmen. Further, we 
advise all the districts to forward the particulars of 
the matters in dispute to the National Industrial Board 
under the Coal Mines Act. The Executive Committee 
will render every possible assistance to the districts, 
and continue to urge upon the Government the serious- 
ness of the situation.” A further national delegate 
conference is taking place in London to-day, and at 
the time of going to press stoppages are threatened in 
Scotland, South Wales and other important areas. 





At November 17, the numbers of persons on the regis- 
ters of employment exchanges in Great Britain were 
1,646,314 wholly unemployed, 536,101 temporarily 
stopped, and 103,572 normally in casual employment. 
making a total of 2,285,987. This was 24,210 more than 
a week before, and 1,012,456 more than a year before. 
Of the total number, 1,658,811 were men, 60,514 boys, 
515,642 women, and 51,020 girls. 
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THE COEFFICIENTS OF HEAT 
‘TRANSFER FROM TUBE TO WATER.* 
By Avert Eactez, B.Sc., and R. M. Ferauson, M.Sc. 


Introduction —The transfer of heat from one fluid 
to another across an intervening metal plate is of 
such importance to the engineer concerned with the 
design and operation of apparatus, such as surface 
condensers, feed-water heaters, and similar auxiliaries, 
that the British Electrical and Allied Industries Re- 
search Association formed a committee of prominent 
engineers, experienced in condenser design, with the 
present authors as investigators, to inquire into this 
problem and the present state of knowledge on the 
subject. An exhaustive survey was first made of all 
relevant published articles on heat transfer, but it was 
found impossible to deduce any general rule by which 
one could predict what the coefficient of heat transfer 
would be under any given conditions. Various inde- 
pendent experiments had been carried out, but the 
conclusions from the different sources could not be 
made to harmonise. Many experiments had been 
made on complete surface condensers, from which an 
overall coefficient of heat transfer had been derived, 
and attempts made to indicate how the coefficient 
depended upon certain prevailing variable conditions. 
The results of such experiments can only be regarded 
as having a very limited application, however, and 
apply only to the particular type of condenser on 
which the experiments were carried out. 

It is impossible to give values for an overall co- 
efficient of heat transfer in a condenser which are 
applicable to any definite known conditions, because of 
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the tube being dry, the temperature of this surface 
can be more easily obtained by thermocouples than 
when these have to be protected from the steam by 
another tube, by varnish or other means. With 
steam-heating on the outside of the tube, the insertion 
of thermocouples into the water is necessary to obtain 
the water temperatures so as to determine the tem- 
perature difference between the tube and the water ; 
but the authors found that the insertion of such thermo- 
couples produced a considerable increase in the tur- 
bulent motion of the water, so that the conditions 
prevailing around the couple must be different from 
those in an ordinary smooth tube. Again, the thermo- 
couple readings varied considerably with the position 
of the couple over the cross-section, so that it was 
impossible to know just where the couple should be 
placed ; and to insert a large number of thermocouples 
at one cross-section, and take their mean reading 
would be absurd. Yet, with steam-heating there is 
no means of knowing how much heat has been supplied 
to the water up to any cross-section save by such 
thermocouples. Moreover, each thermocouple in the 
water was found to cause a drop of hydrostatic head 
equivalent to that of about 2 in. of tube length—a 
serious disturbance, since one of the objects of the 
research was to determine the loss of head during 
actual heat transfer. 

Fortunately, the adoption of electric heating quite 
obviated the necessity for any thermocouples in the 
water. The electric heat put into the water up to any 
cross-section could be calculated with precision and 
the temperature of the water was accordingly taken 
as the temperature calculated from the electric input. 


DIAGRAM OF APPARATUS. 
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the large number of variables involved, and the wide 
ranges which many of these variables have throughout 
a complete condenser, both on the steam and water 
sides. To reduce the number of variables, several 
experimenters have carried out tests on a single tube, 
steam-heated on the outside. By so doing, the water, 
can be fed into the tube at a definite temperature and 
speed, but the corresponding appropriate conditions 
are not obtained on the steam side, where, as has 
always been the case, the steam passes axially along 
the outside of the tube. The coefficient of heat 
transfer obtained on the steam side of these experi- 
ments cannot be considered as having any applic- 
ability to ordinary condensers, as the conditions are 
totally different ; also, on the water side there is great 
difficulty in knowing both the amount of heat taken 
up by the water in any portion of the tube and the 
water temperature at any distance along it. For these 
and other reasons it was decided to conduct a new 
research with the object of determining as fully as 
possible the way in which the coefficient of heat 
transfer varies with the physical properties of the 
fluids employed. The research, in the first instance, 
was confined to determining the phenomena on the 
water side of a condenser tube. In this investigation 
several important factors were brought to light, and 
the Committee, with the consent of the Association, 
decided to bring these to the attention of the members 
of this Institution and the general body of mechanical 
engineers. 

For this investigation it was decided to heat the 
tube electrically by passing through it a low-tension 
alternating current. By this means the rate of heat 
flow into the water is under precise control, and can 
be varied exactly as desired; not only this, but the 
heat put into the water in any given length of the tube 
is known, being equal (save for the small external 
heat loss) to the C?R heat generated in that portion, 
using the usual notation. Moreover, the outside of 





.* Report Ref.H/T16 received from the British Elec- 
trical and Allied Industries Research Association, and 
read asa paper before the Institution of Mechanical Engi- 
neers, on Friday, November 21, 3930. 








This mean temperature of the water is what an engineer 
always thinks of as the water temperature. But it is 
not the same as the temperature of the water along 
the axis of the tube which might be obtained on a 
thermocouple. It is obviously necessary to define in 
some manner what one means by the water temperature 
at any cross-section before one can define a coefficient 
of heat transfer, since the value obtained for the co- 
efficient depends upon the temperature that is taken 
for the water. Even on the water side alone the 
number of variables is considerable ; there is the tube 
diameter, the water velocity, the water temperature 
and the ‘heat-flow rate, not to mention two other 
variables that may come in. First, there is the irre- 
gular turbulence near the commencement of the tube ; 
and, second, there is the variation of the coefficient of 
heat transfer at the commencement of the heated 
portion of the tube, which occurs before sufficient heat 
has been put into the water to produce the limiting or 
equilibrium distribution of temperature over the cross- 
section. These last two sources of complication were 
eliminated in the present experiments ; but even so, 
it is not till values of the coefficient of heat transfer, K, 
have been obtained over a wide range of tube diameters, 
water velocities, water temperatures, and heat-flow 
rates, that any theoretical conclusions as to the way 
in which K varies with the physical conditions present 
can be deduced or formulated. 

Description of the Apparatus.—The arrangement of 
the 3-in. diameter tube when under test will be seen 
from the sketch in Fig. 1. The tube was 15 ft. long, 
but only a length of 6 ft. 3 in near the outlet end was 
electrically heated. This heated length varied for 
tubes of different diameters and was partly dependent 
upon the electrical resistance of the tube, the electric 
power available, and the heat-flow rate desired. A 
small turbo-alternator was specially operated for 
these tests. The alternator current was passed through 
the primary of a step-down transformer with an electro- 
lytic rheostat in series for purposes of regulation. The 
large low-voltage current from the secondary was fed 
into the two brass lugs L, and L, soldered on the tube 
through six (or sometimes twelve) copper straps of 
1}-in. by }-in. section; these leads were kept only a 








few inches from the tube to prevent a large inductive 
load. One set of leads was passed through a ’bus-bar 
transformer which was used to measure the current. 
Two copper-constantan thermocouples were soldered 
to the heated portion of the tube at a distance of 134 in. 
from each of the brass lugs. The cold junctions of 
these thermocouples were immersed in oil in thin glass 
tubes and were placed in the exit water, close beside a 
mercury thermometer which could be read to an 
accuracy of 0-1 deg. F. The two thermocouple wires 
emerged separately, about » in. apart, from a small 
blob of solder on the tube ; they were laid down in a 
direction parallel to the tube for about 1 in., but in- 
sulated from it by a thin flake of mica; another flake 
was laid over them, and—to prevent any air-cooling 
of the wires at the junctions—the whole was bound 
with several layers of asbestos cord. After this point 
the thermocouple wires were twisted together and 
led away at right-angles from the tube, to avoid, as 
much as possible, the induced alternating voltage in 
the thermocouple circuit brought about by the large 
alternating magnetic field round the tube. 

An additional thermocouple was used to measure 
directly the temperature rise of the water between the 
inlet and the outlet. This was fitted as a check to 
see whether the C*R electrical heat supplied agreed 
with the heat given by the temperature rise of the water. 
Such was found to be the case within experimental 
limits, and the readings of this thermocouple were 
discarded since the electrical measurement of the heat 
supplied was more precise, the current being maintained 
constant by an observer, who, by hand regulation of 
the rheostat, kept the ’bus-bar ammeter pointer on a 
definite division of the scale. Town water was supplied 
to an elevated galvanised-iron tank, the water being 
kept approximately level by a ball-valve. This tank 
gave a total head of about 18 ft. above the condenser 
tube. The water in the tank could be heated to any 
desired temperature by means of a number of steam 
jets; a mechanically driven stirrer and baffles were 
added to ensure that only thoroughly mixed water 
was drawn into the exit pipe. The water then passed 
through a 2-in. descending pipe and a control valve to 
the condenser tube. A by-pass pipe, with a small 
stop-valve, was fitted in order to adjust accurately the 
flow at low velocities. The extra turbulence at the 
entrance to the condenser tube was prevented from 
affecting the heat transfer by the water having to flow 
through a length of over 7 ft. of the tube before reaching 
the heated portion. 

The loss of hydrostatic head of the water during heat 
transfer was obtained over a length of 5 ft. 3 in. of the 
heated portion. At a distance of 6 in. from each of the 
brass lugs L, and L, four holes +4 in. diameter, at 
right angles to each other, were drilled through the 
tube. Two small grooved sleeves were then soldered 
over these holes and connected to water manometers in 
the usual way. Another manometer was inserted 
near the inlet to the tube to facilitate the control and 
adjustment of the water velocity. The tube extended 
for about a foot beyond the exit heating lug to allow 
the water to mix thoroughly before its temperature was 
observed. With the l-in. and the 1}-inch tubes, this 
distance was found to be insufficient, so a spiral wire, 
about }-in. diameter, was fitted into the tube for a 
length of about 8 in. to facilitate mixing the water 
before it flowed over the metcury thermometer and 
the cold junctions of, the thermocouples. These were 
placed just beyond the end of the tube, in the water- 
box surrounding the last 10 in. or so, of the tube. A side 
exit from this box enabled the water to run to waste 
or into a measuring tank. It was found that, for the 
lower velocities in the 4-in. and }-in. diameter tubes, 
the volume of water was insufficient to give adequate 
mixing in the water-box, so a pipe bend with a short 
wide vertical limb, into which the thermometer and 
thermocouple cold junctions could be placed, was fitted 
over the end of the experimental condenser tube. This 
was virtually the same as employing a much smaller 
water-box. 

Tube Measurement and Calibrations.—All the tubes 
were measured externally and found to be reasonably 
round and uniform throughout their length. The 
mean internal diameter of the tubes was found by 
weighing them when corked up empty and dry, and 
again when filled with water. Allowance was made 
for the density of the water corresponding to its 
temperature and for the buoyancy of the air. As 
the outside diameter of the tubes was so uniform, it 
was at first assumed that the same would apply to the 
internal diameters. It was discovered later that the 
internal diameters were, in fact, conical and the non- 
uniformity of the metallic cross-section was easily 
verified by balancing the tube over a knife-edge, when 
a 15-ft. tube would balance about a point as much as 
1} in. away from its centre of length. The variation 
of metallic cross-section was more accurately ascertained 
by determining the electrical resistance per foot at 
different positions along the tube. The results obtained 
in this manner agreed very closely with those given by 
the simple knife-edge test. This change in diameter 
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necessitated, in some cases, a correction of about 3 per 
cent. on the deduced coefficient of heat transfer. 

As the heat input was given by C?R, the accurate 
determination of the electrical resistance of the tube 
at different temperatures was important. This resis- 
tance was determined (before the lugs had been 
connected to the copper straps) by passing a current 
of about 1 ampere through the tube and through a 
known standard low resistance (0-002063 ohm) in 
series with it. The two potential drops were then 
compared on the potentiometer used with the thermo- 
couples. The tube resistance was found at different 
temperatures by passing water through it at the desired 
temperature and at a speed of about 5 ft. per second. 
From these observations a curve was constructed 
giving the resistance of the tube from about 45 deg. F. 
to 190 deg. F. Also, by comparing the potential drops 
over successive foot-lengths of tube it was possible to 
determine the actual resistance per foot length at the 
two thermocouples—or, in other words, to determine 
the percentage correction to be applied to the resistance 
curve to correct for the conicality of the internal bore. 

The thermocouple E.M.F.’s were measured on a 
potentiometer in the usual way, a Weston normal 
cell being used to check the constancy of the potential 
gradient down the potentiometer wire. About 10 cm. 
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of wire corresponded to 1 deg. F. The thermocouples 
were calibrated after soldering on the tube. For this 
purpose, water at a known temperature was passed 
through the tube at a good speed, the temperature of 
the water being given by the mercury thermometer in 
the water-box. The other junctions of the thermo- 
couples were placed either in ice or in a thermos flask 
which contained hot water or oil, at various tempera- 
tures up to about 230 deg. F. Another mercury 
thermometer, which had been compared with the first, 
gave the temperature of the junctions in the flask. 
Widely different temperature differences, never less 
than 40 deg. F., were employed in this calibration ; 
sometimes the tube junctions were hotter and some- 
times colder than the other junctions. The length 
of the potentiometer wire divided by the temperature 
difference was plotted against the mean temperature 
of the junctions ; the calibration was carried out over 
a range of mean temperatures from about 50 deg. to 
190 deg. F. 

A very suitable potentiometer was made by modi- 
fying the connections in a Callendar and Griffiths 
bridge intended for use with their platinum-resistance 
thermometers. The position of the “ electrical end ” 
of the bridge wire was determined and the coils cali- 
brated in terms of the bridge wire. The "bus-bar 
transformer, together with its ammeter, was calibrated 
directly against a Kelvin current balance, and the 
standard low resistance of 0-002063 ohm was also 
calibrated against certified standards. The heat loss 
from the outer surface of the tube was determined by 


passing a small alternating current through it when 
dry, and measuring the temperature attained by the 
tube from the thermocouple readings. A temperature 
rise of about 100 deg. F. was employed in this case, 
and the heat loss was taken as being proportional 
to this temperature difference. It will be seen below 
that the only external heat loss which need be taken 
into account is the extra heat loss due to the tempera- 
ture rise of the tube caused by the electric heating ; 
the heat loss due to hot inlet water flowing through the 
tube is compensated for by the method of working. 
Experimental Observations and Calculations.—When 
carrying out a series of tests, it was usual to heat the 
water in the upper tank to the required inlet tempera- 
ture. During this preliminary stage, the water was 
allowed to flow to waste through a by-pass tube at 
about the same rate as was intended when flowing 
through the test tube. This prevented the dirtying 
of the tube surface before the actual heat-flow test 
commenced. When the water temperature was nearly 
steady at its desired value, the water was diverted 
through the tube and the stop-valve adjusted till the 
quantity passing in five minutes showed the desired 
velocity. The manometer near the stop-valve enabled 
this velocity to be maintained at its correct value. 
The weight of the water corresponding to any given 





EXPERIMENTAL RESULTS FOR A % INCH DIA.TUBE. 





720° 
Temperature -Fahrenhett. 


12 11 


0:0060 


0-0050 


0:0020 
32 


(2982) 


velocity was taken as that 
which the weight would 
be if the water was at its 
maximum density. Thus, 
the same weight was taken 
whether the water in the 
tube was cold or hot. 
What is here taken as 
the velocity is not the 
actual physical velocity v, 
but pv, where p is the 
specific gravity. Theo- 
retically pv is preferable 
to v as a variable, and in 
practice an engineer is 
always more interested in 
the weight of water passing through a tube than in its 
volume, which, for a given quantity of water, varies 
with the temperature. Accordingly, in this investiga- 
tion, which deals with water only, pv has been termed 
the ‘ nominal” velocity. Several experimenters have 
termed pv the mass velocity, since it is given by the 
weight divided by the product of the cross-section and 
the time. 

The velocities most generally employed were 2, 3, 5, 
8, and 11 ft. per second. Having obtained the desired 
velocity, the water weight, water temperature and 
readings on both manometers were recorded. The 
thermocouple readings were also taken, and these 
readings were used as zero points on the potentiometer 
wire. In this way, two or three small errors, referred 
to later, wereeliminated. For each condition of water- 
flow, (given by velocity and temperature) tests were 
made with three definite values of the current, which 
were chosen to give heat-flow rates of about 4,000, 
12,000 and 20,000 B.Th.U. per square foot per hour 
except in the case of the 1}-in. tube,when the heat-flow 
rates of 4,000, 8,000 and 12,000 were employed, since 
the power available did not permit of higher rates being 
reached. As the ’bus-bar transformer had two equal 
windings, which were changed from parallel to series 
between the first and second heat-flow rates, heat-flow 
rates in the ratio of 1:3:5 gave ammeter readings 
in the ratio of 2: v3: 5, ie, about 8:7:9. If R 
is the electrical resistance of the heated portion of the 
tube at its mean temperature, C the current, and S the 
internal area of the heated surface in square feet, the 
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heat-flow rate is 3-412 C?R/S B.Th.U. per square foot 
per hour. 

Whenever heat was switched on, it was noticeable 
that the water heights in the manometers fell slightly, 
and in most cases the water weight slightly increased. 
This was more pronounced at low water temperatures 
when the stop-valve had to be adjusted to reduce 
the flow and fresh weighings taken till the correct 
flow was again obtained. It was impracticable, how- 
ever, always to work with the exact water velocity 
desired, so it was endeavoured to get it correct to within 
1 per cent. and to apply a correction to the coefficients 
of heat transfer obtained, these being taken as varying 
as the 0-8 power of the velocity. Having obtained 
steady conditions of the desired values with the electric 
heat switched on, the weight of water flowing through 
the tube in 5 min. (or 10 min. for the }-in. tube at low 
velocities) was measured, and during this period at 
least three observations of each of the thermocouple 
readings, the water gauges and the outlet thermometer 
were taken. If these observations were sufficiently 
steady, the same work was repeated with the second 
or third rate of heat-flow. If not, the experiment 
was repeated again when steadier conditions could be 
realised, 

Preliminary Results and the Effect of Dirt.—The 
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effect of dirt on the inner surface of the tube was well 
shown during the early period of the tests. A number 
of tests had been carried out with various water velo- 
cities and inlet temperatures, and the coefficients 
of heat transfer calculated for the conditions at 
the thermocouples. These were plotted against the 
water temperature at the thermocouples, and, as the 
plotted points were somewhat irregular, a number 
of the tests were repeated, when it was found that con- 
sistently lower values were obtained, the difference 
being greatest when comparison was made with the 
earliest tests. It was found that after the tube had 
been in use of about 50 hours, the values of the coeffi- 
cient of heat transfer at 7 ft. per second had dropped 
as much as 15} per cent., while the manometer showed 
that the hydrostatic resistance over the 5 ft. 3 in. 
length had increased by 9 per cent. Similar results 
were obtained at a velocity of 4 ft. per second. 

The tube was inspected by drawing a flash-light bulb 
through it, and it was seen that the surface was covered 
with a fine brown deposit largely of an iron hydroxide 
from the various pipes of the supply system. This 
difficulty was overcome subsequently by drawing a 
well-rinsed wash-leather plug two or three times 
through the tube after every two or three hours of use, 
and by cleaning out the supply tank occasionally. 
While the l-in. tube was under test, an experiment 
was made to see if the wash-leather plug was really effec- 
tive in thoroughly cleaning the surface. A cotton- 
waste plug, moistened with dilute hydrochloric acid, 
was pulled through the tube several times. Two 
tests with cold water and the same velocity were made 
just before and after this acid cleaning, but no increase 
in the coefficient of heat transfer was obtained. In 
fact, the second test gave a value of 0-75 per cent. 
lower, to which small difference no importance should 
be attached, as it was within the margin of experi- 
mental error; but it was taken as indicating that 
the cleaning by the wash-leather plug was sufficiently 
effective. No gradual decrease in the coefficients has 
been found in any of the tubes since the practice of 
regular cleaning was introduced. 

A number of tests was carried out at a speed of | ft. 
per second on the }-in. tube, with inlet water tempera- 
tures of 60 deg. F. and 90 deg. F. The deduced coeffi- 
cient, K, increased with the heat-flow rate, as in other 
cases, but when the values were plotted against the 
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corresponding water temperatures, it was found that 
a single curve would pass approximately through all 
the points, the increase in K with heat flow being little 
more than that due to the higher water temperature 
which was obtained by the higher heat flow rate. 
Tests were not taken systematically at a velocity of 
1 ft. per sec., but such tests as were made were in 
agreement with the other results. In one case, when 
five heat-flow rates, in multiples of 5,000 B.Th.U. 
square feet per hour, were tried with the temperature 
of the inlet water at 140 deg. F., the experiment pro- 
ceeded satisfactorily until the highest current was 
passed through the tube; then the observations at the 
exit thermocouple became very unsteady. The exit 
water temperature was now 185 deg. F., and when 
the test was worked out, it was found that the exit 
thermocouple reading indicated a tube temperature of 
220 deg. F., the water temperature at this section of 


TaBLE I.—Particulars of a Typical Experiment with a 
3-in. Tube at a Water Velocity of 8 ft. per second. 
A length of 178-9 in, of the tube held 2-157 lb. of water 

at 60 deg. F., giving a mean internal diameter of 0 -6532 

in., an internal heated surface of 1-0675 sq. ft., and a 

flow of 347-5 lb. in 5 minutes, corresponding to a velocity 

of 8 ft. per second. 














1. Heating current in amperes a 840 | 1,458 | 1,876 
2. Weight of water in 5 minutes, lb. 349 350 348 
3. Temperature of outlet water, 
* Ge 2. aia a .-| 39-2 41-2 43-2 
4a, Temperature rise on inlet thermo- 
couple, deg. F. .. an eo] 2°12 6-20 | 10-06 
4b. Temperature rise on outlet ther- 
mocouple, deg. F. ee ool 2°98 7-98 | 12-91 
5a. Temperature of outside tube sur- | 
face at inlet thermocouple, deg. 
F. a a ae ..| 41°32 | 47-40 | 53-26 
56. Temperature of outside tube sur- 
face at outlet thermocouple, 
2 ae Ss a .-| 41-93 | 49-18 | 56-11 
6. Allowed temperature drop through 
tube wall, deg .F. oe --| 0-12 0-36 | 0-60 
7a, Temperature of inside tube sur- 
face at inlet thermocouple .-| 41°20 | 47-04 | 52-66 
7b. Temperature of inside tube sur- 
face at outlet thermocouple, 
deg. F. .. “s ae ..| 41°81 | 48-82 | 55-51 
8. Resistance of heated portion, milli- 
ohms os Be wa --| 1-769 1-779} 1-789 
9. C?R heat flow, B.Th.U. per square | 
foot per hour (1 watt = 3-412 
B.Th.U. per hour) oe .-| 3,990 | 12,095 | 20,130 
10. Extra external heat loss, B.Th.U. 
per square foot per hour 10 25 40 
11. Net heat-flow rate, H oe ..| 3,980 | 12,070 | 20,090 
12. Calculated water temperature rise 
from electric heat,deg. F.  .. 1-01 3-07 5-14 
13a. Water temperature at inlet ther- 
mocouple below outlet water, 
deg. F. .. 2% os --| 0-83 | 2-52 4-21 
136. Water temperature at outlet ther- 
mocouple below outlet water, | 
deg. F. .. ae ae --| 0-18 | 0-55 0:93 
14a, Water temperature at inlet ther- 
mocouple, deg. F. ae ..| 38°37 | 38-68 | 38-99 
146, Water temperature at outlet ther- | | 
mocouple, deg. F. ie --| 39-02 | 40-65 | 42-27 
15a. Temperature difference tube- | 
water at inlet thermocouple, j | 
deg. F. .. ae Sie ..| 2°83 | 8-36 | 13-67 
156. Temperature difference tube- | 
— at outlet thermocouple, 2-79 8-17 | 13-24 
eg. F. | 
16a. Item (15a) corrected for water ve- | | 
locity = Ai @ ea es -e| 2-84] 8-41 | 13-69 
166. Item (15+) corrected for water | 
“velocity, = A, 6 . a.{ 2-80} 8-22 | 13-26 
Both the above sets of values | | 
for A 6, when smoothed gra- | } 
Phically by plotting against | | 
H, so as to vanish when H = | 
i 6, remained unaltered. | | 
17a. K at inlet thermocouple = H + | 
~~ oi9 ah a. rm --{ 1,402 | 1,436 | 1,467 
17b. K at outlet thermocouple = H - | | | 
pot gee a a ..| 1,422 | 1,468 | 1,514 
18a. Item (17a) corrected for conicality | 
+ 1-75 percent.) .. <a] 2Aaz | 1,461 | 1,492 
18b. Item (17) corrected for conicality | 
(— 2-1 per cent.) se --| 1,392 | 1,488 | 1,483 


| 





the tube being 179 deg. F. A tube temperature of 
220 deg. F. must cause the rapid formation of steam 
at the tube wall and thus break up the viscous film. 
The effect of this was seen in the deduced value of K ; 
in the last case it was 25 per cent. greater than that for 
the preceding rate of heat-flow, though previously 
the increase in K had been only 5 per cent. between 
each rate of heat-flow. 

A Sample Test.—It is unnecessary to give the detailed 
observations and calculations of all the experiments 
carried out, but an idea of the magnitude of the 
quantities measured and the method of reducing the 
experimental data is best acquired by studying a typical 
test. The test detailed in Table I, on this page, was 
carried out on a }-in. diameter tube having a mean 
bore of 0-653 in; the actual bore at the inlet thermo- 
couple was 0-6525 in., and at the outlet thermocouple 
(48 in. distant) 0-649 in. The tube had been put down 
at random before its conicality was discovered, and 
the same was the case with the other tubes, so that 
in some cases the flow was in a converging tube and 
in other cases a diverging tube. This non-uniformity 
of bore required three corrections to be made to the 
coefficients of heat transfer that had previously been 
calculated on the assumption that the tube was 














uniform. First, the resistance per unit length at a 
thermocouple was different from the mean value ; this 
directly affected the C?R heat generation and was 
the largest correction. Second and third, both the 
water velocity and the surface per unit length through 
which the heat was flowing were changed slightly 
by the variation of diameter. The effect of these 
three corrections, in the case of the present tube, 
was to increase the coefficients found at the inlet 
thermocouple by 1-75 per cent. and to reduce those 
given at the outlet thermocouple by 2-1 per cent. 
It must also be pointed out that, since the heat was 
generated throughout the material of the tube, the tem- 
perature drop through the tube wall was only half what 
it would have been for the same rate of heat-flow had 
the outside of the tube been heated with steam. 

The K’s in Table I are the values at the water 
temperature given in items (14a) and (146), respectively. 
Extrapolating them to a zero or infinitesimal rate of 
heat-flow gives K, = 1,410 at a water temperature 
of 38-2 deg. F. from the inlet thermocouple; and 
Ky, = 1,369 at the same water temperature from the 
outlet thermocuple, the former being 3 per cent. in 
excess of the latter, owing to the fact, dealt with more 
fully below, that a definite coefficient of heat transfer 
cannot be obtained till sufficient heat has been put 
into the water to establish sensibly the limiting tem- 
perature distribution over the cross-section. The 
distance required for this purpose is of the order of the 
length in which the loss of head is equal to the velocity 
head, that is to say, about 30 to 40 diameters. Before 
this, the observed coefficients are greater than their 
limiting values. 

Consideration of Some Minor Errors.—A few minor 
errors must be mentioned just to show that they are 
inappreciable. (1) The unequal distribution of the 
alternating current over the cross-section was con- 
sidered, and it was found to render the heat production 
only about 1 part in 80,000 greater than that given by 
C?R. (2) The longitudinal flow of heat down the tube 
was estimated and found likewise to be completely 
negligible, and the same was the case with any possible 
differential longitudinal flow which would at once 
become a transverse flow into the water. (3) The 
variation of heat production due to the varying resis- 
tance per unit length caused by the temperature 
gradient along the tube was also found to be negligible. 
(4) The effect of the thermal conductivity from or into 
the copper straps via the lugs was eliminated by 
taking the thermocouple readings just before switching 
on the heating circuit, and using these (small) readings 
as the thermocouple zeros. This did not eliminate 
the conduction into the tube of heat which was gene- 
rated in the leads ; in some experiments this conduction 
could be detected with the largest heat-flow rate, and 
was indicated by a slow creep of the thermocouple 
reading. Such experiments were discarded and re- 
peated. 

Test Results —The results of the tests on a ?-in. 
diameter tube are shown in Fig. 2. The points in this 
diagram give the coefficients of heat transfer at the 
outlet thermocouple, for the three heat-flow rates of 
approximately 4,000, 12,000, and 20,000 B.Th.U. per 
square foot per hour, plotted against water tempera- 
ture at the thermocouple, for various nominal velocities, 
while the curves are for the heat-flow rates of 0 and 
20,000, as deduced from the tables below which com- 
bine the whole of the experimental tests and are 
applicable to tubes of any diameter. The actual values 
of the heat-flow rates differed somewhat in the different 
experiments, since the tube resistance increased with 
its temperature, while in all experiments with the same 
tube the current was always kept at the same three 
values. So on the short line indicated by each set of 
three experimental points, the points corresponding 
to the exact heat-flow rates of 0 and 20,000 B.Th.U. 
per square foot per hour were marked. Smooth 
curves were then drawn among the points correspond- 
ing to the same rate of heat-flow. In order to get 
uniformity between the curves for the different veloci- 
ties, the values of K for:the zero heat-flow rate (which 
will be denoted by Ky) taken from these curves for the 
same water temperature, were plotted against the 
velocity and slightly eased so as to make these curves 
also smooth curves. Curves were also drawn giving 
log Ko for several definite temperatures against log V, 
which were found to be approximately straight lines 
with a slope of about 0-8 ; this is in accordance with the 
generally accepted relation between these quantities. 
Above 70 deg. F., the curvature of these lines was very 
slight except at the lowest velocities of 1 ft. and 2 ft. per 
second. These curves enabled both the slight irregu- 


larities between the curves for different velocities to 


be smoothed out and the values of K for intermediate 
velocities to be interpolated with considerable accuracy. 

Similar tests were carried out with tubes of 3-in., 
l-in. and 14-in. nominal outside diameters; in each 


case the same procedure was followed, so that charts 
were constructed for tubes of four different diameters, 
giving the values of K for water temperatures from 
about 40 deg. F. to 150 deg. F. for all multiples of 





velocities of 1 ft. per second up to 10 or 11 ft. per second 
and for heat-flow rates up to 20,000 B.Th.U. per square 
foot per hour. These diagrams will be referred to later 
when interpreting the results theoretically in terms of 
the properties of the fluid flowing through the tube. 
Too much stress must not be laid on the discrepancy 
seen in Fig. 2 between the spacing of the points.at high 
water temperatures and velocities and the spacing 
indicated between the zero and 20,000 B.Th.U. per 
square foot per hour curves. With the hot-water points 
shown at 11 ft. per second, the three temperature 
differences from tube to water for the three heat-flows 
were 1-36, 3-97, and 6-50 deg. F. These were the 
results of smoothing the three experimental values 
graphically against the heat-flow rate. Had the points 
been smoothed to a curve of slightly less curvature so 
that they became 1-33, 3-95 and 6-50 deg. F., the 
spacing of the points would have been reduced to half 
that given here. Thus 50 per cent. of the spacing 
depends on a temperature difference of only 0-03 deg. F. 
As the inlet water was steam-heated to about 125 deg. F. 
it was difficult to keep its temperature constant to this 
degree of accuracy. 

The Loss of Hydrostatic Head along the Tube.—The 
loss of hydrostatic head over a portion of the heated 
length was measured in each experiment during the 
three different rates of heat transfer; and was also 
measured beforehand in the absence of heat transfer. 
The latter results agreed very closely, on reduction, 
with the standard curves given by Stanton and Pannell.* 
It is not usual to apply Stanton and Pannell’s results 
to a case when heat transfer occurs, since one does not 
know what temperature to adopt in finding the viscosity 


which is required for evaluating ong . For instance, 


if the tube temperature is 80 deg. F. and the water tem- 
perature is only 60 deg. F. the viscosity at the tube 
wall is 23 per cent. less than its value at the water 
temperature, and consequently the value of . : is 30 
per cent. greater by using the tube temperature instead 
of the water temperature. 

One may expect the loss of head to depend much more 
on the tube-wall temperature than upon the water tem- 
perature, since the wall friction must be equal to the 
water viscosity at the wall multiplied by the radial 
velocity gradient at the wall. When heat-flow is present, 
there is necessarily an axial temperature gradient, so 
in comparing the experimental results with Stanton 
and Pannell’s curves, the tube temperature midway 
between the manometer connections was taken. On 
examining the loss of head during heat transfer it was 
quickly recognised that the loss was, within the margin 
of experimental error, sensibly the same as if there had 
been no heat transfer present and the water had been 
throughout at the actual temperature of the tube wall. 
Thus one can say that the loss of head depends upon the 
tube-wall temperature and is independent of any heat 
transfer taking place. When very cold water, at tem- 
peratures down to 40 deg. F., could be obtained, this 
law was seen to be slightly departed from, the loss 
of head being the same as if no heat transfer were 
present, and the water temperature was its actual 
temperature plus about 90 per cent. of the temperature 
difference between the water and the tube. But with 
rising water temperature this fraction was soon sensibly 
100 per cent. Lack of steadiness of the manometers 
precluded any very great accuracy being attained in 
these results. A sample of the results obtained is shown 
in Fig. 3, in which the results are all plotted against 
pud 

ih 

(To be continued.) 


the value of log 








THe River Tyne.—An attractive and well-written 
handbook dealing with the trade and facilities of the 
River Tyne has recently been issued under the auspices 
of the Tyne Improvement Commission, the London and 
North Eastern Railway Company, and the Corporations 
of Newcastle-upon-Tyne, Gateshead, Wallsend, Jarrow, 
South Shields, and Tynemouth. The book is edited by 
Messrs. R. W. Johnson and R. Aughton, and contains 
chapters dealing with the history of the Tyne as a com- 
mercial highway, and with its shipbuilding, ship-repairing 
and oil-bunkering activities, its coal, grain and general 
import and export trades, its docks and quays, cargo 
traffic, steamship services, bridges and railway connec- 
tions. The work contains a number of excellent plates, 
and the plans of the docks and of the river are particu- 
larly clear and neat. It is shown that extensive areas 
adjacent to the river and the docks are available for 
the establishment of additional industries ; moreover, 
coal water, light, power, chemicals, railway transport 
and labour are all available, together with facilities for 
efficient and economical distribution landward or sea- 
ward. The book is published by Messrs. Andrew Reid 
and Company, Limited, Strawberry House, Newcastle, 
and interested persons who desire copies should com- 
municate with the General Manager, Tyne Improvement 
Commission, Bewick-street, Newcastle-upon-Tyne. 





*Phil. Trans. Roy. Soc., Series A, 1914, vol. 214, page 
199. 
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THE ROSSMAN SYSTEM OF SPEED| 
CONTROL FOR ALTERNATING- | 
CURRENT MOTORS. | 
As is well known, the chief drawback to the employ- | 

ment of the alternating-current motor for driving certain | 
types of plant is the difficulty of obtaining adequate 
speed regulation. A method of overcoming this failing 
has recently been developed by Mr. A. M. Rossman, and 
is being used in a number of American power stations, | 
more particularly for driving the forced-draught and in- | 
duced draught fans, though it is also applicable to the | 
feed pumps and other variable-speed equipment. 

The essential features of the system are shown 
diagrammatically in Fig. 3, from which it will be seen 
that the driving unit consists of a constant-speed alter- | 
nating-current motor of either the synchronous or | 
induction types, and a variable-speed shunt-wound | 
direct-current motor of much smaller output. The | 
frame of the alternating-current motor is mounted on 
bearings, so that it can rotate, and is mechanically 
connected to the direct-current motor, so that the | 
latter can either drive or be driven by the frame. 
This direct-current motor is supplied from a motor- | 
generator, the motor of which is connected to the same 
alternating-current supply as the main portion of the 
driving unit. This arrangement enables the speed 
of the fan or other machine to be increased above 
the *‘ fixed” speed of the alternating-current motor, 
by using the direct-current motor to drive the frame 
of the latter in the same direction as its rotor. The | 
speed actually obtained on the load shaft in this way 
is equal to the sum of the “fixed” and frame speeds. 

Similarly, when the frame drives the direct-current | 
motor as a generator in the opposite direction to | current motor is only a small percentage of the total 
that of the rotor, the shaft speed will be equal to the | of the set. For instance, a range of 100 to 50 per cent. 
difference between the “ fixed’? speed and the frame | is possible with a unit, in which the direct-current 
speed, and energy will be returned to the network | machine only supplies 13-3 to 12-5 per cent. of the 
through the motor-generator. The direction of rota- | total power. 
tion and speed of the direct-current motor are controlled | This system of speed control is being used for driving 
by keeping its excitation constant and adjusting the | the forced-draught and induced-draught fans in the 
voltage across its armature terminals by a rheostat in| Powerton station of the Super Power Company, of 
the field of the generator of the motor-generator set. | Illinois. A 430-h.p., 2,200-volt motor of the squirrel- 
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Any speed between a maximum and a minimum is thus | cage type is employed the frame and rotor of which are | 


obtainable. When the system is used to drive fans, | supported independently on pairs of pedestal bear- 
the output of which is a function of the cube of the | ings, as shown in Fig. 1. The welded-steel frame, 
speed, the speed range may be still further extended by | which is illustrated before assembly in Fig. 2, is 
weakening the field of the direct-current motor. This, | equipped with two short hollow shafts, which are 
however, decreases the difference between the rated | cast integral with the end shields, and are carried on 
speed of the alternating-current motor and the maxi-| the inner pair of pedestals. The rotor shaft passes 
mum operating speed of the fan. As the apportion- through the centres of these shafts, and is similarly 
ment of output between the alternating-current and | supported on the outer pair of bearings. The same 
direct-current motors is determined by the percentage | illustration shows the three collector rings through 
speed which each contributes to the maximum operat- | which a supply is given to the frame, the grooves for 
ing speed, such a decrease enables a corresponding | receiving the Texrope drive for rotating the frame, 
decrease in the percentage rating of the direct-current | and the ventilating openings. The frame is carefully 
motor, as well as an equivalent decrease in the size of the | balanced before assembly and is carried on a staging 
motor-generator, to be obtained. For instance, if the|/on which the auxiliary motor is also mounted. 
ratio of maximum speed to rated speed is unity, the rat- | 
ings of the alternating-current and direct-current motors | had been removed, of the complete unit showing both 
will be as 2: 1, while when that ratio is 3 the correspond- | the main and auxiliary motor; a closer view of the 
ing figures for the ratings will be as 7: 1. 


A wide range | latter is obtainable in Fig. 5. Each boiler in the| pany and the Sheboggan s 





Fig. 2. ReEvotvine Frame. 








induced-draught fans driven in this way, the motors 
of each pair being controlled by a common motor- 
generator. The speed range, in the case of the forced- 
draught fans, is from 1,004 to 452 r.p.m., and of the 
induced-draught fans from 1,088 to 435 r.p.m. The 
‘fixed’ speed of the alternating-current motor 1s 
| 860 r.p.m., while the speed of the direct-current motor 
varies from + 625 r.p.m. to — 1,875 r.p.m. as the 
fan speed decreases from a maximum to a minimum. 
The outputs of the alternating-current and direct- 
|current motors on the forced-draught fans are 85:5 
'and 14:5 h.p., respectively, the corresponding figures 
‘for the induced-draught fans being 79 and 21 h.p. 
The rating of the motor-generator sets on the forced- 
draught fans is 40 kw., and on the induced-draught 
fans 150 kw. On the forced-draught fans, one-half of 
| the speed range is obtained by armature and one-half 
| by field control, while on the induced-draught fans 
'two-thirds is obtained by armature and one-third by 
|field control. Comparing the financial results of this 
| system with that of driving with ordinary induction 
| motors, Mr. Rossman states that a total saving of some 
4,4401. annually is obtainable with energy at 0-5d. per 
|kw.-hour, and that this can be effected with a very 











| Fig. 4 is an illustration, taken before the scaffolding | slightly increased capital expenditure. 


The same system is also being installed for driving 
| the fans in the Philo station of the Ohio Power Com- 
tation of the Wisconsin 


of speeds can be obtained when the output of the direct- | station is equipped with two forced-draught and two | Power and Light Company, while one feed pump at 
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the latter station is being operated in the same way.| THE EFFECT OF OPERATING RELI- 
In the former case, however, the frame is supported ABILITY ON THE DESIGN OF STEAM 
directly on the rotor shaft through anti-friction bear- | m 

ings, while the motor shaft, which carries the weight of | TURBINES. 

ite the rotor and frame, is mounted on pedestal | By Dr. A. PEUCKER. 

—— = : 3 | Oprratine reliability is more important in public 
wit ed 2 ee pooling | than in private generating stations, since, under present 
reciprocating pump delivering boiler feed am under | once ~egpoitien digs ster- vipa pied tage, convene 
a pressure of 1,500 Ib. per aquare ps geagsair a | its effects. To ensure continuity of supply, a frequent 
pe ce cc — al agai hia tel practice is to keep sufficient plant running to meet the 
thie: case, thn deteetunh: ak tin Cieskammenh sanien te Oe demand and even to arrange that the normal 
mounted on the frame of the alternating-current motor, | oan shall ber maintained, « the bageet wt fails. 
and is concentric with the latter. The speed range is | —_ ey repel nr emg agg milan 
from 708 to 282 r.p.m. The ratio of the ratings of the | required to start a turbine from cold. This increases 
direct-current and alternating-current motors is as | with the size of the unit and is still longer if bleeding 
5 de: 3. de-eeneeel gp ee t * f isemployed. Nevertheless, the construction of turbines, 

‘ 8 or set Having an outpul OF | which will be ready for paralleling in 30 minutes to 


750 kw. , ee ; 
Th t ine ; nee 7 ears, | 42, Minutes and to take full load after another 15 

Par Ferman ae eae sn | minutes from starting, presents no great difficulties. 
Peers 2 ‘| The present position may be illustrated by three 





|examples. The curves given in Fig. 1 refer to a modern 
MARKETS FOR AUTOMATIC REFRIGERATORS IN Sparn | two-Shaft machine with an output of 70,000 kw. at a 

AND GREECE.—Confidential reports on the market for| power factor of 0-8, when running at 1,500 r.p.m. 

small automatic refrigerators in Spain and in Greece | and supplied with steam at a pressure of 32-5 atm. 

have been prepared by the Department of Overseas | (477 Ib. per square inch) and a temperature of 400 deg. 

Lai ving Yd es London, S8.W.1. Dar in iron (752 deg. F.). At the time the curves were taken it 
gdom firms desirous of receiving copies of these a P 

reports should communicate with the eect at had been shut down for 32 hours. One hour after 

the address given, quoting Reference No. A.X. 10,455 | — — 

in the case of the Spanish report, and No. A.X. 16,473 | 

in that of the Greek. fe 











* Paper read before the Second World Power Con- 
rence, Berlin, June, 1930. Abridged. 
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starting the speed of this machine was 30 per cent. of the 
normal, and it was brought up to full speed in another 
half hour. After being shut down it could be started 
up again at any time within the next two hours, but after 
that period twenty-four hours had to be allowed to 
elapse before it could be run up again. This was prin- 
cipally due to the fact that the low-pressure rotors did 
not cool uniformly and became distorted. The machine 
could be loaded 1} to 2 hours after starting, but the 
load could only be built up slowly, since, as shown by the 
expansion curves, the critical state occurred within the 
first four hours. Too sudden starting might, therefore, 
have caused the velocity and guide blades to rub. 
Such a machine can be safely operated when due regard 
is paid to its peculiarities, but if it is to be available in 
emergency it must be kept running continuously. 

Fig. 2 gives similar curves for a single shaft machine 
with an output of 37,500 kw. at a power factor of 0-8 
and a speed of 1,500 r.p.m., the steam pressure and 
temperature being 13-5 atm. (198 lb. per square inch) 
and 375 deg. C. (707 deg. F.), respectively. It was 
arranged for two-stage bleeding and was started up 
after being shut down for 10 hours. As will be seen the 
times necessary for running it up and making it 
ready for load can be considerably reduced in emer- 
gency without risk. In fact, a similar machine was fully 
loaded within a few minutes of being paralleled with- 
out harmful results. The curves in Figs. 3 and 4 apply 
to a three-cylinder machine with an output of 20,000 
kw. at a power factor of 0-8 and a speed of 3,000 r.p.m., 
the steam pressure and temperature being 12-5 atm. 
(174 lb. per square inch) and 350 deg. C. (662 deg. F.), 
respectively. The machine was equipped with two 
surface condensers and duplicate sets of electrically- 
operated pumps. Normally, it could be started in from 
25 to 30 minutes, though this was reduced to 13 minutes 
on test. No measurements of the blade clearance were 
made, but as it was stopped daily and re-started after 
an interval of 8 to 10 hours the correctness of the 
theoretical curves is confirmed by practice. 

The methods employed to reduce the time in which 
machines, operated in accordance with specific daily 
load conditions, can be started, are the same as those 
for machines, which are intended for use in emer- 
gency. In certain circumstances a higher efficiency 
may be obtained, if these methods are not employed 
in their entirety. This will seldom be the case, how- 
ever, as the reliability of a machine, and therefore 
almost always its efficiency as well, increases with its 
readiness for service. In fact, turbines, which have been 
properly constructed and are correctly operated, are so 
reliable that the possibility of their sudden failure need 
not even be considered. The employment of a so-called 
“instantaneous reserve” is therefore hardly ever 
necessary, its place being taken by machines, which 
can be run from rest and put on load as quickly as 
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may be necessary to deal with a failure on another 
machine or with sudden increases in load due to bad 
weather conditions. The shortest time, in which a 
standing machine can be brought up to its normal speed, 
is determined by the inertia of the revolving parts. 
It may be assumed that all ordinary types of turbine 
could be run up to normal speed in from 10 seconds to 
15 seconds by suddenly opening all the steam admission 
valves. A machine might, therefore, be ready for 
service in this time if all harmful mechanical and heat 
stresses could be eliminated. How to effect this is a 
constructional and operating problem. 

In this connection the correct arrangement of the 
whole installation is of the greatest importance. The 
personnel must have to move about as little as possible, 
and it is desirable that both the turbine and condenser 
should be on the same level. Fully detailed designs show 
that a better thermal efficiency can be obtained in this 
way with reduced capital expenditure, though it must be 
admitted that turbine manufacturers have as yet shown 
little but theoretical interest in the idea. At the present 
time the steam is almost always admitted through at 
least two stop valves in series, so as to prevent the 
entrance of water. These valves must be placed close 
together and to the machine, so that no time is lost in 
heating up the connections between them. The number 
of control devices and drains should be reduced to a mini- 
mum, and they should also be capable of being operated 
from one position. For instance, on a certain single 
cylinder, 16,000 kw., 1,500 r.p.m. machine, there are 
50 valves, 30 of which must be opened and 12 closed 
again during starting. On a single cylinder double- 
flow machine with an output of 20,000 kw. at 3,000 
r.p.m., there are 145 valves, 42 of which have to be 
opened and 26 closed again. On a 37,500 kw. three- 
cylinder machine running at 1,500 r.p.m., there are 
154 valves, 52 of which have to be opened at starting 
and 27 closed again. On all three machines all the 
control devices, which are not actually operated, 
require inspection, and a number of those, which are 
operated, must be constantly adjusted during running. 
In addition, instruments have to be read. Simplifica- 
tion would, therefore, lead to a considerable saving in 
time. No noticeable delay is caused by providing the 
oil supply from auxiliary pumps. The viscosity of the 
oil is, however, closely dependent on its temperature 
and the time required to ensure proper lubrication with 
oil at a given initial temperature must be determined 
for each turbine. 

Time is wasted in starting up the condensers, as 
steam cannot be admitted to the turbines until the 
vacuum is about 300 mm. (12 in.) and from 5 min. to 
10 min. are reyuired for this purpose. It is therefore 
immaterial whether the circulating pumps are steam- 
or electrically-driven, though simplification of the 
condensing plant is important. All the auxiliaries 
should be arranged on a common shaft so that they 
can be started together in spite of the fact that the 
manccuvring capacity is thereby reduced. To save time 
the large valves on the condensing plant should be 
mechanically-operated. Care must also be taken that 
evacuation is rapid, which means that the equipment 
must be generously dimensioned. The foot valves 
in the circulating water system must be of the quick- 
acting type, while in certain cases auxiliary condensers 
may be kept running continuously, so that the necessary 
vacuum is available, as soon as steam is admitted to the 
main turbine. 

Those parts of the main turbine, which require warm- 
ing, should be kept as small as possible and should 
be shaped so that they heat up evenly. They should 
also undergo minimum distortion during that process. 
The employment of strengthening ribs should be 
avoided and the design of the flanges, especially those 
in the central plane of the turbine, should be improved 
with that end in view. Attention must also be paid 
to mechanical effects. In the high pressure turbine 
distortion at the steam inlet end takes place when the 
load comes on. This point is of special importance, 
since it affects the reliability and readiness to work 
of the machine, particularly in regard to the satis- 
factory behaviour of the glands. In bleeder turbines 
special care is required to avoid distortions varying har- 
monically, and due to the presence of the bulb-shaped 
extraction ports. The casings of machines subject to 
rapidly changing loads are ex.»osed to correspondingly 
high and rapidly varying stresses, due to the changes 
made by the governor in tae quantity of steam 
which is passed through the turbine. As the moving 
parts become relatively smaller with increasing speed, 
high-speed machines especially are easily made ready 
for service, but multi-cylinder designs should be used, 
in order to distribute the pressure and heat drops. 
The drainage arrang ‘ments should not be complicated 
by the connecting pipes and the latter must be very flex- 
ible. Measurements have shown that the temperature 
differences in the cylinder of a single cylinder machine 
may cause the material to be stressed to the yield 
point. Special heating of the interior and exterior of 
the cylinders and of the interior of the shaft have there- 
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fore all been employed, but attempts should be made to | blades in one are therefore the same as the guide 
avoid these complications. It is important that both | blades in the other. The masses that have to be 
shaft and housings should expand in the same direction | warmed up are small and the heating is even, owing 
during warming up and while the pressure is rising. | to the steam flow being concentric. Experience with 
The temperature of the shaft always increases more | this design is, however, confined to small outputs. 

quickly than that of the housing and this is accentuated | Up till the present, little attention has been paid to 
by increasing the pressure. Both blades and stuffing | the readiness of the alternator for service. The reason 
boxes must therefore be allowed sufficient axial play. | for this is that the time required for starting the turbine 
In the case of multi-cylinder machines each cylinder | has been so long that it has been more than sufficient 
should have its own thrust bearings, the connection of | for the various parts of the alternator to expand and 
the shafts being effected through adjustable coup- | adjust themselves. In large machines, however, the 
lings. As regards the moving parts the employment of | axial movements between the iron and the windings 
built-up construction and small diameter shafts is the | may amount to several millimetres, both in the rotor 
best way of ensuring even and rapid heating, though care | and stator, and the resulting effects are difficult to 
must be taken to prevent the discs becoming loose on | combat. In the rotor they can, however, be met by 
the shaft. The diaphragms of such machines must also | arranging the windings, so that they can slide and, in 
be constructed, so that they are not distorted by pres- | the stator, by the employment of elastic insulation and 
flexible connections between the bars and end windings. 

The possible methods, which have been detailed 
above, of increasing the readiness of machines for 
| Service have not yet been fully employed in practice. 
It must still be assumed that 20,000 kw. to 40,000 kw. 
machines require from 25 minutes to 40 minutes from 
the time the order to start is given until they can 
be put on full load, even though this has occasion- 
ally been shortened. Moreover, such results have 
only been obtained with trained operators of long 
experience, and turbine manufacturers are not yet 
prepared to guarantee them. For example, the 
contractor for a large peak-load station, now in course 
of being equipped with 30,000-kw. sets, specifies 
| three-quarters of an hour as the starting time. 

Both a rapidly available and an instantaneous 
reserve will be of less importance as electricity supply 
is more and more effected from large inter-connected 
stations. The fortuitous breakdown of a machine 
in an isolated station can be most simply guarded 
against by the methods already described, and by 
running the machines only partially loaded. If, how- 
ever, when several stations are running in parallel, a 
unit in a fully-loaded station breaks down, both the 
output and the steam supply of the other stations 
must be increased to take its place. In stations 
operating at moderate pressures and equipped with 
easily-regulated firing arrangements—such as stokers, 
in the case of hard coal, or retorts in the case of brown 
coal—this gives rise to no difficulties, as the boilers 
|can be designed to take up a considerable overload 
in less than three minutes. Low-pressure boiler in- 
stallations also have a water and steam reserve of 
from 10 minutes to 15 minutes, and therefore possess 
a sufficient natural reserve. In this respect, however, 
high pressure boilers are less favourably placed. 

Steam accumulators have been occasionally installed 
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(2210.8) . Hours “gromerrng” | tO act as an instantaneousreserve. Either the pressure- 
j drop or equal-pressure systems are usually employed, 
Fig.3 both being well known. The former postulates the use 
5 of special turbines, and is therefore the more costly and 





complicated ; while, if the turbines themselves are to 
act as an instantaneous reserve they must be run con- 
tinuously in parallel with the ordinary sets. They can 
be used for this purpose, if it is possible to increase the 
load suddenly from zero to its full value, both on the 
steam and electrical sides. The principles adopted in 
ordinary turbines apply in general to the construction 
and operation of this type of machine, but they are the 
more difficult to fulfil as the pressure in the accumu- 
lators falls and the steam admission conditions become 
more complicated. The cost of the installation makes 
it necessary that it should be used to meet the daily 
| peaks. The result, however, is that the accumulators 
‘are only fully charged temporarily. Their value as 
an instantaneous reserve is, therefore, limited. For 
instance, a certain accumulator installation, which 
ha A | consists of turbines working “i a — ae = 
scan hooped a | 14 atmospheres to 0-5 atmospheres (2 . to 7°8 Ib. 
atlas ag) al a bess sana inch) can only “a its sot output 

ae lara r ‘ “ENOIMRERING™ ‘for 50 minutes when the accumulators are fully 
‘charged and 50 per cent. of the energy stored has 
sure or heat. Warming through must never be effected | heen released by the end of that period. The pressure 
by live steam when the machine is at rest, and care | has then fallen to 5 atmospheres (73-5 Ib. per square 
must be taken that all the moving parts cool equally. | inch), and the remaining energy can only supply 
Barring gear, for turning the rotor once in every 1 min. | 4 gradually decreasing load. As, moreover, the accu- 
to 4 min. after shutting down, with a view to preventing mulator turbines are used continuously throughout 
distortion, is an emergency device, which proper | the year as an instantaneous reserve, and are supplied 
construction should render superfluous. | with saturated steam, the proportion of reserve plant 
From the point of view of readiness for service, | available must be higher than for ordinary machines. 
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multi-shaft machines are considerably inferior to, On the other hand, equal-pressure installations work | 


those with only one shaft, since at starting, the steam | with ordinary boilers and ordinary machines. They 
which is sufficient to revolve the high-pressure shafts | are mainly designed to provide a larger water content 
will not move those operating at the lower pressures. for the former, and thus a larger steam reserve at low 
The low-pressure cylinder must therefore be supplied | cost. It must be decided in each case whether hot- 
with live steam, for which it has not been designed. | water accumulators, which work at less than 100 deg. C. 
It is thus advisable to interconnect the alternators | (212 deg. F.) or steam turbines, which operate on satu- 
of such sets electrically, so that they can be run up/ rated steam at less than atmospheric pressure, are to 
together, though this considerably increases the time | be employed. Such installations appear to be very 
required for starting. The disadvantage of two' cheap, and if the steam end is rigidly constructed, are 
separate shafts is reduced in the Ljungstrim turbine, | capable of being fully loaded suddenly when running 
since the same steam traverses the blade system on | light, as no temperature changes of a harmful character 
both shafts in a radial direction, and the velocity can take place. 
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TENDER FOR 4-6-0 TYPE LOCOMOTIVE FOR THE GOVERNMENT OF HONG-KONG, 


CONSTRUCTED BY MESSRS. KITSON AND COMPANY, 


Fig.8. 
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Incidentally, both types of accumulator installation 
increase the efficiency of firing, though the equal- 
pressure system is the more effective in this respect. 
Its small capacity can be increased by incorporating 
a higher pressure accumulator in the plant, the latter 
being designed to store water at a temperature which 
corresponds to that of the saturated steam. In 
emergency, steam at normal pressure can be drawn 
from it. 








4-6-0 TYPE LOCOMOTIVE FOR THE 
GOVERNMENT OF HONG-KONG. 


Messrs. Kitson AND Company, LIMITED, Airedale 
Foundry, Leeds, have recently constructed three 
locomotives of the design illustrated in Figs. 1 to 7, 
on Plate XLVI, which accompanies our issue of this 
week, and Figs. 8 and 9, above. They are for through 
passenger service between Hong-Kong (Kowloon) 
and Canton. The engines were purchased by the 
Government of Hong-Kong on behalf of the Govern- 
ment of the Kwantung Province. These are stated 
to be among the heaviest engines of their type in 
use in southern China, and are intended to work 
trains of 400 tons weight exclusive of engine and 
tender, at a speed on the level of 50 m.p.h. Gradients 
of 1 in 100 and 1 in 150 have to be traversed. The 
engines have been built to the order and under the sup>r- 
vision of the Crown Agents for the Colonies tothe require- 
ments of Mr. C. D. Lambert, Chief Mechanical Engineer. 

The locomotives are standard gauge six coupled 








machines with 6-ft. diameter coupled wheels. The 
cylinders are 21 in. in diameter, with a stroke of 28 in., 
and the working pressure is 180 lb. per square inch. At 
90 per cent. boiler pressure the tractive effort works out 
at 27,783 lb., the factor of adhesion being 4-48. The 
valves, supplied through outside steam pipes, are of the 
piston type, 10 in. in diameter, driven by Walschaert 
gear, the maximum travel being 6 in. The valves 
have the following characteristics: 14 in. steam lap ; 
4 in. lead; and no exhaust lap. Hendrie bye-pass 
valves are provided on the cylinders. The 6-ft. 
coupled wheels extend over a wheelbase of 13 ft. 
1134 in. The bogie, which has wheels 3 ft. 7 in. in 
diameter, has a wheelbase of 7 ft. The total wheel- 
base of the engine is 27 ft. 53} in. The weight on the 
coupled wheels in working order is 55 tons 11 cwts., and 
total weight of the engine under similar conditions 
76 tons 17 cwts. 

The boiler barrel is telescopic, of 5 ft. 6 in. outside 
diameter at the largest ring. The length between 
tube plates is 14 ft. The firebox and shell have a 
sloping back head, the throat sheet and bottom part 
of the firebox tube plate also, sloping forward. The 
firebox is of the Belpaire type, 9 ft. 8,1; in. long at the 
top. The grate, between the frames, is sloping and 
9 ft. 64, in. long, and with a width of 3 ft. 4% in. 
provides an area of 32 sq. ft. 

The evaporative heating surface is made up of 990 sq. 
ft. provided by 136 tubes 2 in. in outside diameter, and 
24 5}-in. tubes accommodating superheater elements 
and furnishing 463-7 sq. ft.; the firebox, of copper, 
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provides 192-6 sq. ft., making a total of 1,646-3 sq. ft. 
The 24 superheater elements provide 330 sq. ft. of 
surface. The superheater is of the Superheater 
Company’s pattern, with anti-vacuum valve. The equip- 
ment includes Clyde soot-blowers, a Worthington- 
Simpson 2B vertical feed-water heater and pump, 
and a No. 10 Gresham under-footplate type injector. 
There are two 3-in. Ross safety valves. The grate is of 
the rocking type. 

The bogie has 7} in. total side play, the movement 
being under the control of three joint suspension 
hangers. Braking is applied to the coupled wheels, the 
rigging being equalised. It is operated by two Westing- 
house cylinders inside the frames and in front of the 
leading coupled axle. The Westinghouse brake is also 
fitted to the tender, which also is supplied with the 
usual hand gear. Lubrication for the cylinders is 
supplied by a four-feed Detroit sight feed lubricator, 
while a 10-feed Wakefield mechanical lubricator supplies 
the axle boxes of the coupled wheels and bogie. The 
sanding apparatus is of the Lambert wet sanding type. 
The engine is supplied with a Teloc speed indicator. 

The tender has two bogies with wheels 3 ft. 7 in. in 
diameter. It has a capacity of 6,000 gallons of water, 
and bunker space for 5 tons of coal. The bogie wheel- 
bases are 6 ft., the total wheelbase being 17 ft. 9 in., and 
over all length 25 ft. 0% in. 

The locomotive is furnished with Majex couplers. 
The overall length of the engine and tender is 63 ft. 
3} in. over buffer beams, and the total weight in 
working order 138 tons 14 cwt. 
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THE BRIGHTNESS OF ROAD 
SURFACES. 


Berore the introduction of tar macadam, vehicles 
or pedestrians on the roads could usually be detected 
after dark from a considerable distance, owing to the 
contrast between the silhouette formed by the object | 
and the brightness of the surface itself. At the present 
time, no such contrast exists, as practically all modern 
surfacings are dark in colour, and many accidents are 
directly traceable to the inability of drivers to distin- 
guish objects which blend with the roads. To a 
certain extent, motorists have sought a remedy in 
more powerful headlights, with their concordant 
complication of dimming and dipping devices, which 
are by no means always satisfactory. It has been 
suggested that research might well be directed to 
developing a road surface which, while being light in 
colour, should possess good wearing and non-skidding 





properties, and although this would no doubt present 
the best solution of the problem, more immediate steps | 
to mitigate the situation might well be undertaken. | 
Mr. Pomeroy has, for instance, suggested that all | 
vehicles should, in part, be painted white at the back, a | 
practice already adopted to some extent by cyclists, | 
and the wisdom of this suggestion appears to be | 
beyond criticism. | 

Another direction in which amelioration might well | 
be sought is a scientific illumination, although of course 
this would not improve matters in the open country. | 
It is only in comparatively recent times that it has | 
been usual to measure the amount of illumination | 
falling on points at various distances from the sources 
of light along a roadway, and such measurements | 
have been made and used on the implicit assumption | 
that the brightness of the roadway will be roughly | 
proportional to its illumination. Work, indeed, was 
done twenty years ago in the United States, which | 
gave reason for doubting the correctness of this | 
assumption, but without any apparent effect on 
practice. It is, in fact, only three years ago that, 
with the publication of the British Standard Specifica- 
tion for Street Lighting, it seems to have been recognised 
clearly that the lighting value of a roadway for the 
purposes of traffic depends on its brightness, which | 
is not necessarily proportional to the illumination 
falling on it. With the recognition of this fact it 
became necessary to obtain further information than 
was available as to the nature and extent of the 
variations in brightness which different surfaces pre- 
sented under different extents and circumstances of 
illumination. Little information was found to be 
available on the subject, and accordingly investigations 
were put in hand by the Illumination Research Com- 
mittee of the Department of Scientific and Indus- 
trial Research, under the chairmanship of Mr. C. C. 
Paterson, in order to obtain some data regarding the 
differences in behaviour of various road surfaces in 
respect to their brightness under various illuminations. 
A report has now been published by Mr. A. K. Taylor, 
giving some results obtained by him in the course of 
experiments made for the Committee at the National 
Physical Laboratory.* 

By definition, the brightness of a non-luminous 
surface viewed from a given angle is dependent on 
the illumination falling upon it and its reflection 
factor, which is the ratio of the reflected to the incident 
light, and it is also affected very largely by the angle 
at which the illumination falls on the surface, as well 
as by that from which it is viewed. The purpose of 
the present observations was to obtain some data as 
to the effect produced on different road surfaces by 
varying these angles. In view of difficulties in 
measuring the brightness of the same piece of road 
under different conditions of lighting, and in protecting 
the surface under observation from stray light, it 
was found necessary to conduct the observations 
under laboratory conditions, and samples of used road 
metal were obtained, each about 12 in. by 24 in., 
taken from road surfaces of sand carpet after 13 years’ 
wear, tar macadam after two years’ wear, rock asphalte 
after four years’ wear, and wood paving after fifteen 
years’ wear. The sample under observation, set 
in cement in a shallow wooden tray, was carried on 
a table which could be moved horizontally towards 
or from the suspended souren of light to a distance 
of about 45 ft. The lamp itself was mounted in a 
frame which could be moved vertically through a 
height of 30 ft. An illumination photometer was 
arranged so as to measure the light reflected from the 
surface of the sample at various angles of incidence 
of view. It was found that for angles of incidence 
between 0 deg. and 30 deg. from the normal, the reflec- 
tion factor remained much the same, and measure- 
ments were made from angles of incidence of 30 deg. 
to 87 deg. In practice, the angles of view that are 








* Department of Scientific and Industrial Research. 
Illumination Research: Technical Paper No. 9. Reflec- 
tion from Road Surfaces. H.M. Stationery Office. [Price 





6d. net.) 





important to traffic are large, and the measurements 
taken in these observations were made at from 80 to 87 
or 88 deg., measured from the normal. These con- 
ditions corresponded with those of light falling on the 
road from distances not more than twenty times 
the height of the lamp from which it came, or less 
than about two-thirds the height, and observed from 
distances between 30 ft. and 150 ft. from a height of 
5 ft. over the roadway.: 

The results are set out for each surface in a number of 
curves. They show that, for very oblique angles of 
incidence, the brightness is much greater—sometimes 
hundreds of times as great—as that which would be 
obtained from a perfect diffuser, and the discrepancy 
is greater with a wet surface than with a dry. These 
great excesses of brightness are found when the surface 
is viewed in the same plane as that in which the light 
falls on the surface; when it is viewed in the plane 
at right angles to that in which the light falls, the reflec- 
tion factor is very much more constant and also a great 
deal smaller, being generally, for a dry surface, between 
10 and 30 per cent. Owing to the higher value of the re- 
flection factor at large angles of incidence, the brightness 
of a road varies much less than the extent of its illumina- 
tion. 

For practical purposes, the important part of the 
illuminated surface is that which shows high brightness, 
and it is recommended that in designing the lighting 
of a road surface the bright streaks should be multi- 
plied as much as possible, so as to increase the ease with 
which an object can be detected in silhouette. Thus, 
twin lamps with the units separated as widely as possible, 
or a combination of side and central suspension, are 
recommended for multiplying bright streaks and 
distributing them over the greater part of the roadway, 
particularly when, as with worn wood paving or rock 
asphalt, or with any surface in wet weather, the road 
surface produces narrow streaks of high brightness. 
It is also remarked that lamps mounted on arms which 
extend some distance over the roadway give a better 


| distribution of light than if mounted directly over the 
| kerb. Attention is drawn to the fact that, when a 
, road curves, the bright streaks by means of which traffic 
| and other objects may be picked up are produced 


by the sources of light on the outer edge of the kerb. 








CATALOGUES. 


Switches.—New priced lists of switches and safety 
pluge are to hand from Messrs. M. K. Electric, Limited, 

/akefield-street, Edmonton, London, N.18. 

Disinfectors.—Messrs. Uni-Hygea, Limited, 94, Craw- 
ford-street, Baker-street, London, W.1, have issued a 
priced list and description of their apparatus for auto- 
matically disinfecting lavatories, &c. 

Tapered Roller Bearings.—A circular illustrating and 
describing the application of tapered roller bearings to 
trailer wagons is to hand from Messrs. British Timken, 
Limited, Cheston-road, Aston, Birmingham. 

Switchgear.—Messrs. Brookhirst Switchgear, Limited, 
Chester, have issued two further descriptive leaflets 
dealing, respectively, with the electric control of machine 
tools and automatic control gear for alternating-current 
motors. 

Machine Tools.—A list of new and second-hand 
machine tools, small tools and chucks, vices, pulleys, 
grinding wheels, &c., is to hand from Messrs. Pidgen 
Brothers, Limited, Helmet-row, Old-street, London, E.C.1. 

Paint-Spraying Outfit—An illustrated general descrip- 
tion and specification of a new design of portable paint- 
spraying 4a%> for continuous work is to hand from 
Messrs. B. E. N. Patents, Limited, 92, Tottenham-court- 
road, London, W.1. 

Driving Chains.—A pamphlet of practical notes on 
chain drives, dealing with wheel fitting, chain mounting, 
tools, cases, lubrication, maintenance, adjustment, &c., 
has been issued by Messrs. The Coventry Chain Company, 
Limited, Coventry. 

Electric Motors.—Messrs. Brook Motors, Limited, 
Huddersfield, have sent us a priced list of totally-enclosed 
surface-cooled alternating-current motors, together with 
a list of single-phase and polyphase motors with tabuatedl 
particulars of type, capacity, speed, &c. 

Valves.—A list of valves to hand from Messrs. British 
Steam Specialities, Limited, Fleet-street, Leicester, shows 
most of the steam, water, radiator, safety, and other 
types in use in sizes up to 1} inch. These valves are 
made from hot pressings of extruded metal. 

Fans.—Messrs. Blackman Export Company, Limited, 
374, Euston-road, London, N.W.1, have issued a 
pamphlet illustrating a number of installations of 
ventilating and air-warming apparatus for factories, 
warehouses, theatres, smithies, kitchens, &c. 

Electric Welding.—A list of welding electrodes specially 
made for the alloy steels produced by the leading steel 
makers, is to hand from Messrs. Alloy Welding Processes, 
Limited, Ferry-lane, Forest-road, London, E.17. This 
firm also issues a journal dealing with electric and oxy- 
acetylene welding matters. 

General Engineering.—We have received a circular 
from Messrs. J. Rolland and Company, 2, Victoria- 
street, London, 8.W.1, giving brief particulars of the 
very extensive range of machinery made by Messrs. 
Fried. Krupp, Grusonwerk, Magdeburg, Germany, for 
whom Messrs. Rolland are sole agents. 


Gloves.—A useful list of gloves for light and heavy work 
is to hand from Messrs. A. H. Selwyn, Limited, 8, Lawrence- 
lane, Cheapside, London, E.C.2._ The materials used are 
rubber, cotton, leather and asbestos. The range of ap- 
plications is from house or light factory work and motor 
driving to the handling of hot or cold metal bars. 


Hammer Mills.—Messrs. Edgar Allen and Company, 
Limited, Sheffield, have recently issued a catalogue of 
a hammer mill in which six hammers are pivoted on a 
shaft which revolves inside a casing at 1,000 r.p.m., 
throwing the material against anvils or breaking blocks. 
Fragments above the required size are returned and 
re-hammered until they .pass the set gap. All the 
wearing parts are of special steels and are replaceable. 


General Engineering.—Messrs. Tangyes Limited, Bir- 
mingham, have issued a reprint of their specimen-products 
| pamphlet, giving illustrations with brief particulars of 
| heavy pumping plants, steam gas and oil engines, gas 
| producers, small engines and pumps, well pumps, 
| hydraulic presses, heavy lathes, lifting blocks and 
| jacks, malleable-iron castings, and pump leathers. Fully 
| detailed catalogues of each of these products are also 
| available. 


Oil Engines, &c.—Recent numbers of the technical 
review issued by Messrs. Sulzer Brothers, whose London 
office is at 31, Bedford-square, W.C.1, contains interesting 
descriptions of oil engines for marine auxiliaries, low- 
lift pumping plants for drainage, marine oil engines for 
a Japanese merchant ship, Diesel-electric locomotive 
equipment for the Buenos Ayres suburban railways, and 
some tests carried out on boiler plants. A catalogue 
has also been received dealing exhaustively with bore- 
hole pumps. 

Cranes and Conveyors.—Messrs. Bamag—Meguin (Great 
Britain), Limited, Broadway-buildings, Westminster, 
London, 8.W.1, have issued a catalogue of cranes, 
elevators and conveyors, containing numerous illustra- 
tions of examples of such plant supplied to industrial 
establishments, municipal power stations, railways, 
docks, &c., mainly in Germany. A second catalogue 
deals with electric hoisting blocks of the fixed and 
travelling types having lifting capacities ranging from 5 
ewt. to 8} tons. 

Valve Control.—Messrs. James Tate and Company, 
Bradford, have sent us a catalogue describing several 
examples of their system of valve operation by electric 
motors. Careful attention seems to have been given to 
the possibilities of danger or failure in applying mech- 
ancial power to this operation, especially from a distance, 
and the description is sufficiently detailed and illustrated 
to enable a judgment to be formed as to the suitability 
of the devices in particular cases. Both steam and water 
valves are dealt with. 


Mechanical Shovels.—A further catalogue of mech- 
ancial shovels and dredgers received from Messrs. 
Ruston-Bucyrus, Limited, Lincoln, is noteworthy for 
the several variations which make the machines applicable 
to a wide range of working conditions. The actions are 
described as shovel, drag shovel, grab, dragline, skimmer 
and crane, and diagrams are given to explain the meaning 
of these terms. All varieties of engines and motors are 
now fitted for operating the machines, compressed-air 
motors being applied to some motions. 

Cam-Milling Machines.—A catalogue describing the 
Lidképing cam-milling machine is to hand from Messrs. 
Thomas Ryder and Son, Limited, Bolton, who are sole 
agents in this country for the Swedish makers. The 
machine produces the cam contour by milling cutters, 
the path of which is determined by a master cam acting 
on the tool slide against an automatically-regulated 
hydraulic load. The cams for oil engines and large 
agreed machines are shown as suitable types of work 

or the machine. Drawings of cams are given with 
dimensions and machining times. 

Cranes and Trucks.—Messrs. Joseph Booth and 
Brothers, Limited, Rodley, Leeds, show an excellent 
selection of cranes in the 1930 edition of their catalogue, 
which has recently come to hand. The cranes are clas- 
sified as electric jib cranes for dock and water-side service, 
standard contractor’s or locomotive cranes travelling on 
rails, overhead travelling cranes, steam locomotive cranes, 
and railway cranes. The second section of the catalogue 
deals with electric-battery locomotives for mein and 
narrow-gauge lines and for underground service in 
collieries, and also with 2-ton battery tractor trucks for 
road work, 














British STANDARD SPECIFICATIONS FOR CRANES.— 
The British Engineering Standards Association has just 
issued a revised edition of Specification No. 327, for 
derrick cranes, power-driven (Part 1) and hand-operated 
(Part 2), and a new Specification (No. 357) for travelling 
jib cranes (contractors’ type). The object of these specifi- 
cations is to secure the general observance of such 
fundamental principles as appear desirable to ensure 
reliability and safety without hampering the freedom of 
the crane maker in his selection of the most appropriate 
design for the purpose in view. The derrick-crane 
specifications provide for the Scotch derrick, the Guy 
derrick, and the tower derrick types of crane, now 
largely used in building operations. The factors of 
safety and allowable working stresses specified are 
applicable to cranes intended for ordinary duty. Higher 
factors of safety and lower working stresses are recom- 
mended for duties of greater severity, or where there 
is a liability to accidental overloads, as in dock-side, 
quarrying, and magnet cranes. It is interesting to note, 
in all the specifications, that timber is not permitted in 
any stress-bearing part of the crane structure. Copies 
of the three specifications can be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 
London, S.W.1 price 2s. 2d. each, post free. 
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10,000-KW. BACK-PRESSURE STEAM 
TURBO - GENERATOR FOR YAL- 
LOURN, VICTORIA. 


Two back-pressure steam turbo-generators of 
exceptional size and designed for an exceptional 
initial pressure have recently been completed at the 
Willans Works of the English Electric Company, 
Limited, Rugby. They are among the largest yet 
built for a high initial pressure, and have been con- 


process the moisture content is reduced to 14 per 
cent. The drying is effected by steam exhausted 
from back-pressure turbines. The existing works 
are now being extended, and it is for this extension 
that the two turbines described below are required. 
Near Yallourn is also situated one of the main power 
stations of the State Electricity Commission, and to 
this station will be supplied all the surplus power 
generated by the back-pressure turbine above that 
required for running the briquetting works. 
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structed to the order of the State Electricity Com- 
mission, Victoria. They are to be installed at the 
Yallourn briquetting factory, where brown coal from 
the great deposits in the Latrobe Valley is prepared 
for dispatch to and sale in Melbourne, which lies 
some 100 miles away. These brown coal deposits 
cover an area of about 800 square miles, and it is 
estimated that 20,000 million tons can be won by 
surface workings. The drawback to the fuel is its 
large moisture content which averages 60 per cent., 
and reduces the calorific value, as mined, to the low 
figure of 4,000 B.Th.U. per Ib. In the briquetting 
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The two turbines will, however, be run primarily 
for the provision of process steam, and somewhat 
elaborate arrangements, which are described in 
detail below, have been made to ensure that the 
supply is never deficient either in quantity or quality. 
The power developed must therefore be regarded 
somewhat in the light of a by-product and the 
working conditions are such that the fuel expen- 
diture required for it will be extraordinarily low. 

Each of the two units under discussion has a 
maximum continuous rating of 10,000 kw., the 
normal running speed being 3,000 rpm. At 














maximum efficiency the output is 9,000 kw. The 
design conditions provided for a stop-valve pressure 
of 565 Ib. per square inch (absolute), for a steam 
temperature of 725 deg. F., and for a normal back 
pressure of 55 lb. per square inch (absolute), but 
provision is made for raising this if desired to 
70 lb. per square inch (absolute). 

It has long been recognised that high initial 
pressures are relatively much more advantageous 
with condensing than with non-condensing turbines 
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and the advantage is the greater the higher the back 
pressure. On the other hand, losses by leakage, 
fan action and disc friction increase rapidly with 
the density of the steam, so that a compromise 
between thermodynamic and mechanical considera- 
tions is generally necessary, and this has led, in the 
present instance, to the decision not to proceed to 
extremes, the more particularly since experience 
with boilers working at pressures of 1,000 lb. to 
1,200 Ib. per square inch is as yet somewhat limited. 
With the steam conditions stated above, the makers 
have been able to give the following guarantees 
which will undoubtedly be bettered in service. 

Output in kw. --- 10,000 9,000 8,000 7,000 

Steam rate, lb. per 

kilowatt-hour - 19:93 19-61 20-24 21-04 

Generator efficiency, 

per cent. --- 95-4 95-2 94-95 94-6 

The steam rates per kilowatt-hour are, it will be 
seen, only about twice as high as is now customary 
with first-class condensing steam turbines, in spite 
of the fact that the various parasitic losses are 
always considerably more important in the high 
pressure section of a turbine than in the low pressure 
component. The efficiency ratio, however, con- 
stitutes but an indifferent criterion of the economic 
value of a back-pressure turbine. 

Where process steam is required, the thermal 
efficiency of a back-pressure turbine may in some 
sense be regarded as approaching unity, since, apart 
from losses by convection, radiation, and other 


| parasitic factors, the whole of the heat supplied 


to the turbine is either turned into useful work or 
passed into the process mains and usefully employed 
in heating and evaporating. Neglecting certain 
comparatively small corrections, the useful work 
done by the back-pressure turbine is, therefore, 
precisely equivalent to the extra fuel needed to 
generate steam at a higher initial temperature than 
is required in the process part of the plant. In the 
present instance it may be noted that the heat 
content of steam at 565 lb. per square inch (absolute) 
and at a temperature of 725 deg. F., is 1,373-4 
B.Th.U. per lb., whilst saturated steam at 55 Ib. 
pressure, which is what would be used were there no 
back pressure turbine, has a heat content of 1178-5 
B.Th.U. per lb. At the most economical load, about 
182-8 heat units will be turned into useful work, 
at the turbine coupling, per pound of steam passed 
through the turbines, but to provide these, it is only 
necessary to burn an exactly equivalent quantity of 
fuel. On this basis, therefore, the thermal efficiency 
of a back-pressure installation is nearly the same as 
the boiler efficiency. 
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Since the supply of process steam takes primacy 


of power production, somewhat elaborate arrange- 


ments have been necessary to ensure satisfactory | 


working of the plant under widely varying condi- 
tions. To this end, the turbine is provided with 
a pressure governor, which, when the demand for 
process steam increases, opens up the valves. By 
this operation, not only is the supply of process 
steam increased, but the turbine t. kes up more 
load, and thus relieves by an equivalent amount 
the plant in the main power station. The valves 
are controlled through oil-operated relays, by means 
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floating lever is direct, but in order to provide for Tue Sotip StaTE oF Matter. 

the control of the steam supply by the Askania| 4 paper on the “ Nature of Cohesion,” by Pro- 
regulator, the connection has, in this instance, been |fessor J. E. Lennard-Jones, of the H. H. Wills 
made through the intermediary of a second floating | Physical Laboratory of Bristol University, was one 
lever. The arrangement will be best explained by | of group of three dealing with the physical 
a reference to Fig. 6 to 11, Plate XLVII. As here} properties of the solid state. The author re- 
shown, the main floating lever a is connected by! marked that, when he had raised the subject 
the ball joint 6 to a second floating lever c, one end ‘of interatomic forces at the 1926 meeting, it 
of which is pinned to the spindle of the main relay | was not generally realised that the secret of many 
valve d, and the other end to the piston rod of a’ phenomena of atomic and molecular physics lay in 
small oil-operated relay e. The valve controlling the new wave mechanics. The four new main ideas 
the supply of oil to this relay is in its turn might be characterised in the following manner: 


of an Askania regulator coupled up to the process | coupled up to the rod of still another relay /f. 
mains, in which it maintains a nearly constant! The supply of oil to the latter relay is controlled 
pressure. In addition to the foregoing, there is a| by the Askania regulator. As the pressure varies in 
relief valve discharging to the atmosphere, which| the process main, oil is directed as required to one 
can be set to open at any pressure between 55 Ib. | side or the other of the piston in f. As this moves 
per square inch and 70 lb. per square inch (abs.). | it carries with it the valve g, thus admitting pressure 
A longitudinal section through the turbine and_| oil to one side or other of the piston in e. As the 
generator is represented in Fig. 1, Plate XLVII, and | latter moves it carries with it, in its turn, the valve 
a photogr ph taken in course of erectiun of the ma- |g, cutting off thereby its own supply of pressure oil, 
chine in the Willans Works is reproduced in Fig. 19, | and thus coming to rest at a certain perfectly definite 
page 714. Ithas 15 simple impulse stages, all 30in. | position which depends solely on the pressure in the 
in mean diameter. The rotor is machined out of a| process mains. It thus provides a fixed fulcrum 
single forging, thus making it possible to reduce to a | about which the lever c can oscillate in accordance 
minimum the diameter of the diaphragm glands, | with the motion of the main floating lever a, and 
whilst still retaining sufficient stiffness in the shaft | the main governor then controls the turbine speed 
to ensure that the running speed is well below the | in exactly the same way as if it were coupled directly 
critical. As is now general practice, the rotor is | to the pilot valve d. 
drilled along its axis from end to end, and the bore} [n the plan given in Fig. 2, the position of the 
was carefully inspected for cracks and flaws before | pilot valve for the main relay is indicated at h, 
the forging was passed for completion. The sound- | whilst the secondary servo-motors controlled by the 
ness of the forging is further safeguarded by acareful Askania regulator are shown in place at i. The 
examination of the material removed in machining | principle of the Askania regulator has been de- 
out the wheels. The construction of the diaphragms | scribed in these columns, but it may be recalled that 
will be readily understood on reference to Figs. 20, | it consists essentially of a small pivoted pipe, from 
21, 22 and 23, page 714. Of these, Figs. 20 and 21| which a jet of oil, air or steam is discharged against 
refer to diaphragm No. 1, which differs somewhat | an orifice. This orifice is divided into halves by a 
from the others, since it is bolted directly to the | diaphragm, and the compartments thus formed are 
head casting. The whole set are, however, made  enemenitel by piping to opposite sides of the piston 
on the same general plan. The centres are steel | of a servo-motor. If the jet is central the pressure 
forgings having a groove turned on their peripheries. | developed in each half of the orifice is the same 
Into this groove are fitted the blades shown on the | and the piston of the servo-motor does not move. 
right of Fig. 12, page 699, and, alternatively, where | If, however, the jet be tilted slightly one way or 
the admission is partial, as also at the horizontal | the other, a pressure difference will be developed in 
diameters, blanks such as that shown to the left | the two halves of the orifice, with consequent motion 
of the same figure. Both blanks and blades are of the relay piston. The jet pipe is pivoted, 
secured by rivets. . |as stated, and its position is controlled by the 
Both the head glands are of the labyrinth type, the | pressure in a Bourdon tube or equivalent device. 
clearances of that at the governor end, which has | But very slight motion of the jet pipe is required, 
to pack against a pressure of some 480 Ib. per | so that great delicacy of regulation is easily attained. 
square inch, being adjustable. A drawing of this ie teentinned.) 
gland to a larger scale is reproduced in Fig. 13, ” vespaaen 
page 699, and a detail of one of the baffles in Fig. 14. 
The adjustment is effected by shifting the whole 
rotor axially by means of the worm and pinion 
gear, with which the bearing at the high-pressure 
end of the turbine is fitted. A Michell thrust block 
is incorporated in this bearing, and moves with 
it. Details of the low-pressure gland are illustrated 
in Figs. 15 to 18, page 699. In this case the baffles 
are cut on half rings backed by springs, and bear 
on a mild-steel sleeve, which is a force fit on the 
shaft, and is secured in place by the set screw) (ContinvING our account of the proceedings at 
shown. The baffles are allowed to wear their own | the meetings of Section A of the British Associa- 
clearances. ; . tion at Bristol, we may first mention a paper on 
The flexible coupling between the turbine and) theoretical magnetism which was read by Mr. W. 
the generator is a modification of the pattern | Sucksmith. This described an apparatus for measur- 
originally introduced by Sir Charles Parsons, but | ing the gyromagnetic effect. Ina paramagnetic gas, 
has one set of claws only. The lubrication of the | the magnetic susceptibility « varied with the absolute 
opposing surfaces is ensured by supplying oil to temperature T in such a way that « T was a constant. 
an annulus turned on the face of one component! For paramagnetic solids and solutions, the relation 
of the coupling. Into this groove a jet of oil is kept | was, however, xy (T + 4) = Cy, where C was the 
constantly flowing. The arrangement is shown in| (Curie constant, and the suffix m referred to the 
Fig. 1. ; _ _.  |gramme-molecule. The A in this formula varied in a 
Details of the governor gear are illustrated in Figs. | way which F. Hund had explained on a theory of 
2 to 5, Plate XLVII. As already mentioned, the| quantum mechanics. Into his formula, recently 
supply of steam to this machine is controlled by the | modified by J. H. van Vleck, Landé’s splitting factor 
combined action of a centrifugal governor and of an | g entered. Now this factor could be determined from 
Askania regulator coupled up to the process mains, | the gyromagneticeffect, i.e., the change in the angular 
the latter coming into action should the pressure! momentum accompanying a change in the magnetic 
there either rise above or fall below the normal. moment. For ferromagnetic bodies, Mr. Sucksmith 











THE BRITISH ASSOCIATION AT 
BRISTOL. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 


(Concluded from page 439.) 


THE GYROMAGNETIC EFFECT. 





The sleeve of the governor is linked up with the} found g had the value 2; for paramagnetic bodies 
spindle of the throttle valve by the floating lever a,|(rare earths), in which the change in angular 
shown in Fig. 4, coupled to a pilot valve control-| momentum was very small, he calculated, in the 
ling the supply of pressure oil to the relay which} case of didymium, g = 1-27. These figures would 
fixes the position of the main throttle valve. In| indicate that ferromagnetism was due to the spin of 
the case of an ordinary non-condensing turbine} the electron, and paramagnetism to both orbital 
the connection between this: pilot valve, and the} and spin movements, 





| (1) The smearing-out process. We could not follow 
an electron in all its paths, but could only represent 
it by a continuous distribution ; we had, as it were, 
to be contented with a time-exposure, a snap-shot 
being impossible. We could only deal with patterns 
of orbits. Each pattern had a definite average energy, 
and the electron normally remained in the pattern of 
lowest energy. In the case of the hydrogen atom, 
it was extremely improbable that the electron would 
be found outside a region of the dimension of a 
hundred millionth of a centimetre, and this charac- 
terised the size of the atom. (2) The exclusion 
principle of Pauli asserted that in any atom there 
could not be two electrons of the same pattern, 
and these two could not spin in the same direction 
(clockwise or anti-clockwise). (3) The exchange 
principle regarded all electrons as equal and ready 
to take up any job. We might split off one electron, 
but we did not know which one. If there were two 
electrons, as in helium, the first or the second might 
respond, and the energy equations were thus of six 
dimensions, not three. But for most purposes, 
comprising the scattering of X-rays, the considera- 
tion of three dimensions was sufficient. (4) The 
principle of minimum energy, according to which 
an atomic or electronic system always tended to 
assume the state of lowest energy. 

There were, further, different types of cohesive 
forces. (1) Van der Waals cohesion, which was so 
small in the inert gas helium that the gas had 
to be cooled down to 4-3 deg. K. to be liquefied 
and to 1 deg. K. or 2 deg. K. to be solidified. 
(2) Homopolar cohesion. Hydrogen and nitrogen 
resembled the inert gases in this respect, but when 
evaporated they gave diatomic, not monatomic, 
molecules. While the cohesion between the atoms 
of a molecule was of the order of 100,000 gramme- 
calories, it required only 26 calories to evaporate 
‘one gramme of solid hydrogen. (3) Ionic or 
| heteropolar cohesion. In the rock-salt atom, for 
instance, the valency electron of the sodium 
migrated into the chlorine structure, giving rise 
|to electrostatic action. (4) Metallic cohesion. 
|The metals differed from salts by being good 
| conductors, and they were apparently monatomic 
'in the vapour state. (5) Adamantine cohesion was 
observed in the elements carbon, silicon, tin, 
| germanium and any elements placed symmetrically 
to them in the periodic table. The bodies were 
characterised by a tetrahedral structure, every atom 
having four immediate neighbours at the corners 
of a regular tetrahedron ; they were rigid, usually 

very hard, and very sparingly soluble. 

With regard to the nature of the cohesive forces, 
Dr. Lennard-Jones remarked that, in two hydrogen- 
atoms at a large distance apart, the exchange effect 
was very small. Each atom was normally in the 
spherically symmetrical smeared-out pattern. The 
actual approach of the two atoms would disturb 
laterally the orbit of an electron in each atom, which 
would thus, though remaining on the whole spheri- 
cal, become a dipole, the two dipoles attracting 
one another. From calculations on more compli- 
cated systems, Dr. Lennard-Jones concluded that 
the Van der Waals attractive field varied inversely 
as the seventh power of the distance. A considera- 
tion of homopolar cohesion showed that the 
electron distribution about two nuclei would be 
symmetrical and fairly uniform in the space between 
the two, but would fall off rapidly outside. Whether 
atoms would form molecules, or form metals having 
enormous molecules with a very large number 
of energy levels and electron patterns, was a question 
of energy. The problem to explain was why the 
collection of atoms in a metal had less energy than 
the isolated atoms of which it was composed. J. C. 
Slater considered that a metallic atom of one spin 
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was surrounded by others of opposite spin. The 
further examination of these problems formed the 
main body of the paper. 

Dealing with the “ Structure of the Solid State in 
Inorganic Compounds,” Professor W. L. Bragg, of 
Manchester, remarked that, of the four main types 
of interatomic binding, the ionic and homopolar 
were the most important in typical inorganic 
compounds, though examples of a continuous 
transition to the other types could be given. The 
simplest compounds were the ionic aasociations. 
They formed structures of great regularity, in 
which V. M. Goldschmidt had determined the 
influences of ionic charge, size and polarisation. 
We referred to these features in recent comments 
on the proceedings of the Faraday Society. Many 
physical properties could be explained semi-quan- 
titatively on the assumption that the inner and 
outer atoms were charged ions; but this could 
hardly be the true picture. Much experimental 


work remained to be done on the configuration of | 


complex groups. The silicates presented an in- 
teresting intermediate stage between simple com- 
pounds with continuous ionic lattices and salts 
with independent complexions. Goldschmidt’s laws 
of co-ordination in simple compounds had, however, 
been extended by Pauling to more complex types. 
The oxides, sulphides, selenides, &c., provided 
other interesting examples of transitions from one 
state of binding to another. The pressing need 
of the present time was a theoretical technique. 

In the course of the general discussion, Sir Ernest 
Rutherford mentioned that recent experiments, 
made in Paris with gigantic magnets, confirmed 
the conclusions arrived at in the Cavendish Labora- 
tory, that the thorium C emission consisted of at 
least four groups of « particles, and it was known 
that the stream of « particles from radium C and 
actinium C were likewise complex. 

Dr. E. Bloch, in his contribution on the ‘‘ Electric 
and Magnetic Properties of Metals,’ went further 
into the matter to which Professor Lennard-Jones 
had referred, and pointed out that the theory of 
wave mechanics, and Fermi’s statistics, overcame 
the difficulties of free electrons in metals. The 
periodicity properties of the crystal lattice of a metal 
and the exclusion principle explained the ordinary 
temperature influence on the electrical resistance. 
It was not necessary to assume that the interaction 
between metal electrons was small; it must be of 
the order of the interactions between ions. 


THE PRoTON. 


A further contribution to these fundamental 
problems was made, on another day, by Dr. P. A. M. 
Dirac, of St. John’s College, Cambridge. Dr. Dirac 
referred to a difficulty which, though not unknown 
to Hamilton, could no longer be disregarded in 
the days of quantum relativity. The kinetic energy 
W of an electron was expressed in terms of the 
momentum by an equation which contained W?’, 
and had thus negative as well as positive roots. 
Ordinarily, the negative roots were not wanted, as 
they had no physical meaning. But this was not 
permissible in the quantum theory, as Weyl pointed 
out last year. Hence there could be transitions from 
states of positive to states of negative energy, 
and a physical meaning for the negative energy 
had to be deduced. This led to a modification 
of the fundamental constitution of the atom. 
Modern theory regarded all matter as built up of 
two elementary kinds of particles, the electron 
and the proton. Dr. Dirac suggested that these 
two kinds of particles were not independent, but 
were so connected that there was only one kind of 
particle in Nature. 

It was, of course, necessary to distinguish clearly 
between positive and negative electric charges, 
and between positive and negative energy. A 
positively-charged atom merely meant an atom 
which carried a deficiency of a negative charge. 
But what did negative energy mean? A positive- 
energy electron changed to a _negative-energy 
electron when it lost radiation by emission. In 
Dr. Dirac’s opinion, the most stable state for an 
electron was that of lowest energy, i.e., negative 
energy, and very high velocity. There would be 
an infinite number of negative-energy electrons, 
but when an electron was ejected from its atom it 


left a vacant space (a hole), and that hole corre- 
sponded to the orbit which, according to the theory 
of quantum mechanics, was a three-dimensional 
wave function, and not a simple Bohr curve. Now 
that hole of negative energy was the proton. When 
an electron of positive energy dropped into a hole 
and filled it up, both the electron and the proton 
disappeared together with emission of radiation. 
In other words, the unoccupied negative-energy 
state might be interpreted as the protons. Dr. 
Dirac did not disguise the difficulties of this theory. 
There were, firstly, the great differences in the 
masses of the proton and the electron, and, secondly, 
according to this view, the annihilation of protons 
and electrons should take place at much too great a 
rate. A better understanding of the inter-action 
between electrons might remove these difficulties. 


THE METEOROLOGY OF ATMOSPHERICS. 


A general discussion on ‘The Meteorological 
Relations of Atmospherics” was opened by com- 
munications from Mr. R. A. Watson Watt, Pro- 
fessor KE. V. Appleton, F.R.S., M. R. Bureau, and 
Mr. M. A. Giblett. 

Mr. Watson-Watt said that it was against a back- 
ground of profound divergence of view that we must 
examine our knowledge of the particular atmos- 
pheric foreground in cases of meteorological dis- 
turbance. British workers alone had put all their 
cards on the table, and within the limits set by avail- 
able means, had done nothing that would not form 
a basis of quantitative specification. In all their 
work they had found no evidence which was incom- 
patible with the hypothesis that every atmospheric 
was radiated from a lightning flash. The pre- 
dominant sources of atmospherics were in good 
agreement with the distribution of the world’s 
thunderstorm centres and the sources of individual 
atmospherics, as located by visual direction finding, 
were also in good agreement with the instantaneous 
distribution of thunderstorms. Nevertheless, the 
results were ridiculously inadequate, in scope and 
scale, to give a complete specification of the atmos- 
pheric distribution, which had a range of variation 
of the order of 108 in each of three fundamental 
parameters, steep laws of relation among pairs of 
parameters, scales of a numerical incidence which 
might frequently reach 10* per second, a complex 
distribution in azimuth, a completely uninvesti- 
gated distribution in altitude, and correlations at 
least with solar, geographic, topographic, meteoro- 
logical and terrestrial magnetic controls. A more 
damaging criticism was that there was a Pharisaic 
detachment from ordinary conditions of observation. 
We could not draw the wave form of the sequence 
of field changes characteristic of the recognised 
types of aural atmospherics, or determine what sound 
would be produced by any wave form we had drawn. 
He did not believe that the range of lightning dis- 
turbances was small. On the contrary, a lightning 
flash anywhere on the earth’s surface was likely to 
give an atmospheric measurable at Slough and 
could be located by visual direction-finding at dis- 
tances of at least 3,000 km. 

Professor E. V. Appleton said it seemed desirable 
to ascertain whether a case for a predominantly 
terrestrial origin for atmospherics could be made out 
Schindlehauer’s theory that atmospherics originated 
at great altitudes in the ring currents which were 
responsible for variations in the terrestial magnetic 
fields was incompatible with known facts. The effect 
of magnetic storms on atmospherics was explained 
by the effects of the Kenelly-Heaviside layer on the 
propagation of waves. He considered that all 
atmospherics originated in lightning discharges. 

M. R. Bureau described an adaptation of the 
Richard anemocinemograph, which had been de- 
signed to record the speed of a succession of atmos- 
pherics. This apparatus comprised a pen which was 
operated by two opposing forces. One of these 
was intermittent and electromagnetic, each swing of 
an armature lifting the pen a certain amount. The 
other was uninterrupted and mechanical, the pen 
descending with a velocity proportional to its height. 
The pen was in equilibrium when the speed of 
succession of contacts, which caused the electro- 
magnet to operate, counterbalanced the mechanical 
force which drew the pen downwards. For record- 








ing atmospherics, the electro-magnet was operated 
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by a relay supplied with the output current of a 
radio receiver. If the apparatus was adjusted so that 
each atmospheric caused two sweeps of the anemo- 
cinemograph, all frequencies below 75 per minute 
could be recorded. Atmospherics with frequencies 
up to a maximum of 450 per minute could also be 
received by modifying the mechanical constants of 
the apparatus. 

Mr. M. A. Giblett summarised the results of a 
comparison between the sources of atmospherics 
and the meteorological environment. On the whole, 
good agreement was found between the located 
sources of atmospherics and the existence of con- 
ditions favourable to thunderstorm activity, though 
in some cases well marked centres of thunderstorm 
activity failed to appear as a source of atmos- 
pherics, while in others a reported source lay in 
the centre of an anti-cyclone. The results were, 
however, such as to justify further investigation. 


EARTHQUAKE SHOCKS. 


A paper on “ The Identification of the Phases 
of Earthquake Shocks,” was read by Mr. R. Stoneley, 
who pointed out that it had been shown by Jeffreys, 
Conrad and others, that for the different waves 
recorded in the P and S phases of earthquakes, 
the distance-time curves approximated closely to 
straight lines for epicentral distances up to 12 deg. 
or more. Conrad had found several other waves 
for which no immediate explanation was forth- 
coming. If the time of transit was plotted against 
the epicentral distance for all the observations 
printed in the International Seismological Summary, 
most of the large residuals were found to arise from 
wrong identifications. With the wide scatter of the 
plotted observations, there might be a temptation 
to infer large errors of readings, but timing errors 
were probably negligible in most cases and it was 
better to assume provisionally that all observations 
were significant until disproved by an examination 
of the records. Such examination might indicate 
the proper identification of a given reading, an 
improved time of starting and epicentre, by the use 
of tables, an occasional large clock error, an epicen- 
tre of an earthquake for which readings were very 
few, and special earthquakes meriting detailed study. 

In the course of the Report of the Committee on 
Seismological Investigations, which was presented 
to the Section, it was mentioned that a promising 
method of forecasting weather from micro-seismic 
observations was being developed by Dr. Banerji 
of the Colaba Observatory, Bombay. The Inter- 
national Seismological Summary for 1926 had now 
been published, and showed that the shock of 1926, 
October 3, 19 hours, at 50-5 deg. S., 161 deg. E., 
provided a large number of observations of the 
longitudinal wave, which went right through the 
earth’s liquid nucleus and arrived at stations near 
the anticentre, many of which were in Europe. 
These results showed that the empirical formula 
adopted in March, 1922, was substantially correct, 
except for stations not very far from the epicentre. 
The same shock provided a number of observations, 
which were mainly suited by the velocity of 1 deg. in 
0-405 minute, though they were apparently divi- 
sible into several groups with different starting 
points. But on trying this speed for other shocks, 
it was found to be unsuitable, except in a few cases. 
For the great majority, the speed was 1 deg. in 
0-477 minute. This seemed to suggest that, in the 
majority of cases, the waves noted as L were Ray- 
leigh waves, and in some cases chiefly Love waves. 


Friow 1n GaAsEs. 


A discussion also took place on “ Flow in Gases,” 
to which Messrs. E. Ower and F. C. Johansen 
contributed. Mr. Ower pointed out that no instru- 
ment which did not require experimental calibration 
had yet been devised for measuring gas flow. Any 
instrument that was to be adopted as a standard 
should therefore have a calibration which was not 
liable to change and should vary as little as possible 
with the speed of the gas. The only instrument suit- 
able for general use which possessed these character- 
istics was the Pitot tube. It was hoped to calibrate 
this instrument for the measurem2nt of speeds down 
to about 2 ft. per second, and a sp2cial manometer 
had been designed for this purpose, the sensitivity of 
which was better than 1/100,000 in. of water. 


702 


ENGINEERING. 


[DEc. 5, 1930. 








Mr. F. C. Johansen said that the precise calibra- 
tion of a standard pressure-tube anemometer 
involved the rotation of the standard instrument 
on an arm at known speeds over the ground. The 
true speed through the air was less than that over 
the ground, owing to the swirl in the orbit of rotation 
which was imparted to the air by the motion of the 
instrument under calibration. This discrepancy, 
which was of the order of 10 per cent. of the true 
speed, introduced a serious difficulty into the cali- 
bration of a standard anemometer, since no instru- 
ment existed for measuring the swirl velocity 
with certainty, as at low speeds of the standard 
instrument it was so small as to be below the range 
of an anemometer for which an approximate cali- 
bration was available. Apart from difficulties of 
calibration, pressure-tube type anemometers were 
unsuitable for the measurement of low air speeds, 
owing to the extremely small pressures involved, 
and they were too large to be used for explorations 
in regions of rapid velocity gradient. For such 
purposes, hot-wire anemometers had the advantages 
of a high sensitivity at low speeds and a rapid 
response to speed fluctuations. They were thus well 
adapted for the investigation of the eddying air flow 
associated with numerous aerodynamic problems. 


SECTION B.—CHEMISTRY. 


most frequent changes being that waves transmitted 
in the normal erect fashion arrived horizontal. 
In most cases, the echo signals arrived only a small 
fraction of a second after the primary signal, 
and methods of timing these intervals to {3 
part of a second had been devised. It had also 
been discovered that there were two reflecting 
regions in the upper atmosphere which could 
cause echoes, the longer waves being reflected by 
the lower region and the shorter waves by the upper 
region. With the assistance of television, it had been 
possible to observe the effect of echoes by eye, as 





ing factor, however, was that after the interior has 
been finished with its reinforced concrete lining, the 
steel shell is no longer needed for purposes of 
strength, the concrete lining in itself amply meeting 
the conditions in this respect. 

As first planned, the steel lining was designed to 
be made of plates, angles and I-beams riveted 
together. After further exploration of the character 
of the clay, the contractor announced that he would 
possibly have to use pressures up to 150 tons per 
jack, and it was then considered that the lining 
first proposed was not stiff enough to furnish a 


these caused ghost images from which the echo time | Teaction for such pressures. In a cast-iron lining, 
could be calculated. The results were found to | a8 is well known, the reaction is taken through the 
agree with the values found by other methods, | Shell itself which is from 3 to 3} in. thick. In a 
Echoes were not only experienced by local reflection structural lining with a shell of a thickness of only 
from the Heaviside layer, as series spaced }-second | § to 4 in., the reaction must be taken by longitu- 
apart were observed, corresponding to signals which | dinal members specially provided. After much 
had travelled once, twice, thrice and even four|Study a type of lining was developed, as_ illus- 
times round the earth. Even more mysterious | trated in Figs. 47, 48 and 49, on page 703. It 
were the short-wave echoes observed by Hals, | consists of circular rings, 2 ft. 6 in. wide, each 
which were found to arrive as much as 30 seconds| Composed of ten segments of equal length, and 
after the original signal. Some people were of | one shorter segment and a key piece—the two being 
opinion that the waves causing this echo had pene- | qual to one of the other segments, Each liner 
trated the Heaviside layer, and had ultimately | Segment was made up of a 3-in, plate bent in one 
been reflected by a vast stream of electrified particles | direction to form a channel, and in the other direc- 
shot into outer space by the sun. Others thought | tion on an arc of the proper radius, depending on 
that the waves had not penetrated the ionised | depth of the tunnel below the surface. These bent 











A SraTE EXPERIMENT IN CuEMicaL RESEARCH. | jayer, hut had been “ bottled up” in it. No decisive | flanges were either 9 in. or 10 in. deep. Continuous 
Professor G. T. Morgan, O.B.E., F.R.S., took | answer was possible at present, but the most profit- | angles were welded on the inside of each flange, 


“A State Experiment in Chemical Research,” as 


able means of attack would be to use directional | to stiffen the liner and to increase its section modulus. 


the subject of his Presidential Address to Section | methods, for at present we had no idea as to the|At each end was a welded diaphragm plate to 


B.—Chemistry. At the 1875 meeting in Bristol, | direction from which the echoes arrived. 


he said, Professor Vernon Harcourt had pleaded 
for the organisation of chemists into working parties, 
and he therefore proposed to describe the recent 
attempt of the Department of Scientific and Indus- 
trial Research to give effect to that prophetic 
vision. The earlier investigations in which that 


| furnish the necessary means of bolting the segments 
| together. Nine lengths of 5-in. joist were welded 


|as stiffeners to the skin plate and to the flanges, 


THE DETROIT-WINDSOR TUNNEL. § against which they bore. These joists, when in place 
(Concluded from e 669.) in the tunnel lining, formed continuous lines running 
pag ‘ | longitudinally with the tunnel, and furnished ade- 

THE parts of the tunnel at the end of the sub- | quate reaction for the jacks. 








Department had been interested were mainly | ™erged portion, constructed of sunk sections as|  [p driving a shield it frequently rotates, so that the 


undertaken under the auspices of the Chemistry 
Co-Ordinating Research Board, and were carried 
out by isolated groups of workers in widely separated 
laboratories. It soon became evident that some 
increase in economy and efficiency could be attained 
by centralising these workers under one roof and 
a laboratory, which was completed in 1928, was 


already described, were both shield-driven, and | jacks which are attached to the shield also rotate 
except for length, are similar. These were sec-' and in consequence the heel of the jack does not 


tions Nos. 3 and 4 of the work, and no elaborate | always bear against the same point of the lining. 
description of the method of constructing them is| {py a cast lining this is of no moment because the 
necessary. ‘The Detroit Tunnel is only noteworthy | shell is of uniform strength throughout. In a 
in that its shield was 32 ft. 3} in. in diameter and | structural steel lining it is important, because if the 
15 ft. 34 in. long. It was the largest shield ever 


| heel of the jack should come between the joist stiff- 


therefore built adjacent to the National Physical | designed and used in the United States ; otherwise | eners the plate and angle would not be stiff enough 
Laboratory, at Teddington. The work of this|it followed conventional and accepted lines, and /t¢o furnish sufficient reaction, and would break or 


laboratory was conducted under the guidance of a 
Chemical Research Board and, at present, covered 
six specific items of research, viz., synthetic resins, 


low-temperature tar, high-pressure chemistry, corros- adequate. 


ion of metals, chemotherapy and water pollution. 


was driven by thirty 250-ton jacks. This ultimate | qeform. The introduction of a jacking ring was, 
capacity was not found necessary. One hundred | therefore, specified for use behind the heels of the 
tons only of the 250-ton capacity were found to be | jacks and between them and the lining segments 


| already in place. This jacking ring was a bent I-beam 
The most noteworthy feature of this part of the | of sufficient strength to transfer the thrust of each 


In addition, general research was being undertaken | work was the use of structural steel lining plates jack over three of the joint stiffeners. This arrange- 
into complex aromatic hydrocarbons, higher fatty | throughout, in place of cast iron as hitherto univers- | ment proved satisfactory. : 

acids, aromatic selenium and tellurium compounds, | ally employed. The use of this type of lining on| On the Detroit side the jacking ring consisted of a 
and residual affinity. The mainstay of the fore-| the largest sized tunnel in the country was a rather | bent I-beam in two sections, each one-half the circum- 
going investigations were well-equipped workshops, | bold stroke, but involved such a considerable | ference of the tunnel in length. This form of spreader, 
where the necessary appliances were produced and | economy, and promised such important advantages, though adequate for its purpose, was awkward to 


maintained. 


that its adoption was decided upon. A _ steel| move forward as the shield progressed. On the 


The two-fold aim of any State research laboratory | lining has a marked advantage in the matter of cost.) Windsor side the contractor used, in place of the 
should be the collection and dispersal of scientific | Not only is first cost less, but freight and handling | two-part ring, a spread-foot of cast iron attached to 
knowledge and information. The former should be| charges are much reduced. In the United States, | each jack, or thirty in all. These spread feet on the 
effected by the exploring parties foreseen by Pro-| the cost of cast iron is about half the cost of steel | jacks cleared each other by a few inches, and dis- 
fessor Vernon Harcourt, ‘vhile the latter must be| per ton, but, to provide the necessary strength, the | tributed the reaction over three stiffeners as required. 
dependent largely on the journals of the leading | weight of a cast-iron lining works out at three times | Being directly attached each to its own jack they 
chemical societies. It was his opinion that this|that of structural steel. If freight charges and moved forward with the jacks. 
mode of dispersing chemical knowledge should | handling charges are added to the saving in first! [ny the manufacture of these lining segments, plates 
have priority over publication in official government | cost, it may be roughly taken that in the Detroit | of open hearth steel were first cut to size, and pressed 


reports, partly because it was radiated more rapidly 


area the pressed steel lining used ran out at about | hy a 1,500-ton mechanical press, being bent both to 


to a wider public, partly because such publication | two-thirds of the cost of cast iron. a. correct radius and the sides bent over to form 


was often preceded by a reading and discussion at a 
scientific meeting, and partly because the financial 
circumstances of the learned societies compelled 
them to impose a limit on the length of communi- 
cations, which was conducive to conciseness. 


EVENING Discourse. 

An evening discourse entitled ‘“‘ Wireless Echoes ” 
was delivered on September 5, by Professor E. V. 
Appleton, F.R.S. In this he said that short-wave 
signals were found to pass from one station to another 
both by the shortest and by more circuitous routes. 
Methods had been developed for timing these vagrant, 
or echo, signals, and since they travelled with the 
speed of light the length of the path traversed could 
be estimated. These signals often arrived so 


The pressed steel form also has a decided advant- | flanges. The end plates and angle stiffeners were 
age in flexibility ; it can suffer deformations without | also cut, bent and punched. All parts of each seg- 
failure. Adjoining bolt holes that do not quite} ment were then assembled and clamped ready for 
match can be drifted together. A noticeable | welding. They were completely manufactured by 
percentage of cast iron segments crack and have to | electric welding, no riveting being used at any point. 
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be removed. This has never occurred with the 
steel liners. A considerable amount of thought 
has been given to the question of durability. The 
engineers responsible believe that where a tunnel is 
driven through stiff clay, the clay itself will act as a 
waterproofing to the tunnel shell, and only infinitesi- 
mal trickles of water will reach it. Again, such small 
amounts of water will probably be stationary, and 
will scarcely change from year to year, so that 
whatever free oxygen may at first be contained in the 
water will soon exhaust itself on the shell, and no 





distorted as to be almost unrecognisable, one of the 


further action is considered probable. The decid- 





In placing the liners in the tunnel, the use of 
gaskets of various kinds between adjacent edges of 
liners was first considered. In practice, this plan 
was found very difficult to carry out, particularly 
in the crown and at the bottom of the invert. 
Finally, it was decided to smear the edges with a 


| thick asphaltic mastic; the results have been 


perfectly satisfactory. of 
Very good progress was made in driving. On 
the Detroit side, frequently five rows of liners, 
representing 12 ft. of tunnel, were placed for several 
days in succession. Progress was hampered to 
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Fig. 50. DeEtrorr VENTILATION BUILDING. 


some extent by the presence of an old brick sewer. 
On the Canadian side, a maximum progress of eight 
rings, or 20 ft. of tunnel, were accomplished in 
twenty-four hours, and this maximum was reached 
many times. In Detroit, the average air pressure 
used was 10-11 1b., with a maximum in that portion 
under the river, of 21 lb. In Windsor, 14-16 Ib. 
were carried normally. Here the work being under 
buildings, required great care. The resulting 
settlements were found to be exceedingly slight. 
The open cut approach sections Nos. 1 and 5 
on either side involved no novel or unusual methods. 
Interlocking steel sheet piling was driven from end 
toend. The first cut was taken with ordinary steam 
shovels between the piling, and after the top bracing 
had been placed across the trench, a small “‘ subway 
shovel” with a maximum clearance of 11 ft. was 
used, the spoil trucks using the previously exca- 
vated trench as a roadway. In spite of careful 
bracing, some damage was done to adjacent build- 
ings, when less than 15 ft. away from the trench. 
These were shored and underpinned on screw jacks. 
The approach structure has a floor slab of rein- 
forced concrete until it reaches a level somewhat 
below the ground water table. From this point 
over the deeper part of the excavation I-beams were 
imbedded in the concrete. The wall and columns 
were of I-beams, with jack arches of concrete between 
beams. The roof was also of I-beams embedded in 


concrete. The ventilating ducts in this structure 
are carried overhead, as may be seen in Figs. 7 
and 8, page 606 ante. The sub-water section was 
waterproofed with three layers of fabric water- 
proofing, the above water section with two layers of 
trowelled and swabbed asphaltic mixture. 

The pavement is of “ Durax” granite, con- 
sisting of rectangular blocks 3} in. to 4 in. thick, 
laid in concentric circles. The resulting pavement 
presents no uniform sequence of joints and thus 
does not set up an accumulated oscillation of the 
springs of passing vehicles. The tunnel is lined with 
enamelled steel tiles. These tiles, 6 in. by 12 in., 
are of a non-rusting steel with three coats of glass 
enamel baked on at a high temperature. The 
back of the tiles are crimped over on four sides, so 
as to form a mechanical bond with the cement mor- 
tar. All side walls are covered with galvanised 
mesh nailed to the concrete with special sherardised 
steel concrete nails. It is believed that this attach- 
ment will be permanent and will prevent patches 
of tile coming loose, as has happened elsewhere in 
course of time, as a result apparently of the gradual 
building up of water pressure due to small seepage 
or leaks. 

The system of ventilation adopted is the 
transverse method, i.e., the fresh air is admitted 
at intervals on each side near the roadway, 
and rising transversely is exhausted through 











BT eg et sec 
S32 8 
a 


ee 








lor ¥%4" Bolts 








Fig. 49. 


IHW, Light....r» 





St Me 


openings in the ceiling. There is no longitudinal 
ventilation, the only longitudinal movement of 
air being that created by the moving vehicles. A 
limit of four parts of CO in 10,000 of air, for a 
one-hour period was adopted, allowance being made 
for probable changes in proportions of various types 
of vehicles, and for additional ventilation that might 
be needed due to smoke condition in the tunnel. 

Two ventilation buildings are provided, one on 
each side of the river, located in each case about 
600 ft. from the portals, and there are four fresh-air 
sections, and likewise four exhaust air sections, as 
follows :—A fresh air section extends from the Detroit 
ventilation building to the bulkhead in the middle 
of the river; and an exhaust air section likewise 
extends between the same two points. Similarly, 
a fresh air section extends from the Detroit 
ventilation building to the portal, and there is 
a corresponding exhaust section between the same 
limits. In the other half of the tunnel, two fresh-air 
sections are supplied from the Windsor ventilation 
building, and two exhaust air sections are also 
worked from this point. 

In the river sections, as shown in Figs. 5 and 6, page 
606 ante, the bottom segment below the roadway of 
the tunnel is used for the fresh air duct, and the top 
segment above the ceiling for the exhaust air duct. 
In the land sections (see Figs. 7 and 8), both 
fresh and exhaust air ducts are above the tunnel 
and alongside each other. Fresh air is carried 
through passages down both sides of the tunnel 
and in the roadway, while the exhaust air is taken 
out direct from the roof of the tunnel. The fresh-air 
openings to the roadway are spaced at 15 ft. centres, 
and the exhaust outlets are at similar intervals. 
Both inlets and outlets have adjustable openings 
so that they may be set for the correct amount of 
air for each section of the tunnel at the outset. 

There are three fans on each ventilation section, 
i.e., three blower fans on each fresh air section, and 
three exhaust fans on each exhaust air section, 
thus making 12 fans in each building, or 24 alto- 
gether. All three fans of a section are of the same 
size. Any two of the three fans on a section can 
supply the maximum amount of air required, the 
third fan being in reserve. The variation in the 
amount of air to meet: traffic conditions is obtained 
by varying the speeds of the fans and/or operating 
one or two of the fans. The speeds provided are 
half-, three-quarter, and full speed. The fan 
motors are connected to the fans by silent chain 
drive and have wound rotors with resistances 
provided for operation at three speeds. The operat- 
ing current is 60-cycle, 3-phase, 2,200 volts. Power 
is obtained from two companies, one on each side of 
the river, and over several lines from each company, 
each line being capable of taking the entire tunnel 
load. Since different frequencies are employed on 
the United States and Canadian sides, frequency 
changers are necessary in the Windsor building to 
convert the Canadian supply to 60 cycle. The top 
floor of each ventilation building is used for the 
electrical installation, including a switchboard of 
28 panels. Fig. 50 is a view of the Detroit venti- 
lation building. 

The standards developed in connection with the 
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Holland vehicular tunnel have been closely followed, 
although it has never there proved necessary to 
employ the full equipment provided, and the 
maximum vitiation of air has not been greater than 
three parts in 10,000, as compared with a safe maxi- 
mum of four parts. It has actually been found 
that at the corner of 42nd Street and Fifth Avenue, 
New York, worse conditions of CO contents in the 
open streets occur than have ever been observed 
in the Holland tunnel at its most crowded time. 

The tunnel is lighted throughout by means of 
200-watt lamps spaced 20 ft. apart on either side. 
Near the portals these lights are spaced 10 ft. apart, 
in order to compensate for the rapid transition from 
a glare of sunshine in the open to the comparative 
shade of the tunnel. Alternate lights are fed from 
Canadian and Detroit power, so that in case of 
sudden failure from either source, one-half of the 
tunnel will not go completely dark. 

The international character of the enterprise was 
the cause of somewhat difficult problems at the 
terminals. On both sides of the border, Customs 
and Immigration authorities had to be provided 
with adequate facilities so that they might work with 
the greatest possible dispatch. In Detroit the avail- 
able property covers about 2 acres, and in Windsor 
4 acres. 

Two classes of traffic are catered for. One of 
these consists of motor vehicles driven by owners, 
and the second, a tunnel-operated ’bus service for 
passengers who previously had to walk to and from 
the ferry landing on either side. In Detroit, these 
company ‘buses do not end their run at the com- 
pany’s terminal, but the passengers, after being 
passed by the Customs and Immigration authori- 
ties, proceed to Cadillac-square, a distance of about 
half a mile into the heart of the business and shop- 
ping district. Fig. 51 illustrates the lay-out of the 
Detroit terminal and Fig. 52 is a view of the actual 
portal. A building has been provided with neces- 
sary platforms so that the “bis passengers may 
undergo the necessary inspection, &¢c., and then, 
reboarding the *bus, proceed on their journey. In 
this building on the second storey there are offices for 
the officials and inspectors. Motor-cars are directed 
to another point where they pass through eight lanes, 
each of which is controlled by officers and separated 
by small shelters or kiosks. Whenever a vehicle and 
its occupants have not a clear right of entry or 
when there are packages or luggage in the car, it is 
directed to an enclosure for “second,” and more 
thorough examination. Here also is a building 





with offices for the necessary inspectors and officials. 
In another part of the terminal is the company’s 
administration building, and near the motor-car 
entrance, is a service building in which the emer- 
gency equipment, fire engines, wrecking tractor, 
snow ploughs, &c., are housed. 

In Windsor a similar arrangement of buildings 
for the same purposes has been planned, and in 
addition a turn-round for the buses, with loading 
jand unloading platforms for the ’bus passengers. 
|The ’buses do not go into the streets of Windsor, 
and all passengers are disembarked and inspected by 
the Canadian authorities; at the same time their 
fare is collected by the Tunnel Company. The corre- 
sponding entrance building contains waiting rooms 
and ticket turnstiles. From observation made of 
other international crossings it has been concluded 
that in the ordinary course of examination of 
| vehicles, one lane, controlled by one Customs and 
one Immigration inspector, can pass from 200 to 
250 vehicles per hour. The facilities provided by 
eight lanes should therefore show a capacity of 
1,600 to 2,000 per hour, per tunnel, in each direction. 
It is not thought that on an average more than 
1,200 to 1,400 cars can pass through the tunnel in 
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one direction, even if unobstructed by Customs 
requirements. 

In summer, on Sundays and Saturday after- 
noons, and on the three big Summer holidays, the 
traffic is out of all proportion to normal everyday 
travel. When ferries only were to be depended 
upon, there have been occasions when lines of waiting 
vehicles have been over six or seven miles long, and 
drivers intending to return at six or seven at 
night have been unable to get across until 10 or 11 
the following day. 

Further complications arise from the Card System 
by which the authorities, in Canada especially, 
attempt to prevent the entry into their country of 
stolen cars, or of cars being driven across the 
border to escape payment of duty. This system 
involves the collection on entry of a card showing 
the license number and engine number of the 
particular car,.and upon leaving Canada, the return 
of such card to the driver. Pneumatic tubes are 
provided so that a card taken up at one point in 
the exit gate in the terminal are dispatched to the 
other side of the grounds at the entrance gate. All 
of these necessary arrangements involve complica- 
tion, expense, and loss of time. No ingenuity has 
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rating of 25,000 Ib. of steam per hour, and up to 28,000 
Ib. per hour rating for occasional short periods. The 
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been spared to make as ample provision as possible 
for their expeditious performance. 

The designing and supervising engineers are the 
firm of Messrs. Parsons, Klapp, Brinckerhoff and 
Douglas, of New York, whose senior partner, 
General William Barclay Parsons, M.Inst.C.E., is 
well known in this country. The Detroit work has 
been particularly in the charge of Mr. Eugene 
Klapp, to whose generous assistance we are espe- 
cially indebted in the preparation of this article. 
Mr. Ole Singstad, chief engineer of the Holland 
Vehicular Tunnel, has acted as consulting engineer 
on ventilation. Mr. Wilson S. Kinnear has been 
the consulting engineer, representing the banking 
syndicate and approving all disbursements against 
the trust funds. The contractors for Sections Nos. 2, 
3 and 4 were Messrs. Porter Brothers and Robert 
Porter, with sub-contractors ; The Northern Con- 
struction Company and Stewart and Welch, of 
Montreal, on the shield work ; M. Sullivan Dredging 
Company of Detroit on the dredging ; and Whitney 
Brothers Company, of Duluth, Minn., on the towing 
and sinking of the River tubes. 

7 The contract for all other work, i.e., on Sections 
Nos. 1 and 5, including ventilation buildings and 
equipment, terminal and equipment, paving, customs 
and immigration buildings, administration and ser- 
vice buildings, and the necessary wrecking and 
maintenance equipment, was let to Messrs. Parklap 
Construction Corporation of New York. 
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PULVERISED FUEL PLANT FOR 
ANTHRACITE DUFF. 


THE pulverised fuel-fired boiler plant installed by 
Messrs. Simon-Carves, Limited, of 20, Mount-street, 
Manchester, at Aberpergwm Colliery for the Amalga- 
mated Anthracite Collieries, Ltd., is of considerable 
interest in that it is the first boiler plant in this country 
to be fired solely by anthracite duff. It is well known 
that the flame temperature with anthracite is consider- 
ably higher than with bituminous or steam coals. In 
consequence the risk of damage, distortion, or collapse 
of solid brickwork combustion-chamber walls must be 
enhanced by this fact alone, disregarding other factors 
such as fusion point of the ash, and the CO, content 
of the flue gas. To obviate this risk, engineers have 
deemed the provision of water walls to be indispensable, 
but such walls have introduced the considerations that 
when burning pulverised anthracite the low volatile 
content might involve difficulty in starting up, the 
risk of the flame being extinguished, and inability to 
carry loads only a little lower than the normal. The 
plant at Aberpergwm Colliery has shown that such 
limitations on the use of pulverised anthracite do not, 
in fact, arise, and the results and experience obtained 
cannot fail to give confidence to all potential users of 
anthracite in the pulverised form. 

The plant is illustrated in Figs. 1 to 5, above and on 
pages 706 and 707, one of the boilers being shown in 
Figs. 2 and 3, the overhead gangway between the boilers 


in Fig. 4, and the pulverising plant in Fig.3. The gene- | 


ral appearance of the boiler house is shown in Fig. 1. 


Two Simon-Carves multiple drum, semi-vertical bent 








combustion chamber walls and roof are completely 
water cooled, as shown in Fig. 2, the circulation forming 
a separate, but concurrent and complementary, system 
from that of the boiler. The boiler pressure is 200 Ib. 
per square inch gauge at the stop valve. The feed 
water temperature to the economiser is 122 deg. F., 
average, and the temperature of the superheated steam 
is 700° F. The superheaters, shown in Fig. 2, are of 
the pendant element two-pass convection type. Two 
Green’s patent tri-tube economisers are installed, one 
behind each boiler—arranged for counter flow of 
water and gas—the flue gases descending vertically 
through the economisers. The total heating surface of 
each boiler is 6,135 sq. ft., that of the boiler tubes being 
2,620 sq. ft., of the combustion chamber, 1,305 sq. ft., 
of the superheater, 610 sq. ft., and of the economisers, 
1,600 sq. ft. 

The raw coal is delivered by wagon into an under- 
ground hopper, and from the hopper by an elevator and 
a scraper conveyor, to the raw coal storage bunkers. 
The scraper conveyor is arranged over the bunkers, 
as shown in Fig. 2, and both the conveyor and elevator 
have a capacity of 8 tons per hour. There is a separate 
bunker for each boiler, each bunker having a self- 
trimming capacity of 32 tons, or, roughly, a 24 hours 
supply. These bunkers contain the anthracite duff. 
In addition, there is another bunker in the boiler house 
containing steam coal, which is used solely for starting 
up the boilers from cold. The anthracite duff is 
delivered by gravity to the unit pulverisers below. The 
ash from the combustion chamber collects in the 
combustion chamber hopper and passes out through an 
automatic water-cooled rotary ash extractor and 
thence is wheeled away. The ash extractor was 
described in ENGINEERING, vol. cxxvii, page 511, in 
connection with the Simon-Carves plant at the Wallasey 
generating station. The ash from the sooting down 
of the boiler and economisers is collected in a hopper 
beneath the economisers and sluiced away from time to 
time. 

Two Simon-Carves unit pulverisers are installed 
per boiler. These run at a speed of 1,460 r.p.m., and 
are similar to those installed at Wallasey, and described 
in the article referred to above. Only one pulveriser 
per boiler is in operation, the second serving as a stand- 
by. The quantity of anthracite duff pulverised per 
hour per unit is about 14 tons. 

It is of interest that no means for drying the coal 
before pulverising have been installed. Normally, the 
coal is very dry, but on occasions the moisture content 
has risen to 20 per cent. when it has been in a dripping 
wet condition. This is a condition which might occur 
at any colliery or elsewhere, whether due to wet coal 
coming up the pit or through coal standing out for a 
long period during severe weather conditions. It is of 
great interest and importance to record that with such 
conditions on the pulverised fuel plant at Aberpergwm, 
not only was the fire maintained, but also the full 
evaporation necessary to carry the colliery load without 
the help of other boilers. It was, however, necessary to 
take special measures to ensure continuity of coal flow 
through the bunkers and the pulverisers, and somewhat 
inefficient combustion resulted. It cannot be too 
strongly emphasised, however, that it is important 
to have dry fuel to secure the maximum pulverisation, 
thermal efficiency and ease of handling, together with 
minimum power, and minimum wear and tear. The 
total power taken for pulverising and conveying the 
fuel to the burners amounts to 30 kw. This must be 
considered a creditable performance when it is 
remembered that the units are handling the hardest 
type of coal, and one with a considerable ash content, 
the colliery using the lowest grade of duff it produces. 
A typical proximate analysis of the anthracite duff 
shows a moisture content of 2-5 per cent., an ash 
content of 14-1 per cent. (dry) and volatiles, 7-45 per 
cent. As regards the fusibility of the ash, the softening 
point is at 1,300 deg. C. (2,732 deg. F.) and the running 
point at 1,550 deg. C. (2,822 deg. F.) 

The sieve analysis of the pulverised duff shows 
nothing above 50 mesh, 11-7 per cent. between 50 and 
100 mesh, 29-1 per cent. between 100 and 200 mesh, 
and 59-2 per cent. passing through 200 mesh. Though 
the amount of material through 200 mesh is somewhat 


j less than in the case of pulverised bituminous coals, 


there is not a particle of coarse material above 50 mesh 
such as would inevitably remain unburnt. It is of 
practical interest to observe that excellent combustion 
and thermal efficiency, as will be seen from the figures 
given later, are obtained. To obtain much finer 
grinding than is represented by the above sieve analysis 
would add enormously to the power required, and to 
the wear and tear on the plant, and from the results 
already obtained this would be unjustifiable. The 
pulverised fuel burners are of the Simon-Carves type, 
consisting of a cylindrical mixing drum, and a nozzle 
at an acute angle to the drum which creates thorough 
mixing and turbulence. The burner tips are con- 


tube type boilers are installed, each having acontinuous structed in refractory material to provide protection 
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from the radiant heat which is particularly intense 
from anthracite. 

When the boiler is cold, lighting up is effected by 
means of a paraffin burner. This is fed with paraffin 
by a compressed-air injector. A motor driven com- 
pressor delivers air to a cylindrical receiver from which 
permanent air pipes are run to the lighting up platforms, 
the final coupling to the burners being by flexible 
pipe. The atomised paraffin jet is directed into the 
stream of pulverised fuel, steam coal being used if the 
boiler is cold. The lighting up operation occupies 
about 20 seconds and requires only a quart of paraffin. 

Power is required at the colliery for electric winding 
engines, a ventilating fan, screens, washery, and also 
for village lighting. For the generation of this power, 
steam from the boilers is supplied to a 3,750-kw. set 
consisting of a Belliss & Morcom turbine and a Lan- 
cashire Dynamo Company’s alternator. The load 
on the boilers is a very fluctuating one as shown by 
the portion of the electrical load chart, given in 
Fig. 6, which may be taken as typical. At week-ends 
only about half the normal load is required, and it is of 
special interest to record that not only can the daily 
fluctuations in load be instantly met, but the boiler 
can run at a rating as low as 12,000 lb. of steam per 
hour, firing anthracite duff, without any risk of ex- 
tinguishing the flame. No trouble whatever has been 
experienced from the building up of slag or the burning 
out of brickwork in the combustion chamber, and 
up to the time of writing there has been no replacement 
of bricks though the plant has been in operation for 
eighteen months. 

There are three Parry soot blowers, operating on 
saturated steam, installed on each boiler, and two 
Parry blowers on each economiser, one on the top and 
one in the middle, to clean the vertical and horizontal 
lanes through the economiser. These blowers have 
entirely _prevented any trouble arising from bird- 
nesting in the tubes. The boiler feed is supplied by 
two vertical Weir pumps. These pumps are steam- 
driven, and are of the low-speed reciprocating type. 

The boiler house is a steel framed brick-filled building 
with a single ridge roof, having asbestos cement slates 
and a large lantern ventilator. It is 45 ft. square 
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and is also 45 ft. high measured to the eaves. In spite 


of the unusually-high combustion-chamber tem- 
perature, we noticed when inspecting the plant that 


TasLe I.—Thermal Efficiency Data for Pulverised Fuel- 
Fired Boiler at Aberpergwm Colliery. 





Duration ofrun.. “se ew 75 hours 

Coal used—anthracite duff a .-| 91-227 tons 

Gross calorific value of the fuel as fired ..| 13,084°5 B.Th.U./Ib. 
Nett calorific value of th> fuel as fired ..| 12,760-0 e 
Total water evaj 4 =a 1,730,000 Ib. 

Lb. of steam pe oat ( .ctual) ..| 8-465 
Average steam ] per square 


inch absolute 211 
Average steam te Te ye --| 700 deg. F. 
Feed water inlet re to econo- 

miser ee -.| 122 deg. F. 


83-101 per cent.* 
85-423 per cent.* 





Thermal efficiency (gro: 
” ” (net). 


* No account is taken in these figures of coal inevitably lost 
after weighing, which is estimated to amount to 1 per cent. 
the boiler house was comparatively cool. Both 
boilers are served by the single chimney shown in 
Fig. 2. This chimney, which is of steel, is 6 ft. in 
diameter by 160 ft. high, and gives ample draught 
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the chimney is lined with firebrick to a height of about 
40 ft., and is treated with cement to minimise erosion. 
The sprays are arranged below the top of the firebrick 
lining so that the spray does not impinge on the steel 
work of the chimney. The water for the sprays 
is delivered through a 2-in. pipe, a pressure of at least 
40 lb. per square inch being required to operate the 
sprays. No pump is required, as the water is delivered 
from a mountain catchment which gives the necessary 
head. In view of the prejudice existing against 
powdered-fuel firing on account of the dust nuisance, 
it is satisfactory to record that the measures taken to 
overcome this trouble appear to be quite effective. 

We are informed that no priming whatever is 
experienced on the boilers in spite of the fact that 
untreated feed water is used. Another indication 
of the excellent circulation in the boilers, water walls, 
and roof, is the fact that there are no signs after eighteen 
months’ operation of scale formation in the drums, 
headers or tubes, and furthermore not a single tube 
has been replaced in the boiler or water walls since the 
plant was started up. 

In view of the performance of these boilers, it will 
be of interest to engineers, and especially those con- 
cerned with colliery plants, to give a description of 
them and of the water-walls in some detail. As shown 
in Fig. 2, the boiler comprises a main inner or tri- 
drum system which absorbs principally convective 
heat, and an outer system embracing the mud drum 
and water-walls of the combustion chamber, together 
with their external connections, in which the radiant 
heat from combustion is absorbed. The feed water is 
passed into a feed flash trough, which extends the 
full length of the rear drum. It flows over the full 
length of the rear edge of the trough, and as its density 
is greater than that of any other water in the drum, it 
sinks down the whole of the tubes in the rear bank, as 
well as down the external downcomer pipes. The 
avoidance of segregation of the feed for recirculation 
in the rear banks of tubes obviates undue stresses 
arising in the drum from unequal temperatures. There 
are no division plates in the water drum, as these must 


TABLE II.—EvaporaTION DaTA TAKEN UNDER ORDINARY RUNNING CONDITIONS AND LOADS, FROM 
CoLiieRY RECORDS. 























Evaporations. Dates. 

Lb. Steam per lb. ? Total Time. Remarks. 
Coal. From To 
7-988 2 p.m., March 29 2 p.m., April 5 7 days Includes week-end loads. 
7-94 2 p.m., April 5 2 p.m., April 12 a Ditto 
8-12 2 p.m., April 12 10 p.m., April 18 6 , 8 hours Ditto 
8°38 11 a.m., April 23 2 p.m., April 26 So 8 ww Includes starting up. 
8-13 4 p.m., April 28 11 a.m., May 3 ‘{&., Bs Ditto. 
8-108 8 a.m., May 6 l 2 p.m., May 10 S'S Ditto. 





without the use of fans. A system of “ Konifilm” 
water sprays has been installed by the colliery engi- 
neering staff. These sprays, six in number, are 
installed in a horizontal ring so that vertical jets 
impinge on one another, and create a spray over the 
whole cross section of the chimney. The interior of 


impede the passage of an adequate supply of water 
to the front bank of tubes. Heat absorption, speed 
and energy of circulation are the greatest in the front 
bank of tubes, and to ensure a good feed to these, a 
very large number of tubes is installed in the rear 
bank. In this way, not only is the best heat transfer 





secured, but the brisk circulation effected prevents 
overheating of the tubes in the front bank, even with 
a sustained high rating, and sweeps the inner tube 
surfaces clean. The arrangement, number and inclina- 
tion of the water cross-tubes is such that heat absorbed 
by them from the gases leaving the first pass assists 
circulation materially. Full use is made of the 
pressure difference in the front and rear drums to assist 
circulation by driving the water across from the front 
to the rear drum. A spacious mud drum is provided, 
in addition to the water drum, to facilitate the deposi- 
tion of any insoluble matter. It is placed below the 
water drum of the tri-drum system at the lowest point 
in the circulating system where the speed is lowest. 
The circulation in the outer system, or water-walls 
and roof, can be readily seen from the illustration. 
All tubes and connecting pipes are arranged to enter 
the drums radially, thus providing simple and effective 
expanded-in joints, and obviating the need for special 
tube plates. The tubes in the boiler and combus- 
tion chamber are so arranged that any individual 
tube can be removed and replaced if necessary. 

Atlas steam separators are installed, which give a 
dryness factor of 98 per cent. A steady steam tem- 
perature is obtained from the convection type super- 
heater. 

The construction of the water-walls has already been 
described in connection with the article on the Wallasey 
plant, already referred to. It may be noted that the 
excellent circulation obtained has obviated the need 
for a complicated combustion chamber design. The 
design, while being simple and robust, is such that 
the minimum stress is set up in the tubes and headers. 
The refractories, which are interlocked and keyed to 
the tubes so that they cannot become loose or fall off, 
have been so proportioned for the burning of anthracite 
duff that, while a good red heat is maintained on the 
wall to support combustion, supercooling, especially 
at low ratings, is avoided, with its consequent heavy 
unburnt fuel losses, low steam temperature and falling 
off in efficiency. The whole of each boiler and com- 
bustion-chamber is completely cased in with air-tight 
steel plating and insulated on the Simon-Carves 
system. In consequence, the radiation losses are 
small, as instanced by the coolness of the boiler house 
already remarked upon, and the combustion heat effici- 
ency is correspondingly higher. 

The thermal efficiency of the boiler worked out from a 
duration test of 75 hours is given in Table I, on page 707. 
while evaporation figures over six normal runs are given 
in Table LI, on the same page. Table IIT is taken from 


TaBLeE III.—Data from Colliery Records showing Total 
Running Costs on the Unit Pulverisers. 





Cost in Pence. 


ai Per Ton. 
10 per cent. depreciation on pulveriser, | 
motor, switchgear, oil and cables. . al 1-315 
Cost of kilowatts used bt ne at 8-400 
Labour for operating pulveriser 1-800 
Maintenance for hammers 1-000 
Maintenance for liners 0-600 





Therefore, inclusive pulverising cost : ‘| 13-115 per ton 





the colliery records, and shows the total running costs 
on the unit pulverisers. The results obtained on this 
plant, in which unwashed duff only is burned instead 
of the washed grains and peas formerly used at the 
colliery, cannot fail to be of interest, not only in South 
Wales and other anthracite-producing coalfields, but 
to all engineers interested in the utilisation of pulver- 
ised anthracite. The employment of anthracite duff 
in place of washed grains and peas represents a very 
considerable economy, and, in addition, the former 
fuel is immune from spontaneous combustion, and is 
smokeless, while allowing great flexibility in operation. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH-WESTERN 
BRANCH. 


A meEeETING of the North-Western Branch of the 
Institution of Mechanical Eng’neers was held on 
Thursday, November 20, at the Engineers’ Club, 
Albert-square, Manchester, the chair being occupied by 
Mr. H. L. Guy. A paper on “ The Coefficients of Heat 
Transfer from Tube to Water,”’ by Mr. Albert Eagle and 
Mr. R. M. Ferguson, was read in abstract by the latter 
gentleman. We commenced to reprint this paper on 
page 691 ante. It was also read at a London Meeting 
of the Institution, on Friday, November 21, and the 
discussion at that meeting will be found on page 
687 ante. 

In introducing the authors of the paper Mr. Guy 
pointed out that Mr. Ferguson was an associate- 
member of the Institution who belonged to the North- 
Western Branch, and that Mr. Eagle had done all his 
work in connection with the research at Manchester. 
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It was therefore a record of work carried out in the 
home of Osborne Reynolds, whose labours in similar 
fields were well known. 

On calling for a vote of thanks to the authors, which 
was cordially given, Mr. Guy stated that some six 
years ago Mr. Eagle and Mr. Ferguson had commenced 
their work in a most commendable manner by studying 
with great care the literature on the subject embodying 
the research work of previous investigators. In that 
connection over 200 papers had been examined. He 
remembered the report in which the authors had 
summarised their conclusions from the study of these 
papers, and he hoped that the British Electrical and 
Allied Industries Research Association would consent 
to make that report available for any other workers. 
It might, for instance, be usefully lodged in the library 
of the Institution. A remarkable discovery had come 
out of that report. Nearly the whole of the previous 
work was defective and had to be discredited, because 
the investigators had omitted to observe and record 
all the variables which entered into the particular 
problems, and each had, moreover, been working in a 
slightly different field from the other. It had been 
impossible to co-ordinate the various results, and so 
practically the whole of the work had had to be put on 
one side, except possibly—the investigators would 
agree—an analytical contribution by Mr. H. M. Martin, 
which was very suggestive and certainly gave some 
important indications as to the direction in which investi- 
gation work should be carried on. Since the original 
start six years ago, the work had been carried on 
almost continuously at the College of Technology by 
Mr. Eagle and Mr. Ferguson. He was sure it would be 
recognised later, if not already, that they had contri- 
buted not only data adding to the general knowledge 
of the subject, but they had enlarged engineers’ ideas 
on the physical phenomena behind heat transmission by 
making a very real contribution to the theory of the 
subject. 

The discussion was opened by Dr. G. G. Stoney, 
who said substantially what has already been reported 
in our account of the London meeting. For Dr. 
Stoney’s comments, therefore, reference should be 
made to this report. 

Professor A. H. Gibson followed, and said that, 
as he had worked at the problem himself in the past, 
he could appreciate the high degree of accuracy of, 
and the amount of work involved in, the paper. Some 
years ago he had been interested in the heat transfer 
from oil to air through cooling surfaces, and had, just 
prior to the meeting, attempted to find out how far the 
results given in the paper would be applicable in 
comparing heat transfer to oil with that to water. 
The authors had said, with reference to equations 11 
and 12, that those equations with the value of the 
constants provided must apply to all fluids under 
certain conditions given. He had worked out the 
figures for some oils at a temperature of about 20 deg. C., 
and found that o might be as high as 2,000. The third 
term of these equations had an enormous value and 
was negative. If an attempt was made to apply it 
to oil, it would be found that a negative heat transfer 
was obtained. That was a point the authors might 
take into consideration before passing the paper in its 
final form. He thought that the claim that the equa- 
tions were of universal application was too large a one 
to make. 

Mr. Winstanley said that, in some experiments on the 
cooling of oil by air, he had found that, with oil at a 
mean temperature of 148 deg. F. and o of the order of 
63, the first two terms of the expression in the paper 
gave a K of 72, whereas the three terms involving 
(¢ — 1)? gave 268. The actual K obtained in the test 
was 74, which was more in agreement with two terms 
than three. It would be interesting if someone 
would make a comparison between the actual rates of 
conductivity given by Mr. Eagle and Mr. Ferguson and 
those given by Mr. H. M. Martin in his Laws of Heat 
Transfer. 

Mr. Kersey thought it was not quite correct to 
claim for the paper that it suggested for the first time 
the existence of an intermediate layer. The late 
Professor Perry, over thirty years ago, suggested the 
same thing. It was, however, the first time that the 
effect of such a layer had been taken into account in 
an actual mathematical investigation. It would be 
useful if the paper could be prefaced by a list of the 
symbols used, together with a short explanation of 
their meaning. The attack on the general problem by 
distinguishing the different heat transferences was 
novel. 
separating medium of no appreciable consequence 
from the thermal resistance point of view, and if some 
idea of its temperature could be got, the much more 
difficult problem of heat transmission from the steam side 
of the condenser could be dealt with. The paper provided 
the necessary information for estimating the tempera- 
ture of the tube from the condition of the water inside 
it. He hoped it would be possible to extract some 
helpful information from the paper on the reverse 


The tube wall could be regarded merely as a’ 
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process, viz., the transmission of heat from contained 
water to the tube. This would be useful in connection 
with radiators, such as those for motor-car work. 
Experiments made on radiators up to date were 
valueless outside the immediate range of the particular 
experiments. 

The remarks made by a previous speaker on oil 
cooling had reminded him that the existence of an 
intermediate layer had been definitely recognised in 
one very efficient oil cooler now working, in which 
scraping devices were operated in each of the tubes. 
Most remarkable results had been obtained in com- 
parison with the: ordinary tube, where the scraping 
device had not been adopted. It was stated, in con- 
nection with equation 9, that A’, B’ and C’ were func- 
tions of r, but there seemed to be no information which 
would enable the nature of these functions to be deter- 
mined. If this information was forthcoming, the 
results could be extended to oil and other liquids. 
He thought the direction of drawing of the tube must 
have some influence on the hydraulic resistance, and 
that this effect might differ according to whether the 
water flowed with or against the direction of drawing. 

Mr. Birch said he thought that perhaps engineers 
were getting a little tired of the Osborne Reynolds 
theory, which they had not been able to make much 
use of in design. In spite of that, he would urge 
continued study of the theory, as important practical 
developments were very likely to follow such study. 
If a high heat transfer was aimed at under normal 
conditions, a high friction would result. It was 
conceivable that, by some ingenious arrangement of 
baffles, a high heat transfer might be obtained without 
a high friction. This would be an important develop- 
ment in prime movers, for if a condenser could be made 
a half or one third of the present size, a powerful pump 
to overcome the friction would not be an objection. 
He wondered if the authors had such questions as 
these in their minds, and if their attitude towards 
them was hopeful or the reverse. 

Professor Dempster Smith observed that the paper 
justified a prediction of the Chairman’s, made on a 
former occasion, that much was to be obtained by the 
maker of a machine and the user of it combining to 
give a contribution on the subject in which they were 
both interested. The paper was an illustration of an 
extension of the principle, inasmuch as it represented a 
combination of men whose business it was to develop 
condensing plant and to use it, with those whose business 
it was to study the principles underlying that design. 
The investigation had been carried out by the joint 
effort of an excellent committee appointed by the 
British Electrical and Allied Industries Research 
Association and the authors, and if this Association 
could command the services of suitable men and 
could also cover the expenses of the experiments, 
then he thought there was a hope of a very 
great extension of engineering knowledge on that sub- 
ject. He hoped the reception the paper had met 
with would encourage the authors to continue actively 
on the next stage, viz.,the investigation of the rate 
of heat transfer from the surrounding steam to the 
tube. 

Mr. C. E. Stromeyer expressed appreciation of the 
mass of experimental data contained in the paper. 
He understood that every dot in Fig. 2 summarised 
similar information to that of one of the columns of 
Table I, and, as such details were worthy of most 
careful study, he hoped it would be possible to render 
them accessible by deposition, say, in the archives of 
the Institution. As showing the utility of experimental 
data beyond the immediate objects of an investigation, 
he would mention some recent experiments by C. M. 
Linden and G. H. Montillon,* the object of which 
was merely to check the very high heat transmissions 
obtained with a condenser tube when placed at an 
angle of 45 deg. On analysing the results, however, he 
found that they also gave valuable information about 
what probably happened in water-tube boilers, for it 
appeared that, in these experiments, which ranged from 
10 deg. to 24 deg. Fahr., temperature differences, the 
heat transmissions per square foot per hour from 
metal to water and steam could be approximately 
expressed by H = 50 (Tm — Ty)?, where Ty — Ty 
was the difference of temperature between metal and 
water. This result, which, at first sight seemed an 
unlikely one, turned out to be quite in harmony with 
accepted views. Thus, the velocity of water and steam 
in a tube should be proportional to the square root 
of the buoyancy of the steam, i.e., to the square root of 
the steam generated in a unit of time. That volume 
was certainly proportional to H, the heat trans- 
mitted, and that was assumed to be proportional 
both to the difference of temperature and to the 
the square root of the velocity. 

Therefore, H = C (Tm — Tw) / V = C (Tm — Tw) 
/H, and /H =C(Tm — Ty). Of course, the 


* Industrial and Engineering Chemistry, vol. xxii, page 
709. 
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heat transmission from gas, or, in this case, from 
stagnant outside steam, to metal, followed another law, 
so that the effective heat transmission was much less 
than that indicated by this expression. The differences 
in temperature of the experiments referred to were 
those between steam outside the tube and water, and 
resultant generated steam, inside the tube. It would 
be interesting, Mr. Stromeyer concluded, to know the 
degree of heating of the water in the tubes referred to 
in the paper before them, due to the use of alternating 
current as the means of heating the tube wall, it being 
assumed that there was some slight degree of direct 
heating effect. 

Mr. Hill said that it seemed to him that the authors 
had measured the C’R losses by means of an ammeter, 
and the resistance of the tube by means of a potentio- 
meter. The resistance to the flow of current was a very 
variable quantity. It was proportional to the frequency 
because of the significant fact that the resistance of any 
electrical conductor varied with the frequency. The 
losses depended upon the shape of the conductor, the 
diameter, the material, &c. There was nothing in the 
paper about these things, neither was it stated what 
frequency was used, or what was the amount of current 
through the conductors. The latter was also a quantity 
which entered into the resistance of the conductor. 
Again, the wave form of the current applied to the 
conductor would enter into the measurement. 

Dr. T. B. Morley commenced his remarks by an 
endorsement of Dr. Stoney’s criticism of the system of 
units employed in the paper. Even where the C.G.S. 
units were used, there was a difficulty in reading them 
owing to differences in the symbols. Steps should 
be taken in work of the kind to do what electrical 
engineers were doing in creating a uniform system of 
symbols. He had been looking over some of the papers 
on the subject, and in Mr. H. M. Martin’s paper, for 
example, symbols for conductivity and temperature 
difference quite different from those of the authors had 
been used. He was pleased to see, however, that 
nominal velocity had been used. He was particularly 
concerned with the question of heat transfer in relation 
to gases. The changes of velocity for the same weight 
of gas going through a passage way were very much 
more pronounced with changes of temperature than in 
the case of a liquid, so investigators had to work with 
a weight velocity, i.e., the weight divided by the area of 
the tube or other passage way. The authors were on 
right lines in using that nominal velocity. 

It was stated in the paper, Dr. Morley continued, 
that a change of heat transfer had been found with an 
accumulation of dirt on the inner tube wall. The 
object of a paper of the kind now under consideration 
was, first to find out definite facts in particular cases, 
and then to apply them to ordinary practice. In the 
latter, for example, it was not possible to do as the 
authors had done, viz., pull a cleansing block through 
the tube after a few hours’ working. He would suggest 
that it might be worth while considering whether some 
sort of check test could not be made, in order to show 
after what number of hours of working the coefficient 
of transfer would approach a fairly steady value. In 
the 5th section of the paper it was stated that, at a 
velocity of 7 ft. per second, the value of the coefficient 
had dropped 154 per cent. after 50 hours. It would be 
interesting to know whether it continued to drop after 
the expiration of that time, or, roughly, after what time 
a steady value would be obtained with what might be 
regarded as ordinary fouling of the tubes. 

Mr. Walker commented on the method of analysis 
adopted at the end of the paper. It was there stated, 
he said, that, instead of taking the value of K, at the 
mean temperature of the water, the coefficient at any 
given rate of transfer could be obtained by taking the 
value at the temperature midway between the tempera- 
ture of the water and the temperature of the tube. It 
seemed to him that this temperature would be, to a 
very large extent, the mean temperature of the viscous 
film on the inside of the tube, and if it were practicable 
to relate the heat transfer coefficient to the conditions 
of the film itself, it might be possible to get out the 
variation with rate of heat flow. 

Mr. Eagle then replied to the discussion. Professor 
Gibson’s and Mr. Winstanley’s strictures, he said, were 
justified, inasmuch as the paper did not state the range 
of o for which the formule held. This was a pure 
oversight. He would be very glad to hear of any tests 
made in connection with oil coolers. It should have 
been stated that the results only held for fluids for 
which the values of « happened to be within the range 
of their experiments. Mr. Winstanley’s comments on 
experiments with the air cooling of oil, had involved 
results obtained when using iron pipes which had got 
rusty internally. Mr. Winstanley had had enormous 
temperature differences and enormous ranges of heat 
flow, and it was not possible for him to predict what 
the heat flow would be, which was what the K, values in 
paper provided. Mr. Hill had alluded to the method of 
generating heat electrically, and suggested that errors 
of the first magnitude would arise by taking the heat 
generation as C?R. He, Mr. Eagle, had worked out 





the distribution of current for the cross section and the 
increase of resistance due to the frequency. The increase 
in resistance at 60 cycles per second was about one part 
in 80,000. He had complete confidence in the prac- 
tical accuracy of the experiments. Another point in 
this connection had been the question of water heating 
by the current. The best electrolyte that could be got 
would have a thermal resistance about a million times 
that of copper. Thus, if sulphuric acid had been run 
down the tube, the heat generated in it would never 
have been more than one part in 60,000 of that generated 
in the tube wall itself. He thought that the error due 
to the heat generated in the water by the current would 
not amount to more than one part in something like one 
million millions. 








EXTENSIONS AT THE WEST HAM 
POWER STATION. 


THE power house of the West Ham Corporation, 
which is one of the selected stations in the South-East 
England Electricity Area, has recently been extended 
by the addition of a 30,000-kw. generator and appro- 
priate steam-raising and auxiliary plant, thus bringing 
its total capacity up to 76,500 kw. These extensions 
were formally opened by the Minister of Transport, 
Mr. Herbert Morrison, M.P., on Friday, November 7, 
while, on the same day, new offices and showrooms 
were inaugurated in Romford-road, Stratford, by the 
Mayor Alderman J. H. Hollins, J.P. 

The new boiler plant comprises two tri-drum boilers, 
which were manufactured by Messrs. Stirling Boiler 
Company, Limited, 32, Farringdon-street, London, 
E.C.4. Each of these has a normal evaporative capacity 
of 147,500 lb. of water per hour, and an overload capacity 
of 177,000 lb., steam being generated at a pressure of 
232 lb. per square inch, and a total temperature of 
780 deg. F. The drums, which are 48 in. in diameter 
and 1 in. thick, are suspended from overhead beams, 
the latter also forming a floor, on which the economiser, 
air heater and induced-draught fans are mounted. 
The superheater is installed between the first and 
second banks of main tubes. A special feature is the 
use of a front-wall screen, which consists of a lower 
header and three rows of circulating tubes. This 
enables a refractory wall to be dispensed with. The 
sides of the combustion chamber are also equipped with 
water walls, which consist of plain tubes covered with 
refractory. The boilers are fired by L-type stokers, 
manufactured by Messrs. The Underfeed Stoker Com- 
pany, Limited, Africa House, Kingsway, London, 
W.C.2. These are 22 ft. long by 24 ft. wide, giving 
a grate area of 528 sq. ft. The suspended arches, 
both at the rear and front ends of the stokers, are of 
the Detrick type. Forced draught is supplied by 
two 384-in. fans, and induced draught by two 60-in. 
fans per boiler, both sets being driven by variable-speed 
motors. The economisers, which were manufactured by 
Messrs. E. Green and Son, Limited, of Wakefield, are of 
the tri-tube type, with a heating surface of 7,930 sq. ft., 
while the air heaters are of the Stirling tubular pattern, 
with a heating surface of 28,702 sq. ft. As the boiler 
heating surface is 17,300 sq. ft., exclusive of the front 
screen and water walls, the total heating surface per unit 
is therefore 53,932 sq. ft. The whole of the boiler mount- 
ings were manufactured by Messrs. Hopkinsons, 
Limited, of Huddersfield, and each unit has its own 
instrument panel, on which are placed the usual 
indicating and recording instruments. The new boilers 
are supplied by three feed pumps, each with an output 
of 33,000 gallons of water per hour at a pressure of 
335 Ib. per square inch. Two of the pumps are steam 
driven and the other electrically operated, while the 
make-up is obtained from the River Lea through two 
sets of triple-effect evaporators, each of which has a 
capacity of 3,000 gallons per hour. These evapora- 
tors are heated partly by live steam and partly by 
exhaust from the feed pumps. 

The new turbine was manufactured by Messrs. The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, and is of the multi-cylinder 
type, with one high-pressure and two low-pressure cylin- 
ders in line. Steam is admitted to the high-pressure 
cylinder through a main stop valve and twin throttles, 
whence it passes through 12 single-row impulse stages. 
The connection thence to the low-pressure cylinders is 
made by two pairs of pipes, which are arranged overhead 
and below the floor, respectively. The low-pressure 
rotors, which are thus supplied on the double-flow prin- 
ciple, are provided with 10 rows of reaction blading. 
This blading is mounted on discs, which are shrunk on 
the shaft and finally turned up, and has serrated root 
fixing, except on the last two discs, where a special 
form of T-root is adopted in order to keep the stresses 
within the desired limits. The last two rows of blading 
are of special shape, to secure high efficiency and 
strength, and the discs themselves have been designed 
so that the stresses in every section are low. The 
high-pressure rotor is carried on two bearings, connec- 
tion between it and the first low-pressure rotor being 
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made through a flexible coupling. Its position is 
fixed by a Michell thrust block at the steam-inlet end, 
though the thrust block itself can be adjusted axially, 
and the clearance between the blade shrouding and 
the diaphragms thus set to a predetermined figure. 
The two low-pressure rotors run in their own bearings. 
All the steam glands are of the carbon-ring type, with 
the exception of that at the high-pressure inlet, which 
is of the labyrinth pattern. 

The single-shell condenser was also manufactured by 
Messrs. The English Electric Company, and is one of the 
largest installed in this country, being 14 ft. 6 in. in dia- 
meter by 22 ft. 6in. long. The division between the water 
flows is vertical, and the steam enters both flows simul- 
taneously. This condenser operates in connection with 
cooling towers, and is capable of maintaining a vacuum 
of 28-3 in. when supplied with water at 75 deg. F. 
Duplicate air extractors and condensate pumps are 
installed, while the feed is dealt with in a two-stage 
heater supplied with bled steam. 

The alternator has a maximum continuous rating of 
37,500 kv.-a. at a power factor of 0-8, and generates 
two-phase current at a pressure between 6,000 volts 
and 7,000 volts, and a frequency of 50 cycles. It is ven- 
tilated on the closed-circuit system, the arrangement of 
the air passages being such that the temperature of all 
parts is uniform. The whole of this plant was designed 
by Mr. F. W. Purse, the former Borough Electrical 
Engineer. That position is at present held by Mr. 
J. W. J. Townley. 

The new buildings in Romford-road comprise a large 
showroom and sales department, together with offices 
and a model kitchen, which, like the heating, is, of 
course, supplied electrically. It was designed by 
Mr. W. Lionel Jenkins, the Borough Engineer and 
Surveyor, and was built by Messrs. A. E. Symes, 
Limited, of Stratford. 

Speaking at the opening ceremony, Mr. Morrison 
said that the Corporation had adopted the hold policy 
of laying mains in every street in the borough, and had 
now completed over 7,500 rental wiring schemes at the 
rate of 250 per month. A large increase in consumers, 
who now numbered 15,800, had been brought about 
by a steady reduction in price, the revenue per kilowatt- 
hour having fallen from 1-73d. in 1922-23 to 1-09d. 
in 1929-30. At the same time, the engineering efficiency 
of the undertaking had been improved. He added that 
some consolidation of distribution, similar to that 
which had been effected by the grid for generation, 
might be necessary in future. 














POWER STATIONS AND 
SULPHUROUS FUMES. 


Asout twelve months ago* we published an account 
of a report by Messrs. E. Ardern and R. V. Wheeler, 
who had been appointed by the London Power Company 
to examine the problem of dealing with the sulphurous 
fumes emitted from generating stations. This question 
was particularly interesting, as the erection of a new 
station at Battersea had been severely criticised on the 
grounds that it would do irreparable damage to historic 
buildings and to the amenities of the West End. The 
two experts reported, however, that practically the 
whole of the sulphur could be removed by washing and 
that the discharge of the resulting wash water into the 
Thames would not effect the river to any harmful 
extent. These opinions were, in general, approved by a 
Government Committee, who, however, reserved final 
judgment until the results from a larger experimental 
plant, which was then being erected, could be reviewed, 
as there were certain features in the experimental 
apparatus and process which they considered obscure. 

In a paper, which he read before the World Power 
Conference in Berlin,t Dr. 8S. L. Pearce, engineer-in- 
chief of the London Power Company, referred to this 
larger plant, which had been built at the Grove-road 
power station, and said that the results showed that 
the gases could be removed by the use of comparatively 
small quantities of hot water. He added that all iron 
surfaces had been replaced, as far as possible, by the 
use of brick or lead coverings and wooden outlet 
chimneys and eliminator grids, so as to determine 
whether the removal of the sulphur was due to the 
catalytic action of the dust or to the formation of ozone 
or hydrogen peroxide. It then appeared that while 
the dust acted as a powerful catalyst it was not present 
in sufficient quantity to affect the whole of the gas ; 
that iron in the form of oxides must be present at all 
stages ; that fine sprays and wetted surfaces, especially 
the latter, must be used to assist the conversion of 
SO, to SO, ; and that there was a critical temperature 
for the gas and a critical time for the contact between 
the gas and the water. 

These opinions are confirmed by a second report of 
the advisers to the London Power Company, which 
has now been published by H.M. Stationery Office 





* See ENGINEERING, vol. cxxviii, page 716 (1929). 
t See page 312, ante. 
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iThis first 
supplementary experiments, which were 
These experiments 
were directed to ascertaining the value of iron as a 
catalyst, and the degree of sulphur elimination obtain- 
able when this material was, or}was'not, ‘present in the 


as a White Paper [Cmd. 3714, price 4d.]. 
mentions 
carried out on the original plant. 


gas circuit. They confirmed: the results: given below. 
In the meantime, the large-scale plant referred to 
above, which is illustrated in Figs. 1 to 3, had been 
erected, all the iron being, to begin with, excluded from 
the surface material by coating the latter with cement. 
This plant was fitted to No. 26 boiler at the Grove-road 
power station, and originally consisted of three hori- 
zontal channels, 34 ft. long by 2 ft. 9 in. wide by 9 ft. 
9 in. high, which were placed at right angles to the 
existing flue. Prior to entering these channels, the 
flue gases were passed through a grit arrester and 
subsequently escaped through a vertical tower 34 ft. 
high and 12 ft. by 7 ft. 6 in. in cross section, which 
contained a filling of pottery rings, 4 ft. deep. The 
gas in its passage through the horizontal channels was 
well sprayed with water, and the rings in the tower 
were also kept moist. Operating in this manner, about 
20 per cent. of the sulphur was eliminated at varying 
boiler loads, the water consumption being from 12 to 
14 tons per ton of coal burnt. 

To test the effect of iron, the first 11 ft. lengths of the 
horizontal channels were then filled with banks of black 
corrugated-iron sheets, as indicated at A in Figs. 1 and 
3, each bank consisting of 81 sheets measuring 9 ft. by 
2 ft. 6 in. by No. 22 gauge, and spaced 1 in. apart. 
Nine spray pipes, shown at C, and each containing 
thirteen 4-in. nozzles, were arranged in the roofs of 
the channels, so as to deliver water over the surface 
of the sheets. The remaining parts of the horizontal 
channels and the pottery rings in the chimney were 
sprayed with water as before, a supply to the latter 
being given through the three 1}-in. pipes marked G, 
in Figs. 1 and 2. Each of the pipes was fitted with 33 
sprays at 4-in. centres, consisting of nozzles with a 
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$-in.|bore and a }-in. cap,-all pointing downwards. The 
positions of the spiral porcelain rings are indicated at 
J and M in the same drawings, the first group consisting 
of two rows containing approximately 2,000 rings, and 
the latter of an irregularly arranged pile containing 
approximately 11,000 rings. Below the first group were 
placed five rows of iron grids, K, which acted as a cata- 
lytic agent, and were supported on concrete beams L. 

Subsequently, a further Jength of the channels was 
filled with corrugated-iron sheets, as shown at B in 
Figs. 1 and 3, each bank in this case consisting of 27 
sheets. This group was supplied with water through 
the sprays marked D, E, and F. The first of these 
consisted of nine pipes each containing 21 nozzles, and 
the second of twelve pipes each containing 29 nozzles, 
the latter being arranged in two groups of six, one 
behind the other. Above the spray pipes in the tower 
is a moisture eliminator, while the hot or cold water 
was supplied to the sprays through the various pipes 
shown in Figs. 1 and 3, and was returned into the 
concrete re-circulating tanks below the plant. 

The coal used in these experiments contained 63-2 
per cent. carbon and 0-9 per cent. sulphur, the full- 
load consumption being 8,630 1b. per hour. The flue-gas 
per ton of coal at 60 deg. F. was 375,000 cub. ft., the 
average CO, content at the inlet being 11-3 per cent. 
The temperatures at the inlet and outlet were 229 deg. 
and 75 deg. F., respectively, while the flow per hour 
was 1,690,400 cub. ft. The sulphur content of the 
gases at the inlet was 0-354 grain per cubic foot, 
and at the outlet 0-197 grain per cubic foot, so that 
44 per cent. of the sulphur was removed. About 
27 tons of water was used for cleaning per ton of coal 
consumed. The time taken for the gas to pass through 
the first group of sheets was 2 seconds, through the 
second group 4 seconds, and through the tower 
2-5 seconds. When the boiler was working at half- 
load, an elimination of 67 per cent. was obtained, 
while under the same conditions the elimination rose 
to 97 per cent. when a solution of carbonate of soda 
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was circulated through the tower. In these cases, the 
times of flow through the three sections of the plant 
were 3, 6 and 4 seconds, respectively.* During the 
latter test, moreover, the water and alkali consumption 
fell to 13-5 tons per ton of coal consumed, owing to the 
increased contact surface employed. It may, further, 
be mentioned that, when the boiler was operating at 
about one-third load, the elimination of sulphur reached 
a figure of 75 per cent. without the use of anything 
except water in the vertical tower. 

The arrangement of flues and towers which it is 
proposed to install at the new Battersea power 
station is illustrated in Figs. 4 to 8, on the oppo- 
site page, and the signatories to the report state 
that they feel convinced that, with the ample 
capacity which will there be available, thus afford- 
ing sufficient time of contact, and by the use of 
iron as a catalyst, the elimination of sulphur should 
reach at least 80 per cent. to 85 per cent. without the 
employment of soda or other alkali. It is, therefore, 
considered that relatively little alkali will be required 
in actual practice to complete the total elimination of 
the sulphur, although provision for such treatment has 
been made. A point of importance is that a certain 
proportion of sulphite remains in the effluent, and it 
will be necessary to convert this into sulphate. Since, 
in working the plant at Battersea, settling tanks will 
be required to remove the dust and grit from the 
effluent, there will be an opportunity for the complete 
conversion of sulphite to sulphate and the precipita- 
tion of the iron as hydrate. 

It is stated that estimates of capital and operating 
costs of the plant at Battersea have been received 
from Dr. Pearce, and that the system is commercially 
practicable. ' 

In commenting on this report, the committee, 
presided over by the Government chemist, Sir Robert 
Robertson, state that they are satisfied that the 
elimination of sulphur was nearly complete, and that 
they had found that about half the burden of re- 
moval was borne by the sodium-carbonate wash. The 
protecting lining did not contribute to the neutralisa- 
tion of the acid and was in fair condition. They were 
informed that milk of lime would be used, instead of 
soda ash, as it was cheaper, and that the sludge of dust, 
lime salts, and iron oxides would be removed from the 
settling tanks and not discharged into the Thames. 

They further remark that, while it is now recognised 
that the conversion to sulphate is due to the catalytic 
action of the iron, they are not clear that any marked 
advance in the process has been made. In the experi- 
ments described, the degree of catalytic conversion of 


* These improved results at half load are due to the 
fact that, at full load, the velocity of flow was too high to 
allow sufficient time of contact between the gases and 
the iron. 
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sulphurous to sulphuric acid was comparatively small, 
the elimination of the sulphur acids being mostly 
by solution or neutralisation by alkali. They add that, 
generally, the company has achieved the object of 
eliminating sulphur from the flue gases on a fairly 
large scale, but they think that the process is capable 
of improvement in several directions, including cost. 
They also say that they would be glad to see the results 
of further experiments, especially any dealing with the 
oxidation of sulphite to sulphate before the effluent 
containing it goes into the Thames, whether sodium 
carbonate is to be used or whether the employment of 
a cheaper alkali is contemplated. 

These two reports are accompanied by a note from 
the Minister of Transport, which states that, in autho- 
rising their publication, he has ascertained that the 
committee presided over by the Government Chemist 
are satisfied from the experiments made at Grove-road 
that it is practicable to install a plant at Battersea 
which will reduce the emission of sulphur to a negligible 
quantity, and that if such plant be installed it will 
be practicable to treat the effluent so that it can be 
admitted into the river. The committee also point 
out that it would be for the Port of London Authority, 
as the body responsible for preventing pollution, to 
see that the necessary measures are taken. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steam-Driven Pump.—The supply, delivery, erection 
and maintenance, for six months, of a steam-driven 
pump, piping and fittings for the Livingstone Waterworks 
on the Zambesi River. The Municipality of Livingstone, 
Northern Rhodesia ; January 6, 1931. (Ref. No. A.X. 
10,585.) 

Steel Trough Sleepers.—The supply of steel trough 
sleepers for the Pulgaon-Arvi Railway, for use with 
35 lb. F.F. rails. The Great Indian Peninsula Railway, 
Bombay ; December 17. (Ref. No. A.X. 10,588.) 

Tractors,-The supply of six petrol-driven tractors 
for hauling mud and refuse carts. The Municipality of 
Antwerp, Belgium; December 8. (Ref. No. A.X. 
10,600.) 

Waterworks Plant.—The installation of waterworks 
at Maragha and Sanabo, Egypt. The plant required 
includes two 12-15-h.p. horizontal petrol engines ; two 
medium-pressure centrifugal pumps delivering 15 litres 
per second against heads of 27 and 28 metres, respectively ; 
and two circular steel storage tanks, having a capacity 
of 35 cub. metres and a diameter of 3-90 metres. The 
Egyptian Ministry of the Interior, Cairo; December 30. 
(Ref. Nos. A.X. 10,601 and A.X. 10,602.) 








THE CHARTERED SURVEYORS’ INSTITUTION.-By Order 
of H.M. Privy Council, dated October 27, an application 
for permission to change the name of The Surveyors’ 
Institution to The Chartered Surveyors’ Institution, 
has been approved. In future, therefore, the Institution 
will be known by the new name. 

PersonaL,—-Mr. C. Norman Fletcher has been 
appointed managing director of Messrs. Edward G. 
Herbert, Limited, Atlas Works, Chapel-street, Levens- 
hulme, Manchester.—Lieut.-Colonel T. 8S. Morrisey, 
vice-president and general manager of Messrs. Combustion 
Engineering Corporation, Limited, Canada, an associate 
of Messrs. International Combustion, Limited, London, 
has arrived inthiscountry. He is severing his connection 
with Combustion Engineering Corporation, Limited, 
at the end of this year to join the board of Messrs. United 
Engineers and Constructors (Canada), Limited, and during 
his visit to England, desires to meet representatives 
of British industries contemplating the establishment 
of factories in Canada. 


ConTracts,—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have just secured a repeat order for an additional 
six-cylinder vertical oil engine for the Jerusalem power 
station. Three 450-h.p. Ruston airless-injection engines 
were ordered in 1929, and the engine now ordered is for 
the extension of the power station.—The Liverpool Cor- 
as has placed an order, with Messrs. The English 

ilectric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, for twelve pairs cf equal-wheel tramway- 
car trucks. These will be complete with motors, and a 
special feature is that the motor :rame is utilised as the 
basis of the truck, the motor being mounted between 
the wheel axles and at right angles to them. The arma- 
ture shaft is extended at both ends and carries the driving 
pinions, the latter engaging with a helical bevel wheel 
mounted on a quill surrounding the axle.—The contract 
for the large refuse incineration plant, which is to raise 
steam for the power house of the Ford Motor Company, 
Limited, at Dagenham, has been placed with Messrs. 
The Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, Allington 
House, 136-150, Victoria-street, London, S.W.1. The 
plant will comprise 16 refuse incineration cells, the 
aggregate capacity of which will be 333 tons of London 
refuse every 16 hours. The hot gases from the burning 
refuse will be used in one of the three boiler units. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Depression is still general in the 
Scottish steel trade, and there is small possibility of 
any improvement this year. It is fully anticipated, 
however, that a better state will come into being in the 
early days of the new year, and it is to be hoped that 
this, the wish of all connected with the industry, may 
be realised. The trouble in the coal-field will require 
to be surmounted, and definitely settled for a period 
at least, before any step forward is likely to take place 
in the general industry of the country, and at the moment 
the outlook is not too bright. Should the mines remain 
idle for any lengthened period, there is every possibility of 
most traders closing down also, and business throughout 
the country approaching the standstill position. Mean- 
time the demand for steel material is very poor, and the 
output is consequently very much curtailed. With the 
shipbuilding yards consuming so little at present, and the 
export orders so few, it is little wonder that plants are 
being run much under capacity. Prices keep firm, but 
on the recent low level, which is unremunerative, and the 
moment any buying movement comes along there is 
every likelihood of a firming up, and those who have 
failed to cover themselves will suffer. In the black 
steel sheet trade a dull state prevails, as buyers are 
very few at the moment. The competition from Belgium 
is very keen, and the export side is suffering from the 

resent outlook in India, and also from the barriers which 

ave been raised against us in Australia. In the case 
of the latter, shipments have practically ceased. The 
following are the current market quotations :—Boiler- 
plates, 101. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 81. 7s. 6d. per ton; black steel sheets, 4 in., 
8l. 5s. per ton; galvanised corrugated sheets (No. 24 
gauge), 117. 17s. 6d. per ton, all delivered at Glasgow 
stations. 


Malleable-Iron Trade.—No change of any kind has 
taken place in the malleable-iron trade of the West of 
Scotland, and the position is now blacker than ever 
since the coal miners have ceased work. The demand 
is of a very limited nature, and plant is only partially 
employed. The re-rollers of steel bars are also very 
badly off for business. Current prices are as follow :— 
‘*Crown ” bars, 10/. 5s. per ton for home delivery, and 
9l. 15s. per ton for export; and re-rolled steel bars are 
now 7/. per ton for home delivery and 6/1. 15s. per ton 
for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
has few bright features, and orders are very scarce. 
The output is unchanged, with only ten furnaces in 
blast at present. Imports of pig-iron continue, and the 
latest figures show that there arrived last week at 
Clyde ports about 10,000 tons from India and 1,200 tons 
from England. In the face of these figures it is little 
wonder that the local makers report a very quiet state. 
The following are to-day’s market quotations :—Hema- | 
tite, 77%. per ton, delivered at the steel works ; foundry 
iron, No. 1, 79s. per ton, and No. 3, 76s. 6d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 29, amounted to 833 
tons. Of that total 795 tons went overseas and 38 tons 
coastwise. During the corresponding week of last 
year the figures were 597 tons overseas and 106 tons 
coastwise, making a total shipment of 703 tons. 


Wages in the Iron Trade Unchanged.—Sir John M. 
MacLeod, Bart., C.A., Glasgow, has intimated to 
Messrs. James C. Bishop and Owen Coyle, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board, that in accordance with the 
remit, he has examined the employers’ books for Sep- 
tember and October, and certified that the average net 
selling price brought out is 101. 9s. 5-88d, This means 
that there will be no change in the wages of the workmen. | 

Scottish Shipbuilding.—The shipbuilding industry in | 
Scotland is undoubtedly in none too flourishing a state | 
| 
| 








at the present time, and contracts for new tonnage are 
extremely scarce. During last month only one fresh 
order was reported, and as vessels on hand get com- 
pleted, the unemployment problem increases. The 
launches in the month of November made the poorest | 
showing of any month this year, the figures being 13 
vessels, of 31,905 tons. The details are as follow : 


November. Eleven Months. | 
ee ———; 
Ves. Tons. Ves. Tons. 
The Clyde ae san 9 21,479 181 488,549 
The Forth ae —- 40 24,816 
The Tay oan dies 1 8,000 7 40,470 
The Dee and Moray 
Firth aie es 3 2,426 43 8,821 
Total ... .. 13 31,905 271 562,656 | 








THe Drumm StoraGe Battrery.—-A vote has been | 
assed in the Irish Free State Parliament for the pro- 
vision of a further sum of 25,0001. in connection with the 
development of the Drumm storage battery, with which 
we dealt on page 293, ante. We understand that this 
sum will be used to construct two coaches, each seating 
100 persons, to be operated commercially over about 
15 miles of line on the Dublin and South Eastern Section 
of the Great Southern Railway of Ireland, in order to 
test the endurance of the battery. The Irish Free State 
Government, we believe, hold a controlling interest in 
Messrs. Celia, Limited, who are exploiting Dr. Drumm’s 
invention. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Comparatively cheap 
Continental iron is arriving in increasing quantities for 
consumption here, and Midland iron is being made 
rather more extensive use of by Tees-side firms, but 
ironmasters hold to their fixed minimum quotations for 
Cleveland pig for home purposes. They do not, however, 
hesitate to make substantial concessions to secure orders 
for Scotland. Export demand is trifling. Most of the 
limited Cleveland iron output continues to be conveyed 
direct in its molten state to producers’ own works for 
consumption. The small surplus that is converted into 
pig for the market is stated to be fully absorbed by local 
and other home users, who are taking their supplies 
direct from makers. Second hands have very little 
Cleveland pig to offer. Recognised market rates stand : 
No. 1 grade, 66s. ; No. 3 g.m.b., 63s. 6d. ; No. 4 foundry, 
62s, 6d. ; and No. 4 forge, 62s. 

Hematite.—East Coast hematite quotations are not 
definitely fixed, but values are upheld, and indeed seem 
more likely to stiffen than otherwise. Both producers 
and merchants report a moderately steady home trade, 
but overseas transactions are now few and small. 
Ordinary qualities are 71s., and No. 1 is at a premium of 
sixpence. 

Foreign Ore.—Business in foreign ore is virtually at a 
standstill. Consumers are carrying considerable stocks, 
and are heavily bought. The normal price of best rubio 
is 16s., c.i.f. Tees, but sellers are not prepared to make 
extensive forward contracts at that figure. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and difficult to dispose of. Good average 
qualities are offered freely at 17s. for early delivery to 
local works. 

Manufactured Iron and Steel._—Orders for most descrip- 
tions of manufactured iron and steel are much needed, 
but in one or two departments tonnage output is still 
on a substantial scale. Producers of constructional 
requisites and railway material are better off for work 
than are manufacturers of several other commodities. 
Departments turning out material for shipyards are very 
short of work. There is a little more business passing in 
semi-finished steel. Common iron bars are 101. 15s. ; 
best bars, 117. 5s.; double best bars, 117. 15s.; treble 
best bars, 12/. 5s. ; iron rivets, 111. 5s. ; packing (parallel), 


| 8l.; packing (tapered), 10/.; steel billets (soft), 61. 5s. ; 


steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship plates, 8/. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s.: heavy 
sections of steel rails, 8/. 10s. for parcels of 500 tons and 
over, and 9. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 8l. 5s.; and galvanised 
corrugated sheets (No. 24 gauge), 110. 5s. 

Imports of Iron and Steel.—Imports of iron and steel 
to the Tees from Holland, Belgium, France, Norway, 
Sweden, Finland, India, Germany and coastwise, for the 
months of October and November totalled 32,495 tons, 
as compared with 20,646 tons for the same time a year 
ago, and 14,855 tons for the corresponding pre-war 
period of 1913. Pig iron unshipped during the two 
months just ended amounted to 9,357 tons, as compared 
with 1,919 tons a year ago, and only 268 tons in the 
corresponding pre-war period of 1913; crude sheet bars, 
billets, blooms and slabs accepted in the past two months 
reached 16,965 tons, as compared with 13,537 tons a 
year ago, and 10,986 tons in the pre-war period of 1913 ; 
and plates, bars, angles, rails, sheets and joists imported 
in October-November amounted to 6,175 tons, as com- 
pared with 5,190 tons a year ago, and 3,601 tons in the 
pre-war period of 1913. 

Shipments of Iron and Steel.—Aggregate shipments of 
iron and steel from the Tees during November were the 
lowest since January, 1927. Official returns give them 
at 47,418 tons, comprising 12,301 tons of pig iron, 4,369 
tons of manufactured iron, and 30,748 tons of steel. 
Total October loadings were 63,668 tons. Of the pig 
iron shipped last month 5,961 tons went to foreign desti- 
nations, and 6,340 tons to coastwise customers ; of the 


| manufactured iron cleared, 1,972 tons went abroad, and 


2,397 tons coastwise ; and of the steel loaded 19,031 tons 
went overseas, and 11,717 tons coastwise. Scotland was 
again the largest buyer of pig iron, accepting 5,775 tons. 
Other chief purchasers were: Germany, 1,135 tons ; and 
Italy, 1,200 tons. The Straits, with an import of 701 
tons, were the largest receivers of manufactured iron. 


Principal customers for steel were: Argentina, 4,386 


tons; Canada, 3,268 tons; India, 3,049 tons; Union of 


| South Africa, 1,226 tons; and Egypt, 1,000 tons. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—In view of the widespread character 

of the depression, no general revival is regarded as 

possible for many months, even if the most favourable 


conditions develop in the interim. Despite the large 


number of weak sections, there is, however, @ quietly 
optimistic undertone, which finds justification in the 

lacing of more forward business in the finished trades. 
Manufacture of bulk steel is still in a state of depression. 
Continental offers in the cheaper grades are still much 
below local production costs, despite the fact that 
Sheffield’s principal rivals have been compelled to advance 
some of their quotations in order to cover a slightly 
increased cost of production. Furnaces are still working 
spasmodically. A direct reflex is a reduction in hematite 
output, for which Sheffield steelmakers rank among the 
largest customers. Current consumption is considerably 
below that of twelve months ago. Little that is satis- 
factory is reported in pig-iron transactions, while sales of 
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both scrap and steelmaking alloys leave a good deal to 
be desired. Current quotations :—Siemens acid billets, 
91. 10s. per ton; hard basic, 91. 2s. 6d. to 91. 12s. 6d. ; 
medium hard basic, 7/. 12s. 6d. to 81. 2s. 6d.; soft basic, 
6l. 5s. ; Derbyshire foundry pig iron, 66s.; Derbyshire 
forge iron, 63s. ; crown iron bars, 101. 5s.; iron hoops, 
121. ; steel hoops, 10/.; soft wire rods, 7/. 15s. ; basic- 
steel scrap, 47s. 6d. Sheffield has already begun to 
benefit from the placing with Messrs. John Brown and 
Company, Limited, of Sheffield and Clydebank, of a 
contract for a new Cunarder. All the heavy forgings are 
to be made locally. The work includes shaftings, tur- 
bines, and boiler drums. The departments concerned 
will be kept active for at least a year. Some of the 
orders have already been delivered. Local manufac- 
turers continue to make strong protests against the 
lapse of the Safeguarding duties. The expiration of the 
cutlery duty will affect not only producers of knives 
and related requisites, but also machinery makers, who 
have contributed in no small measure towards the 
modernisation of the cutlery industry, that has been 
brought about under the beneficial effects of this pro- 
tective measure. More machinery is in use in cutlery 
manufacture to-day than at any preceding period, but 
if, as is expected, several of the principal sections are 
badly hit by a renewal of foreign dumping, machinery 
makers are certain to suffer. Criticism is also directed 
against the Government’s attitude towards the dyeing 
industry. Machinery makers declare that to repeal the 
Dyestuffs Act would be the most criminal thing any 
Government could do. Heavy capital expenditure has 
been incurred in the manufacture of special vessels 
capable of withstanding very high temperature. Sheffield 
has benefited from orders in this connection. It is stated 
that if the Act is repealed, not only will men in the 
dyeing industry be thrown out of work, but many others, 
who have been engaged in making expensive and elabo- 
rate machinery for the industry, will be thrown idle. 


South Yorkshire Coal Trade.—Strike threats have 
served to expedite the demand in several sections. 
Industrial contractors are anxious that deliveries shall 
be brought up to date, and, on inland account, values are 
decidedly firmer. Best hards are in steady request for 
shipment, though larger business could comfortably be 
handled on forward delivery account. Smalls are a 
weak market, but hopes are entertained of an early 
improvement in business with Lancashire. Quiet con- 
ditions prevail in furnace and foundry coke, though 
sales on central-heating account show decided expansion. 
Quotations: Best branch handpicked, 25s. 6d. to 
278s.; Derbyshire best brights, 20s. to 22s. 6d. ; Derby- 
shire best house, 19s. 6d. to 20s. 6d. ; screened house coal, 
17s, 6d. to 19s. ; screened house nuts, 14s. 6d. to 16s. 6d. ; 
Yorkshire hards, 14s. to 15s. 6d.; Derbyshire hards, 
14s. to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty 
slacks, 6s. 6d. to 7s. ; smalls, 3s, to 5s. 








NOTES FROM THE SOUTH-WEST 


CarpirF, Wednesday. 

The Coal Trade.—As was expected, a stoppage of 
work in the Welsh coalfield was averted at the eleventh 
hour, the South Wales Miners’ Federation, on Saturday, 
agreeing to the coalowners’ terms of a temporary 
arrangement, in order to make it possible to carry on 
further negotiations for a permanent settlement. Work, 
as a result, was continued on Monday, on the basis of 
an eight-hour day for 11 days, with a stop day each 
alternative Saturday, making an 88-hour fortnight, or 
2 hours less than would be worked on a 7}-hour day. 
This arrangement is to continue throughout December 
without any alteration in the wage rates. The un- 
certainty created by the possibility of a stoppage has, 
however, not been without the usual harmful influence, 
for ships which were to have come to South Wales to 
bunker were dealt with at other ports, while orders for 
odd cargoes were also secured by foreign competitors. 
This business, in the ordinary way, does not amount to 
& great deal, but, in the aggregate, and considering the 
depression in the coal trade, it means quite alot. The 
possibility of a stoppage still remains, but the slight 
stimulus given to exports and inland business by the 
immediate prospect of an interruption in supplies has 
given place to a dearth of new orders, and the revival 
of a hand-to-mouth policy by consumers. All descrip- 
tions of large and small are plentiful at schedule prices, 
and though most collieries are, for the present, fairly 
well situated, they experience difficulty because of the 
recent bad weather having thrown ships out of position, 
and the fact that thousands of wagons are held up under 
load, with the result that there is a general shortage 
of empties. The only class of coal to be in any way 
searce is sized, the make of which is curtailed by the 
unsatisfactory position of large and consequent restric- 
tion in output. 


_ Coalfield Audit—The joint audit for the Welsh coal- 
field for the quarter ended October 31, shows that out- 
put and exports were again reduced, as compared with 
the previous three months. Production totalled 
10,152,777 tons, a reduction of 19,000 tons, and exports 
5,525,570 tons, a loss of 332,000 tons. The relatively 
small diminution in output was due to a seasonal expan- 
sion in the inland market, but even so, the amount 
available for internal consumption was 220,000 tons less 
than in the corresponding period of last year. The 
proceeds in the October quarter were slightly less than 
in the mpc three months, but costs of production, 
other than wages, were reduced by 4d. per ton, with the 
result that a credit balance of 3 -57d. per ton was shown 
against 0-67d. in the preteen three months. The 
economic wage certified by the joint auditors was 11 -59 
per cent., but the owners, in accordance with the 
temporary terms, pay 28 per cent. on the 1915 standard 
for the month of December. 





NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘‘ Machinery and Methods 
of Manufacture of Sheet Glass,”’ by Professor W. E. S. 
Turner. South Wales Branch : Thursday, December 11, 
6.30 p.m., South Wales Institute of Engineers, Cardiff. 
‘Care, Maintenance and Repairs of Boilers,’’ by Mr. 
E. T. Williams. Western Branch: Thursday, Decem- 
ber 11, 7 p.m., Merchant Venturers’ Technical College, 
Bristol. ‘Geared Steam Locomotives,” by Mr. T. 
Grime. London: Friday, December 12, 6 p.m., Storey’s- 
gate, S.W.1. “‘ X-Rays in Engineering Practice,” by 
Dr. V. E. Pullin. 

INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 

p-m., Victoria-embankment, W.C.2. Meter and 
Instrument Section Meeting. ‘‘ The Metering of Three- 
Phase Supplies,” by Mr. O. Howarth. Monday, Decem- 
ber 8, 7 p.m., Informal Meeting. Discussion on ‘‘ Impulse 
versus Synchronous Time Service,’’ by Mr. A. O. Gibbon 
and Lieutenant-Colonel K. Edgeumbe. Mersey and 
North Wales (Liverpool) Centre: Monday, December 8, 
7 p.m., The University, Liverpool. ‘‘ The Metering of 
Three-Phase Supplies,” by Mr. O. Howarth. South 
Midland Centre: Monday, December 8, 7 p.m., The 
University, Birmingham. ‘The Cooling of Electrical 
Machines,’’ by Mr. B. Hoseason. North-Eastern 
Centre: Monday, December 8, 7 p.m. Armstrong 
College, Newcastle-on-Tyne. “‘ Loud Speakers since their 
Conception, with Gramophone Pick-ups and Wireless 
Recording Apparatus,”’ by Mr. S. G. Brown; and at 
North Midland Centre: Hotel Metropole, Leeds, Tues- 
day, December 9, 7 p.m. North-Western Centre : Tues- 
day, December 9, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ The Theory and Performance of Phase 
Advancers,” by Dr. J. J. Rudra and Professor M. Walker. 
Scottish Centre: Tuesday, December 9, 7.30 p.m., 
Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank-crescent, Glasgow. ‘‘ The Cooling of 
Electrical Machines,” by Mr. D .B. Hoseason. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1, ‘‘ Oil Burning for 
Domestic Central Heating,” by Mr. R. L. Mayston, 
Friday, December 12, 7.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. Presidential Address. 
‘** Technical Museums and their Value to Engineers,”’ by 
Colonel Sir H. G. Lyons. . 

INSTITUTE OF BritisH FounDRYMEN.—Lancashire 
Branch : Saturday, December 6, 4 p.m., College of Tech- 
nology, Manchester. ‘‘ Foundries—and Foundries,’ by 
Mr. 8. H. Russell. Scottish Branch : Saturday, Decem- 
ber 6, 4 p.m., Royal Technical College, Glasgow. ‘‘ The 
Production of an Aluminium Alloy Casting,’’ by Mr. A. 
Harley. West Riding of Yorkshire Branch : Saturday, De- 
cember 6, 6.30 p.m., Technical College, Bradford. ‘‘ Some 
Aspects of Modern Foundry Practice.”’ by Mr. F. Griffiths. 
Sheffield and District Branch : Wednesday, December 10, 
7.30 p.m., Mappin Hall, St. George’s-square, Sheffield. 
‘* X-Ray Examination of Castings,’’ by Dr. V. E. Pullin. 
Birmingham, Coventry and West Midlands Branch: 
Thursday, December 11, 7.30 p.m., Chamber of Com- 
merce, New-street, Birmingham, ‘‘ The Preparation and 
Handling of Moulding Sand,” by Mr. W. E. Box. Middles- 
brough Branch: Friday, December 12, 7.45 p.m., 
Cleveland Technical Institute, Corporation-road, Middles- 
brough. ‘‘ Foundry Practice Abroad : Some Personal 
Reflections,” by Mr. J. G. Pearce. Newcastle-on-Tyne 
and District Branch : Saturday, December 13, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘ Foundry Facing 
Facts,” by Mr. H. Winterton. Wales and Monmouth 
Branch: Saturday, December 13, 6.30 p.m., Technical 
College, Newport. ‘‘Studies in Foundry Sands,” by 
Mr. J. Hird. 

INSTITUTE OF TRANSPORT.—Monday, December 8, 5.30 
p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘‘The Diesel Engine and the 
Railways,” by Mr. C. J. H. Trutch. Birmingham and 
District Section : Tuesday, December 9, 6 p.m., Queen’s 
Hotel, Birmingham. ‘ Road Passenger Transport in the 
Midlands,”’ by Mr. C. S. Dunbar. Newcastle-on-Tyne and 
District Section: Friday, December 12, 7.30 p.m., 
Y.M.C.A., Blackett-street, Newcastle-on-Tyne. ‘ The 
Need for the Industrial Transport Manager,” by Mr. A. 
Hastie. 

InstiITUTION OF PropUCTION ENGINEERS.—Man- 
chester Section : Monday, December 8, 7.30 p.m., College 
of Technology, Manchester. ‘‘ Modern Tendencies in 
Machine Tools,” by Mr. R. C. Fenton. Luton, Bedford 
and District Section: Wednesday, December 10, 7.30 
p.m., Red Lion Hotel, Luton. “Ford Production 
Methods,” by Mr. T. Gorst. 

Rovat Socretry or Arts.—Monday, December 8, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
“* Modern Domestic Scientific Appliances ’’ (Lecture III), 
by Professor C. R. Darling. Friday, December 12, 
4.30 p.m., ‘‘ India’s Commercial Fibres,” by Mr. A. 
Wigglesworth. 

Royat InstrruTion.—Tuesday, December 9, 5.15 
.m., Albemarle-street, W.1. ‘Stellar Structure and 
nergy,” by Professor E. A. Milne. Thursday, Decem- 

ber ll, 5.15 p.m., ‘‘ Conquest of the Drought,” by 
Mr. J. Russell. 

InsTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 9, 6 p.m., 85, The Minories, E.1. ‘‘ Modern Develop- 
ments in Ship Design with Special Reference to Propul- 
sion,” by Dr. J. Tutin and Mr. A. C. Hardy. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—-Coventry 
Centre: Tuesday, December 9, 7.30 p.m., King’s Head 
Hotel, Coventry. ‘‘ Light Alloy Piston Development,” 
by Mr. E. V. Pannell. Leeds Centre: Wednesday, 
December 10, 7.15 p.m., Hotel Metropole, Leeds. 
“Trends in the Transmission,” by Dr. H. E. Merritt. 





SHEFFIELD METALLURGICAL AssocrATION.—Tuesday, 
December 9, 7.30 p.m., 198, West-street, Sheffield. 
**Machining from a Machinist’s Point of View,” by 
Mr. W. Locke. 

InstituTE oF Merats.—Swansea Local Section: 
Tuesday, December 9, 6.15 p.m., University College, 
Singleton-park, Swansea. Lecture and Demonstration 
on ‘‘ Copper Welding,” by Mr. W. Andrews and Mr. H. 
Martin. North-East Coast Local Section: Tuesday, 
December 9, 7.30 p.m., Armstrong College, Newcastle-on- 
Tyne. ‘‘ Properties of Coke,” by Professor H. V. A. 
Briscoe. Birmingham Local Section : Thursday, Decem- 
ber 11, 7 p.m., Chamber of Commerce, New-street, 
Birmingham. “ Plating,”’ by Mr. E. J. Dobbs. London 
Local Section : Thursday, December 11, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. Joint 
Meeting with London Branch, Institute of British 
Foundrymen. ‘‘ Magnesium Alloy Castings,” by Mr. E. 
Player. Sheffield Local Section: Friday, December 12, 
7.30 p.m., The University, St. George’s-square, Sheffield. 
‘* Studies in the Electro-deposition of Silver. Throwing 
Power. The Behaviour of Silver Anodes, with Special 
Reference to Blackening and its Prevention.” 

Mining Institute oF ScoTtann.—Wednesday, Decem- 
ber 10, 5 p.m., Royal Technical College, Glasgow. 
“Third (Triennial) Empire Mining and Metallurgical 
Congress, South Africa, 1930,” by Mr. R. L. P. Bell. 

INSTITUTION OF ENGINEERING INSPECTION.—Wednes- 
day, December 10, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Power Station Effi- 
ciency,” by Mr. P. E. Rycroft. 

DresEL ENGINE Users’ Assocration.—Wednesday, 
December 10, 6 p.m., Chemical Society, Burlington 
House, Piccadilly, W.1. Joint Meeting with Institute 
of Fuel. ‘High Power Gas and Diesel Engines for 
Electrical Generation,” by Mr. M. Gercke. Friday, 
December 12, 3.30 p.m., Caxton Hall, Westminster, 
8.W.1. ‘‘ Waste Heat Recovery from Internal Com- 
bustion Engines, with Particular Reference to Marine 
Oil Engines,” by Major W. Gregson. 

InstItTuTION oF Crvit ENGINEERS.—Wednesday, De- 
cember 10, 6 p.m., Great George-street, S.W.1. Informal 
Meeting. ‘‘ Atmospheric Pollution due to Combustion 
of Fuel, and Methods of its Prevention,’’ by Dr. J. 8. 
Owens. Yorkshire Association : Thursday, December 11, 
7.30 p.m., Hotel Metropole, Leeds. “The Trend of 
Development in Railway Signalling and Communi- 
cations,” by Mr. A. E. Tattersall. 

Betrast ASSOCIATION OF ENGINEERS.—Wednesday, 
December 10, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Boiler Making,”’ by Mr. H. E. Partridge. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
December 10, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. ‘Oil Fuel Heating,” by Mr. 
G. U. Morgan. 

ELECTROPLATERS’ AND DeEposiTtoRS’ TECHNICAL 
Socrety.—Wednesday, December 10, 8.15 p.m., North- 
ampton Polytechnic Institute, St. John-street, Clerken- 
well, E.C.1. Joint Meeting with Faraday Society. 
“The Determination of the Porosity of Electro-deposits,” 
by Mr. D. J. Macnaughtan. ‘“‘ The Influence of Small 
Amounts of Chromic Acid and of Chromium Sulphate in 
the Electro-deposition of Nickel,’’ by Mr. D. J. Mac- 
naughtan and Mr. R. A. F. Hammond. ‘‘‘ Stopping 
Off’ Materials for Use in the Electro-deposition of 
Nickel,” by Mr. D. J. Macnaughtan and Mr. A. W. 
Hothersall. ‘‘The Electro-deposition of Cobalt-Nickel 
Alloys,” by Mr. 8. Glasstone and Mr. J. B. Speakman. 
“The Time Factor in Anodic Passivation of Metals,” 
by Mr. W. J. Shutt and Mr. J. Stirrup. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
December 11, 6.30 p.m., 10, Upper Belgrave-street, 
8.W.1. ‘‘ The Esthetic Side of Structural and Construc- 
tional Engineering,’’ by Mr. H. Robertson. 

Society oF CHEMICAL INDUSTRY. CHEMICAL ENGI- 
NEERING Group.—Thursday, December 11, 6.30 p.m.. 
The University, Bristol. Joint Meeting with Bristol 
Section. ‘“‘ Modern Water Treatment,” by Mr. B. Stevens. 

OpticaL Socrety.—Thursday, December 11, 7.30 
p-m., Imperial College of Science and Technology, 
South Kensington, S.W.7. ‘‘ New Knowledge on Old 
Telescopes,’ by Mr. T. H. Court and Mr. M. von Rohr. 
“On Interpolating Refractive Indices,” by Mrs. E. 
Gifford. ‘‘On the Determination of the Transmission 
Factors of Coloured Step Lenses,”’ by Mr. H. Buckley. 

InsTITUTION OF WELDING ENGINEERS.—Thursday, 
December 11, 7.45 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. “‘The Fabrication 
of Plant in Acid-Resisting Steels,’”’ by Mr. C. C. Hall. 

Nortu-East Coast InstITuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 12, 6 p.m., 
Mining Institute, Newcastle-on-Tyne.‘‘ Refractories 
for Boiler Furnaces,” by Mr. W. J. Rees. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
December 12, 7.30 p.m., Queen’s Hotel, Keighley. 
‘Electrical Driving of Textile Machinery,’’ by Mr. A. 
Brier. 

InstTITUTE oF FuEeL.—East Midlands Section: Friday, 
December 12, 7.30 p.m., Technical College, Derby. 
‘* Some Factors Influencing the Design of a Combustion 
Chamber for Pulverised Fuel,” by Mr. T. F. Hurley. 








Tue InstTITUTION OF MECHANICAL ENGINEERS : ERRA- 
tTuM.—lIn our report of Mr. E. R. Dolby’s contribution to 
the discussion at the recent meeting of the Institution of 
Mechanical Engineers, page 688, ante, we regret that the 
expression “a heat transfer of 134 B.Th.U. per second ” 
should have been given instead of the correct reading of 
“434 B.Th.U. per square foot.” It might be also re- 





corded that the name Row was incorrectly spelled Rowe. 
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10,000-KW. BACK-PRESSURE TURBO-GENERATOR FOR YALLOURN. 
CONSTRUCTED BY MESSRS. THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, RUGBY. 


(For Description, see Page 699.) 
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SCIENTIFIC METHODS IN 
TRADITIONAL INDUSTRIES. 
WHEN in these days the value of science in 
industry is made the subject of popular discussion, 
there is little fear of its being underrated. Every 
age has its own catchwords. ‘“ Earnestness ’’ among 
the mid-Victorians, ‘“‘ Art for Art’s sake” later in 
the century, and nowadays, “ scientific research,” 
have been, doubtless, only some among a number 
of fashionable conceptions, but each of them in its 
turn has appealed conspicuously to the popular 
mind, and the platonic appreciation of science, 
encouraged as it is by the imaginative instruction 
of the daily press, seems far from being exhausted. 
It is, perhaps, a little unfortunate that for most 
people the vogue of science is largely the result of 
mere faith, which, though it is not, in the schoolboys’ 
definition, believing what we know is not true, does 
not rest upon any adequate knowledge of what and 
how much is true. This uninstructed faith may, 
indeed, create an atmosphere favourable to the 
progress of the alliance of science with industry, 
and, if it has this effect, there is plenty more of such 
work for it to do. Incidentally, however, it may 
tend to disparage unduly the proper place of the 
crafts and traditions of industry. In the days 
when, for practical purposes, scientific method 
did not exist, and few or none of the data of modern 
science were available, the industries took on 
themselves to satisfy the needs of their fellow-citi- 
zens, and, particularly in this country, embodied 
their accumulated knowledge in a wonderfully 
successful system of crafts and traditions. Some- 
times the thought of how much science might do 
to advance the practice of an industry is apt to 
mask the due impression of the colossal work the 











industry has done without scientific assistance, 





and of the large amount of knowledge that is in the 
custody of its crafts and traditions, and is likely 
to remain there until the alliance of science with 
industry becomes even more intimate and intelligent 
than it is. Industries never have delayed practising 
an operation that they found successful merely 
because they had no scientific knowledge of why it 
worked, nor are they ever likely to do so. Even in 
quite recent times the startlingly rapid advances 
in the quality of cements have been obtained 
almost entirely as empirical results, and the use 
of concrete is being carried on with the help of 
engineering formule, which were developed while 
cement was notably different from what it is now. 
These formule have, indeed, proved themselves 
trustworthy by long practical experience, but at the 
present time they are used merely because they 
are traditional, and are likely to be modified with 
the advance of knowledge and the progress of 
cement manufacture. 

Many of the greater industries, in fact, grew up 
while as yet, so to speak, they could barely read or 
write. As much has been noted of many able men, 
and it may be, indeed, that both individuals and 
industries found their wits sharpened through having 
to work with only rudimentary intellectual appara- 
tus, in the same way as mechanics may, up to a very 
high point, be trained better on a lathe and a vice 
than on a shopful of tools, or as the privation of one 
sense may sharpen the acuteness of another. 
Nevertheless, it is natural, perhaps indeed inevitable, 
that industries in which success has been earned 
by processes of repeated trial and error, and which 


3 | have had to guide themselves mainly or solely by 


unexplained experience, should be slower to vary 
their practice and even their prejudices than those 
that have scientific means of checking and explaining 
their results. This disposition must, however, 
make their progress slower than it might be if they 
had scientific guidance, and when for any reason 
the practice of an industry begins to change and 
improve, the country whose industries are more 
flexible will have an advantage over others, which 
they will retain for at least as long as the practice 
of the industries continues to advance. In the short 
but suggestive Presidential address which Mr. 
Harry Stanger gave recently to the Institution of 
Structural Engineers, he pointed out that for the 
progress of the art of using cement and concrete 
the technique of the laboratory must by some means 
be transferred to practical work. In the manufacture 
of cement, indeed, industry by its own empirical 
methods has made very rapid progress, as may be seen 
by comparing its products with the standard specifi- 
cation. Since the British Standard Specifications 
for Portland cement was first issued in 1904, it has 
had to be revised five times, but the fineness of 
cement now being delivered to industry is about 
ten times as great as was prescribed in the last 
(1925) specification, and the strength at seven days, 
both of neat and of 3: 1 mortar briquettes is about 
50 per cent. higher than that specification required. 
In the use of cement, on the other hand, progress 
has been far less rapid. As an illustration, Mr. 
Stanger pointed out that by mere force of tradition 
contract specifications habitually call for the use of 
clean, sharp aggregates, when a rounded aggregate 
might give a concrete which, while equally strong 
and dense, would be more easily workable and use 
less water. Specifications for manufacture can 
seldom teach how best to use the specified products, 
and in Mr. Stanger’s view the great work that is 
being done in research and standardisation in the 
concrete industries will only be used to its full 
advantage when adequate provision is made for 
the specialised teaching of those who have to prepare 
and use the material. 

How far not only the cement but the other 
branches of the building industry are profiting by 
association with science, and how much further they 
have still to go before the co-operation of science 
with the building industry is working to its fullest 
extent, is shown still more circumstantially in the 
report of the Building Research Board of which 
we gave some account in our issue of last week 
with the accompanying report of the Director 
of Building Research. Of action by the industries 
themselves or by bodies or individuals interested 
in them, perhaps the most significant is the 
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rapid increase in the number of requests for 
information and special investigations addressed 
to the Building Research Station. In each of the 
last two years these have been more than 200 in 
excess of the previous year, and an increase at 
about the same rate seems to be going on during 
the present year. It is a gratifying indication not 
only of the success that is attending the concen- 
tration of information and experimental resources 
at the Station, but also of the fact that its value 
is being recognised by those whom it is meant to 
serve. Though, for the most part, only minor 
investigations are undertaken in response to such 
enquiries, they give a valuable insight into the 
nature of the difficulties that are most common in 
connection with building and building materials, 
and from time to time suggest subjects for more 
extended investigation, which are of sufficient general 
importance to come within the proper scope of the 
Station’s own investigations. To a slowly but 
steadily increasing extent, too, enquirers are showing 
willingness to repay the cost of the investigations 
for which they ask. Instances are given, moreover, 
in which industries and individual firms are co- 
operating with the Station in researches of still 
wider scope, and in particular, the action of the 
British Steelwork Association in co-operation 
with the Institution of Civil Engineers and the 
Station is leading to a special investigation of the 
possibilities of the more efficient use of steel in 
buildings and bridges. 

Speaking generally, however, no great disposition 
is to be seen to co-operate with the Station both 
technically and financially in the major investiga- 
tions that are required for clearing up what at 
present are fundamental mysteries in the building 
arts, and for placing them on a scientific foundation. 
The principle on which the Department undertakes 
experimental work at the public expense has been, 
in effect, to require that the subject matter should 
either be of such general application that it cannot 
be regarded as the proper work of individual in- 
dustries, or that experiments should be necessarily 
on such a scale that the industries concerned could 
not be expected to undertake them. The purpose 
of this policy is not merely economical. It is 
based on the belief that full advantage is not likely 
to be taken of any research in which the industry 
itself has not felt sufficient interest to co-operate. 
In any case, the application of laboratory results 
to full-scale working requires evidently industrial 
co-operation. It cannot be said that the Depart- 
ment has interpreted its restrictions in a narrow 
spirit. The investigations described in the latest 
report show that the Station is undertaking an 
enormous volume of work in and affecting many 
branches of the industry, which are leading to 
results of high scientific and practical importance. 
There are, however, industries in the building trade, 
the progress of which is retarded for the want of 
knowledge that would be likely to be obtained by 
fundamental research, and the lag is likely to 
continue until the industries cause such research 
to be made either by active research associations 
of their own, or by co-operation with such an 
institution as the Building Research Station. In 
particular, the unwillingness to undertake the enter- 
prise of research is less intelligible, though perhaps 
in the long run not more uneconomical, when the 
lines of research disclose the reasonable possibility 
of revealing fresh industrial applications. A 
co-operative research into the production of pozzo- 
lanas (burnt clays and spent shale) was begun 
some two years ago, and is already obtaining results 
of direct industrial value, but there seem to be few 
similar investigations in progress. A minor but 
typical example of an apparently neglected oppor- 
tunity is that of bituminous preparations, such as 
are used in the form of asphalt and otherwise for road 
roofs or as sheeting. In these, at present, there 
seems to be no question but that up till now the best 
results are obtained by the use of imported rock 
asphalt. It is difficult to understand how the 
considerable prospect of producing equally satis- 
factory material synthetically from the waste pro- 
duct of coal distillation and refineries should be 
left without investigation. The report, again, 
mentions problems to be solved in the heavy clay, 
cement and concrete, gypsum and other industries, 
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and describes many and various failures that seem 
to be occuring constantly because no general know- 
ledge is available of how to prevent them. Yet it 
does not appear that the scale on which such 
knowledge is being sought is at all proportionate to 
the losses entailed by its absence. 

Judging by the building industry, it appears, 
therefore, that, though much is being done in 
the endeavour to supplement and co-ordinate its 
arts by developing a science, much greater effort 
is needed from the industries themselves, as well 
as more effective arrangements for the scientific 
education of those who work in them. Such 
measures are being taken in other countries, and if 
British industries are not to fall behind, they will 
have to keep at least an equal pace. 








STANDARDISATION IN ELECTRIC 
TRACTION. 


Some 8,528 route miles of main-line railway are 
at present being operated electrically, a figure which 
represents approximately 1-12 per cent. of the 
world’s -total. About 4,660 miles of this are in 
Europe, 75 per cent. of which is worked by alter- 
nating current on either the single or three-phase 
systems. In the United States, on the other hand, 
62-4 per cent. of the 1,864 miles effected is worked 
by direct-current. These figures are taken from a 
Paper read by Mr. H. Parodi before the World Power 
Conference in Berlin and, as regards the United 
States, do not agree with those which have been 
given by other authorities. For the purpose of our 
present argument this is not, however, of importance. 
The remaining electrified mileage is in India, South 
Africa, New Zealand, South America and Japan, and 
is almost entirely operated on the direct-current 
system. As regards alternating-current traction, 81 
per cent. of the mileage is on the single phase system. 
Further examination shows that, apart from the 
countries mentioned, direct-current is favoured in 
Great Britain, France, and Belgium, while in Switzer- 
land, Sweden, Norway, Holland, Austria and 
Hungary, single phase predominates. In Germany 
the latter system is used on main lines, direct- 
current being employed on the suburban railways 
of Berlin and Hamburg. Italy is unique in utilising 
the three-phase system. Taking the world as a 
whole 59 per cent. of the electrified mileage is 
operated by direct-current, 33 per cent. by single 
phase and 8 per cent. on three-phase systems. 

It is therefore clear that most countries have decided 
that either the direct-current or the single phase alter- 
nating-current system best meets their needs, and 
have found that the differences between the two are 
so small that it is advisable, in the interests of stan- 
dardisation, to install one or the other, rather than 
to attempt to reap such minor advantages as might 
accrue from employing the alternative in particular 
cases. This is emphasised by the fact that in this 
country a considerable mileage of line operated on 
the single phase system was recently converted to 
direct-current. It will therefore be interesting to 
see what happens in the United States when future 
extensions bring about the closer approach of lines, 
which are now being worked by competitive methods. 

This survey of existing conditions makes the posi- 
tion of Italy all the more curious. As we have said, 
that country is already unique in that the employ- 
ment of the three-phase system is fairly widespread. 
But it seems to have emphasised this insularity 
by adopting a policy which is the direct antithesis 
of the standardisation, that has been found advis- 
able in other countries. For obvious reasons it 
was one of the first countries to investigate the possi- 
bilities of electric traction, three lines being 
equipped experimentally about thirty years ago with 
accumulator coaches and on the direct-current third 
rail and three-phase overhead systems respectively. 
In the intervening years the latter system has been 
considerably extended, even to main-line sections, 
and the natural course would therefore appear to 
have made it the standard for the country, in spite 
of its undoubted disadvantages. We, therefore 


learn with some surprise from a Paper read by 
Mr. G. Bianchi before the Institution of Electrical 
Engineers on Thursday, November 20, that after 
careful consideration, it was recognised that the 
system chosen must be such as to allow a speed of 
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65 miles per hour to be reached on level lines and 
that, in order that the water power resources of 
the country might be utilised most efficiently from 
both the technical and economic points of view, the 
electricity required for traction must be of the same 
frequency as that used for industrial purposes. 

Two other systems of electrification have therefore 
been tested, namely the three-phase at 10,000 volts 
and 45 cycles and the direct-current at 3,000 volts. 
It was intended that each system should be limited 
to its own zone, in order to avoid inter-running diffi- 
culties, the original three-phase 16-cycle system 
being confined to the north, the three-phase 42-cycle 
system to the centre, and the direct-current system 
to the south of the country. This limitation, how- 
ever, is not being rigorously enforced, for direct- 
current is to be used on the new trunk lines between 
Rome and Naples and Bologna and Florence, 
since “‘ this system has been recognised as the most 
suitable for high-speed traffic.” Tnis decision may 
also render it necessary to operate the lines be- 
tween Florence and Rome and Milan and Bologna 
on the same system. 

This policy of anti-standardisation must, we 
should imagine, lead to very considerable, if not 
insuperable, difficulties. As regards the two reasons 
mentioned by Mr. Bianchi for adopting it, a com- 
bination of the industrial and traction supplies could 
most easily be secured by the employment of direct- 
current. Indeed, it was this possibility which, we 
believe, largely influenced the adoption of that system 
in France. If there were objections to its use, the trans- 
mission of three-phase and single phase energy by the 
same network is not an impracticable proposition, so 
that the same end could have been obtained by using 
the latter system. On the other hand, to utilise three- 
phase energy at an industrial frequency, though it 
provides the advantage of a common supply, has the 
drawbacks that a double set of contact wires and 
complicated cross-overs are necessary, and that the 
lines themselves are more expensive to construct 
than when the lower frequency is used. The number 
and cost of the sub-stations are, it is true, reduced 
and generation, transmission and transformation are 
facilitated, but heavier locomotives must be em- 
ployed and these, like those working at a lower 
frequency, are not so satisfactory in operation as those 
utilising either single phase or direct-current, in spite 
of their simplicity. The situation appears to be em- 
inently one for that international exchange of tech- 
nical knowledge, of which so much is heard. For 
had those responsible sought the advice of those who 
have acquired the necessary experience they would 
have hesitated before embarking on this costly 
experiment. 

While, therefore, we shall watch the development 
of this unusual policy with interest, we fear it is some- 
what doubtful both economically and technically, 
and are relieved that in this country the less 
heroic method of employing one system to the 
exclusion of the others has been decided on. Mr. 
Bianchi, in fact, more than hints that this will also 
ultimately happen in Italy. 








BUILDING LEGISLATION AND 
CONTROL. 


Some four months since a body of Members of 
Parliament, representing all parties, approached the 
Minister of Health with regard to the way in which 
the present control of building has become a 
menace to enterprise, seeking his help in. the matter. 
In the result the relevant department, having been 
asked whether suggestions might be submitted, 
replied that any would be welcomed. At the same 
time the proposal was approved that a technical and 
economic Advisory Council should be formed to 
link up the various interests involved. Such a 
council under the gis of the Royal Institution of 
British Architects is now in course of formation. In 
the meantime the original deputation has prepared 
a report stating its views, and this after having 
been submitted to the Minister of Health is now, 
with his consent, made public. In this report, 
it is pointed out that methods of construction and 
the use of new materials are advancing rapidly, 
and that practice with respect to lifts, escalators, 
central heating, sanitation and ventilation all need 
to be dealt with on more modern lines than is at 
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present allowed for. Advances, which have been 
made during many years, demand revised methods 
of treatment. Compared with the three years before 
the war, the percentage of total value of building 
construction representing factories and workshops 
has, during the three years ending in 1927, declined 
to 40 per cent. of its earlier proportional value ; the 
construction of business premises dropped in the 
same period to about 65 per cent., and of public 
buildings to less than one-half. These figures it is 
urged suggest the propriety of any changes which 
will promote enterprise. It must, however, be 
noticed that the falling off in some directions may 
have little enough to do with existing restrictions, as 
exceptional activity during the war with respect to 
building operations of particular kinds has inevitably 
been followed by lessened activity in these directions, 
since then. Apart from this, quite a good case is 
made out for the removal of restrictions on building 
enterprise, which is said to be hampered by the 
uncertainties attending the operation of existing 
codes, and the difficulties experienced in forecasting 
the obstructive effects of obsolete regulations. It 
is worthy of note that in the London area many 
public bodies are specifically excluded from the 
operations of the London Building Act. The 
Office of Works, for instance, is immune, as are the 
Railway Companies, the Ecclesiastical Commis- 
sioners and some other bodies. 

Existing legislation is discussed in the report at 
some length, and it is evident that the whole 
business is very complex and _ unsatisfactory. 
Amongst proposals made, we find it suggested with 
respect to building regulations, “‘ that they should 
be reviewed on a national basis and should be 
confined to broad questions of principle, provision 
being made for the establishment of new machinery 
representative of all interests concerned, to advise 
upon the making of regulations as and when 
necessary in ord2r to meet constantly changing 
conditions and requirements.’ Other recommen- 
dations of importance relate to giving national 
application to new methods or materials of con- 
struction, and the acceptance generally of the 
report on steel frame building now in course of 
preparation by the Department of Scientific and 
Industrial Research. With respect to this, as the 
inquiry is not yet complete, and no report is yet 
available for consideration, reservations may well 
be made. 

It is urged, and with more reason, that the 
consolidation of ‘‘consents” with respect to 
structures in which various authorities may be 
interested, should be effected. That this is very 
necessary is apparent from the fact that, for instance, 
in London, no fewer than seven such authorities 
must be approached before a theatre can be opened, 
As is well known, difficulties arose in connection 
with the height of buildings in the London area, 
particularly those of the warehouse class (non- 
residential and of over 250,000 cub. ft.), with regard 
to which some strange anomalies are possible under 
the existing regulations. Those who have had to 
do with the operations of building bye-laws alone 
know how exasperating may be the delays conse- 
quent in endeavouring to meet the requirements of 
the controlling body or bodies, delays which quite 
commonly mean financial loss. Officials may be 
helpful; but always their helpfulness is limited by 
the rigidity of the particular code by which tney 
themselves are governed. The difficulty appears 
to be to devise a system of control which shall be at 
once definite to ensure proper construction, and 
sufficiently elastic to permit such modifications as 
from time to time may be desirable. For the 
case we are now concerned with the nearest approach 
to a solution will perhaps be, as is suggested on the 
report, definite control on broad principles, modified 
to suit improvements of method by frequent revision. 
Unavoidably, as this adjustment is not automatic, 
any regulations in force will commonly lag behind 
the march of improvements. Might not a Court of 
Appeal be formed—with adequate powers—to 
which novel propositions could be referred for 
speedy settlement? That something should be 
done is made clearly evident by this report, and 
the combined effort which is now being made is 
entirely commendable. We can only hope some 
useful result will follow. 








NOTES. 
THE CONSULTING ENGINEER. 


THE dinner of the Association of Consulting 
Engineers, held on November 26, having been the 
twenty-first anniversary of that body, Mr. A. H. 
Dykes, the chairman of the committee of the asso- 
ciation, naturally had something to say in justifi- 
cation of its existence. He claimed that the quality 
of the assemblage on the occasion we refer to proved 
that when founded it had been started on the right 
lines. The first thing they had had to do when 
the body was contemplated was to define a con- 
sulting engineer. This they had succeeded in doing, 
and in a form acceptable to the Board of Trade. 
No profession could take its proper place in the 
world if it consisted of men working independently, 
even with high ideals. The association had set out 
to formulate the ideals of their particular section 
of society and to bring the individuals into relation- 
ship with one another. The existence of the con- 
sultant could be easily justified. For instance, a 
short while ago a custom developed for a number of 
large firms to do their own consulting work. This 
involved each firm keeping a large special staff 
devoted to working out schemes on which they 
tendered. In the case of work in the East, or 
elsewhere abroad, each firm had to send competent 
staff abroad to make investigations on the spot 
if they were to have any hope of success in obtain- 
ing the contract. Inevitably such expense added 
greatly to the cost of undertakings, as the cost 
both of unsuccessful as well as successful offers had 
to be covered. Mr. Dykes was of opinion that if 
specifications were drawn up with fair conditions, 
i.e., not intentionally directed at reserving the work 
for contractors of some particular nationality, 
British firms could always expect to get the orders. 
Lord Hanworth, during the evening, spoke of the 
House of Lords conducting its business according 
to the best traditions of the country, based on 
principles which had been tried and found to serve. 
The Upper Chamber, like the consulting engineers, 
were in the habit of giving an independent opinion 
on matters placed before them. Sir John Brooke,C.B., 
proposed the toast of ‘‘ The Engineering Industry,” 
and remarked that British engineers, no less than 
their products, were to be found all over the world. 
This toast was replied to by Mr. D. A. Bremner, 
O.B.E., director of the British Engineers’ Associa- 
tion, who said that it was impossible to conceive 
of a great Empire such as ours without great iron 
and steel and shipbuilding industries. They were 
essential, but as the engineering industry contained 
the germs of great destructive power, it was neces- 
sary to direct it into constructive channels. That 
could be accomplished by engineers themselves, 
brought up to deal with facts, acquiring more 
influence in the management of the affairs of the 
country. 

Poticy AND ADMINISTRATION. 


At the annual dinner of the Institution of Profess- 
ional Civil Servants, which was held at the Connaught 
Rooms, London, on Thursday, November 27, Mr. 
Herbert Morrison proposed the toast of ‘‘ The 
Institution,” and Sir Richard Redmayne, the Presi- 
dent, replied. By all the rules of logic, however, 
the two speeches should have been given in the 
reverse order, for it was Sir Richard who pro- 
pounded a case and Mr. Morrison who—in advance 
—provided an answer. As is well-known, the 
object of the Institution is to improve the status 
of the numerous scientists, engineers, architects 
and others who are being increasingly employed in 
the Government service, and to ensure that the 
way to the highest administrative posts is not 
barred to such men and women, either by red 
tape or prejudice. Emphasising these points, 
Sir Richard said that what was required was 
the further mobilisation, in the interests of the com- 
munity, of scientific and technical experience. Our 
present difficulties could not be entirely solved by 
political methods. The scientist should, therefore, 
be given a status worthy of his attainments and, if 
the Royal Commission now sitting did nothing more 
than recognise this fundamental truth, the Institu- 
tion would be well content. Mr. Morrison, for his 
part, said that he had always found professional 
civil servants to be zealous and conscientious ser- 





vants of the community, and that their great desire 
was to make their political chiefs understand the 
technical effects of the problems with which they 
had to deal. It was a popular illusion that the civil 
servants and not the ministers ran the departments. 
A minister came to the department with certain 
political, economic and sociological theories, but if 
he were wise he would modify those theories in the 
light of the facts with which the civil servants 
would provide him. He had always admired the 
conscientiousness with which officials discharged 
this duty and the scrupulous way in which they 
respected the right of the minister to decide, even 
when the policy was one with which they did not 
agree. The decision must, however, always be 
the minister’s, and that was in the interests of 
the service itself. This is an impeccable statement 
of procedure in a Utopia. Unfortunately idealism 
does not always square with facts. As Mr. Morrison 
himself admitted, there is a risk, if not a certainty, 
that a weak minister will be run by his department, 
while, where technicalities are concerned, there is 
a danger that administration, which is the duty of 
the official, may unduly entrench upon policy, which 
is the business of the minister. The latter primarily 
aims at making some change, implicitly for the 
better, but the former is vitally concerned with the 
ways and means by which that change is to be 
effected. For, as Palmerston said, it is not enough 
to show a desirable end; one must be able to 
point out means of arriving at it, the objectionable 
nature of which shall not counterbalance the result 
to be accomplished. Otherwise, the result, as we 
all know to our cost, is not improvement, but 
confusion. If, as one speaker jocularly remarked, 
the work of the administrator is inserting the 
word “not” in expressions of professional opinion 
he does not understand, but from which he is sure 
he disagrees, this is not perhaps surprising. It 
certainly indicates the need for that freedom for 
which the Institution is striving. 








BRITTLE FRACTURE IN METALS. 

On Monday, November 24, at King’s College, 
Professor B. H. Haigh, D.Sc., delivered the second 
of the course of lectures on the brittle fracture of 
metals, which have been arranged for by the Com- 
pany of Armourers and Braziers. 

In his last lecture, Professor Haigh said he had 
discussed a number of examples, taken from prac- 
tice, of brittle fractures in the light of one single 
principle, viz., that when there was equality of 
tensions in any three directions, failure by shear was 
impossible, and the metal must part with a brittle 
fracture. In general, however, two distinct types 
of failure were possible. The metal might part 
either by slipping or might separate normally. 
Slipping was characteristic of a ductile fracture, 
and might be referred to as slip, glide, or shear. 
It occurred when the tangential stress ¢ exceeded 
a certain limit ¢;. In brittle fractures, on the other 
hand, we got cracking, separation, or rupture. 
Such fractures were experienced when the normal 
stress n exceeded a certain limit ;, whilst the tan- 
gential stress on the same plane was less than 4. 
In these brittle fractures, we got separation without 
much shear, and especially when the metal was 
exposed to tension in three mutually perpendicular 
directions. Such triple tensions were therefore 
most dangerous, as the metal cracked in a brittle 
manner without warning. On the other hand, if 
ductile shear were possible, the stress on overloaded 
planes might be safely relieved by plastic flow. 

He would next, the lecturer proceeded, discuss 
further the case of a simple tensile fracture, as 
illustrated in Fig. 14, on page 718. The important 
points to note were that the specimen necked 
before it broke, and that there were two distinct 
kinds of fracture in the one breakage. The central 
portion was nearly flat, and in different cases 
varied somewhat in appearance from silky to granu- 
lar. The outer part was cupped or coned at an 
angle of 45 deg. It should further be noted that 
the central portion was level with the waist of the 
necking. Casual observers often located the edge 
of the cup at this minimum section, but this was 
wrong. 

Coming next to the question as to where the 





718 


ENGINEERING. 





[DEC. 5, 1930. 











fracture started, he was going to suggest that it 
always did so at the central portion, and that the 
shear fracture which produced the cup only occurred 
later. Failure always commenced by a certain neck- 
ing of the specimen as indicated in Fig. 15. There was 
tension along the surface of the waist, which would 
naturally tend to straighten out the curvature. 
This was, however, prevented by the adhesion of 
the interior metal, which developed accordingly 
radial tensions. The final result, therefore, was that 
“triple tensions” were developed in the central 
portion, which cracked accordingly with a typical 
brittle fracture. The radial tensions being thus 
relieved, the exterior gave way by shear, with a 
resultant cup and cone. That the centre gave 
way first was also indicated by the fact that, if 
the broken ends were put together with a little plasti- 
cine between them, it was found that the cup and 
cone fitted perfectly, but not the central portions. 














Fia. 17. 
Experiment was thus conclusive, that it was the 
centre of the specimen which parted first. 

The tensile test had long been recognised as a 
reliable indication of the ductility of a metal, and 
if there was little cupping the metal was regarded 
as brittle, and the considerations above set forth 
explained why. A brittle metal could not, in fact, 
neck much before the normal stress reached its 
limiting value. 

If triple tensions were the cause of the initial 
fracture, then if the radial tensions due to the 
necking were suppressed, ‘t should be possible 
greatly to increase the ductility of the metal. This 
was exactly what happened in wiredrawing. The 
die put a radial compression on the metal and the 
consequence was that, instead of the 20 per cent. 
to 30 per cent. of elongation found in tensile tests, 
really enormous elongations were obtained without 
fracture of the metal. 

At one time it was believed that brittleness was 
due to the sudden application of the stress. This 
view was tested by Messrs. Kirkaldy, Sankey and 
Blount in 1910. The plan followed was to attach 
a heavily-loaded tensile specimen to a massive 
crosshead. The whole was then dropped through 


a distance of some 30 or 40 ft., at which point the 
crosshead was arrested by a stop, whilst the speci- 
men with its attached load carried on. In this way, 
it was broken by a stress applied with great sud- 
deness. Means were provided for measuring the 
speed, and from that the energy of the system, 
just before the arrest of the crosshead, and of the 
broken part of the specimen and its attached 
weight afterwards. From this, the energy expended 
in breaking the specimen could be deduced. Con- 
trary to the expectation of the experimenters, this 
proved to be some 50 to 60 per cent. greater than 
in an ordinary tensile test, although the actual 
elongation recorded was much the same. Hence, so 
far from the sudden application of the stress causing 
brittleness, the ultimate strength of the metal 
proved to be much greater than in the ordinary 
static test. This result, though not anticipated, 








was quite in accord with proving-house experience, 
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where the faster the test the higher the ultimate 
strength was found to be. It might be added that 
some poor steels were purposely included amongst 
the specimens tested, as above described, but with 
the same general result. 

Triple tension being the main cause of brittle frac- 
tures, it was of interest to consider what type of test 
was best calculated to developit. The Erichsen test 
was much used in certain trades. In it, a piece of 
plate 3 in. or 4 in. in diameter was firmly clamped 
at the edges and then cupped by means of a plunger. 
In this test, radial tensions were developed so that, at 
the centre, the metal was exposed to tensions at right 
angles to each other. The stress normal to the plate 
being due to the plunger was, however, compressive, 
so that in this test triple tensions were not developed, 
and the test would not therefore reveal brittleness 
very effectively. The test, however, corresponded 
closely to the way metals were treated in certain 
trades, and in these it was found very useful. 

The most satisfactory of all tests for brittleness 
was the notched-bar test, since in this triple ten- 
sions were well developed. Though introduced into 
the laboratory only some 25 years ago, the test was 
really a very old one. Smiths, for example, had long 
been in the habit of breaking up into convenient 
lengths even highly ductile iron or steel by notching 
it in the cold and then breaking it by a blow. 

Much light was thrown on the stresses developed 
in a notched-bar test by Professor Coker’s optical 
analysis of the stresses round a notch. The bands 
of colour shown in such specimens corresponded to 
places where the stress difference or shear was high. 
There were a number of such bands in the imme- 
diate neighbourhood of the notch, but farther in 
we got a band of black, as indicated in Fig. 16, 
which showed accordingly that in this region there 
was no shear, but two equal tensions at right angles 
to each other. A third tension, at right angles to the 





plane of the specimen, came in, once a notched-bar 
specimen began to fail, since a neck was developed 
as could be seen in Fig. 17. This reduced the thick- 
ness of the specimen and gave rise to corresponding 
tensions, just in the same way as radial tensions were 
developed in the case of the tensile-test specimen re- 
presented in Fig. 14. Owing to this necking and the 
consequent triple tensions, the notched bar might fail 
first by cracking at an inner point, in spite of the fact 
that very high stresses were developed at the bottom 
of the notch. It had so far proved impracticable 
to determine by analysis the exact distribution of 
stress at the bottom of such a notch, but Professor 
Inglis had found a solution for a comparable case. 
This indicated that the tensile stress developed at 
the bottom of the notch was obtained by multiply- 


ing the average stress by the factor 1 +- k a/ a where 
T 


k was a coefficient generally not very different from 
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2, and where d represented the depth of the specimen 
and r the radius of curvature at the bottom of the 
notch. It would be evident that when r was very 
small the stress rose enormously. 

Mr. Docherty had made many experiments with 
a variant of the ordinary notched-bar test. He 
broke his specimens slowly, the load being applied by 
a hydraulic press to which an indicator was fitted, 
which gave a diagram from which the work done on 
breaking the specimen could be measured.* It turned 
out that the work done was greater the more rapid 
the rupture, and in many cases the observations 
lined up well with Izod tests, but with some 
metals there was a certain discrepancy. One 
of the diagrams obtained, Fig. 18, was of interest 
as it seemed to provide definite evidence of 
cracking occurring during the test. When this hap- 
pened, the indicator pencil was unable to follow the 
deflection accurately. It overshot the mark and 
returned giving the cusp shown. Typical fractures 
of Mr. Docherty’s specimens were represented in 
Fig. 19. The granular appearance of the central 
portion of the metal had not infrequently been 
attributed to the presence of a flaw, but the same 
appearance was obtained time after time, and it 
would be a very queer flaw which occurred at exactly 
the same spot and with the same boundaries. The 
true explanation was that triple tensions were 
developed here and the metal cracked. 





* See ENGINEERING, vol. cxxvi, page 597 (1928), for o 





full description of this machine and many of Mr. 
Docherty’s results, 
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Professor Dr. Schwinning has also experimented 
on the effect of speed in notched-bar tests. The ten- 
sile strength of ordinary steel was about a minimum 
at room temperature, and increased if the metal were 
either hotter or colder than this. At really high 
temperatures, the strength diminished again, but, 
so far as was known, it continued to increase 
the more the temperature was reduced below the 
normal. The toughness, however, as determined by 
the energy expended in the notched-bar test, fol- 
lowed a different law, and at. a certain tempera- 
ture below the normal, which appeared to be so 
definitely fixed that Professor Schwinning called it 
the critical temperature, the specimen proved quite 
brittle. This critical temperature varied with the 
nature of the metal and also with the speed of the 
test. The higher the speed of the blow the higher 
was the limiting temperature at which the metal 
showed brittleness. 


LITERATURE. 


The Patents, Designs and Trade Marks Acts. By H, 
FLETCHER Movutton and J. H. Evans-Jackson. 
London: Butterworth and Company (Publishers), 
Limited. [Price 21s. net.] 

Tuts is the second edition of a work first published 

ten years ago. The general scheme is similar to 

that adopted in the earlier edition, but the lapse of 
time between the two has been such as to enable the 
authors to review decisions given in the Courts and 
in the Patent Office during the last decade of increas- 
ing patent activity. They have done more than this, 
because the book includes an appendix comprising 

8 pages containing brief references to about 100 

cases which have been decided in the Patent Office, 

but were not ordered to be reported in the official 

“Reports of Patent Cases.” The notes thus given 

will be undoubtedly useful both to counsel and 

to patent agents, because until now they have 
ordinarily in their records only those decisions given 
in cases in which they were directly concerned. 

These abstracts appear to contain a very fair 

selection from the cases known to be decided, and 

probably can be taken as showing those which the 

Patent Office authorities regard from their point of 

view as being the most important, seeing that, in the 

preface, acknowledgment is made of the assistance 

&e., of the Comptroller-General of Patents and of 

three assistant comptrollers. 

The appendix to which reference has been made 
occurs in the middle of the book, albeit at the end 
of the section on patents, which makes it a little 
difficult to find quickly. Similar remarks apply to 
the index to the Patent Section, and this is par- 
ticularly confusing because at the end of the book 
an index appears with the simple heading ‘‘ Index”, 
which in fact deals with the Trade Mark section only. 
Some more clearly defined separation between the 
sections would appear to be desirable. 

Although a comparatively large part of the book 
comprises a reprint of the Acts, this is justified 
because it shows the Patent Act exactly as it now 
stands, and also because of the notes on the sections 
of the Acts given by the authors from time to time 
at the particular section in question. Further, the 
amount of the book taken up with notes on general 
subjects, as distinct from sections of the Acts, for 
example “ Property in Letters Patent,” ‘ Public 











Knowledge,” “ Patent Office Practice,” is greater | 


than in the previous edition. The amount of matter 
dealing with “opposition” is rather large, and 
rightly so, because this is becoming more and more 
serious in Patent Office practice. Indeed, the 
authors—both barristers-at-law—might well have 
pointed out that such matters now often become 
almost trials at law and not on a very small scale, 
as any number up to about half a dozen counsel 
and patent agents may be employed. The impor- 
tance of this is emphasised by the fact that the law 
officer, on what is nominally an appeal, but is of 
the nature of a rehearing of the case, appears, as 
far as technics are concerned, to accept the comp- 
trollers’ view, as a rough general principle, as the 
authors themselves state. Whether it is good that 
oppositions should be so elaborate is another matter, 
Seeing that in the nature of things the invention at 
the opposition stage is not usually commercially 
developed, and the question of what is legal 








“evidence” is perhaps a matter for the Court 
rather than the Comptroller, it being notorious that 
much matter said in a statutory declaration to be 
“ evidence ” is such that a court would not regard 
it. As is to be expected, the legal points in the book 
are dealt with well, particularly with reference to 
agreements. 

The Trade Mark section is very useful, as this 
type of protection is much handled, but the last para- 
graph on page 143 is a little confusing in its reference 
to “ Laws of England,” Apparently, Mr. Fletcher 
Moulton is here referring to a work of a previous 
Lord Chancellor, and to an article of his own in that 
work. If so, and in any case, it might be made 
more clear. A clerical error in line 2 from the 
bottom of page 125 at first sight makes the meaning 
doubtful. We believe, however, that the work asa 
whole will be even more useful than the first edition 
was in its time. 





The Theory of Electrical Artificial Lines and Filters. 
By A. C, Barrtetrt, B.A. London: Chapman and 
Hall, Limited. [Price 13s. 6d. net.] 

As implied in its title, this book is entirely mathe- 
matical, Such a term may, however, be misleading, 
because the author’s happy facility for stringing 
together equation and explanation makes the text 
easy to grasp, and leads the reader’s mind deftly 
through the steps in the development. Designed 
as an introduction to the subject of repeated net- 
works, which occurs with such great frequency and 
importance in modern telegraphy and telephony, 
the book can be tackled competently by a reader 
equipped with simple calculus and a knowledge 
of the fundamental telephone equations. Incident- 
ally, those familiar with more exact treatments of 
power-transmission lines will find much that is 
familiar, and should have little difficulty in making 
the new applications. 

The author’s object, as detailed in the preface, is 
to give a general introduction into the theory of 
repeated networks (such as artificial lines, balances, 
filters, &c.), in such a way as to equip the reader 
for the more general literature of the subject. The 
first three chapters are of greatest fundamental 
importance, leading from the theory of T and x 
sections in considerable detail, to generalisations of 
the same and their application to repeated net- 
works. The remaining six chapters deal with ex- 
tensions and applications, such as line balances, 
impedance and distortion correcting lines, the loaded 
cable, and filter-circuits. Chapter VIII deals at 
length with homographic transformation, and Chap- 
ter [X contains a theory of the multi-stage amplifier 
extended from Chapter II. To some of the chapters, 
useful examples and discussions are appended, while 
Chapter V contains a number of interesting methods 
of approximation in the determination of lines and 
networks. The author, who is a member of the re- 
search staff of Messrs. The General Electric Company, 
Limited, has produced a praiseworthy book which, 
considering its matter, is surprisingly readable. 





Betriebsmittelkunde fur Chemiker. By M.Doucu. Leipzig : 
Otto Spamer. [Price 20 marks; in paper covers, 18 


marks. } f 
Tue chemist engaged in industry requires not only 


a knowledge of pure chemistry, and of the reactions 
which take place between substances under given 
conditions, but also of the apparatus which can be 
employed on a manufacturing, as distinct from a 
laboratory, scale. The successful commercial exploi- 
tation of a particular process frequently depends 
more on the constructional materials and plant 
available than on the actual chemical changes, 
This is true, not only for those industries which have 
been long established, but even more so for those 
now being developed, such as various synthetic 
processes. The provision of suitable equipment is 
certainly largely a matter for the engineer, but the 
chemist, especially in smaller businesses, bas to 
exercise many of the functions of the former. Even 
where more definite specialisation is possible, he 
should have a sufficient understanding of the subject 
to enter into any discussion which may arise. The 
author, who is director of the University School of 
Technical Chemistry at Halle, has provided in this 
book a general survey for the use of students. It is 
customary when dealing with any particular sub- 
stance to describe the apparatus used in its treat- 


ment. The present volume is arranged under the 
heading of processes, since it is thus that the matter 
might occur in practice, the differences in the various 
methods of carrying out a process, involving differ- 
ences in plant, being explained in relation to the 
properties of the substance being handled. The 
illustrations, of which there are nearly 300, are line 
drawings showing the principles of the piece of 
apparatus described rather than any particular 
type of manufacture. 

The book is divided into three main portions deal- 
ing, respectively, with conveying equipment, appa- 
ratus for producing changes of a mechanical nature, 
and that employed for heating or cooling the 
material. Descriptions are given of plant for the 
transport of solids, liquids and gases, including 
such items as steam traps, pipes and valves in 
general. The first process considered, involving a 
physical change, is that of reduction of size by means 
of breakers, pulverisers and mills of various types, 
which is followed by methods of classification by 
sieves and separators. The efficient mixing together 
of different substances, including kneading machines, 
is the subject of the next section, the concluding one 
dealing with separation by the use of centrifugals, 
filters, washing and flotation. The final portion is 
introduced by a section dealing briefly with com- 
bustion and the storage of heat. This is followed 
by particulars of plant and processes for refin- 
ing, drying, distillation, melting (with the various 
types of electric furnaces) and cooling, including 
refrigeration and crystallisation in bulk. The 
whole constitutes a comprehensive review of the 
plant employed for the various processes, systemati- 
cally arranged and presented in a connected and 
critical manner. 








ENGINEERING TRAINING AND 
EDUCATION. 


Naval Architecture and Marine Engineering Scholar- 
ships——The Elgar Scholarship, valued at 1301. per 
annum, and the Vickers-Armstrong Scholarship, worth 
1501. per annum, both of which are open to students in 
naval architecture and are tenable for three years, will 
be offered for competition in 1931. The Parsons and 
Denny Scholarships in marine engineering are also 
open for competition in 1931. The Parsons Scholarship 
has a value of 150/. per annum and is tenable for 
three years. The Denny Scholarship is open to boys 
under 19 years of age, from public or secondary schools, 
who have not yet begun their apprenticeship. It has a 
value of 751. per annum and is tenable for four years at 
Glasgow University. The other three scholarships 
are open to apprentices between the ages of 18 and 23, 
and are tenable at the Royal Naval College, Greenwich ; 
Glasgow University ; Armstrong College, Newcastle- 
upon-Tyne ; Liverpool University ; and the City and 
Guilds (Engineering) College, London. Full particu- 
lars regarding the scholarships may be obtained from 
the secretary of the Institution of Naval Architects, 2, 
Adam-street, Adelphi, London, W.C.2. 








TRADE WITH JAMAICA AND BritisH HonpurAs.—The 
Department of Overseas Trade informs us that a branch 
office of H.M. Trade Commissioner’s Office in the British 
West Indies will be opened in Jamaica early in the New 
Year. When the office has been inaugurated, a further 
announcement will be made giving the address to which 
communications should be sent. Mr. Massie-Blomfield 
has been appointed to take charge of the new office, and 
will attend at the Department of Overseas Trade, 35, 
Old Queen-street, London, 8.W.1, from December 8 to 
10, to interview firms interested in trade with Jamaica 
and British Honduras. 





Tue INstTITUTION OF AUTOMOBILE ENGINEERS.—The 
annual dinner of the Institution of Automobile En- 
gineers, which was held at the Park Lane Hotel on 
November 21, was marked by considerable departures 
from precedent. There was only one speech, that of 
the President of the Institution, Sir Herbert Austin, 
who welcomed the guests. In the course of a short 
address, Sir Herbert took occasion to refer to the move- 
ment which was on foot to co-ordinate education, 
research and standardisation in automobile engineering 
under the auspices of the Institution. As is well known, 
the education of automobile engineers already constitutes 
an important part of the Institution’s activities, and the 
transference of research and standardisation to that 
body should result in a useful correlation of these activi- 
ties to the advantage of the industry asa whole. At the 
dinner, the custom, which has marked similar occasions 
in the past, of inviting those present to join their friends 
at other tables in the intervals, was again followed. We 
believe that this custom plays no small part in the out- 
standing success of the Institution’s dinners, and that it 
might be followed with advantage to a greater extent 
by other bodies. 
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LETTER TO THE EDITOR. 


THE USE OF TRIODE VALVES WITH 

DUDDELL-TYPE OSCILLOGRAPHS. 

To THE Epritor or ENGINEERING. 

Sir,—With reference to the article on the use of 
valve amplifiers for extending the range of Duddell 
oscillographs, which appears in your issue of 
November 28, it may interest you to know that such 
apparatus has been found invaluable for research 
work in the department of Electrical Technology at the 
Indian Institute of Science, Bangalore, India. As 
pointed out in the article, it is well known that the 
heavy current required for the vibrator of some forms 
of oscillograph makes their use on search coils trouble- 
some, and in this sphere the amplifier is of considerable 
value. A single fine-wire conductor may be used as 
a search coil in the air-gap of a machine for flux 
measurements without the introduction of serious 
errors due to impedance drop in the search coil. 

The flux distribution in the air-gap of a small alter- 
nator, obtained by means of a single-conductor search 
coil connected to a three-stage amplifier and thence 
to the oscillograph, is shown in Fig. 1, while the same 
flux distribution obtained in the usual way by means 
of a multi-turn search coil, with a swamping resistance 
of 15 ohms in series with the vibrator strips, is shown in 
Fig. 2. It will be noticed that the harmonics are 
somewhat suppressed in the oscillogram obtained with 
the amplifier, Fig. 1, and this may be attributed to 
want of linear relation between output current and 
input voltage of the amplifier. An amplifier permits 
the use of the more robust patterns of oscillograph 
suspension and, as these have large mirrors, is most 
convenient for projection at demonstrations. The 
demonstration-pattern Duddell oscillograph requires 
from 0-10 to 0-50 ampere, which represents a heavy 
load for a search coil, without distortion, but by means 
of the amplifier this output may be obtained from small 
and fine search coils. 

In the high-tension testing laboratory, the amplifier 
is most useful, as by its aid the Duddell oscillograph 
may be utilised for recording the charging current 
flowing into small capacities under high voltages. 
Thus, the oscillograph record may be used to indicate 
the presence of corona rectification in currents of a 
few micro-amperes at 50 cycles. The current flowing 
into a 10-in. suspension insulator subjected to about 
80 kilovolts at 55 cycles is shown in Fig. 3. The 
measured value of the capacity between the cap and 
pin of such an insulator was found to be about 50 micro- 
microfarads, and the current flowing was therefore in 
the region of 1 milliampere. 

The above photographs were taken in 1926, and the 
amplifier, which was of the universal or, as it is some- 
times called, the direct-current type, was described by 
Mr. Srinivasa Moorthy Rao in Electrotechnics, No. 2, 
page 94, July, 1927. Three resistance-coupled stages 
were used, and between each stage a 70-volt battery 
was interposed. The anode-circuit resistances were 
80,000 ohms each, and required one 160-volt battery. 

I am confident that much more use of the oscillo- 
graph will be made once it is realised that, by means 
of simple and easily handled amplifiers, records of 
minute voltages may be obtained from vibrators 
requiring currents as large as 0-50 ampere. 

Yours faithfully, 
J. K. Carrerson-SMiItH 
(Witt1AM SIEMENS PROFESSOR). 
King’s College, London, December 1, 1930. 








HARBOUR WORKS AT CHURCHILL, 
MANITOBA. ; 


Srncr the last mention in our columns of operations 
at Canada’s new Hudson Bay port,* progress has 
been rapid, both in connection with the dock and 
harbour works generally, and in the matter of grain- 
elevator construction. The programme laid down for 
the summer season of 1930 has been exceeded, some 
900 ft. of deep-water dock frontage having been 
completed, instead of the 600-ft. provided for in the 
estimates for the season’s work, and it is hoped that 
the entire 1,800 ft. of quay will be available by Sep- 
tember, 1931. More than 2,000 men have been engaged 
on the construction of the railway and the terminal 
station, and in connection with the elevator and dock 
works at the port. Contracts were recently awarded 
by the Government Department responsible (The 
Department of Railways and Canals, Ottawa) for the 
boiler-house equipment and generator-room plant, 
on which 113,000/. is being spent. The generator- 
room equipment is being provided by Messrs. C. A. 
Parsons and Company, Limited, of Newcastle-on- 
Tyne and Toronto, and Messrs. Babcock-Wilcox and 
Goldie-McCulloch, Limited, boiler manufacturers, of 
Galt, Ontario, will construct the boiler-house plant. 


* See ENGINEERING, vol. exxix, page 71 (1930). 





VALVE AMPLIFIERS WITH DUDDELL OSCILLOGRAPHS. 
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About 400,000/., in all, are being expended on the 
construction of the first unit of the grain-handling 
equipment of the port, a capacity of 2,500,000 bushels 
being provided, at the outset, as compared with 
the ten-million bushels eventually contemplated. The 
power plant, now under construction, will supply 
energy not only for the elevator itself, but also for 
the requirements of the town of Churchill, the railway 
station, and the dockyard. 

The elevator will be able to accommodate three 
grain vessels at one time along the 1,500-ft. dock 
frontage, there being 23 grain spouts situated at 
intervals of 65 ft. The unloading of trains will be at 
the rate of 400 cars a day, and about 500,000 bushels 
will be delivered into the elevator daily, at the height 
of the season’s activity. A four-belt conveyor system 
will deliver grain from the elevator to the deep-water 
dock. A continuously-operating grain dryer, with a 


capacity of 1,000 bushels an hour, will be housed in | 


an adjacent building. The elevator will be 207 ft. 
in height, the storage annexe being 290 ft. long by 
100 ft. wide. The structure will be built on piles, 7,700 
in number, supporting a concrete raft placed at mean 
tide level, and gravel will be filled into the area of 
the building, up to the level of the pile cut-off. The 
basements of the various structures will be protected 
by means of membrane waterproofing above the level 
of high tide. The elevator, which is of reinforced- 
concrete construction, will be placed about 600 ft. 
away from the deep-water dock, and its sides will be 
parallel to the quay wall. A complete millwrighting 
shop for carrying out elevator repairs is to be built. 








ELECTROPLATERS’ AND DeposiTorRs’ TECHNICAL 
Socirety.—The first annual dinner of the Electroplaters’ 
and Depositors’ Technical Society will be held, probably 
in the vicinity of Clerkenwell, London, on January 30, 
1931. Members are asked to inform the honorary 
secretary, Northampton Polytechnic Institute, St. John- 
street, London, E.C.1, as soon as possible, of their inten- 
tion to be present. 


LAUNCHES AND TRIAL TRIPS. 


‘** BiytTH.”—Single-screw cargo and_horse-carrying 
steamer for the Goole and Continental service; triple- 
expansion engine. Launch, November 6. Main dimen- 
sions, 240 ft. by 34 ft. by 16 ft. 4 in. Built by Messrs. 
Cammell Laird and Company, Limited, Birkenhead, to 
the order of The London Midland and Scottish Railway 
Company. 

‘* BEACHFLOWER.’’—Steel screw trawler. Launch. 
November 8. Main dimensions, 150 ft. by 25 ft. 6 in, 
by 14 ft. Built by Messrs. Cochrane and Sons, Limited, 
Selby, for owners at Hull. 

‘* ATHELFOAM.’’——Single-screw tank motorship ; single- 
acting, four-cycle Diesel engine, constructed by Messrs. 
North-Eastern Marine Engineering Company, Limited, 
Wallsend. Trial trip, November 10. Main dimensions. 
425 ft. by 55 ft. 9 in. by 32 ft. 3 in. Built by Messrs. 
| Cammell Laird and Company, Limited, Birkenhead, for 
| Messrs. United Molasses Company, Limited, London. 

‘* NorFoLD.”’—Single-screw oil-tank motorship ; four- 
cylinder, two-cycle, opposed-piston, airless-injection 
Barclay Curlé-Doxford oil engine. Trial trip, Novem- 
ber 11. Main dimensions, 420 ft. by 58 ft. 6 in. by 32 ft. 
3 in. Built by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, for the Norwegian firm, Messrs. Johan 
Rasmussen and Company. 

“Prince Farovux.’’—Suction cutter steam dredger ; 
triple-expansion engines. Launch, complete with machin- 
ery, November 12. Built by Messrs. Ferguson Brothers 
(Port Glasgow), Limited, Port Glasgow, to the order of 
Messrs. Tilbury Contracting and Dredging Company 
(Egypt), Limited, for service in the Sudan. 

‘** NoRDKAP.—Twin-screw cargo motorship; Bur- 
meister and Wain Diesel engines. Trial trip, November 
12. Main dimensions, 401 ft. by 54 ft. 3 in. by 27 ft. 4 in. 
Built by Messrs. Nakskov Shipyard, Limited, Nakskov, 
Denmark, for Messrs. The Steamship Company ‘‘ Norden 
Limited, Copenhagen. 

Tank VESSEL.—Single-screw petroleum-spirit tank 
motorship ; two-cylinder Bolinder engine. Delivery 
recently. Main dimensions, 91 ft. by 18 ft. by 6 ft. 3 in. 
Built by Messrs. James Pollock, Sons and Company, 
Limited, Faversham, and ordered through London owners 





for service in South America. 














ea reer OTTERS gs 








DEC. 5, 1930.] 


ENGINEERING. 





721 








LABOUR NOTES. 


THE National Union of Railwaymen, the Associated 
Society of Locomotive Engineers and Firemen, and 
the Railway Clerks’ Association have now formally 
intimated to the railway companies that they reject 
the proposed wage reduction and other proposals. 
The N.U.R. and the A.S.L.E.F. have submitted the 
counter claims of which details were given in previous 
issues of ENainEERING. The position of the Railway 
Clerks’ Association was explained in a letter sent to 
the Railway Staffs Conference on Friday last week, 
by Mr. A. G. Walkden, the General Secretary. It 
was as follows :—‘‘ The statements made to us by 
Sir Ralph Wedgwood at the joint meeting on the 
13th instant, respecting the position of the railway 
industry, and the companies’ proposals in connection 
therewith, have been the subject of very careful con- 
sideration by my Executive Committee. They have 
instructed me to state that they cannot see their way 
to agree to any of the companies’ proposals. My 
committee observed that even on the most pessimistic 
estimates which were placed before us at the joint 
meeting, the railway companies would, at the end of 
the year, have more than 40,000,000/. available as net 
revenue for distribution to the shareholders. My 
committee are strongly of opinion that when completed 
figures are available at the year end, after the revenues 
from clearing house settlements and ancillary under- 
takings have been fully ascertained, the net profits will 
be considerably in excess of 40,000,000/. for the four 
grouped railway companies. For this and other reasons 
they held the view that no case can be made out for the 
proposed reductions in the rates of pay, nor for the 
worsenment of any of the conditions of employment in 
the railway service.” wae 

The counter claims of the Railway Clerks’ Associa- 
tion are as follows :—‘t That any clerical or supervisory 
employee who has been standing on the maximum of 
his or her class for three years shall then, if no promo- 
tion to a higher class is available, receive an advance of 
10]. a year, and, after a further period of three years, 
another advance of 10/. such advances not to be subject 
to reduction when promotion to a higher class is avail- 
able. That a National Joint Board be established for 
the purpose of determining the bases on which the 
various positions occupied by employees in the salaried 
grades should be classified. That all regularly-employed 
persons performing clerical work who are designated 
‘* unappointed,” “‘supernumerary ”’ or “‘temporary,” be 
appointed to the salaried staff. That all employees to 
whom the provisions of the present arrangement are 
applied shall receive the appropriate increment in the 
higher-class scale as soon as they have performed the 
higher duties for the qualifying incremental period. 
That all time worked between Saturday midnight and 
Sunday midnight shall be paid for at Sunday rates, 
and that there be an interval of two hours between 
each call of duty on Sundays.” 





It is understood that all three of the railwaymen’s 
unions have asked for a meeting with the companies 
to discuss their counter claims, and the assumption is 
that one will, in due course, be arranged. The pro- 
posals of both the companies and the unions should 
then go to the Central Wages Board, but as matters 
will by that time have been discussed exhaustively, the 
likelihood is that progress towards the National 
Wages Board will be accelerated. The proposals affect- 
ing workers employed in railway workshops have also 
been rejected by the trade unions concerned—which 
are not, however, making counter claims. Amongst 
the organisations which have members employed in 
railway workshops are the Amalgamated Engineering 
Union, the Electrical Trades Union, the Boiler Makers’ 
and Iron and Steel Shipbuilders’ Society, and the 
National Union of Railwaymen. Their case against 
the proposal to abolish the war bonus will, almost 
certainly, go to the Industrial Court. 





It was officially announced, on Friday last week, 
that the Board of the London Midland and Scottish 
Railway Company had decided to reduce directors’ 
fees by 25 per cent., and that the boards of the Great 
Western Railway Company, the London and North 
Eastern Railway Company, and the Southern Railway 
Company had drawn up proposals of a similar character 
for submission to the shareholders. 





In the course of an allusion to the wage-reduction 
and other proposals of the railway companies, the 
Railway Review, the organ of the National Union of 
Railwaymen, says: “ Fortunately, opportunity will 
oceur for attempts to straighten out the difficulties, 
and unless there is precipitation, no need for alarm need 

, expressed at this stage. The railway industry is 
still a vital part of the requirements of the country, 
and if an impasse should be reached there appears to 


be strong evidence for the fullest possible investigation 
into causes. When an industry of such importance to 
the very life of the community presents such a state 
of affairs as one would be led to believe exists—if the 
companies’ recent statements of proposals ‘ necessary ’ 
to meet them are to be taken seriously—then a some- 
what larger issue emerges. This may prove the 
instance which will affect the railway transport in- 
dustry.” 





According to the Monthly Journal of the American 
International Association of Machinists, the following 
proposed alteration of rules has been adopted by a 
referendum vote :—‘‘ Change Section 9 of Article ITI, 
page 13, by substituting the figures 12,000 dols. for 
7,500 dols., so that it will read, ‘ For the faithful 
performance of his duties, the International President 
shall receive an annual salary of 12,000 dols., payable 
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in 52 equal weekly instalments ’. 





The Electrical Trades’ Union and the National 
Federated Electrical Association have agreed, on the 
recommendation of their National Executives, to 
substitute the following for the Wages Variation Agree- 
ment dated September 22, 1921 :—‘‘ (1) There shall be 
variations of the April, 1921, rates of all grades, which 
variations shall be ascertained by a small committee 
of both sides in October, 1930, and March, 1931, and 
thereafter at twelve-monthly intervals, and _ shall 
come into operation on the second pay day of the 
month following the meeting of the Committee for 
the period covered by that pay day. Notwithstanding 
the foregoing, it is understood that the result of the 
first ascertainment (October, 1930) shall come into 
operation on the first pay day in January, 1931, for the 
period covered by that pay day. (2) Such variation 
to be one per cent. for each complete three points 
variation in the Board of Trade cost-of-living figure 
(‘all items’) from 150 per cent. above July, 1914, 
taking the average of the figures published on or 
about the 18th of the month in which the committee 
sits, and of the thirty-five preceding months. (3) The 
Committee, at its twelve-monthly meetings, shall, in 
arriving at the rates payable for the ensuing period of 
twelve months, calculate the net result of the varia- 
tion (if any variation be called for by the terms of 
this agreement); and shall declare the resultant net 
hourly rate for each grade of the National Wages 
Agreement of August, 1920, and in making such 
calculations any final fraction of a penny less than 
one-eighth shall be ignored, and any final fraction of 
a penny of one-eighth or over shall be counted as a 
farthing.” 





In accordance with the result of the latest ascertain- 
ment, the Grade A hourly rate is to be increased from 
1s. 93d. to 1s. 104d. as from the first pay day in January 
next. The new rate includes a travelling allowance, and 
also the increase of 5 per cent. on current rates which 
came into force on the first pay day in May, 1929. 
The Grade B hourly rate is to be increased from 
ls. 63d. to 1s. 74d., the Grade C hourly rate from 
ls. 54d. to 1s. 6d., and the Grade D hourly rate from 
ls. 33d. to 1s. 44d. These increases will take affect on 
the first pay day next month, and remain in force up 
to and including the period covered by the first pay 
day in April, 1931. The new Grade A rate is to remain 
in force until further notice. 





A number of important questions affecting industry 
were discussed at a large meeting of members of the 
Engineering and Allied Employers’ National Federa- 
tion in the King Edward VII Room of the Hotel 
Victoria, London, on Friday last week. The proceed- 
ings were private, and no official statement was issued 
at the close. 





At its first meeting, which took place in Cologne 
recently, the Joint Committee of the International 
Federation of Trade Unions and the Labour and 
Socialist International adopted a resolution declaring 
that ‘‘ the capitalist system is responsible for the present 
crisis, and is powerless to provide effective remedies.” 
It went on to call upon the workers in all countries to 
make the following demands with all their energy, in 
order to overcome the pressure of the crisis and lessen 
the sufferings of its victims :—(1) Resistance to all 
attacks upon the standard of life of the workers by 
wage reductions, as any lessening of the purchasing 
power of the masses must result in an increase of 
unemployment; (2) an increase of the purchasing 
power of the masses and consequently a reduction of 
unemployment by opposition to the measures adopted 
by capitalist economic organisations, which prevent 
the adjustment of the prices of finished goods to the 
fall in prices of raw materials, and opposition to the 
artificial maintenance of high retail prices as compared 


maintenance and extension of a far-reaching system 
of maintenance for the unemployed; (4) a more 
equitable distribution of employment during the crisis 
by reducing working hours, and a legal reduction of 
working hours on an international scale in order to 
even out the increased strain upon the workers in 
rationalised industries; (5) in order to remove the 
political causes of the aggravation of the crisis, the 
mobilisation of all forces for guaranteeing peace among 
the peoples, by international disarmament, by a general 
cancellation of war debts, by opposing Fascism and 
dictatorship, in whatever form these may appear, and 
by guaranteeing democracy, the basis of every social 
and peaceful policy. 





Yesterday’s national delegate conference in London, 
of the Miners’ Federation of Great Britain, decided, 
by a narrow majority, against a national strike in 
support of the miners who are on strike against the 
*‘spread-over.’’ The coming into force on Monday of 
the Coal Mines Act happily did not have the disturbing 
effects that were feared. Only in Scotland was there a 
stoppage, and, although it was, to begin with, partial, 
extensions took place later in the week. The contention 
of the Scottish Mineworkers’ Union in their conferences 
with the Scottish coal owners was that as there was no 
mutual agreement to work the “ spread over ’’—which 
the employers wish to operate temporarily while 
negotiations for a permanent settlement take place— 
it was illegal for a miner to work more than 74 hours a 
day. South Wales accepted “under protest” a 
‘spread over” without any reduction of wages, the 
new terms to remain in force for 14 days pending a 
permanent settlement. Cumberland, North Staffs, 
North Wales and Leicester accepted a temporary 
agreement providing for a ‘‘ spread over.” Lancashire 
and Cheshire rejected a proposal to operate a ‘‘ spread 
over,” but continued at work under a _ temporary 
arrangement, and arrangements of a similar character 
were arrived at in South Derbyshire and Warwickshire. 
Durham, Northumberland, North Derbyshire, Notts 
and Yorkshire were not directly affected, and con- 
tinued at work. In the light of the foregoing facts, it 
is tolerably clear that the issue which yesterday’s 
national delegate conference had to decide was an 
extremely difficult one. 





At November 24, the number of persons on the 
registers of employment exchanges in Great Britain 
was 1,659,867 wholly unemployed, 521,305 temporarily 
stopped, and 105,288 normally in casual employment, 
making a total of 2,286,460. This was 473 more than a 
week before, and 1,001,002 more than a year before. 
Of the total number, 1,659,476 were men, 59,521 boys, 
518,040 women, and 49,423 girls. 





A Bill has been introduced in Parliament which has 
for its object to increase the borrowing powers of 
the Unemployment Insurance Fund by a further 
10,000,000/. Since the present Government came into 
office in June last year, when the debt against the 
Fund stood at 36,870,000/., there has been a further 
increase in the deficiency, which now stands at 
56,000,000/. The debt is increasing at the rate of 
40,000,000/. a year. Contributions from the work- 
people under the scheme amount to 14,000,0001. a 
year, from employers, to 16,000,000/., and from the 
State to 15,000,000/. The cost of ordinary benefit paid 
out of the Fund amounts to about 85,000,000/. a 
year, and transitional benefit, which is paid wholly out 
of the Exchequer, is estimated at 22,000,000/. for 
1930-31. To get the sum actually expended in benefits, 
3,000,000/. has to be deducted for interest and 
6,500,0001. for administration from this votal of 
107,000,000/. The debt is increasing at an average 
rate of about 630,000/. a week, and as the weekly 
expenditure at present exceeds the income by about 
700,0001. the present borrowing powers will be exhausted 
at the end of December. 


The Government have invited Judge Holman 
Gregory to act as chairman of the Royal Commission 
which is to be set up to inquire into the Unemployment 
Insurance Scheme. According to the terms of reference, 
the Commission is to “inquire into the provisions 
and working of the Unemployment Insurance Scheme, 
and to make recommendations with regard to (1) its 
future scope, the provisions which it should contain, 
and the means by which it may be made solvent and 
self-supporting ; and (2) the arrangements which should 
be made outside the scheme for the unemployed who 
are capable of, and available for, work.”’ 








AUSTRALIAN COMMERCE.—The value of the goods 
imported into Australia during September, 1930, totalled 
6,119,7301. Exports during the same month were valued 











with the fall in wholesale prices ; (3) the introduction, 


at 11,064,548/, 
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THE NEWCOMEN SOCIETY. 


Tue annual general meeting of the Newcomen 
Society was held at the Caxton Hall on November 26, 
when Mr. C. E. Greener was elected President in 
succession to Mr. L. St. L. Pendred. The membership 
of the Society now includes 259 individual members 
and 58 institutions, of which about a fourth are in the 
United States. During the session 1928-29, seven 
papers were read, while the Society took part in the 
centenary celebrations of the Liverpool and Man- 
chester Railway, and was represented at the Jubilee 
meeting of the American Society of Mechanical Engi- 
neers and at the inauguration of a monument on the 
site of the Allegheny Portage Railroad, constructed in 
1834 to link the Eastern and Western Divisions of the 
canal system from Harrisburg to Pittsburg. Through 
the Council, the Society has given its adherence to the 
International Congress of the History of Science and 
Technology, which is to be held next June in London. 

At the meeting, Mr. Rhys Jenkins read a paper on 
Fire-Extinguishing Engines in England, 1625-1725. 
Beginning with a review of the fire-squirts and pumps 
illustrated in the works of Besson, 1578, Lucar, 1590, 
Zeising, 1612-14, de Cavs, 1612-14, and Caspar Schott, 
1657, Mr. Jenkins passed to the patent granted to 
Roger Jones, February 26, 1625, which said ‘‘ John 
Jones of London merchant in his travailes beyond the 
seas hath found out and discovered and he and Roger 
Jones his brother by their greate industrie and paines 
and att their greate costs and charges have perfected 
a newe profitable and commendable invention art or 
skill and way of making and using an Engine or 
Instrument artificiallie wrought with scrues and other 
devices made by copper or brasse or other metall for 
the casting of water, with a spout of copper or brasse 
or other metall into any house shippe or other place 
taken with fire. . .” The pump, it was said, 
with 10 men will quench a fire with more ease than 
500 men with buckets and ladders, and it went on to 
state that it had been used on the occasion “of a 
fire latelie happened in the dwelling house of James 
Demetrius, Brewer, in St. Katharines neare the tower 
of London.” The engines patented by Jones were 
made by ‘“ William Burroughs, City Founder now 
living in Lothbury,” and it was safe to say that 
between 1625 and 1666 Burroughs made sixty engines. 

In The Mysteries of Nature and Art, 1634, by 
John Bate, is an account of ‘‘an engine to force 
water up to a high place ; very useful for to quench 
fire among buildings.” This apparatus contained a 
vertical-cylinder force pump, but the description of it 
was not very clear. Another maker of fire engines 
was John Shawe, who, in 1665, supplied some to the 
Corporation of Reading. If fire engines were in use 
in considerable numbers, why then, it may be asked, 
did they play so small a part in quelling the outbreak 
of the Great Fire in 1666? For one thing, the engines 
had neither delivery or suction hoses or air vessels, 
and all water had to be conveyed to them in buckets. 
It was the patent of Wharton and Strode, of 1676, 
which marked the introduction into this country of 
leather hose. The introduction of wired suction hose 
seems to be marked by Loftburgh’s patent of 1690, 
and the invention came from Holland. The air vessel 
is described in the Philosophical Transactions of 1676, 
and it was incorporated a good many years later in 
Richard Newsham’s fire engines which, he said, pro- 
duced ‘‘a continued stream without intermission.” 
Newsham’s work was very important, his first patent 
being dated 1721 and his second 1725. The engine 
as he left it is well described in Desagulier’s Hxperi- 
mental Philosophy. A Newsham fire engine is to be seen 
at the Science Museum, the catalogue of which mentions 
that a writer in the London Magazine in 1752 said of 
Newsham that in his engines Newsham gave ‘“‘a nobler 
present to his country than if he had added provinces 
to Great Britain.”” The old way of preventing the 
spread of a conflagration is quaintly referred to in 
Jones’ patent, his apparatus being such that ‘the 
fire by Gods blessing shall not spreade to the endanger- 
ing of the houses or places adjoining which nowe are 
preserved onlie by pulling them down to their utter 
destruction and the danger of manie mens lives.” 








AxRoypD Stuart MEMORIAL .?RIZE.—The first Akroyd 
Stuart Memorial prize has been awarded to Mr. D. R. 
Pye, for his paper, ‘‘ The Origin and Development of 
Heavy-Oil Engines.”” The prize paper will be delivered 
before The Royal Aeronautical Society, in the lecture hall 
of the Royal Society of Arts, 18, John-street, Adelphi, 
London, W.C.2, at 6.30 p.m., on Thursday, December 11. 





SLEEVE-PacKkED SUPERHEATER Cock: ADDENDUM.— 
In connection with our article, on page 414 ante, entitled 
“*Sleeve-Packed Superheater Cock,’ we have been 


asked to state that Klinger valves are made by Messrs. 
Beck and Company, Limited, 130, Great Suffolk-street, 
London, §.E.1, under an exclusive licence granted to 
them by Messrs. Richard Klinger, Limited, for sale in the 
United Kingdom, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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lead are for English metal, whilst those for spelter are for virgin metal. 


OCTOBER. * 


13 79 BUENUBMBMHA4E6EWRHBMWH 














79 BUEN A 3A Ww 3i 
OCTOBER. 


Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


NOVEMBER. — 


f. 
2 136 


134 
132 
130 
128 


SSRSE 


5 


RUSH RSSS MRSS ELE MRT EES 


RETO SR RTS 


16/ 

1 

46-UWDRHBUDWABSB 
NOVEMBER, “xxcnuxmc” 


The prices shown for 
Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 Ib. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








INSTITUTE OF INDUSTRIAL ADMINISTRATION.—A public 
meeting will be held under the auspices of the Institute 
of Industrial Administration, at The Institute of Hygiene, 
28, Portland-place, London, W.1, on Friday next, Decem- 
ber 12, at 5.30 p.m. A discussion on “ Education for 
Management’ will take place, and the President of 
the Institute, Mr. A. 8S. Comyns Carr, will open the 
discussion with an address, The office of the honorary 
secretary of the Institute is at 47-51, King William-street, 
London, E.C.4. 


THe Roits PortTaBLreE Fire ExtincTreur.—The 
increasing number of motor vehicles now in use, together 
with the proportionate number of garages for accommo- 
dating them and premises on which petrol is stored, 
have all led to a demand for simple and portable 
apparatus, which shall enable any fire that might occur 
to be rapidly and easily extinguished. In addition, for 
obvious reasons, these extinguishers must be of the 
chemical type, they must not be subject to leakage when 
not in use, and must as far as possible maintain their 











initial pressure until the container is empty. All these 
requirements are, it is claimed, fulfilled by the extincteur 
which is manufactured by Rolls Fire Appliances, Limited, 
Vulean Works, Randall Well-street, Bradford. This is 
of the carbon-tetrachloride type in which carbon dioxide 
is retained in solution in a semi-inert state. This 
solution is stable only at its normal vaporising pressure, 
so that a higher pressure is generated when the operating 
head is opened and it is allowed to come in contact with 
the atmosphere. This pressure is sufficient to give @ 
jet from 25 ft. to 30 ft. long, this length being maintained 
constant owing to the remainder of the contents being 
raised to the initial pressure of 25 lb. per square inch by 
effervescence. The tetrachloride used is 95-97 proof, 
so that the risk of trouble from poisonous gases when the 
extincteur is used indoors is reduced. The construction 
is metal-to-metal throughout, and a new container can 
be inserted instead of the old one in a few seconds 
and without the use of tools. As there are no valves, 
leakage does not occur, but if any quantity of gas has 
been used it is advisable to refill immediately. 
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1,000-H.P. EIGHT-CYLINDER HORIZONTAL AIRLESS-INJECTION ENGINE. 


CONSTRUCTED BY MESSRS. THE PREMIER GAS ENGINE COMPANY, LIMITED, NOTTINGHAM. 
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1,000-H.P. EIGHT-CYLINDER HORI- — ha by — = on — valve ar say bapa a e — also — 
a vertically above the exhaust valve, and only one cam | using different types of fuel, for instance, in cases where 
ZONTAL AIRLESS INJECTION is employed for both valves. The exhaust valves can | oil is used for emergencies, the change-over from one 
ENGINE. | be withdrawn through the same openings as the inlet |fuel to another being accomplished without any 
Tue use of horizontal oil engines for driving marine | valves. There is a camshaft running across the | modification to the plant. 
auxiliaries is being viewed with increasing favour by | breech ends at each side of the engine, and these are; The advantages outlined above are obtained by the 
shipowners, as their low overall height enables them to | both driven from an enclosed horizontal shaft carrying | use of an additional evaporating drum. The surface 
be located in restricted ’tween-decks spaces. In addition | a skew gear engaging with a corresponding gear on a/|required in this drum depends largely on the heat 
to this advantage, the horizontal cylinders render the | vertical shaft at the centre of the engine. This vertical | transmission between the superheated steam and the 
valve gear readily accessible, and also enable the | shaft, which is contained in the casing visible in the | boiling water. This varies with the steam pressure 
engine to be dismantled for inspection of the pistons, | figure, is driven by skew gearing from the end of the | and the steam velocity, as is shown by the figures given 
big and small ends, and so on, with a minimum of | crankshaft, and serves to drive the governor in addition | in Table II, page 724. The tubes in the evaporating 
difficulty. It may be recalled that, when describing | to the camshafts. The inlet and exhaust valves are drum can be kept small in diameter, and the tube thick- 
the motor-ship Highland Monarch, we illustrated the | each provided with two springs, either of which is ness need not be great, as the difference in pressures on 
ammonia compressors, driven by four-cylinder hori- | sufficiently strong to close the valve, and, in the event | the two sides is small. The extra cost involved in pro- 
zontal Diesel engines constructed by Messrs. The | of one spring breaking, it can be taken out and replaced | viding this drum is less than the saving resulting in the 
Premier Gas Engine Company, Limited, of Sandiacre. | while the engine is running. There is a separate | boiler itself. As the heat transmission increases almost 
near Nottingham. As will be noted from the descrip- | fuel pump for each cylinder, driven from the cam- | in direct ratio with the steam pressure, this boiler is 
tion of these engines in ENGINEERING, vol. cxxvi,| shafts, and of standard Premier type. The engine is | particularly suitable for extra high pressures, but it is 
page 509 (1928), they were of 308 brake horse-power. | started by admitting compressed air to four of the | estimated even for moderate pressures of, say, 400 Ib. 
We have recently had an opportunity of inspecting | cylinders, non-return valves, connected by suitable | per square inch to 600 lb. per square inch, the cost of 
a larger Crossley-Premier engine of the same type | piping to a cam-operated air-distribution valve, being | this type of boiler would be materially lower than that 
| of the conventional type. 








at the Sandiacre Works. This engine, which is illus- | provided for this purpose. nal t; 
trated in the annexed figure, is an eight-cylinder model| The accessibility of engines of this type has already| As the steam is being heated and cooled and heated 


developing 1,000 brake horse-power, and while being | been referred to, but it may be added that, during a test | successively, and as the steam is still superheated when 
suitable for land work, and for large ships’ auxiliaries, | at which we were present, the engine was opened up and | cooled, any water carried over from the boiler would 


is put forward by the makers as being particularly | one of the trunk piston rods removed in 15 minutes, the | have every opportunity to be evaporated before it 
adapted for Diesel-electric propulsion work, where| piston itself being withdrawn some 5 minutes later.|enters the turbine. Difficulties due to scaling of 
the low headroom required would be very advantageous | It should, of course, be understood that the piston | superheater tubes and consequent overheating are 
| was withdrawn through the inner end of the cylinder. | avoided, as the first superheater, which is supplied 


Before the accessibility was demonstrated in this way, | with steam from the boiler drum, is exposed to low- 
and is of the airless-injection type. The horizontally- | the engine was running on full power, and the general | temperature gases only. | ; é 

opposed cylinder arrangement is adopted, with four|smooth action and absence of vibration were most} The improvements which are possible with regenera- 
cylinders on each side of the crankshaft. The cylinder | noticeable. We understand that, previous to our visit, | tive feed heating are shown in Fig. 19, page 724, for a 


bore is 18 in., and the piston stroke is 26 in., the rated | the engine had been running on a 10 per cent. overload | steam pressure of 600 lb. per square inch g. and a tem- 
| perature of 700 deg. F'. with various numbers of feed- 


power being developed at about 220 r.p.m. The} without any signs of distress. t 

crankshaft is relatively short, and can readily be made | | heating stages. The shapes e these por hp apply with 

of sufficient stiffness to eliminate all danger of critical | great accuracy to any superheat at this pressure, the 
% SOME CONSIDERATIONS AFFECT-| only difference being a slightly lower maximum improve- 


speeds arising within the normal speed range. The| 
opposed cylinders are directly in line, and the pistons ING FUTURE DEVELOPMENTS OF | ment with higher superheats, roughly, about } per cent. 
| lower for a total temperature of 900 deg. F., as com- 


in certain types of vessel. 
The engine shown operates on the four-stroke cycle, 











of each pair are coupled to a common crank pin. There | THE STEAM CYCLE.* | d with dec. F 
of the pomp Sinn bg Po a pow perio ae ee eee Pit a vipa, ok with five stages of feed heating, 
‘ (Concluded from page 654.) 'the improvement becomes a maximum for a feed 





the two inner throws, 90 deg. One of the most interest- | sie : é 
ing features of the engine is the manner in which the| THE design of existing types of boilers varies for each | temperature of 405 deg. F., but that with a feed 
particular case, as the surface required in the water} temperature of 332 deg. F., the gain is only } per cent. 


main frame is built up, the form of construction adopted us | ) 
resulting in an exceptionally rigid but relatively light | tubes and the position of the superheater depends, | lower. No allowance has been made in the calcula- 
framework. The cylinders, with their water jackets,|to a large extent, on the quality of the fuel the | tions of these curves for a slight increase in the auxiliary 


liners, and breech ends, are bolted to machined surfaces | efficiency aimed at, &c. In the new boiler, these | power required in the feed pumps, which results from 
on the bed frame, which forms the central section of the | conditions would not affect the design of the furnace the increase in the total amount of feed water to be 
engine. The cylinders are supported at their rear ends | itself or of the water wall; it would only affect the | delivered to the boilers, nor for a small decrease of the 
on planed feet carried on a sole plate, the cylinders | size of the superheaters and the size of the evaporating | power required for the condensing plant auxiliaries 
being thus relieved of all overhanging strains. The|drums. These need not be determined with great / resulting from the small amount of steam passing into 
inlet and exhaust valves are located, respectively, above | accuracy, as the additional evaporation is automatically | the condenser. In Fig. 20, curve A shows, to a larger 
and below the breech ends. Both sets of valves are | ~s Paper read before the Institution of Mechanical | scale, the improvement in efficiency for five stages of 
vertical, and are operated from a common camshaft, | Engineers, North-Western Branch, at Manchester, on| feed heating for temperatures from 300 deg. F. to 
the inlet valves being operated by push rods, and the | November 6, 1930. | 400 deg. F., and the corrected improvement is shown 
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in curve A,. The highest improvement is now reached 
at a feed temperature of 400 deg. F. 

It does not pay to strive for even this latter optinum 
point, as in the neighbourhood of the maximum 
efficiency, the improvement with higher feed tempera- 
ture is small, whereas on the other hand, the additional 
cost resulting from the use of higher feed temperature 
increases continuously with the temperature. 

The factors which affect the costs are given in Fig. 20. 
They are :—(1) The higher feed temperature causes an 


Fug.49. IMPROVEMENT IN HEAT CONSUMPTION 
WITH REGENERATIVE FEED WATER HEATING. 
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boiler fj, remain constant, and the change of conditions 
can be taken care of by a change in the size of the 
economiser only. Since the temperature of the flue 
gases in front and after the economiser must remain 
unchanged, it is necessary to proportion the economiser 
for different feed temperature in such a manner that a 
constant amount of heat is transmitted. The tem- 
perature rise in the water passing through the econo- 
miser will be decreased as the quantity of the feed water 
is increased. 

With higher temperatures of the feed water 
entering the economiser, the mean temperature 
difference between water and flue gases de- 
creases and, therefore, since the coefficient of 
heat transmission will remain constant, the 
economiser surface must be increased. Fig. 22 
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ig.20. FACTORS AFFECTING COST OF PLANT 
WITH 5-STAGE FEED WATER HEATING. 


the feed heaters and the steam piping is shown in 
curve C, the cost of this item having been estimated 
on the basis of a 50,000-kw. set. The increase in the 
cost of the steam piping between the boilers and the 
turbine, and the cost of the high-pressure end of the 
turbine and that of the feed piping and feed pumps is 
shown in curve D, the cost of these items being esti- 
mated at 11. 10s. per kilowatt installed. The cost of 
these items is assumed to vary as the square root of the 
respective capacities. 

The cost of the low-pressure end of the turbine and 
the cost of the condensing plant, water culverts, &c., is 
estimated to be 2/. per kilowatt capacity, and is taken 
to vary as the third to fourth power of the capacity. 
This is shown in curve E. 

The resulting total change in the cost of the plant is 
given in curve F. In Fig. 25, the capital value 
of the improvement in the thermal efficiency is 
given by curves A,, Az, A;, A,, and A, for 
different operation factors m, where 
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increase of the heating surfaces in the boiler plant. 
(2) The improvement in thermal efficiency (curve A,) 
permits a reduction in the size of the boiler in the 
inverse proportion to the improvement in efficiency 
obtained. (3) The increased amount of steam tapped 
for feed heating (curve B) increases the cost of the feed 
heaters and the steam piping between the turbine and 
the heaters. (4) The increase in the total steam 
consumption (curve C) increases the cost of the steam 
piping between the boilers and the turbine, the cost of 
the high-pressure end of the turbine, and also that of 
the feed piping and feed pumps. (5) The decrease in 
the amount of steam (curve D) flowing through the 
low-pressure end of the turbine and the amount of 
steam to be condensed, decreases the cost of the low- 
pressure end of the turbine, and the cost of the con- 
densing plant, water culverts, &c. 

It may be urged that the variation in the cost of 
the items mentioned above is small, and that they are 
not usually fixed within such fine limits as is con- 
templated above, but it must be remembered that the 
improvements in the efficiency resulting from the use 
of higher feed temperatures are also small; even if the 
adjustment in size of the parts mentioned is not carried 
out, a corresponding increase or decrease in the effi- 
ciency in those parts is obtained which is equivalent 
in capital value to the changes in cost which we are 
considering, provided the parts themselves have been 
calculated to give the best overall efficiency. 

The adjustment of the boiler capacity being made 
separately, as explained above, the problem resolves 
itself into designing a series of boilers for different feed- 
water temperatures for a constant total amount of heat 
transmitted and also a constant efficiency. Referring 
to the diagrammatic arrangement of a boiler shown in 
Fig. 21, the following considerations apply :—The 
temperature of the preheated air to the furnace is 
usually fixed from consideration of the design of the 
stoker and the furnace. It follows, therefore, that this 
temperature must not be varied with the feed tempera- 
ture; hence the temperature of the air and of the flue 
gases both before and after the air heater remain 
constant, so that the size of the air heater remains the 
same for all feed temperatures. If the design of the 
boiler is fixed as well as the furnace temperature, the 
amount of heat transmitted in the boiler and super- 
heater and the temperature of the flue gases after the 





TABLE II.—Evaroratine VESSELS ror 50,000 Ls. or STEAM PER Hour. 


Steam velocity through tubes, 50 ft. persecond. Tubes, }-in. I.D. 


§-in.O.D. Pitched, Zin. by 3 in. 


Maximum steam temperature, 800 deg. F. 











Steam pressure -. Ib. persq. in. g. 600 800 | 1,000 1,400 
Saturation temperatur “s deg. F.) 491 523 549 591 
| | 
| | | | 
Minimum temperature difference hetween | 
cooled steam and evaporating water | | | 
deg. F. 30 60 30 | 60 | 30 60 30 60 
Cooled steam temperature deg. F. 521 551 553 583 579 669 621 651 
Mean’ temperature en | | | 
superheated steam an evaporating 
ner — ie “pe Pace. if 120 152 111 | 142 106 137 | 92 119 
Overall heat transfer coefficient —B.Th.U. | | 
per sq. ft. pr deg. F.p-rhr.; 150 150 | ts4 | 1384 | 215 | ‘Sis 270 270 
Pressure drop through tubes Ib. persq.in.| 3-3 2-4 45 | 3:3 S&S | St 8-5 6-2 
Approximate dimensions for 50,000 Ib. per | | 
hr.— | | | 
Internal diameter of evaporating drum..| 4ft.4in.| 4 ft.7in. 3ft.10in.) 4ft.1in.) 3ft.6in.| 3ft.9in.| Sft.Oin.) 3ft.4in. 
Internal length x “ - -.|11ft.Oin.) 8 ft. 3in. 11 ft. 3in.| 8 ft. 3in.| 11 ft. om. 8 ft. Oin. | 11 ft. 9in.| 8 ft. Oin. 
u 








Heat transfer coefficients on steam side from Nusselt’s formula :— 


k= (4-28 + 2-66 t ) pes ‘ 

= 1,000 qo-ié Leres 
y G 
where w, = 1-24 ¥ 


= heat: transfer coefficient. 
t = temperature, deg. C. 

d = tube diameter, metres. 
I. = tube length, me r s. 


kcal. per square metre per deg. C. per hour. 


G == steam flow kg. per second through tube of cross-section F square metres, and _heat-transfer coeffi- 
cient on water side is taken as constant at 1,000 B.Th.U. per square foot per deg. F. per hour. Overall 
heat-transfer coefficient is referred to inside surface (steam side). 


shows, for two given cases, the variation of these tempe- 
ratures for varying feed temperatures. 

Fig. 23 shows the increase in cost per kilowatt 
capacity of the economiser for various conditions, based 
on 10s. per square foot surface. The curve for a flue- 
gas temperature of 800 deg. F. at economiser inlet and 
300 deg. F. chimney temperature (which is representa- 
tive of a wide range in conditions) has been used for 
subsequent calculations, and is also shown in Fig. 24, 
curve A. The decrease in the cost of boiler plant per 
kilowatt capacity, shown in curve B, is based on the 
assumption that the cost of the boiler for a given kilo- 
watt capacity decreases as the square root of the 
capacity and that the cost of the boiler plant, including 
coal-conveying plant and building, amounts to 5i. 
per kilowatt installed. The increase in the cost of 





For a calorific value of b = 10,000 B.Th.U. per lb. 


Cost of coal c = 10s. per ton. 
Rate of capital charges r = 10 per cent. 
the following operating factors m will correspond to the 
load factors given below :— 
m = 100 200 300 400 500 
z= 1-0 0-5 0-333 0:25 0-2 

The thermal efficiency for a feed temperature of 
300 deg. F. was estimated to be 25 per cent., corres- 
ponding to an overall heat consumption of the power 
station of 13,650 B.Th.U. per kilowatt-hour. 

By deducting from these capital values of the 
improvement in the thermal efficiency, the additional 
capital expenditure (curve F) for feed temperatures 
above 300 deg. F., the capital values of the net gains 
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are obtained. These are shown in curves B,, B:, &c., 


for the different operation factors m listed above. 


For the different values of m we obtain the following 
figures for the economic feed temperatures (FT) and the 
difference D between the theoretical maximum and the 


economic gain. 


m = 100 FT = 368 D = 0°13 
200 352 0:27 
300 342 0-40 
400 334 0-51 
500 328 0-60 


This difference D is plotted in curve D, Fig. 26, 
against the operation factor m. This relation between 





by 10 deg. F., the loss in net gain is only equivalent 
to one-fiftieth per cent. of the fuel costs, although the 
difference D in the efficiencies is increased by 0-12 
per cent. Similarly, if the feed temperature is lowered 
by 22 deg. F., the loss in net gain would be equivalent 
to one-tenth per cent. of the fuel costs, although the 
difference D is increased by 0-29 per cent. 

In Fig. 26, curve D, gives the difference D, between 
the maximum theoretical efficiency and the efficiency 
which is obtained with a feed temperature, for which 
the net gain is one-fifth per cent. less than the minimum 
and, similarly, curve D, applies for net gain one-tenth 
per cent. less than the maximum. It is suggested that 

the appropriate feed temperature should lie 























total pressure against which the feed water must be 
discharged increases with the load (curve B), whereas 
the total head on the pumps decreases with the load 
(curve C). It follows that at lower loads there is an excess 
pressure (C—B) which, in the case shown in Fig. 28, 
amounts, at no load, to 45 per cent. of the steam pressure. 
In recent years, the tendency has been towards an 
increase in the additional head required due to friction 
in the system as a result of the introduction of multi- 
stage feed heating and the adoption of higher velocities 


Fug. 25. VARIATION IN OVERALL ECONOMY 
WITH FEED TEMPERATURE. 



































































































































Fig.23. VARIATION IN COST OF ECONOMISERS 
WITH FEED TEMPERATURE. 






















































































26. VARIATION OF OVERALL ECONOMY WITH FEED TEMPERATURE, 
Lb. per Sg.Inch 


Fig.22. TEMPERATURES IN ECONOMISERS between those indicated by curves D, and Dy. a 
WITH DIFFERENT FEED TEMPERATURES. If D, is adopted, then we obtain for an operation | A 
factor of 200, a loss D, of 0-39 per cent., and 
1100 1100 the corresponding feed temperature for any 0-24 te 
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D’and m will hold roughly also for other steam pressures 
and different numbers of stages of feed heating, and can 
conveniently be used as a parameter between m and the 
economic feed temperatures. These are plotted on the 
left-hand side of Fig. 26 for 200, 400, 600, 900, 1,200 
and 1,800 lb. per square inch g. for various numbers 
of stages. Thus, we obtain for an operating factor of 
200, a value of D = 0-27 and for 600 lb. per square inch 
&. and five stages an economic feed temperature of 
302 deg. F., and similarly for 1,200 Ib. per square inch 
3. and five stages a feed temperature of 424 deg. F. 

It is not’ sound engineering practice, however, to 
adopt feed temperatures even so high as is suggested 
by these curves, as obviously in the neighbourhood of 
the maximum net efficiency the improvement in coal 
consumption is only just balanced by the additional 


ot. 
Gc” 





capital expenditure. The curve B in Fig. 25 indicates 
for instance, that if the feed temperature is lowered 


200° 20 ° 230° 300° 30 600 =— 40 «480 
Feed Temperature Deg. Fah. 


(2293x) 


In Fig. 27*, page 726, the maximum theoretical 
decrease in heat consumption (Dmax.) is plotted against 
the steam pressure for various stages of feed heating. 

The economic decrease in heat consumption D,.. is 
obtained from the formula : 

Dec. = Dmax. — D (1 oF Dmax.), 
where D is the difference in efficiencies above referred 
to and shown on the right in Fig. 26. 

The major difficulties in connection with the control 
of boiler feed arise from the fact that the pressure quan- 
tity characteristic of the pumps in the system is different 
from that of the feed system itself. If the steam pres- 
sure at the boiler shown at A, in Fig. 28, is constant, 
thus being independent of the load on the plant, the 








* From Fig. 9 of paper by Mr. H. L. Guy on “ The 
Economic Value of Increased Steam Pressure.” See 
ENGINEERING, vol. cxxii, page 645 (1926). 





T= 


in the economiser, particularly when steaming econo- 
misers are used. It is desirable that means should be 
introduced in the system for preventing this excess 
pressure being generated, or for destroying it after 
generation by throttling, in order to avoid difficulties in 
the operation of the boiler-feed regulating valves, and 
the extra cost which is involved in the provision of feed 
heaters, feed pipes and economisers capable of with- 
standing this excess pressure which would otherwise 
occur. Hand control is unsatisfactory, as the load may 
vary quickly when the attention of the staff is required 
in other directions. 

The ideal feed system should meet the following 
conditions: (1) The pump in the system must deliver 
all the water condensed in the condenser and feed 
heaters to the boiler control valves at a pressure only 
slightly above the pressure in the boilers. (2) It must 
distribute the water to the various boilers in accordance 
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with the load of each individual boiler. (3) If the 
quantity of water coming from the condensing and 
feed-heating plant is less than that required by the 
boilers, water must automatically be introduced into 
the system to make up the difference. (4) If the 
quantity of water coming from the condensing and 
feed-heating plant is more than required by the boilers, 
the excess water must automatically be discharged 
from,the system to storage tanks. (5) The loss of heat 


It will be necessary to investigate the question of 
sub-dividing the pumps in order to meet the last two 
conditions cited above. If the total number of equal 
pump stages in the system be 10, then the number of 
stages required at the various loads is given in Fig. 28, 
by curve E, which is obtained by multiplying the total 
A As all the stages 
in the second section are running at full speed, curve F; 


number of stages by the ratio of 


water pressure have to be designed for a pressure 50 per 
cent. in excess of the steam pressure. In the proposed 
arrangement, they need only be designed for a pressure 
of 50 per cent. of the steam pressure (see curve F,, 
Fig. 28). 

Thus considerable savings in the cost of the feed- 
heating plant can be effected. On account of the friction 
drop in the feed heaters, which is given in curve C, the 
pressure after the last heater is reduced by this amount 













































































































































































due to discharging water from the system into the| would represent the pres- Fig. Bs. FEED PUMP & FEED SYSTEM 
storage tank should be kept at a minimum. (6) The} sure in front of the last CHARACTERISTICS. 
feed water supplied to the boilers must at all times be | five stages, and similarly 1100 | 11 
reasonably free from air. (7) In no part of the feed | curve F,and curve F; that | 
system should the pressure be below that required to | in front of the last six and as 
prevent boiling of the water at the particular tem-| last seven, respectively, if 1,000 = y 2 
perature existing in that part. (8) In order to avoid! these stages also form ae LC 4 3 
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Fig.29.DIAGRAMMATIC ARRANGEMENT OF 
TURBINE FEED HEATING SYSTEM. 
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extra expense in the case of feed heaters and other 
plant in the feed system, the pressure should not be 
greatly in excess of that pressure which is necessary 
for the satisfactory operation of the plant. 

These conditions are met by the feed system shown 
in Fig. 29, in which the pumps between the condenser 
and the boiler are divided into two sections with the 
feed heaters arranged between them. The speed of 
the pump or pumps forming the first section is controlled 
from the water level in the condenser, or from a pressure 
obtained within the pump which varies with the 
water level in the condenser. The pump forming the 
second section runs at full speed at all loads. The 
pressure drop through the boiler control valves need 


only be of such a magnitude as to ensure distribution | 


of the water to the various boilers in accordance with 


their requirements. A rise of the pressure above the | 
normal can be obtained only if the water level in the | 


boiler is high. A drop in pressure would indicate low 
water level in the boiler. A rise in the pressure in 
front of the boiler control valves is utilised to operate 
valve B, discharging excess water into a storage tank, 
and a drop in pressure to open valve A delivering 
water from the storage tank into the feed system. A 
margin of pressure would be allowed between the 
points which cause valves A and B to operate, respec- 
tively, to prevent hunting and to prevent continuous 
operation of the valves with very small changes in 
the water level. In order to prevent loss of heat, 
valve B would be connected to a part of the feed system 
where the feed temperature is low. The water delivered 
to the feed system from the storage tank is deaerated 
by discharging it into the condenser. 


° A = boiler pressure. 
Fig. 30.RELATIVE POWERS ON B = feed system characteristic. 
FEED PUMP SYSTEM. C = constant-speed feed pump characteristic. 

D = saturation pressure of feed water leaving final 
heater. 

= = number of feed-pump stages in full operation. 

F,, F,, F; = pressures after stages 3, 4 and 5 of feed 
pump. 

G = pressure drop through feed heaters. 

F\, = F, — G = pressure after feed heaters. 
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A = boiler pressure. 
B = feed system characteristic. 
C = constant-speed pump characteristic. 
F, = head developed by variable-speed extraction 
pump. 
H = head developed by constant-speed feed pump. 
K = speed of extraction pump. 
L = power to drive constant-speed pumps giving 
characteristic C. 
M power to drive variable-speed extraction and 


constant-speed pumps giving characteristic B. 


part of the constant-speed section. Curve D gives 
the pressures at which boiling of the water would 
occur with the temperature of the feed water obtained 
after the feed heaters, the temperature at maximum 
load being assumed to be 355 deg. F. It will be seen 
that, if the feed heaters are placed between stages 


3 and 4, boiling would occur at loads below 60 per | 


cent. of the maximum. If they are placed after stage 4, 
ar-asonable margin is obtained between the pressure in 
the last feed heater and the pressure at which the 
water would boil. 

With the arrangement commonly used, where the 
feed heaters are located after the boiler-feed pumps, 
those parts of the feed heaters which are subject to 


| and becomes that shown in the diagram by curve }"',. 
| It will be noted in this case that the effect of friction is to 
| make the margin between the curves D and I", nearly 
| constant. 

The following drives are suitable for variable speed : 
|(1) Slip-ring induction motors with speed controlled 
| by variation of resistance in series with the rotors. 
| (2) Constant-speed motors in conjunction with a 
| hydraulic clutch. ee 

The efficiencies are roughly the same for both drives, 
and in spite of the losses inherent in the use of the 

variable-speed device, a considerable saving in power 
required for feed pumps is obtained compared with the 
ordinary system in which excess pressure is generated 
at partial loads. In Fig. 30, curve L, shows the power 
required to drive a constant-speed pump, and curve M 
the power required for the pumps in the suggested 
arrangement. Curve M also applies roughly to an 
‘ordinary plant in which the boiler-feed pump is not 
divided, and is speed controlled. Whereas in those 
plants, however, 90 per cent. of the power required 
for the pumps in the system is transmitted by variable- 
speed drives, in the arrangement under discussion, 
| this proportion is reduced to 40 per cent., the variation 
in speed required being from 100 per cent. to 50 per 
cent. The speed controlled proportion can be reduced 
further by the use of a constant-speed extraction pump 
| of the usual type. In this case, the variable-speed drive 
|could conveniently be controlled by the pressure 
| obtained after this pump, as this pressure will vary with 
the water level in the condenser. With a separate 
‘extraction pump, the pressure at its discharge may 
be such that one or two of the low-pressure heaters 
‘can be placed between the constant-speed extraction 
| pump and the speed-controlled lift pump. Thus the 
| cost of these heaters can be considerably reduced. — 
The author desires to thank Messrs. Metropolitan- 
Vickers Electrical Company for permission to publish the 
data given in this paper, Mr. H. L. Guy for suggestions 
/and advice, Mr. R. W. Bailey, M.Sc., for data with 
regard to creep properties of materials; Mr. D. M. Smith. 
B.Sc., for the calculations and preparation of the 
diagrams referring to pipes and flanges; Mr. J. R. 
Finniecome for the preparation of the diagram referrin: 











DEC. 5, 1930.|} 


727 


ENGINEERING. 








to feed heaters, and Mr. G. W. Higgs-Walker for the 
preparation of diagrams referring to boiler-feed control. 





APPENDIX. 
Let 
L, = initial free active length of bolt 
L, = initial free span of flanges gripped by bolt 
ky = bolt extension due to creep 
ly = bolt extension due to elastic deflection 
ky = diminution of flange span due to creep 
ly = diminution of flange span due to elastic deflection 
f = stress in bolt 
fo = initial stress in bolt (at time ¢ = 0) 
¢ = creep rate of bolt material (creep strain per 
unit time) taken as following the law 
f = a+ b loge c where a and 6 are constants 
E = Young’s modulus for bolt material 
____ elastic flexibility of flange 
” elastic flexibility of bolt ring 
creep. of flange for given load (length per unit time) 
”'e. creep of bolt ring forsame load (length per unit time) 
» and p are assumed constant over the range of loads 
considered. 








Then 
Laer, = ky + kg +- ly + ly. 
But 
kt = pkp and lf = nlp 
oP L, — Ly = (1 + pike + (1 + nde. 
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In this expression, t and ky, are the only variables. 
Integrating, 
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f=f, when t=0; 
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a, b and E depend only on the bolt material and tem- 
perature, not on the dimensions; and when these 


quantities are fixed, f is a function of J only. Hence, 


when the bolt materia] and temperature are fixed, the 
time taken for the stress in the bolts to fall from one 
given value to another is proportional to q. 

It can be seen from the following reasoning that 
eg the creep-stress law may be, this relation 
101ds, 
bolt gripping perfectly rigid flanges to fall from any 
one value to another, and let ¢ be the time taken for the 
stress in the bolt to fall through the same range when 
it grips flanges whose flexibility is n times, and whose 
linear creep rate is p times that of the bolts. Then, 
at a given stress, the total linear creep rate of the 
system is (1 + p) times its value for a rigid flange. 
But as the flexibility of the flange is added to that of 
the bolts, the rate of change of force, and therefore of 
stress, which corresponds to a given rate of linear creep 


is diminished in the ratio —— . Hence, at any given 


lin 
stress, the rate of change of stress with time is propor- 
F 1+ , : 
tional to", or the time for a given change of 


l+n 
stress is proportional to gq = wt 


= ; therefore t = qty. 
l+p er 








_Urvucuayan GoverNMENT ConTRacts.—H.M. Vice- 
Consul at Montevideo has furnished particulars of the 
conditions regulating the award of Government contracts 
in Uruguay by means of tenders. A copy of the memo- 
randum which has been prepared on the subject may 
be obtained by United Kingdom firms on application to 
the Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1, quoting Reference No. C.X. 3400. 


driving piles made with ordinary cement, but those 


INTERNATIONAL REINFORCED- made with a good rapid-hardening cement might 
CONCRETE CONGRESS AT LIEGE. be lifted in three or four days and driven after seven 


Taat the time was ripe for the holding of the' days. Aggregate should be such as would be retained 
First International Congress for Concrete and Re- | on a }-in. mesh sieve and pass through a }-in. diameter 
inforced Concrete at the Liége University, in September, | ring. The quantity of water used in mixing should 
was evident from the fact that it was attended by 600 , be carefully regulated, and, for a mixture of 1: 2:4, 
engineers from 20 different countries, and also by the | the quantity of water recommended per cubic foot 
quality of the papers submitted for discussion. It | of cement was, for dry, medium and wet mix, respec- 
would take a larger part of the space in ENGINEERING tively, 4:25, 4-8 and 5-4 gallons. With chuting 
than we can afford to give a complete list of the papers | plants, the concrete mixture should be just wet enough 
submitted; we prefer, therefore, to single out some , to slide, not flow, down the chute line’ in a plastic 
of those of importance to our readers, and to refer to | homogeneous mass, the slope usually being 1 in 3. -#4 
their contents. For the purpose of dealing, in a con-| Pre-cast concrete piles were reinforced with steel, 
gress of reasonable duration, with the many papers sub- | which must be of ample strength to carry the load, to 
mitted, it was arranged to divide them up into classes, | take the shear and also to withstand the force of the 
according to subjects, and hold simultaneous meetings, | pile driver. In cases where heavy driving was expected, 
an arrangement which facilitated discussion. the upper five feet was doubly reinforced. Steel bars, 

In a contribution entitled “The Architecture of | usually round, were used for reinforcement, and these 
Concrete,” Professor Beresford Pite, formerly of the | were held together by steel ties of small diameter with 
Royal College of Art, London, made clear to his spreaders between the bars. Commonly, the ties were 
audience that the new constructional material required independent of each other, but continuous spiral 
reconsideration of practice of design to obtain appro- reinforcements were also in use. Lapping of the main 
priate architectural expression. He considered the | reinforcement bars of piles was not to be recommended. 
problem of the need for the perception of artistic| When two or more lengths had to be used, the ends 
adaptability and of refinement of texture, the essen-| should be butted and a short length of steel tubing 
tial relationship of the material to the forms into|run on to keep the ends in position. Alternatively, 
which it was moulded. He concluded with the hope|a butt strap might be introduced, providing its 
that future work would bear fruit of permanent charm, | length was thirty times the diameter of the bars. The 
and would embody and express an appreciation of those general practice was to stress the full section of the pile 
great principles, the products of which were offered by | to 550 lb. per square inch. Concrete piles were cast 
the historic monuments of architectural art. At the| with a shoe on the end having a point of cast iron 
same meeting, Mr. A. Kirkwood Dodds submitted a| or cast steel, and sometimes, for heavy driving, a 
general paper on “Reinforced Concrete in Great | hardened point was fitted. When it was considered 
Britain.”’ In this, he traced the early work of Francois ' necessary to assist the driving of a pile by water jetting, 
Hennebique and its application by Mr. L. G. Mouchel , the jet nozzle was sometimes formed in the shoe and 
and his successors in the United Kingdom. At first, he the pile cast with a pipe leading down the centre. It 
said, designs were prepared almost exclusively by | was usual when driving piles to use a helmet of cast 
engineers with special training. Later, the material iron or steel, which was recessed to fit over the top of 
was used by those in general practice, and Govern- | the pile, with another recess to accommodate a timber 








K | of structural members, and to lay down rules regarding 


by the condition | 


Let t, be the time taken for the stress in a | 


ment Departments, local authorities and professional dolley of rock elm or hickory provided with a wrought- 
societies in various countries studied the properties iron ring at the upper end where the hammer blow 
| of reinforced concrete, and made recommendations was delivered. Between the head of the pile and the 
i Unfortunately, some of the bridge of the helmet, a cushioning medium should 


| governing its application. 
| authorities thought fit to specify the materials to be be packed, consisting of sawdust in small bags, plaited 
rope mats or wood pulp. 


| used in different classes of work, to fix the dimensions 
For cast in-situ piles, where moist or water-bearing 


|the exact methods of calculation to be employed by strata had to be dealt with, the concrete mixture 
| designers. This had the fatal effect of all hard-and- | should be richer in cement. In such cases, a mixture 
|fast rules, that by the time the final provisions were | 1 : 1-5: 3 had been used. A number of different systems 
| available, new materials and improved methods had of construction were in use. In the first, a hole was 
| been found, but could not be applied immediately to punched in the ground by the use of a conical point 
‘full advantage, owing to their non-compliance with weighing 2-2 tons. Concrete was then poured in to 
| the rigid specifications. When such regulations were fill the bottom portion of the hole, and ramming was 
| incorporated in Acts of Parliament, modification was then done with a blunter-pointed weight of 2 tons 
| with a base diameter of 32 in., which forced the concrete 


|impossible, without the delay of years involved in 
| obtaining fresh legislation. In the descriptive section into a larger diameter. The third operation consisted 
in pouring the concrete in layers and ramming with a 


| of his paper, Mr. Kirkwood Dodds first made reference 
'to the new General Post Office buildings (1907-1909) flat-bottomed weight of 1-5 tons. This was not suitable 
for incompressible soils or where the ground was cohe- 


jin London. Evidence of the strength of this work was 
convincingly furnished by the accidental imposition sive or elastic, such as clay. Another method of prepar- 
ing piles consisted in driving a weighted cylinder, 


| of loading to the extent of 9 cwt. per square foot on 

part of the underground building roof, calculated for | about 20 in. in diameter into the ground, while taking 

a safe load of 2 cwt. per square foot, without the least | out the enclosed material. The concrete was intro- 

evidence of overstrain. Sir Henry Tanner, Principal duced in layers through the tube as the latter was 

Architect to H.M. Office of Works at the time of the ' gradually withdrawn by means of a screw jack, or, 
in soft ground, by ordinary lifting tackle. A third 


| construction, had pointed out that the cost of the 
| building was 60,000/. less than the estimated cost of method of making cast in-situ piles was to introduce a 
steel cylinder of 10 in. or 20 in. diameter into the 


| an ordinary steel-frame structure. For the Royal Liver 

| Building (1908-1910), in Liverpool, concrete piers had to ground by sinking and boring out the enclosed material. 

| be sunk 32 ft. to 47 ft. through the made ground to solid , The tubes were made in sections 6 ft. or 12 ft. in length, 
with screw joints. When the appropriate depth was 


rock. These piers were connected at the top by slabs 
| upon which were distributed the loads transmitted by | reached, the top of the tube was fitted with a cap, having 
the main columns of the ferro-concrete skeleton, which | connections for the introduction of compressed air 
| was a self-contained monolithic structure. Further and concrete. Water was first ejected, then concrete 
examples were afforded by the Government Stationery | was delivered under compressed air to a height of about 
| Office, London, the railway station and warehouse at | two-thirds of the depth of the tube. Compressed air 
Newcastle-upon-Tyne, and the dock, warehouses and | was then delivered into the tube, causing the formation 
| grain silos at Manchester, on the Ship Canal. of a bulb of concrete below the tube and raising it. 
One of the most useful papers presented at the con-| More concrete was delivered and so treated until the 
| gress was that by Mr. M. J. McCarthy, entitled “‘ Pieces piles were completely built up and the tube removed. 
in Concrete Piles,” a title which might not be taken In a fourth method, a casing of steel sheeting or con- 
to signify, on casual consideration, that its contents crete sections was wrapped round a mandril and driven 
dealt with the design, preparation and application of into the ground by means of an ordinary pile driver. 
concrete piles in all classes of work. Concrete piles, | When the mandril was withdrawn, concrete was poured 
he said, could either be cast in moulds before being into the casing, which was left in the ground per- 
driven into the ground, or cast in situ by means of manently. A fifth system of pile construction consisted 
the appliances now available for the purpose. The in driving a steel tube, usually of 16-in. diameter 
latter type had the advantages over the pre-cast and with a steel shoe, into the ground to a specified 
pile of requiring no space for the laying out of moulds level or to a given resistance. Concrete was then 
and needing no cutting off or adding to the tops, as poured into the tube and the latter extracted by a direct 
frequently was the case with the other type. Time pull continuously applied or by the action of a steam 
saving was possible, since the piling operations were hammer having certain special features, which ensured 
independent of the time required for hardening. For that the concrete within the tube was rammed into the 
jetties, piers and wharves by sea or river, however, surrounding ground. De-aerated concrete had the 
the cast in-situ pile was hardly suitable, and in most advantages of giving increased strength, density and 
cases would prove the more expensive, because of the water-proof characteristics for the same amount of 
need for an outside water-tight casing. Concrete cement. 
for pre-cast piles usually consisted of cement, sand and _ Dr. Oscar Faber gave a paper on “ Temperature and 
aggregate in the volume ratio 1:2:4. A month Cement,” dealing with the temperature variations on 
or six weeks was usually allowed to elapse before setting, due to chemical changes, and the effect that 
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temperature had on the rate of setting and hardening. 
In setting, cement released a definite quantity of heat 
which was spent in raising the temperature of the 
cement, water, and, in the case of concrete, of the sand 
and stone mixed with them; and in radiation from 
the exposed surfaces, conduction and convection. 
With neat cements, the temperature rise was about 
100 deg. C. With a 1:2:4 concrete mixture, tem- 
perature rises of about 40 deg. C. were obtainable. 
Tests indicated that concrete cured at 100 deg. C. was 
about twice as strong at nearly all ages as the same 
concrete cured at 18 deg. C. or 60 deg. F. The effect 
of temperature on setting was such that the curing of 
concer *t: in a warm mist heat enabled a manufac‘urer 
to release his moulds more quickly and to obtain 
stronger articles. Greater provisi »n had, however, to be 
made for the shrinkage due to ultimate cooling. 
Experimental work was the basis of the paper on 
““Work of the Building Research Station on Small 
Movements in Concrete,” by Dr. W. H. Glanville. 
He first considered the shrinkage stresses in reinforced 
concrete and stated that the actual movement of the 
concrete was less than the shrinkage of plain concrete 
by an amount which was equal to the elastic strain 
of the concrete plus the creep or flow which had taken 
place in it. Both the elastic strain and the creep were 
proportional to the stress, and this being the case, the 
author showed how they could be considered together 
by the use of a reduced value of the modulus of elasticity, 
termd by him the effective modulus of ¢lasticity. 
He next considered creep in plain and _ reinforced 
concrete. The results of tests showed that, for plain 
cement and for the condition of air storage, the greater 
the rapidity of hardening the lower was the creep. 
In other tests, it was found that the amount of creep 
was approximately proportional to the quantity of 


aggregate used with reinforced concrete ; the steel stress | 


depended upon the percentage of steel used and de- 
creased as the percentage increased. For a quantity 
of steel as great as 5 per cent., even with high concrete 
stresses, a steel stress of 30,000 lb. per square inch was 
not exceeded. The steel stresses in columns of Portland- 
cement concrete loaded at 28 days were found to be 
ultimately higher than those in columns of rapid- 
hardening cement loaded at seven days, which, in turn, 
were slightly higher than those in columns of aluminous- 
cement concrete loaded at the age of one day. 

Mr. C. J. Jackaman gave a paper entiled ‘* Some Notes 
on the Composition, Mixing and Application of Concrete 
Engineering Works.” In this he first considered the 
composition of concrete. 
obtained from natural rock formations, they could be 


prepared most effectively by passing through machines | 


of the oscillating-jaw type. When fine dust was produced 
in quantitis sufficient to prove objectionable it had to 


be removed by screening or washing. Generally the | 


screens were of the rotary type, either separate or in 
conjunction with washing plant. For washing. the type 
of machine most favoured was that in which the 
material encountered a continuous flow of water as 
it was passed through a rotating cylindrical drum. It 
was generally felt that, while British opinion was 
keeping abreast of the movements made in other direc- 
tions for the adoption of definite ratios between cement 
and mixing water, these methods, for the time being, 
must be regarded as purely tentative. With the per- 
fection of many types of mixing machines, all concrete, 
except that for insignificant work, was now mecha- 
nically mixed, on the ground of economy. Batch 
mixing was preferable to continuous mixing, because of 
the ease of ensuring correct proportions, but continuous 
mixers were desirable where the class of work was 
such that speed of output was the first consideration 
and some degree of variation could be tolerated. 
Moulds or forms made of light steel secti ns offered the 
only practicable alternative to wood for form-work, 
but high first costs and the difficulty of adaptation 
retarded any great increase in their application to 
general work. 

Another paper dealing with proportions of mixes 
and their methods of use was presented by Mr. T. R. 
Grigson. It was entitled “‘The Composition, Mixing, 
Methods of Application of Concrete and Reinforced 
Concrete, as used in the Yards, and the Control of Same.” 
In this contribution, the author first discriminated 
between natural cement, Por‘land cement, aluminous 
cement, pozzuolan or slag cement, and hydraulic lime, 
in regard to their methods of preparation and proper- 
ties. He then considered the subject of aggregates, 
and suggested that the only logical procedure in 
their selection consisted in testing their grading 


analyses by screening, testing cleanness by washing, | 


and determining their actual strength by means of 
tests on concretes made with them. The results of 
experiments had established the relative importance 


of the cement, aggregates and water. With this know- | 
ledge and the practical means of applying it, there | 


was no longer any excuse for the old and uncertain 
methods of manufacture. Proportioning by arbitrary 
selection of volumes had the defect that it did not 
take into account voids, moisture content, and the 


When aggregates had to be | 


volume change in sand due to it. Void measurement 
gave no better results in uniformity. Voids could 
receive indirect attention by mechanical analysis 
with standard sieves, to balance the deficiencies of 
one material against the advantages of another. It 
had been found that sieve analysis furnished the only 
correct basis for proportioning aggregates. In every 
case the quantity of mixing water used determined the 
strength of the concrete, so long as the mix was of 
workable consistency. Fine and coarse aggregates 
could be combined in such a way as to produce similar 
results in the concrete. The aggregate grading which 
produced the strongest concrete was not that giving 
the maximum density, that is, the lowest voids. A 
grading coarser than that giving maximum density 
was necessary for the highest concrete strength. The 
methods used for mixing were immaterial, providing 
the result was a homogeneous mass of the required 
uniform consistency. Machine mixing was usually 
more uniform, and less expensive. Thorough consolida- 
tion was possible by tamping or ramming, by the use 
of centrifugal force, as was the case in the production 
of spun pipes, by vibration, or by pressure spraying 
by means of a cement gun. 

Examples of British practice, several of which have 
been dealt with in our columns, were given by Mr. 


M. E. Gerard in a paper entitled “ Reinforced Concrete | 


in Engineering.” Bridge construction was exemplified 
| by the bridge across the Thames at Reading, which has 
an arch span of 180 ft. length, two 12-ft. flood arches 
and long approaches, giving a total length of nearly 
600 ft. 
Royal Tweed Bridge at Berwick were also described. 
Pre-cast arch construction was used in the bridge over 
the London and North Eustern Railway at Welwyn 
Garden City. Mouchel introduced hollow piles in 
concrete construction, as well as cylindrical piers, and 
used them in many marine works. The cylindrical 
| piers were 4 ft. to 7 ft. in diameter. They were made 
in sectional lengths, the bottom one of which had a 
cutting edge to facilitate sinking into the bed of a river 
or harbour, and the upper lengths were moulded to 
form socket and spigot joints. The cylinders were 
| sunk over groups of foundation piles, and the interior 
was filled in with concrete. Pre-cast bracings, some- 
times in the form of complete frames, were introduced 
‘for association with piles and piers, and were so used 
in the construction of the deep-water jetty at Tilbury. 
Cooling towers for power stations afforded a suitable use 
for concrete construction, as being free from th > corrosion 
and other destructive influences experienced with steel 
and timber. The cooling towers at Hams Hall power 
sta‘ion were described as an example of this class of 
| work. 

In a purely mathematical paper, which it is im- 
practicable to summarise, Mr. 8. D. Caruthers, Super- 
|intending Civil Engineer at the Admiralty, gave a 
very general soluti n of the problem of stress distribu- 
tion over the base of a masonry dam. His analysis was 
| based on the case of a dam of triangular profile, but he 
| pointed out that his results wer> applicable to dams of 
| the usual profile in virtue of St. Venant’s axiom that 
|the stress distribution over a plane situated at some 
'distance from the point of application of the loads 
| depends solely on the resultant of these loads, and 
| not at all on their actual distribution. 
| In a paper on “ The Effect of Temperature on Flat 
| Arches Constructed of Reinforced Concrete,” Mr. C. S. 
| Gray, B.Sc., compared the relative advantages in this 
|regard of three-hinged, two-hinged, and rigid arches. 
|The temperature stresses in three-hinged arches were, 
| he pointed out, unimportant, and such arches could be 
constructed with a rise of as little as 7, of the span 
| though the author took ,), to be the practical mini- 
|mum. The type, however, he considered, was object- 
| tionable because of difficulty of providing for and 
|of masking in a satisfactory manner, three expansion 
| joints. The two-hinged arch was subject to considerable 
| temperature stresses, and if very flat, required heavy 
| and costly abutments. He concluded, therefore, that the 
' ratio of rise to span should not, if possible, exceed 1 to 
| 12-5, with a possible ratio of 1 to 15 in special cases. 
|In the rigid arch, the temperature stresses were still 
| higher, but the maximum occurred near the springings 
| where additional material could be placed without in- 
‘jury to the appearance of the structure. An excessive 
| thickness at the springings, however, would augment 
, the temperature stresses. Moreover, the horizontal 
| thrust due to the load supported was higher than in an 
| equivalent two-hinged arch, and this necessitated heavier 
jabutments. The author concluded, therefore, that for 
such arches, the rise should nct exceed one-tenth the 
| Span, unless, as was sometimes done, the arch was erected 
‘with three hinges, which were finally concreted up 
solidly. In that case, the versed sine might be as little 
as ;';. In all cases, however, extremely flat arches were 
uneconomical of material and should be avoided. The 
author’s calculati ns were based in part on observations 
made by Messrs. C. F. Nich lls and C. B. McCullough, 


on the Squaw Creek Bridge at Ames, and the Walnut- 
street bridge at Des Moines, in Iowa. 


The double-arch bridge at Caversham and the | 


From these observations, it was concluded that}the 
internal range of temperature might be taken as 
three-fourths of that of the external air. There was 
j also found to be a time lag of from one to four days 
between the temperature and the air temperature. 

A paper entitled ‘‘ A Study of Plain and Reinforced 
Concrete Retaining Walls,” was read by Mr. E. S. 
Andrews, M.Inst.C.E. In this, the author studied 
| the stability and relative cost of three different types of 
retaining wall, calculating the thrust on them, both by 
the Rankine theory and that of Poncelet. 








THE BLACKETT UNDERGROUND 
COAL CONVEYOR. 


CoLLizrY engineering, particularly as regards under- 
| ground machinery, is perhaps of all branches of engineer- 
|ing, the one in which advance is more often made 
; through the lessons of practice rather than those of 
theory. The conditions of use underground are, on 
| the one hand, rough, and on the other circumscribe 
| design by various safety regulations and limitations 
'of space. It is not surprising, therefore, to find that 
apparatus already well-known is from time to time 
re-modelled in accordance with the dictates of experi- 
ence. <A case in point is the Blackett scraper chain 
conveyor, an improved form of which is now intro- 
duced by Messrs. British Jeffrey-Diamond Limited, 
Stennard Works, Wakefield. This we illustrate in Figs. 
1 and 2 on the opposite page. The general form of the 
conveyor is well shown in Fig. 1. The trough is double, 
| that is, there is a splayed upper part, 20 in. wide at the 
top, along the bottom of which runs the delivery 
length of the scraper chain, and a shallower lower 
part, which encloses the return length of the chain. 
Both parts of the trough are of mild steel and are con- 
structed in sections 6 ft. long. The two parts can be 
readily distinguished in the figure, as also can the method 
|of assembly. Each section of the troughs is slightly 
| joggled at one end so that they fit together with a lap 
joint, smooth internally. At each side of the joint, strips 
| tiveted to the upper trough and projecting below the 
| bottom of it engage with holes in a piece of angle 
| riveted to the lower trough. A bolt through adjacent 
and overlapping pieces of angle serves to connect the 
sections of the lower trough. The coupling up of a long 
conveyor either initially or to make additions, is, there- 
fore, a simple matter. The low overall height of the 
troughing, namely 9 in., makes filling easy, and as the 
lower troughs have a smooth under surface they can 
be readily movei about on the floor. 

The construction of the chain is also clearly shown in 
Fig. 1. Each link is, roughly, U-shaped, with a thickened 
bottom, through which the connecting bolt is passed, 
and with a projecting wing or lug at each side of the 
upper part. The result is a chain consisting of two 
parallel longitudinal walls which carry a number of 
vertical staggered scrapers extending completely across 
the upper trough, on the bottom of which it lies. The 
small coal falls into the cells formed by the scrapers, and 
is pushed along by them. Unless the conveyor is laid 
with very pronounced undulations in contour no small 
coal can lodge under the links. The larger pieces of 
coal are carried on top of the chain. The conveyor, 
from the nature of the chain, is very suitable for use 
when the coal has to be delivered against a gradient, 
but is equally effective on the level or on a down grade. 

The motive power used for driving the conveyor may 
be either compressed air or electricity, and either of 
these may be arranged in several different ways, one 
arrangement being shown in Fig. 1. The drive is, of 
course, fitted at the delivery end of the conveyor, 
and, though the electric motor is here mounted on the 
same level as the conveyor, a suitable arrangement 
when the conveyor is carried on staging across the 
gate road, it can also be arranged with the delivery 
end supported on an angle-iron framework and the 
motor underneath it. This gives the necessary height 
for discharging into tubs on the floor level or on to a 
main conveyor. When this arrangement is adopted the 
troughs are gradually graded down to floor level from 
the delivery end rearwards. The motor is connected 
to the belt drum by a chain and sprocket wheels and 
reduction gearing. When a three-phase squirrel-cage 
alternating current motor is employed a friction clutch 
controlled by a handwheel is fitted, so that the motor 
can.start up light. When a slip-ring or direct current 
motor of the compound wound interpole type is used 
the friction clutch is not fitted. 

Where compressed air is available a Spiro compressed 
air motor is used for the motive power. This has an 
efficiency approaching 50 per cent. The drive is similar 
to that used with the electric motor. The return _ 
of the scraper chain is lifted up at the delivery end by 
an idler roller underneath it, an arrangement which 
prevents any small coal being carried back and increases 
the amount of contact of the chain with the sprocket 
|drum. A stripping arrangement is also provided at 

the delivery end to prevent the scraper chain adhering 
to the teeth of the driving sprocket drum. The tension 
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Fig. 1. 


DELIVERY END WITH ELECTRIC DRIVE. 

















Fie. 2. Tam ENp with TELESCOPIC TROUGH. 


of the scraper chain is adjusted by means of a telescopic 
trough at the tail end of the conveyor. Thisis shown in 
Fig. 2. Lubrication is effected by means of a grease 
gun, which is constructed to give a pressure of 5,000 1b. 
per square inch, in order that the bearings may not only 
be effectively greased, but may also be cleared of any 
obstructions such as grit or solidified lubricant. As 
regards performance, it may be noted that the output 
at a large Northumberland colliery where one of these 
conveyors is in daily operation recently showed a return 
of 16} tons of coal per filler per shift. This conveyor 
is In use in a 2-ft. seam. When working on thicker 
seams a conveyor taking the discharge from a double 
unit longwall face dealt with an output of 363 tons in 
one shift. Another conveyor, delivering on a gradient 
of 1 in 4 against the load handles 50 tons per hour. 
Although primarily designed for underground use the 
Blackett conveyor is suitable for many industrial 
purposes particularly in those cases where the material 
is liable to damage a belt. 








HEapquarrers or Area TRAFFIC ComMIsston.—The 
M inistry of Transport state that the headquarter offices 
of the thirteen traffic areas, specified in the third schedule 
to the Road Traffic Act, 1930, will be in the following 
towns :—Northern Traffic Area, Newcastle-upon-Tyne ; 
Yorkshire, Leeds ; North-Western, Manchester; West 
Midland, Birmingham; East Midland, Nottingham ; 
Kestern, Cambridge ; South Wales, Cardiff; Western, 
srustel ; Southern, Reading; South-Eastern, London ; 
Metropolitan, London; Northern-Scottish, Aberdeen ; 
Southern-Scottish, Edinburgh. 





THE PUBLIC HEALTH CONGRESS. 


Tue Public Health Exhibition and Congress, which 
was held at the Agricultural Hall, Islington, from 
Monday, November 17, to Saturday, November 22, 
comprised a useful display of the machinery, equip- 
ment and materials associated with this subject, and 
included a number of types of vehicles suitable for 
municipal purposes. A special demonstration of the 
latter, embracing sweeping and _ refuse-collecting 
vehicles, tippers and gulley emptiers, was given on a 
section of roadway, which had been laid down in the 
Gilbey Hall. This was 150 ft. long by 30 ft. to 50 ft. 
wide, and was surfaced with Unaphalt cold asphalt. 

The Congress programme included a number of 
addresses on State medicine, physical education, open 
spaces and industrial psychology, which are not of 
direct interest to engineers, but, in addition, certain 
associations held meetings, to the proceedings at 
which brief reference may be made. 

On Wednesday, November 19, Mr. T. P. Francis 
presented a paper on “‘ Modern Treatment of Sewage ; 
Especially as Affecting Trade Wastes,” to a meeting of 
the Institution of Municipal and County Engineers. 
In this he pointed out that the complete purification 
of sewage was an artificial adaptation of the natural 
process which occurred when animal manure was 
dug into the ground. The desired changes were, 
however, brought about much more rapidly and were 
under control. This applied particularly to the acti- 
vated sludge process, which required no solid filtering 
material, the tank effluent providing the medium 





from which the biologically active material was built 
up. It was a sound economic and scientific principle 
that no expenditure on purification was legitimate 
beyond that necessary to prevent the dry-weather 
flow of river water at summer temperature showing 
signs of pollution. The effective dilution provided 
by the river was therefore the chief factor in deciding 
how far it was necessary to carry the purification of 
the sewage. The intermittent discharge of trade 
wastes must be prevented by the use of retaining 
tanks and sedimentation. Trade wastes of organic 
origin, however, tended seriously to upset the operation 
of activated sludge plants and the wastes from sugar- 
beet and from the manufacture of alcohol from molasses 
could only be dealt with by dilution. As regards 
developments in technique, the conventional type of 
detritus chamber with a long pair of narrow channels 
was falling into disfavour, owing to the difficulty of 
securing the desirable five minutes’ detention and of 
maintaining the optimum velocity of 1 ft. per second. 
The hopper type of tank was more effective, but was 
quite likely to give place to the Dorr Detritor 
tank, in which the grit was not only settled out, but 
washed. The established form of sedimentation tank 
was relatively cheap, but woefully inefficient. It 
promised to be replaced by the Essen-Nord or clarifier 
types. Hydraulic expulsion or mechanical scraping 
was superseding manual labour for sludging sedimen- 
tation tanks. The pre-aeration of sewage increased 
the potentialities of the aeration processes, The 
chlorination of sewage was not inimical to its subse- 
quent purification by biological methods. 

On the morning of Thursday, November 20, there 
was a meeting of the Association of Managers of Sewage 
Disposal Works. A short presidential address was 
first delivered by Mr. John Haworth, who said that 
there was a considerable amount of pessimism regarding 
river pollution. This pollution had undoubtedly been 
increased by such industries as those manufacturing 
artificial silk and sugar-beet and by the employment 
of tarred roads. In the twenty-three years since the 
Association was founded, however, real progress had 
been made, as an inspection of streams of the same 
size as our own in Continental countries would show. 
The difficulty of restoring the carrying water to its 
original degree of purity, so that it could be used 
again, was, nevertheless, gradually increasing, and to 
deal with this problem much further study was neces- 
sary. Considerable advances in the engineering of 
sewage disposal had also been made. It was regrettable 
that the results of the efforts of the many research 
associations that had been formed were not yet very 
apparent, mainly because it was not easy to decide 
the lines the investigations should take or how they 
should be carried out. 

A paper on ‘* Colloids in Relation to Sewage Purifi- 
cation’ was then presented by Mr. H. Wilson, who 
said that the importance of the part played by colloids 
in sewage purification could hardly be exaggerated, 
and might, in fact, be said to be a governing factor. 
An examination of what had been done showed that 
our knowledge of the subject was still very slight, 
a result partly due to the fact that the investigations 
had only recently become systematic and that the 
whole subject was very complex. Earlier workers, 
who had separated sewage colloids from crystalloids, 
had all used the method of dialysis. This, however, 
had the disadvantages that only very small amounts 
could be obtained and that it took a very long time. 
Indefinite amounts of colloid could, however, now be 
prepared by salting-out, precipitation, adsorption, and 
coagulation methods. 

Mr. J. T. Thompson presented a paper entitled 
‘“‘ Experiments on the Separate Digestion of Heated 
Sludge.” At Leeds the sewage was dealt with at two 
works. At the first there was a daily flow of some 
14,000,000 gallons, about one quarter of which was trade 
effluent. This sewage was treated with ferric sulphate 
liquor, which produced a heavy sludge containing about 
88 per cent. of water. At the other works the daily 
flow was 7,000,000 gallons, only about 500,000 gallons 
of which was trade effluent. After precipitation, 
this gave a thinner sludge containing about 91 per 
cent. of water. Both sludges were mixed with lime, 
pressed and sold as fertiliser, and experiments were 
being made to determine how digestion might be 
employed to relieve the press house and deal with 
sludge, which might be septic, and therefore not 
readily pressed. Treatment by acid digestion of 
the sludge from the first works showed that 25-4 
per cent. of the volatile matter was digested, the 
corresponding figure for the sludge from the second 
works being as high as 45-9 per cent. The sludge 
from the first works was also treated at a temperature 
of 28 deg. C. without mechanical agitation and by the 
‘‘ thermophilic’ method at 48 deg. C. In the first case 
about 38 per cent. of volatile matter was digested, a 
figure considerably higher than when agitation was 
used, while in the second only 22 om cent. was absorbed. 
Owing to the high ash content of the bulk of the Leeds 
sludge, separate digestion was not very suitable, and the 





730 


ENGINEERING. 





[DECc. 5, 1930. 











results obtained from the thermophilic process would 
not justify its cost. 

On Thursday afternoon three papers were presented | 
to a meeting of the British Waterworks Association. 
The first of these was by Mr. R. L. Robinson, and dealt 
with the ‘“‘ Afforestation of Watersheds.” The author 
pointed out that, though the subject had been before 
the Association previously, the fact that the State had 
begun to take a practical interest in the production of 
timber made it legitimate to consider the part munici- 
palities might play. The recommendation of the 
Forestry Sub-Committee of the Reconstruction Com- 
mittee that the then existing 3,000,000 acres of woodland 
should be maintained in its productive state, and that 
1,770,000 acres should be added in 80 years, had been 
adopted by the Forestry Commission in 1919. For the 
first decade the State’s planting programme was to be 
150,000 acres, of which 138,000 acres had actually been 
planted, while the planting to be done by municipal 
and private enterprise with State assistance was esti- 
mated at 110,000 acres, of which about 75,000 acres 
had been dealt with. A State programme of 353,000 
acres had been approved for 1929-39, but it was antici- 
pated that no improvement, but rather the reverse, 
would take place in privately owned woodland. The onus 
of maintaining and increasing the timber production of 
the country would therefore fall in increasing measure 
on the State and the municipalities. From the point 
of view of water supply, afforestation improved the 
quality, even if it was doubtful whether it increased the 
quantity. The establishment of large undertakings, 
such as that at Vyrnwy, meant the sacrifice of rural to 
urban Britain, so that the catchment areas affected 
should be utilised for afforestation to adjust the balance | 
and to increase the scenic amenities. The Forestry | 
Commission were anxious to assist municipalities in the 
afforestation of catchment areas by way of grants 
and technical advice. 

A second paper by Mr. A. Babbington dealt with 
“The Land Drainage Act, 1930, in relation to River 
Pollution Prevention.” This measure was one of a 
long series of statutes dating from the time of Henry 
VIII, of which the most important was the Land Drain- 
age Act, 1861. This made the Commissions of Sewers 
authorised by the earlier Act perpetual, and also autho- 
rised elective drainage boards to be constituted for 
areas requiring a combined system of drainage. Many 
such boards had been constituted and had operated 
satisfactorily. These imposed penalties on those who | 
polluted watercourses without the consent of the 
drainage boards or without legal right to do so. The 
new Act repealed all the public statutes relating to 
land drainage and placed the drainage of a catchment 
area under a Catchment Board. These boards could 
frame by-laws to prevent the obstruction of channels 
by the discharge of any liquid or solid matter, but this 
power would be more or less ineffective in preventing 
pollution where no obstruction occurred. On the other 
hand, the Minister of Health could constitute a joint 
committee with powers of a sanitary authority, though 
unfortunately this body would not necessarily have 
control over tidal waters. 

Finally, Mr. D. F. Worger read a paper on “‘ The 
Rural Water Supply Problem,” in which he said that a 
piped constant supply of water at high pressure was 
necessary for the good of 6,000,000 people in this 
country now without it. This, experience had shown, 
could be economically effected by the auto-pneumatic 
system, which consisted of sealed cylindrical tanks 
supplied with water by pumps driven by automatically 
controlled engines or motors. These tanks were 
situated between the discharges of the pumps and the 
water mains and were kept two-thirds full of water 
against an air pressure at the head it was desired to | 
maintain in the mains. When water was drawn off 
the air pressure in the tank fell and operated automatic 
devices, so that the pumps were started. The latter 
were stopped when the pressure again rose to its upper 
limit. The system did away with the necessity of a 
reservoir or water tower. It was also extremely elastic, 
and could be altered to comply with the water con- 
ditions or extended to meet an increased demand. 
Initially the saving in capital expenditure was some 
33 per cent. compared with reservoirs, and there was no | 
need to provide 100 per cent. of standby plant, as was | 
usual in the latter case. 

On Friday morning, November 21, there was a 
meeting of the Institute of Public Cleansing, at which a 
paper on “The Future of Public Cleansing Work ” 
was presented by Mr. H. Cook, who pointed out there 
already existed great differences of method between the 
least and most up-to-date cleansing services, and that 
it might be expected, apart from further development, 
that the more backward districts would gradually 
improve until the general level approximated to the 





present best. Thus, the substitution of low loading 


for high loading vehicles, the provision of protective | 
clothing for employees, the use of systematised costing | 


and publicity, and the adoption of renewal-reserve | 
funds would all probably become more general. Electric | 


vehicles had not been so widely adopted as seemed 
probable ten or fifteen years ago, though the authorities 
who first employed them had remained faithful to them. 
The organisation necessary for charging the batteries 
was, however, a disadvantage, and the claims that its 
running efficiency was superior to that of the petrol 
vehicle could not be maintained. 

Some form of dustless loading now seemed inevitable, 
though it was not easy to say what form this would take. 
It had been suggested that this could be effected without 
the aid of storage receptacles, collecting vehicles or 
dustmen by using a pneumatic pipe conveyor system. 
Assuming the practical difficulties of installing such a 
system could be overcome, it would not be likely to 
compete in cheapness with existing arrangements, 
which cost 33d. or less per house per week. The methods 
of disposal adopted in future would depend even more 
than those of collection on the nature of the refuse. 
It did not appear, however, that the latter would for 
some time change so markedly as to render impractic- 
able the recovery of cinders or the production of steam. 
Disposal by tipping was likely to continue to serve the 
needs of many districts, and a modification of this 
in which the refuse was burnt in specially built trenches 
directly it arrived had been suggested. This was said 
to be effective, sanitary, and cheaper than any other 
method. 








THE ELECTRO-DEPOSITION OF 
CHROMIUM. 
AN interesting paper entitled “The Practical 


Difficulties Associated with the Electro-Deposition of 
Chromium,” was read, on October 15 last, by Mr. J. W. 
Cuthbertson, before the Electroplaters’ and Depositors’ 
Technical Society, at the Northampton Polytechnic 
Institute, Clerkenwell, London, E.C.1. The author 
stated that, although the electro-deposition of chromium 
had passed far beyond the experimental stage, the 
process was still, in some respects, unsatisfactory, and 
was beset by several practical difficulties. Success 
depended, to a considerable extent upon the skill and 
experience of the plater. It was impossible to lay 
too much stress upon the need for the careful prepara- 
tion of the work. After the usual grinding and polish- 
ing, the article should be thoroughly freed from grease, 
washed in a tank containing 10 per cent. sulphuric 
acid, and then rinsed in water. It should afterwards 
be scrubbed, either with fine sand or with pumice, 
and again rinsed. After cleaning, the work must not 
be touched with the bare hand; rubber gloves should 
be used. It was not always necessary that the chro- 
mium should be deposited on a nickel undercoating, 
but this was generally advisable. A deposit of nickel, 
0-001-in. thick, should be applied to all steel work, 
and the nickel vat employed should be capable of doing 
this in 30 minutes or less. 

The type of vat used for chromium plating depended 
upon the work in hand. It was a great convenience 
and saving of time if small articles could be plated in a 
vat of medium size, leaving heavier work for a larger 
vat. The conclusion had been arrived at that the 
best deposits were obtained from a solution of chromic 
acid and chromium sulphate in water. The tank 
was usually made of iron, the sides being glass lined ; 
heat was applied from below by means of gas burners. 
The anodes should be of lead; from time to time, 
attempts had been made to introduce iron anodes, but 
these were quite unsuited to the purpose. Generally 
speaking, there were four variable factors in chromium 
plating, namely, temperature, current density, chromic- 
acid concentration and sulphate concentration. The 
temperature was usually maintained at about 40 deg. C. 
(104 deg. F.); the maximum variation permissible 
was + 3 deg. C. The current density should be 
adjusted with the same accuracy as the temperature. 
The best results had been obtained with a current den- 
sity of from 65 to 85 amperes per sq. ft. The sulphate 
ratio of the vat was important and when the right 
conditions had been obtained, the chromic acid and 
the sulphate content of the vat should be determined, 
and an attempt made to keep to this composition 
constant. Whenever chromic acid was added to 
the vat, and this should be done daily if much work 
were passing through, it was essential to employ only 
the pure material, free from sulphates. Chromic acid 
was usually the only addition necessary. 








Tue Crrrus-HERMES AERO ENGINE.—Particulars have 
recently come to hand of a type test carried out on a 
standard Cirrus Hermes Mark II aero-engine with the 
object of re-rating the engine at a higher running speed. 
The engine was subjected to a 100-hour test under 
official Air Ministry observation, and ran at 2,000 r.p.m. 
for the whole period, the brake horse-power developed 
being 117-5. The petrol consumption averaged 0-59 
pint per b.h.p. per hour, the oil consumption being 
0-75 pint per hour. We understand that the engine was 
found to be in an excellent condition at the end of the 
run, the maximum wear amounting to 0-0005 in. on the 
erankshaft bearing s. 





CATALOGUES. 


Coal Crusher.—An illustrated description of a single- 
roll machine for breaking lump coal to sizes of 6 in., 
and less, is to hand from Messrs. British Jeffrey-Diamond, 
Limited, Wakefield. 

Buffing Machine.——Messrs. Hisey-Wolf Machine Com- 
pany, of Cincinnatti, U.S.A., have sent us illustrations 
and particulars of a buffing and polishing machine having 
a spindle to carry two wheels witn a central enclosed 
electric-motor drive. 

Oil Purifier—Messrs. Super-Centrifugal Engineers, 
Limited, 101, Grosvenor-road, London, S.W.1, have 
sent us a description of the Sharples machine for purify- 
ing fuel oil and lubricating oil, and giving a long list, of 
motorships in which the machines are installed. 

Electrical Machines.—Messrs. W. E. Burnand and 
Company, 66, Shoreham-street, Sheffield, have sent us 
several catalogues illustrating motors, converters, trans- 
formers, lifting magnets, &c., including many repair 
and reconstruction jobs. Among the latter is a 200-kw. 
turbo-generator reconstructed as a 240-kw. rotary- 
converter. 

Mill Machinery.—We have received a circular from 
Messrs. Pratchitt Brothers, Limited, Carlisle, illustrating 
about thirty machines which they make, including 
rotary kilns, disintegrators, ball and roll grinding mills, 
crusher rolls, haulage and winding engines, runner 
mills and a number of vessels for chemical works 
equipment. 

Pipe-Work.—A catalogue of pipe work received from 
Messrs. Le Bas Tube Company, Limited, Dock House, 
Billiter-street, E.14, deals mainly with coils, bends, 
branched pieces, expansion pieces, flanged pieces, jacketted 
pipes, gilled tubes, tubular steel railings, &c. These 
include parts suitable for high pressures and others of 
stainless steel for resisting corrosion. 

Separator.—Mr. William Alexander, 167, St. Vincent- 
street, Glasgow, has submitted his ‘“‘Supreme”’ vortex 
separator to a test by Professor A. L. Mellanby, of 
the Royal Technical College, Glasgow. Five trials were 
carried out, and the results are given in the report 
and illustrated graphically. The report is printed in 
full in a circular letter issued by Mr. Alexander. 

Electric Resistances.—Messrs. Steatite and Porcelain 
Products, Limited, Stourport, Worcestershire, have sent 
us a catalogue of electrical resistances, glazed and em- 
bedded in enamel. They are called ‘‘ Pantohm ” resist- 
ances, and are suitable for motor starters, indicator 
lamps, signal installations and electric-heating systems ; 
there are also some very small sizes for instruments. 

Filters.—The mechanical filters made by Messrs. Scott 
and Hodgson, Limited, Guide Bridge, near Manchester, 
are described in a catalogue to hand from Messrs. Charles 
FE. Douglas and Company, Limited, 215, Cecil Chambers, 
76, Strand, London, W.C.2. The filter consists of a 
pressure vessel with a layer of filtering material, means 
for breaking up and washing the filtering material, and 
the necessary pipes and valves. 

Saw-Sharpening Machine.—Messrs. Wadkin and Com- 
pany, Green-lane, Leicester, forward a fully-descriptive. 
catalogue of a new automatic machine for sharpening 
saws. It is capable of producing any of the usual forms 
of tooth on circular saws from 8 in. to 72 in. in diameter, 
on band saws up to 24 in. wide, and frame saws up to 6 in. 
wide and 6 ft. long. We have also received from this 
firm a folder illustrating a large range of woodworking 
machines, 

Clocks, Signals and Controls.—Messrs. Gent and Com- 
pany, Limited, Leicester, have issued new editions of 
three catalogues dealing with electric turret clocks, power 
operated bells and horns for connection to electric circuits, 
and signals for calling members of the staff who may be 
in any of several locations. Other recent pamphlets deal 
with relay controls and contactors for battery or service 
mains, impulse clocks and ancillary apparatus, office 
telephones, &c. 

Electric Railways.—The electrification of main and 
branch railways with high-tension direct current in 
Italy, and the principal machines and rolling-stock em- 
ployed are described in the review issued by Messrs. 
British Brown, Boveri, Limited, 56, Victoria-street, 
London, 8.W.1. We have also received a circular with 
figures showing the high efficiency of the 85,000-kw. 
steam turbine made by Messrs. Brown, Boveri for a 
Berlin power station. 

Speed-Change Gear.—We have received copies of 
several catalogue publications issued by Messrs. Reeves 
Pulley Company, Columbus, Ind., U.S.A., dealing with 
the type of speed-change gear which consists of a vee 
belt running on oppositely-adjustable cone pulleys. 
In the United States the use of these gears extends to 
very small sizes, and remote and automatic electric con- 
trols are usual. Messrs. Reeves are represented in this 
country by Messrs. Charles Churchill and Company, 
Limited, 9, Leonard-street, London, E.C.2, 

Mining Machinery and Tools——A catalogue of 
machines and tools specially suited to mining and quarry- 
ing is to hand from Messrs. Holman Brothers, Limited, 
Camborne, Cornwall. These include portable and 
stationary air compressors, hoisting and hauling machines 
of various types for electric or air drive, air motors of 
4 to 35 brake horse-power, fans and pumps of special 
design, and a large range of pneumatic tools. Machines 
and appliances for making and dressing chisels, hammers, 
and the cutting bits, &c., for the pneumatic tools are also 
dealt with. An interesting device referred to is a force- 
on ferrule of steel with rubber collar for chisels, to super- 
sede the forged-on collar, which cannot be formed, under 
working conditions, without leaving the chisel liable to 
fracture. 
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THE SCREENING OF SOUTHEND 
FROM GUNFIRE. 


Tue transmission of sound on a large scale in the 
open air has, from its general scientific interest 
and the utility of its applications in navigation, 
attracted the attention of many distinguished 
physicists. The mechanism by which velocity and 
temperature gradients cause the refraction of sound 
is, consequently, fairly well understood, and many 
apparently conflicting opinions have been reconciled 
in the light of theories now widely accepted. The 
basis of refraction is, briefly, that the speed of 
sound propagation is increased by rise of air tem- 
perature and increase of wind speed. If a sound 
wave-front be imagined to impinge obliquely on to a 
stratum of air in which the temperature rises with 
altitude, the upper part of the wave, which penetrates 
first into the hizher-temperature region, travels 
faster than the lower part, and the inclination of 
that portion of the wave to the horizontal is 
increased. This process is continuous; and since 
the instantaneous direction of propagation is 
normal to the wave-front, the sound is gradually 
refracted towards the earth. Similarly, if the 











DISTRIBUTION OF SOUND FROM GUN FIRING FROM YANTLET. 
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wind component in the direction of the sound 
increases with height, the waves are refracted 
downwards. These effects are illustrated by the 
diagram, Fig. 1, in which the sound rays from a 
gun G are refracted towards an observer O. Con- 
versely, if the wind and temperature gradients be 
such as to reduce the speed of sound as altitude 
increases, the wave front is refracted upwards, 
as shown by Fig. 2. Under these conditions, a 
limiting ray, such as GP,, separates a region of 
audibility from one of silence. GP, is, thus, a 
line on the acoustical horizon with respect to G, 
and h is the height of the sound shadow above which 
an observer at O must rise in order to hear the gun 
at G. If, for the moment, the direct effects of 
temperature gradient be disregarded, and the 
refraction illustrated by Fig. 2 be ascribed solely 
to a negative wind gradient, it will be readily 
perceived that the height of the sound shadow is 
not uniform, as the position O rotates in a horizontal 
circle about G. At positions such as P, and P,, 
Fig. 3, where the wind component in the direction 
of the sound is zero, there is no refraction and no 
sound shadow. To the right of P, and P;, refraction 
is downwards and the acoustic shadow is negative. 

In contrast to the wind gradient, which changes 
sign according to whether the observer is to wind- 
ward or to leeward of the gun, the temperature 
gradient is generally of the same sign over a wide 
area, so that, for temperature gradient alone, the 
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| acoustical shadow is of fairly uniform height for any 
{circle round G, and is above or below the visual 
| horizon seen from G according as the temperature 
gradient is negative or positive. The refraction 
shadows due to temperature and wind gradients 
are algebraically additive at any position of the 
observer. If a negative temperature gradient 
effect be combined with that in Fig. 3, due to 
wind gradient, the shadow heights OP, O,P, are 
increased and P,OP; becomes greater than a semi- 
circle. It will be realised that the curve P.P,P, 
does not, in general, lie in a plane, since wind and 
temperature gradients are rarely constant over a 
large area. 
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With certain simplifying assumptions, a formula : 

a dU 
Be° dz 
may be derived for the height h of the acoustical 
shadow at a distance x from the source of sound, 
where 


. cos 8 


h= 


dU 

dz 
is the wind gradient, @ is the angle between the 
directions of wind and sound, and ¢c is the velocity 
of sound in still air. Similarly, for temperature 
refraction, 





dv 
ay) Ske 


where “” is the velocity gradient for sound corres- 


dz 

ponding to the temperature gradient. These 
formule are approximately true so long as x is small 
relatively to the radius of curvature of the refracted 
sound ray, which, for a gradient of 1 foot per second 
per 1,000 ft. of height, is about 200 miles. They 
are, therefore, adequate for the solution of many 
problems of normal audibility, but in practice the 
accuracy is reduced by uncertainty in the estimation 
of the atmospheric gradients. Whilst, however, no 
simple law can be expected to hold good for so 
complex a variable as the natural wind, experience 
has justified a rough empirical relation of the form : 





U = constant. :t, 
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for which the wind speed is zero at ground level and 
the gradient ae is largest near the ground. 


With the extension of meteorological services, 
more exact and reliable data will eventually accumu- 
late for acoustic investigations ; and in the meantime 
experiments on a large scale are not neglected. A 
most interesting example of the application of the 
existing approximate methods to a commendably 
practical end is provided by the work of Dr. W. S. 
Tucker, in connection with the screening of the 
north side of the Thames Estuary from the noise of 
16-in. gunfire practice in the Isle of Grain. Froma 
paper on this subject, delivered at the Bristol 
Meeting of The British Association in September, 
1930, the material of the present article is derived. 

In 1925, the local authorities of Southend and 
adjacent towns protested against the heavy gunfire 
from Yantlet which was, occasionally, sufficiently 
intense to crack walls and ceilings. Preliminary 
experiments with seismographic apparatus showed 
that no appreciable disturbance waa transmitted 














through the ground. There remained for investi- 
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gation the “onde de choc” and the report of the 
gun. The “onde de choc” is the sound due to the 
compression wave at the nose of a high-velocity 
projectile, and its origin is in the trajectory at a 
point where the resolved part of the velocity of the 
shell in the direction of the observer is equal to the 
velocity of sound. To a distant observer on™ the 
“ line of fire ” side of the gun it is the first intimation 
of firing and highly disconcerting in its suddenness. 
Sound refraction offers, unfortunately, no prospect 
of relief from the “‘ onde de choc,” since the dis- 
turbance is produced above the acoustical horizon ; 
and, while its intensity may be somewhat reduced 
by atmospheric absorption, such meteorological 
conditions cannot be accurately forecast, neither can 
they obviate the subsequent reverberation. 

With regard, however, to the report of the gun, 
which is reaponsible for material damage, acoustical 
screening by the selection of suitable atmospheric 
conditions for firing practice has met with consi- 
derable success. Direct screening of the gun is, 
of course, out of the question, since the wave length 
of the initial disturbance at the gun-blast is of the 
order of hundreds of feet, and the effect of screens 
of reasonable dimensions would be barely perceptible 
at a distance of five miles. The principle underlying 
Dr. Tucker’s acoustic screening of Southend is the 
restriction of firing operations at Yantlet to days 
when the combined effects of velocity and tempera- 
ture gradients of the air in the district suffice to 
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refract the gun report above the town. In fore- 
casting such conditions, the tendency of the wind 
gradient towards constancy with increasing height 
enables the mean gradient from 250 to 2,000 ft. to 
be used in the solution of the equations for the height 
of the acoustical shadow. Average data from 
meteorological records must, however, be employed 
with a liberal factor of safety, since the possibility 
of their agreement with the conditions on any 
particular day is remote. 

The steep wind grading near ground level, already 
noted, has a special significance in view of the 
fact that the muzzle, and hence the report, of a 16-in. 
gun is about 50 ft. from the ground. The consequent 
loss of effective screening due to the initial down- 
ward propagation of a proportion of the sound 
is counteracted by the extensive refraction which 
such rays undergo. Fig. 4 shows how, as a result 
of a steep velocity gradient at low altitudes, the 
depth of the sound shadow is increased unless 
the point of observation is near to the source of 
sound, 


By the insertion of appropriate values into the | 


formule given above for h and h,, the height of 
the acoustic shadow at Southend, some 5 miles 
from the guns in the Isle of Grain, may be obtained 


as two components due, respectively, to wind and | 
temperature gradients. Fig. 5 shows how the 


shadow can be represented graphically. The gun 
position is the centre of a circle outside which radial 


ordinates, in the form of a blackened lung, represent | 


to scale the height of the acoustic shadow at a 
given distance from the gun. For the conditions 
of Fig. 5, the whole of the Southend district is fully 
exposed to the gun wave, whilst in the opposite 
direction to the line of fire the sound screening 
extends to an estimated maximum height of nearly 
4,000 ft. The effect, noted earlier, of a negative 
temperature gradient in augmenting the refraction 


of the positive wind gradient is clearly shown in 


Fig..5, by the extension of the horns of the black 
lune well beyond a semi-circle. Since, however, 
the temperature gradient shadow is less than the 
maximum due to wind gradient, there is no screening 
over about 50 deg. on either side of the trajectory. 
In Fig. 6, the screening due to temperature gradient 
is greater than that due to wind, and some shadow 
extends all round the circle. The wind gradient 
is negative, and the diagram exemplifies the unusual 
condition of sound being more clearly heard in a 
direction adverse to the wind. Here the north 
bank of the Thames is screened, but imperfectly, 
the acoustical shadow being only about 400 ft. 
high at Leigh-on-Sea. Fig. 7 illustrates a particu- 
larly interesting occasion on which districts in all 
directions were equally immune, the shadow being 
half a mile high at a distance of 5 miles from the gun. 
The wind, blowing at 25 m.p.h., was sensibly con- 
stant in speed up to a height of 2,500 ft., and the 
refraction screening is entirely due to a large nega- 
tive temperature gradient. 

As a check on the prediction of suitable firing 
conditions, photographic records of gun reports 
were taken by sound-ranging apparatus at three 
stations along the Southend front. Records typical 
of favourable screening conditions are reproduced 
in Fig. 8, from which it will be seen that the gun 
report is almost completely inaudible. The sudden 
onset of the “onde de choc” and the subsequent 
reverberations are very clearly displayed by these 
records. The directional character of the “‘ onde 
de choc” is also most marked, as shown by the 
contrast between the records taken at Thorpe Bay 
(on the east side of Southend and near to the line of 
fire), and at Chalkwell Park (west of Southend 
and well towards the flank of the gun). 

In order to facilitate the forecasting of safe firing 
conditions, Dr. Tucker has devised a series of cellu- 
loid discs, shaped like the shadow diagrams of 
Figs. 5,6and7. Lunes, with horns terminating at the 
extremities of a diameter, represent wind gradient 
screening: annuli represent temperature effects. 


The discs are coloured black or red to represent 
positive or negative acoustical shadows, and the 
widths of the series cover the normal range of 
wind and temperature gradients. For ascertained 
meteorological conditions, the appropriate wind gra- 
dient disc is placed on a map of the district, with 
its centre at the gun, and oriented to the wind 


direction prevailing at the time. The appropriate 
temperature gradient disc is superimposed, and the 
height of the resultant shadow at the range (5 miles) 
for which the discs are designed may be read off to 


scale. 
Acoustical forecasts by methods such as those 


PHOTOGRAPHIC RECORDS OF GUN SOUNDS. 
Fig.8. 


— 
















































































































































































ROUND 26. CHALKWELL PARK. 































































































































































































G 5S 
| ROUND 4, NEAR ROYAL HOTEL. 
| (GUN REPORT SHOULD BE AT G) 











































































































































































































G ROUND Il. THORPE BAY. 
(GUN REPORT SHOULD BE AT G) 
(Sis the Onde-de-Choc, Gis the Gun Report.) 

| (Records moving from Right to Left) 

Fae “ENGINEERING” 
here described are now made before every firing of 
heavy guns on the Isle of Grain. In conjunction 

| with a few simple precautions, such as slight opening 
of windows, on the part of the inhabitants of 

| Southend, future discomfort and material damage 
| should be greatly reduced. 








ENGINEERING MARKETS OF THE 
WORLD.—VII. 


By A. J. LIVERSEDGE. 
Tue Unitep STATES OF AMERICA. 
WE have now surveyed the engineering markets of 
the British Empire, so far as those markets are 


and products into the countries composing the 
Empire. It may be said here, however, that it has 
been pointed out to the writer that the final table of 
the last article, Table No. XV, page 610, ante, re- 
lated only to the British Dominions Overseas, and 
that to make it complete the figures for the United 
Kingdom should be added. There were reasons for 
confining the table to the Overseas Dominions ; the 
imports into those Dominions constitute generally 
much the larger part of the markets ; but that is not 
so, of course, with the United Kingdom. Here the 
imports do not represent even one-half of the whole 
market. It will be interesting, however, to see what 
the grand aggregate amounts to, say for the last year. 
The total imports into the Dominions, as shown in 
Table XV, amounted to 246,354,000/. ; the corres- 
ponding imports into the United Kingdom amounted 
to 61,084,000/., making a grand total of 307,438 0001. 
for the British Empire. Of this large total 
205,130,0001., equivalent to 66-7 per cent., two- 
thirds of the whole, was supplied from other coun- 
tries than the United Kingdom, and, of course, 
mostly foreign countries. The United Kingdom 
itself supplied only 102,130,0001. 

One turns from the British Empire to foreign 
countries with a certain amount of fear and tremb- 
ling. If, as we have seen, we are losing ground in 
our own Dominions, where the ties of blood and of 
language, or of long and intimate political associa- 
tion, ought to give us considerable advantages, how 
can we expect to fare with foreign countries where 
we enjoy no such advantages, except, to a certain 
extent, in one quarter which we shall now examine, 
viz., the United States cf America. The ties of blood 
between the United Kingdom and the United States 
of America are not now, of course, what they were 
at one time, but the blood is still there, while the 
common language and almost common weights and 
measures are appreciable advantages. As a com- 
petitor for the trade of the United States, Canada 
has advantages which we do not possess, but no 
foreign country has any racial or political advantage 





represented by the imports of engineering materials | 


over the United Kingdom. Where then do we 
stand in relation to the American market ? 

The American engineering market is, without 
question, the largest and most important of the 
world. It is not merely that the population of the 
United States now exceeds 120,000,000, but the 
people, or a very large proportion at any rate, are 
the most highly ‘“‘ mechanised ” people of the world ; 
that is to say, they use machinery more than any 
other people. They use it not only in their manu- 
facturing and agricultural industries, but also in 
their counting houses and in their homes to an 
extent of which few people on this side can have 
any conception. This market is not only the 
greatest of the world, but it is supplied from home 
sources to a greater extent than, probably, any other 
corresponding market. Hence, judged by the 
imports into the States of the engineering com- 
modities with which we are here concerned, it 
appears only a small market. What these imports 
have amounted to during the four years 1925-6-7-8, is 
shown in Table XVI, on the opposite page. The 
corresponding figures for 1913 are added where they 
are available. It will be seen that the grand total 
for 1928, the latest year for which the details are 
available, amounted to no more than 13,827,000. ; 
and there are many people who will be surprised 
that it amounted to so much. In the same year, 
the corresponding imports into the United Kingdom 
amounted to over 55,000,0001.; even the corres- 
ponding imports into British South Africa were 
double the value of those into the United States 
of America. This relatively small value of the 
American imports is due, of course, to the fact 
that America is one of the most highly protected 
countries of the world ; her “tariff wall” is almost 
unclimbable. Still the market, as represented by 
imports, is not a negligible market; it will be 
noted that of the total of 13,800,000/., iron and 
isteel and manufactures of iron and steel and 
|machinery account for 12,500,000/. The other two 
| groups of commodities, electrical and vehicles, make 
| but a small contribution to the total, the duties 
|imposed upon these two classes being almost 
| prohibitive. 
| Again, small as the market is, it is clear from 
Table XVI, that there is keen competition for 
what it has to offer. When we find British India 
'sending iron and steel to the United States, Japan, 
| electric lamps, and Finland, machinery, it is obvious 
'that the manufacturing nations of the world are 
|ready to take advantage of any opportunities, 
_ whether large or small, that may present themselves 
on the other side. Moreover, it is quite possible that 
this market, so carefully protected to-day, wil] well 
repay nursing. It was an American humorist wh) 
said that it was unwise to prophesy “unless you 
' knew,” but there are, undoubtedly, economic forces 
moving in the world to-day, which, in the opinion 
| of good authorities, will impel America, before long, 
/in her own interests, to lower her “ tariff walls ”’ ; 
|and once the process begins it will be hard to say 
where it will stop. 

Meanwhile, it should be pointed out that Table 
| XVI includes only the Continental States proper ; 
it does not include the “non-contiguous ” posses- 
sions of Hawai, Porto Rico or even Alaska. In 
|the fiscal returns of the United States, all these 
three possessions are treated as foreign countries, 
‘and their imports and exports from and to America 
|are set out in very full detail. These returns 
enable us to make one or two calculations, perhaps a 
‘little fanciful, but interesting and highly suggestive. 
|The consumption of iron and steel and their manu- 
'factures by the State of Alaska in 1928 amounted in 
‘value to about 1,600,0001.; the corresponding 
consumption by Hawai was 1,800,000/. Now, it is 
certain that the average corresponding consumption 
by each of the forty-eight states composing the 
‘Union was not less than the consumption of Alaska 
‘and Hawai combined, which means that the total 
‘domestic consumption by the United States of 
‘these products in 1928 amounted to not less than 
| 163,200,0001. Dealing similarly with the other 
classes of commodities with which we are concerned 
| we obtain the results given in Table XVII. 
| This is, of course, the domestic consumption, apart 
|from exports. It represents the domestic market, 
‘and having regard to the consumption of these 
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products per head of the population in some other 
countries, particularly some of the British Domi- 
nions, the above total is probably underestimated. 


TaBLE XVII.—Approximate Domestic Consumption of 
Engineering Products by the United States of America in 
1928. £ 


Iron and steel and their manufactures ... 163,200,000 
Electrical apparatu sa 24,000,000 
Machinery ... ¥4 60,000,000 
Vehicles 72,000,000 

Total ... 319,200,000 


Towards supplying the needs of this great market, 
America, in 1928, as we have seen, imported from 
abroad commodities to the value of 13,827,0001., 
or 4-3 per cent.; the rest she supplied herself. 


TABLE XVI.—EnNGINEERING IMPORTS INTO THE UNITED StaTES OF AMERICA. 


ENGINEERING. 
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big drop in the United Kingdom curve in 1926 
and the corresponding elevation of the German 
curve, are significant and not accidental; they are 
the direct consequences of the labour difficulties 
in this country. Nevertheless, making every allow- 
ance for labour troubles, it has to be confessed that 
the United Kingdom curves are disappointing, 
although the curve of No. 1 ends in hopeful fashion. 
In 1913, we were easily first as purveyors of iron 
and steel to America ; to-day, we are just as easily 
beaten by Germany. Germany passed us in 1926 
and has kept the first place ever since, while Belgium 
is close upon our heels, indeed, in 1927, it will 
be seen, Belgium passed us, and we had to be 
content with third place. Having regard to what 


£000’s OMITTED. 

























































































n i 
1913. | 1925. 1926. i 1927 1928, 
eunites | | 
T ] l 
£ | Per cent. | £ pe cent. £ [pe vaniet £ | Per cent. £ Per cent. 
y | 
l T 

Iron and Steel and Manufactures| 5,230 | — _ || 7,240 — 8,442 _ ! Ae ee 7,605 _ 
From United Kingdom 2,049 | 39-0 || 1,554 | 21-4 || 1,474 | 17-5 || 1,165 | 15-6 || 1,431 | 18-8 
, All other sources 3181 | 61-0 || 53686 | 78-6 || 6.968 | 82-5 || 6223 | 84-4 || 6174 | 81-2 

Belgium 109 2-1 || 1,146 | 15-8 || 1,888 | 16-5 || 1,260 | 17-0 |] 1,161 | 15-2 
France 82 1-6 || "685 9-4 761 | 9-0 || 909 | 12-3 10:8 
» Germany 809 | 17-2 || 1,227 | 16-9 || 2,175 | 25-7 || 1,959 | 26-4 || 2,128 | 28-0 
., Netherlands — — |} 312 4-3 || 4388 | 5-2 || 184 2-5 2 2-8 
, Sweden 1,828 | 25-4 || 1,080 | 14-2 || 924 | 10-9 || 811 | 10-9 956 | 12-5 
Canada ee — — |} 382 | 52 || 500 5:9 396 5:3 391 5-1 
; British India .. — _ 626 8-6 293 3-4 || 208 2-8 160 2-1 

Electrical Lamps a wf S88 _ 307 — 34: | — 248 _ 253 —_ 

Electrical Machinery and | | 
Apparatus .. . ie ee Rr, 193 | — 174 _ | 364 — | 316 — 
Mie kw ce Ol | Uc ll ss | — || ei | — seo | — 

| | | 
From Japan (Lamps) > ie ive aay —-—};—-f —-|]- 182 | 72-8 
7 Germany (Machinery, iH | | i| 2 
Macs s6 — || 83 | 43-0 44 | 25-0 || 92 | 25-4 | 76 | 24-1 
Sweden — _ 25 | 13-0 || 37 | 21-0 || 73 | 20-0 || 194 | 89-3 
» Switzerland .. _ — || 6 | 38-0 | 25 | 14-3 || 130 | 86-7 58 | 16-6 
United Kingdom _ — | 60 | 31-0 || 47 | 27-1 {| 50 | 18-7 41 | 13-0 

Machinery, Agricultura’ «| eet — || 62 — || 1,030 = fat — 994 = 

From Canada ee ey oe na | 472 | 76-0 || 789 | 76-5 || 873 | 78-6 || 772 | 77-7 
Belgium 36 2-7 |! 70 11-3 | 95 9-3 || 73 | 655 49 4-9 
Finland — — | 2 0-3 3 0-3 || 9 0-8 17 1:7 
Germany 707 53-1 |) 20 | 3-2 28 2-7 |i 19 1:8 | 28 2°8 
Sweden of 21 15 || 14 | 2-2 29 2-8 || 35 3-1 31 3+1 
United Kingdom 397 | 30-0 ||} 88 | 5-3 49 4-7 || 56 5:0 63 6:3 

| | 1 | 1] 

Mackinaw, General... «o| 3a — | see | — |} 3,380 | — 3,326 | — 3,954 —_ 
From United Kingdom ..| 397 | 23-0 600 | 25-0 || 479 | 14-1 | 812 | 24-4 677 | 17-1 
»  Allothersources ..| 1,324 | 77-0 || 1,806 | 75-0 | 3,901 | 85-9 || 2,524 | 75-6 || 3,287 | 82-9 
» Belgium me a 8-2 7 0-3 || 9 0-3 | 14 0-4 114 2-8 
» France a 9 0-5 160 | 6-6 |} 91 2-6 || 153 | 4-6 139 3-5 
» Germany -| 774 | 45-0 || 1,179 | 49-1 |) 2,030 | 60-0 || 1,722 | 51-8 || 2,027 | 51-3 
» Italy .. ..| 152 8:8 69 2-8 || 62 1-8 | 72 2-1 58 1:5 

Sweden ..| 192 7-1 || 82 3-4 132 3-8 178 53 || 812 7-9 

» Switzerland | SE 2-9 || 105 | 4-3 179 5-2 || 140 | 4-2 || 218 55 

Vehicles .. ..| 650 | — || 399 F- ws | — | so| — | “| — 
From Belgium fo —_ 21 5-2 || 58 | 126 || 57 | 105 41 5-8 
» France | — — | Ti | Wee | 72 | 15-7 || 94 17°5 91 12-8 
» Germany | — 57 | 14-2 21 | 4:5 || 211 | 389-2 342 | 48-5 
s Italy ty | — — 21 | 52 34 7-3 || 38 71 54 7:7 
», Netherlands oes — || 2 | O04 11 23 || 20 | 38-7 19 2-7 
»» Switzerland fo — || 13 3-4 = | =e | 1 0-2 26 | 3-7 
» United Kingdom ..) — — || 80 20-0 82 18-0 i 58 | 10-7 | 75 | 10-7 
TOTALS : | 1 | | 

Iron and Steel and Manufactures | 5,230 — || 7,235 | — 8,442 ] 7,388 | — || 7,605 | = 

Electrical i as | — — || so | — | si | — |] o38 | — || seo | — 

Machinery, Agricultural = .., 1,334 | — || 624 = | 1,030 — | osm — || 904 fe 

Machinery, General .. | 1,721 | — || 2,406 ~ 3,380 — |} 3,326 — || 395) — 
TOTAL 3,055 | — || 303% | — 4410 | — || 4487 | — |] 4048 | — 

"WM. «a ~« =a — | 30 | — | 48 | — || 539 | — || 705 | — 
GRAND Torats ..| 8,985 — ieee | || 13,828 | — |12,977 | — ||13,827 | — 

| | | | | 
From Belgium | — —_ | 1,244 | 11-2 || 1,549 | 11-2 || 1,403 | 10-8 || 1,364 9:7 
» France | — —_ 916 8-2 924 6-6 || 1,157 8-9 || 1,050 | 7-4 
» Germany | — — || 2,566 | 23-1 || 4,203 | 31:1 || 4,003 | 30-8 } 4,600 | 32-8 
» Netherlands eS — 314 3-0 || 450 3-2 || ‘204 | 1-5 || ‘239 | 1-6 
” Sweden ] = | XS |} aass | ao-4 |] azar | 8a |] 1097 | aa || 1423 | 10-1 
» Switzerland .. ..; — — |} 1% 1-1 || 204 1-4 || 272 2-1 || 297 2-1 
» British India .. = — || 626 5-6 || 202 21 207 | 1-6 || 159 1-1 
» Canada ae “ae — || 620 5-6 || 814 6-0 | 920 7-0 || 817 5-8 
United Kingdom | —_ _ 1 2,327 | 21-0 || 2,181 | 15-4 || 2,140 | 16-4 || 2,287 | 16-3 
} | | 








Table XVI has been set out in considerable detail, 
as it is interesting and important for us to know 
what countries are biddingf or the trade of the 
United States. The table is supplemented by a 
chart, Fig. 11, in which the proportions of this trade 
obtained by the chief competitors during recent 
years are indicated. Once more we here meet 
again a feature that has dogged these surveys from 
the beginning, viz. declining United Kingdom curves. 
It will be seen that the United Kingdom curves in 
Graphs Nos. 1 and 2 end not only on lower levels 
than where they began in 1913, but lower than where 
they stood in 1925; while in No. 3, the curve also 
ends on a lower level than where it stood in 1925. 
In these curves we undoubtedly see, again, the 
reflection of the labour troubles of 1925-26. The 


we have recently done elsewhere in iron and steel, 
all this is disappointing. 

It is interesting to note that the Swedish curve, 
like that of the United Kingdom, is upon the whole 
a declining curve, though, also like the United 
Kingdom curve, the final segment looks upwards. 
Sweden will always have a trade with countries using 
much iron or steel, because of the special character of 
some of her ores of iron ; but itis clear thatin recent 
years the cheaper products of Belgium, and, perhaps, 
in a lesser degree, of France, have been too much for 
the finer Swedish product, at least, in America. 

It is not possible to set out here much detail, 
but in Table XVIII the particulars for the heavier 
classes of iron and steel are shown for 1928. The 
rates per ton given are, of course, based upon the 








declared values at the port of debarkation as set 
out in the second column. It is particularly in 
these classes that our Continental neighbours and 
competitors are pressing us so hard, and making 
their gains. Certain of the items in this list, how- 
ever, are now very small as compared with what they 
were even so recently as 1926. In the latter year, 
for instance, the United States imported pig iron to 
the value of 1,650,000/.; while her imports of tin 
plates before the war were averaging over 500,0001. 
a year. These changes, of course, are due to the 
operations of America’s fiscal] policy; but fiscal 
policy does not account for the fact that out of 
354,0001. of cast-iron pipes imported by America 
in 1928 we contributed only 1,244/., while France 


Fig.l. ENGINEERING IMPORTS INTO THE UNITED 
STATES OF AMERICA, SOURCE PERCENTAGES. 
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supplied 280,500/. and Belgium 63,000/. In other 


pipes and tubes, we make a rather better showing, 
with 127,000. out of a total of 847,000/., but 
even here Sweden beats us with 194,000/., while 
Germany supplies 365,000/., or 43 per cent. of the 
total. In round wire we supplied 72 per cent. of the 
total, but in flat wire and steel strip, out of a 
total of 363,755/., Sweden supplied 247,8501., 
while we supplied the rest. 

Germany ha: long been in front of us in America 
with machinery, and, unfortunately, there are 
no signs of any recovery on our part. It will 
probably surprise many people to find that with all 
her great agricultural experience and her engineering 
resources, America imports a certain amount of 
agricultural machinery; she admits agricultural 
machinery free of duty. Naturally, Canada takes 
much the larger part of this particular trade, 
but it will be seen from Table XVI, that the 
United Kingdom comes next, though a very long 
way behind. The places occupied in this section 
of the table by Belgium, Finland, Germany and 
Sweden, are entirely due to our old friend, the cream 
separator. The machines supplied by these coun- 
tries are small, hand-power, machines, and pay no 
duty. It is not a large business; for the last four 
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Fia. 38. Upper SEcTION oF PIPE LINE. 


years it has amounted to almost exactly 500,000/., 
Belgium having accounted for 286,000/. and Sweden 
110,0001., the balance being made up by Germany, 
Finland and Canada. Our 
whole period was 180/. 

In general machinery we are beaten in every 
class except textile. America’s imports of textile 


Tasie XVIII.—ngineering Imports into the United 
States of America (Iron and Steel) 1928. 


Rate 


Tons | 

2 cas 29 £ per 
(2,240 Ib.). Ton £ 
Pig-iron 125,600 458,696 | 3-65 
Steel ingots, billets, «ce. 31 »428 186,764 | 8-71 
Steel bars ae ‘ 85,344 716,503 | 8-38 
Bar iron 2,443 32,473 | 13-30 
Wire rods 18,851 230,655 | 12-24 
Plates, &c. 8,025 61,738 | 6-44 
Steel sheets ; 22,800 208,063 | 9-12 
Tin and terne plates 921 31,361 | 34-05 
Structural 163,761 1,083,264 | 6-61 
7 14,018 88,869 | 6-34 
o.L. pipes 60,793 | 354,633 5-83 
Other pipes and tubes. 45,496 847,216 | 18-62 
Wire, barbed 5,647 67,559 | 11-96 
Round wire and insulated 4,703 138,093 | 29-36 

Fiat wire and steel strip 2,565 368,835 143-7 

Other wire and wire rope 1,674 224,832 184-2 
Nails, bolts, nuts and rivets .. 10,134 139,073 | 13-72 
Cast and forged ee 3,184 96,324 | 30-25 

Tanks, drums, «c. _- 96,951 _- 
Totals 497,387 5,421,902 | 10-9 


machinery (power) in 1928 smounted 4 to 483 ,0001., 


the share of the United Kingdom being 248,000/. ; | coming next with 17,000/., and the United Kingdom | 


of Germany, 132,000/., and of France, 119,000/. 
While we thus had much the larger share of this | 
business as a whole, Germany, for the first time, 
supplied in this year more cotton machinery to the 
States than we supplied. In embroidery machinery, 
the United Kingdom supplied 37,000/. out of a total 
ef 38,2001, but in hosiery-knitting machinery, 


contribution for the | 


-| to 186,0001. ; 











515,8001., the share 
of the United King- 
'dom being 5001. 

In metal-working 
machines, Germany 
again easily took 
the first place; the 
total imported under 
that head in the year 
1928 amounted to 
| 117,0002., of which 
Germany’s share was 
100,0001., and the 
share of the United 
Kingdom no more 
than 6,400/., and this 
in a line in which we 
{are supposed to be 
| specialists. Even in 
| steam and internal- 
;combustion engines 
| weare heavily beaten, 
| though in this class 
| by Switzerland. The 
total value of the 
| imports in this class 
| of goods amounted 
to this 
| total Switzerland contributed 119,000/., 





Fie. 40. 


following with 13,0007. 

We do not expect the United States to import 
any large quantity of sewing machines, but the 
imports under this head in 1928 amounted to 
104,000/., Germany supplying 57,5007. and the United 
Kingdom 39,000/., France being the next in order, 
but a long way behind, with 8,500/. America also 


Germany supplied practically the whole of a total of| imported in 1928 anti-friction balls and rollers 


Germany | to the value of 205,0001., 








Prees at AncHorace No. 2 Berore CONCRETING. 


but here we have two 
new competitors, Sweden coming first with 81,000/., 

followed by Italy with 51,500/., “while the contribu- 
tion of the United Kingdom was 27,6001. Of mis- 
cellaneous machinery imported, including printing 
machinery and office appliances, amounting to a 
total of 2,100,000/., Germany contributed a little 
more than half, viz., 1,140,000/. Our own share came 
next, but it only amounted to 380,000/. ; Sweden, 
Switzerland, Belgium and France made up most of 
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THE LOCHABER WATER POWER SCHEME. 


MESSRS. C. S. MEIK AND HALCROW, MM.INST.C.E., CONSULTING ENGINEERS, WESTMINSTER. 
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the balance, though both Denmark and Czecho- | 
slovakia made small contributions. 

It is unnecessary to attempt any analysis either | 
of electrical apparatus and machinery or of vehicles, 
there being practically nothing to analyse; but in | 
both these classes we are beaten, as Table XVI 


clearly shows, in electrical apparatus by Sweden, 
Germany and Switzerland; and in vehicles by 
Germany and France. Here, again, it is to be 
observed that it is not so much the actual amounts of 
of our shares in the imports of the United States 
that constitute the serious aspects of our position, 
but rather the fact that in all four classes our 


| proportion is declining ; our hold upon the American 


market is slackening. It is to be feared that this 
feature will be found typical of our position in 
practically all the foreign markets of the world. 
In the next article we shall see where we stand in 
regard to Latin America. 








THE LOCHABER WATER POWER 
SCHEME OF THE BRITISH ALU- 
MINIUM COMPANY. 

(Concluded from page 676.) 

THE two existing pipe lines, illustrations of which 
are given in Figs. 38 to 40, are each approximately 
3,000 ft. long, the external diameters being. 70} in., 
68 in. and 65 in., while the thickness increases from 
4 in. to 1} in. The steel pipes, of which they are 
formed, were made by the South Durham Steel and 
Iron Company, Limited, of West Hartlepool, at their 
Stockton-on-Tees works. The total fall between the 
portal and the power house is 600 ft..and is, made 
in three stages, the slopes being 25 deg., 17 deg., and 
3 deg., respectively. The pipes are held in place 
by six common concrete anchorages at points where 
either the slope or the diameter is charged. Below 
the last of these, the line changes its horizontal 
direction, and each pipe is then anchored individ- 
ually. Immediately below the latter anchorages 
each pipe bifurcates into two other pipes of 42-in. 
internal diameter, through which connection is made 
to the power house, as shown in Figs. 41 to 43, a 
view of the bifurcation being given in Fig. 44. As 
will be seen, a fifth 42-in. pipe is connected to the two 
65-in. lines between anchorages Nos. 6 and 7, and 
also runs into the power house, further connection 
to the latter being made from two of.the 42-in. 
pipes through 27-in. pipes. 

The standard length of the main pipes is 30 ft. 
overall, the individual sections being connected by 
joints of the inserted weld type, the welds on which 
were effected electrically on site. Each length 
of pipe weighs between 5 tons and 10 tons, the total 
weight of the complete pipe line being some 2,000 
tons. Immediately below each anchorage is an 
expansion joint of the stuffing-box type with flanged 
ends, details of which are given in Figs. 45 and 46. 
The barrels, gland flanges, and neck rings of these 
joints are made of cast-steel, while the sliders 
are of mild steel. The latter have been subjected 
to a treatment known as fescolising for a length of 
2 ft. on their outside surfaces. This consists of 
applying a coating of nickel to give an exceedingly 
hard-wearing surface, which will also stand both 
erosion and corrosion. The inside surfaces of the 
gland flanges and neck rings are also fescolised. 
The bends at six of the anchors are made from 
straight steel pipes, which were gussetted and welded 
circumferentially by the hammer-weld water-gas 
process. All the mild-steel pipes are provided with 
cast-steel flanges, which are secured in position by 
electric welds. The bends, T-pieces, and tapered 
Y-pieces in the distribution system are also made 
of cast-steel. 

The power house is a structure 270 ft. long by 65 ft. 
wide. It is sunk some 40 ft. below ground level. 
This arrangement was found to be cheaper than 
the original plan of erecting it on the river bank, 
in spite of the fact that it necessitated the con- 
struction of 3,000 ft. of tail race, 1,000 ft. of which 
is in tunnel. Its equipment at present consists 
of five main units each comprising a 10,000-h.p. 
Pelton wheel driving two generators, which supply 
direct current at 300 volts when running at 250 r.p.m. 
All three machines are mounted on the same bed 
plate. They were constructed by Messrs. the English 
Electric Company, Limited, Queen’s House, Kings- 
way, London, W.C.2. In addition, there are two 
1,250-kw. sets, which consist of Boving water-wheel 
turbines coupled to Metropolitan- Vickers alternators. 
These supply three-phase current at a pressure of 
400-440 volts and a frequency of 50, when running 





at 600 r.p.m. The turbine nozzles are arranged 
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to operate at 19 ft. above Ordnance Datum, so that, LITERATURE. without any indication being given as to what 
with the level of Loch Treig at 783 ft. above Ord- conditions either of these two values is likely to 


nance Datum, the gross head available is 764 ft. 
When the level of the loch is raised this head will 
be increased to 800 ft., which will give a working 
pressure of 347 Ib. per square inch at the turbines. 

The tail race, has a section of 17 ft. by 8 ft., and 
runs in a direct line from the power house to the 
river, entering the latter at right angles to the 
flow of the stream just below the railway bridge, 
which carries the Mallaig branch. It is partly an 
open channel and partly in tunnel, the total fall 
being 3 ft. The aluminium factory adjoins the 
power station, its floor level being 34 ft. above that 
of the latter. Access to the power station is given 
by a 350 ft. length of standard gauge railway which 
is laid on a ruling gradient of 1 in 40. 

To assist in the dispatch of material to and from 
the factory, a pier has been built out into Loch 
Linnhe, the total length of which, including 
approaches and a bridge over the Water of Nevis, 
is 650 ft. The pier is curved at its outer end and 
is built on concrete piles, a depth of 24 ft. of water 
being available at low tide. It carries three sets 
of 3-ft. gauge railway and is equipped with a 5-ton 
travelling crane. The scheme is completed by a 
model village for the staff and workpeople engaged 


involves calculations only ; 
lations and freehand sketches ; 
calculations followed by working drawings. The 
problems range in difficulty from the use of a table 
to obtain the diameter of the tapping hole for a 


Machine Design Problems. By S. J. Berarp and E. O. 
Warers. London: Blackie and Son, Limited. 
[Price 8s. 6d. net.] : 


Tuis book is of American origin, and the authors 
state that it has been prepared in response to a 
general demand for a group of problems to supple- 
ment their book 
Design.” 
rather more than elementary standard, well. illus- 
trated, and dealing with machine details such as 
rivets, bolts and screws, power transmission details, 
and linkages. To write a book on machine design 
is comparatively easy, but the task of compiling a 
series of problems, practical in type, and drawn from 
a field sufficiently wide to illustrate the application 
of the same details to different machines, is more 
difficult. 
the large measure of success which they have 
achieved in the present work. 


“The Elements of Machine 
The latter is an excellent text book of 


The authors are to be congratulated on 


Three classes of problem are given: the first 
the second calcu- 
and the third 


in the factory. 


In the early part of the article we referred to a. | 


concrete bulkhead placed in the tunnel downstream 
of the valve shaft to take the shock of the explosion 


necessary to remove the wall, originally left between 


the up-stream end of the tunnel and the loch. As the 
removal of this wall was a most unusual operation, we 


may, in conclusion, describe the procedure adopted 


in some detail. To begin with, a pilot heading was 
driven forward a length of 20 ft. and enlarged to the 
full cross section of the tunnel. This procedure was 
continued until the excavated face was an average of 


20 ft. from the loch, the minimum thickness of the 
barrier being 16 ft. Holes, numbering 134 and vary- 
ingin length from 20 ft. to 35 ft., were then drilled to 
within 2 ft. of the loch, the water-bearing fissures, 
which were encountered, being sealed by grouting 
under pressure. When the drilling was completed 
the holes were cleaned out by compressed air and 
filled with special blasting gelatine to within 2 ft. 
of their mouths. The total amount of explosive 
used for this purpose was 3,400 lb. The hole, 3 ft. 
square, which had been left in the concrete bulk- 
head, was then sealed by a 1-in. steel plate, and water 
was pumped into the tunnel, so that it filled the 
whole space between the bulkhead and the barrier, 
and rose up the valve shaft well above the level 
of the loch. This mass of water thus exerted an 
outward pressure on the rock that was to be removed, 
and the reverse head helped to clear the opening. 
When the charge was fired the maxima height 
of the waves formed on the surface of the loch 
did not exceed 4 ft. It was afterwards ascertained 
by a diver that the barrier had been successfully 
removed, and that the desired area of opening at 
the entrance to the tunnel had been obtained. The 
.Sluice gates at the valve shaft were then closed, 
and the length of tunnel between them and the 
bulkhead dewatered, so that the latter could be 
removed and the lining completed. The tunnel 








screw to the design of a compressed air tank of 
mild steel plate ; from the calculation of the 
number of gallons of water which a pipe of given 
size will hold, to the design of a three-speed gear 
box, and the checking of the stresses in a cast iron 
box piston. To obtain variety in the type of ques- 
tion, examples have been chosen from steam and 
internal combustion engines, automobiles, hydrau- 
lics, machine tools, cranes, conveyors and ele- 
vators, &c. The range of difficulty in the problems 
seems to be too great; the simple ones mentioned 
above, and others similar, might have been omitted 


with advantage. The absence of answers is a serious 
drawback to students working alone. 


As the book is intended to be used with its prede- 


cessor, one ought not to complain of the frequent 
references to the latter, but the need to possess 
both will restrict the use of what is undoubtedly 
an interesting and useful book for students taking 
machine design. 





A Practical Treatise on Single and Multi-stage Centrifugal 


Pumps. By Raymonp Deretp. Translated b 
C. W. Olliver. London: Chapman and 


[Price 21s. net.] 


THE author of this treatise, which deals with the 
design, testing, installation and maintenance of 
centrifugal pumps, is the chief engineer of the pump 
| department of a large Belgian works and Professor 
of Hydraulics in the University of Charleroi. From 
an author having such qualifications a treatise 
might have been expec 
value both to the student and designer of centrifugal 
|pumps. It was with high hopes, therefore, that 
| we took up this volume, but put it down with a 
sense of real disappointment. 
| whole is superficial, and the designer will find little 
which has not been dealt with more fully and ade- 
quately in many of the treatises now available on 
the same subject. 


ted of distinction and of 


The treatise as a 


and shafts were afterwards filled up to static 
water level, and subsequently de-watered. An 
examination of the tunnel then showed that it 


was in perfect condition. 


The inception of this scheme we have described 
was due to Mr. W. Murray Morrison, of the British 
Aluminium Company, Limited, while, as already 
mentioned, Mr. W. T. Halcrow, of Messrs. C. S. 
Meik and Halcrow, acted as consulting engineer. 
The chief resident engineer at Fort William was 
Mr. James Brown. We wish to express our thanks 
to these gentlemen for assistance in the preparation | 


of the article. 








UNDEVELOPED WATER PowER oF BRITISH COLUMBIA. | 
—According to the Financial Post, of Toronto, investiga- | 


After an introductory chapter, the author touches 
briefly on Bernoulli’s Theorem, and on the conversion 
of kinetic into pressure energy, some of the state- 
ments made in this connection being definitely mis- 
leading. The immediately following chapters deal 
with the design of impellers, volute chambers, and 
guide vane diffusers. In this section one would 
expect to find incorporated the results of some, at 
all events, of the large amount of experimental and 
theoretical investigation work which has _ been 
| carried out in this country and abroad in recent 
| years. One looks in vain, however, for any men- 
tion of such work, or for any indication that it has 
been even noticed by the author. The treatment 
follows well-known conventional lines, lack of 
exactness in the theory being compensated by the 





tions of provincial engineers have revealed the existence use of empirical coefficients whose values, as given, 


of large undeveloped water-power sites along the coast 
of British Columbia, north of Vancouver. Preliminary 
reports indicate that, in addition to the Taseko-Chilco- 
Homathko site, giving a possible development of 
1,200,000 wr two other sources of power have been 
discovered, bringing the possible development of the 


coast district up to 3,000,000 h.p. The two new sites 
are at Tahtsa Lake and Eutsuk Lake. 





vary within such wide limits as to render them 
useless as a basis of any detailed design. As an 
example the method of dealing with the spacing 
between adjacent guide vanes may be cited. Here 
an empirical “safety coefficient’ is introduced 
whose value is stated to lie between 1-5 and 2-0, 


satisfy. There is no discussion of the effect of 
varying the vane angles of the impeller, or of the 
conditions governing the choice of these angles, or 
of the effect of varying the curvature of the vanes, 
while the treatment of volute design leaves much 
to be desired. 

The section dealing with testing gives some useful 
information, but here again there is, unfortunately, 
real ground for criticism. There is a fundamental 
source of error in the arrangement of the apparatus 
shown and recommended for measuring the dis- 
charge by means of a tuyére, which would involve 
an error of at least 24 per cent. in favour of the 
pump. Also it is doubtful whether the author would 
find it easy to justify his preference for the rotary 
meter as being more accurate than the Venturi 
meter for measuring large discharges. 

The remainder of the treatise is descriptive, and 
deals with the mechanical details of various types 
of pump, and with the arrangement and layout of 
typical installations. This is the best part of the 
book, and is interesting and well presented. Its 
value would not have been lessened if a large 
number of the illustrations had been omitted. It. 
is difficult to understand the reason, for example, 
for incorporating a full-page illustration of two. 
crab winches; another showing a set of standard 
spanners and screw drivers; and two plates and 
one line diagram showing the casings of standard 
Bourdon pressure gauges. Such illustrations, of 
which there are far too many, must and appreciably 
to the cost of the book without in any way enhancing 
its value. 

The translator has done his share of the work 
admirably, as have the publishers. The price,. 
however, appears to be high for a book of this: 
size and type. 





Die Berechnung einer Zweitakt-Dieselmaschine. Edited 
by Dr. W. Haeper. Berlin: Richard Carl Schmidt 
and Company. [Price 22-50 marks.] 

Tue well-known series of books associated with the 

name of Haeder has been worthily increased by one 

dealing with the design of a two-cycle Diesel engine 
of 440h.p. By reason of this definite limitation 
of the ground covered one of the features of these 
books is lacking, in that there are only two tables 
giving schedules of dimensions for various sizes 
of engines. These give the location and sizes 
of the groove for the packing ring in the joint 
between the cylinder liner and the cover, and the 
sizes of piston rings. This need not be considered 

a defect owing to the careful manner in which the 

design of the different parts has been treated, the 

permissible ranges of stress being given in each 
case. 

The scheme of the book is explained in the preface, 
in which the procedure involved in the preparation 
of working drawings for a new design is given in a 
manner which should prove useful not only to the 
beginner, but also to others who occasionally over- 
look some of those points which have a distinct 
bearing on the commercial possibilities of a design. 
Compromise between theory and practice arises 
daily, and the skill with which this is effected depends 
partly on experience and partly on a sort of intuition, 
with the result that different engineers arrive at 
varying solutions. It is definitely pointed out 
that the present book is intended to provide a safe 
guide for the young engineer, average values and 
sound constructive details being given, while 
at the same time the experienced designer is enabled 
to compare his own calculations, &c., and adopt 
such modifications as he feels justified in doing. 

The underlying principles, both theoretical and 
practical, are dealt with in considerable detail, 
but cross references for further information are 
given to the other Haeder books, the system adopted 
being to refer to the various sections, and not to 
pages. This allows any of the editions to be used, 
and the book now under review is divided into 
sections in a similar manner for ready reference. 
The indexes, both of sections and of the working 
drawings, while occupying little space, make it 
an easy matter to look up any portion. Before 
proceeding to the detail calculations and design 





there is a short discussion of the fuels available and 


!eombustion processes, also of the relative merits 
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of injection by air and airless, and of the two- 
stroke and four-stroke cycles, followed by a general 
description of the individual parts of the engine 
and auxiliaries. It is rather curious to see among 
the advantages of the airless injection engine the 
possibility of using many different fuels, since it 
is in respect to this that the use of air for injection 
is of special benefit. 

The engine dealt with has four cylinders of 340 mm. 
diameter with a stroke of 540 mm., running at 200 
r.p.m., the pressures being: compression 356 Ib. 
per square inch, explosion 597 lb. per square inch, 
and mean effective (indicated) 83-9 lb. per square 
inch, with 85 per cent. mechanical efficiency. It 
is designed for a consumption of 0-434 Ib. of gas 
oil per brake horse-power-hour, with scavenging 
ports and supercharging, the scavenging air being 
controlled by rotating valves which admit air at 
17 deg. before the bottom dead centre, cut-off 
taking place by the piston closing the ports at 75 deg. 
after the centre. Fuel admission is by an open jet, 
two designs of which are given, with four holes 
0-35 mm. diameter drilled at an angle of 60 deg. 
with the centre line, timing being effected by a 
relief valve on the pump. A separate fuel pump 
is provided for each cylinder, although for con- 
structive reasons they are in pairs, each pair being 
machined out of a steel block which houses the 
suction, delivery and relief valves. 

There are 37 reproductions of working drawings, 
which are remarkably clear although the dimensions 
are sometimes not easy to read owing to the extent 
to which they have been reduced photographically 
from the original drawings. Blueprints of the 
latter can, however, be obtained if desired for class 
or similar use. The letterpress, which is fully 
illustrated apart from these drawings, contains the 
calculations, &c., for the latter, and the agreement 
between the various portions is satisfactory. It may 
be noted that the working drawing of the piston, 
apart from the error in length to which attention 
is called, does not show the construction. recom- 
mended for pistons of such length, with a separate 
water-cooled head bolted on to the long trunk. 
The calculations of the strength of the connecting 
rod covers, both at the crankpin and crosshead 
ends, give very high stresses, and it hardly seems 
advisable to have gone into such detail and then 
dismiss the results in such cursory fashion. 





Handbook of Refrigerating Engineering. By W. R. 
WootricH. London: The Library Press, Limited. 
[Price 20s. net.] 

Tux title of this book is, perhaps, rather misleading. 

One usually expects to find, in a handbook, a collec- 

tion of all the available information on the subject 

in a compact form, assuming some knowledge of the 
fundamentals on the part of the reader. In this 
work, however, the author spends much time ex- 
plaining fundamentals in simple language, and, 
working from practical conceptions, reaches thermo- 
dynamic equations towards the end of the book. 

Much of the subject matter, therefore, falls within 

the scope of the text book. It is the second 

handbook on this subject to appear from the 

United States in just over 12 months, and is smaller 

both in size and price than its predecessor. 

The work commences with a short chapter on 
the elementary laws of heat, followed by a few pages 
on food preservation evidently intended chiefly 
for the plant engineer. The principal refrigerants 
are then compared, and in the case of ammonia, 
and CO,, SO,, butane, isobutane, and propane 
later in the book, tables of properties are included 
from the U.S. Bureau of Standards and the American 
Society of Refrigerating Engineers. Some of these 
tables are in very small type, which makes them 
difficult to read. P.I. charts are also added for 
CO, and SO,. A brief discussion on the function 
and working of compressors follows, and then 
condensers are dealt with at some slightly greater 
and more illustrated length. The various cooler 
systems, methods of prevention of corrosion, and 
tables of properties of brine are given. Heat 
transfer is dealt with in a rather cursory descriptive 
manner. Calculations of horse-power and refrigerat- 
ing effect are introduced at this stage, which is 
about half way through the book. A useful com- 
parison is drawn between steam and electricity 
for power. The absorption systems, including the 


silica gel and Munters-Platen systems, are treated, 
and a list of steam tables appended. Ice-making 
receives a few practical remarks, and the book 
concludes with chapters on thermodynamic equa- 
tions and testing operations. 

At the end of each chapter numerical problems 
and general questions are added. Answers to the 
numerical problems might have been given. There 
is a marked absence of the illustrative matter 
usually found in a handbook, and as such it falls 
short of existing work. Generally speaking, how- 
ever, the work is set out in as simple language as 
possible, and for this reason it might appeal to 
operating engineers, but designers and research 
workers would want more complete and more 
scientific information. 





Electroplating with Chromium, Copper and Nickel. By 
BENJAMIN FREEMAN, PuH.D., and FREDERICK G. 
Hoppe. New York: Prentice-Hall, Inc. London; 
Sir Isaac Pitman and Sons, Limited. [Price 2ls. net.] 

CuRoMIUM plating, although still in its infancy, is 

being increasingly adopted owing to the extreme 

hardness and brilliant lustre which characterise it. 

The commercial electro-deposition of chromium is 

more difficult than that of the other metals used for 

plating. This is due to a number of factors, 
which may even result in the total absence of plating 
on complete articles or on portions of those of 
irregular shape. Those interested in the subject will, 
therefore, welcome the present book, which gives 
information required for the successful application 
of the process. The authors, who are respectively 
technical director and superintendent of the National 

Chromium Corporation, of New York, point out, 

however, that new and better methods are being 

constantly devised, but this does not detract from 
their careful exposition of the present position. 

A simple yet comprehensive explanation is given 
of the fundamental electro-chemical principles, so 
far as is necessary in such a book, although some 
confusion of thought may be caused by the state- 
ments on page 13 that “the addition of water 
favours ionization,” and on page 19 that “con- 
centrated solutions have more ions than diluted 
ones.” The conditions affecting throwing power 
and the physical character of the deposited metal 
are examined in general terms. This is followed 
by a chapter on polishing, dealing with binders 
and abrasive materials for the complete range from 
grinding to buffing, in which surface defects are 
removed by the flow of the metal. This is especially 
important where chromium is to be employed 
since, owing to its high reflecting power, it empha- 
sises any marks in the underlying plate or base 
metal. Typical polishing steps are quoted repre- 
senting the practice in many factories, and also 
corresponding information regarding cleaning sur- 
faces for plating, with the compositions of suitable 
pickling baths. Single coatings of chromium on 
steel are too porous to prevent rusting and corrosion, 
and are therefore mainly used to provide resistance 
to wear only. A number of examples are given of 
such application to dies, cutting tools, gauges, &c., 
with the thicknesses used. For decorative pur- 
poses, where corrosion must be prevented, good 
results are obtained by using copper, nickel and 
then chromium. The authors give particulars of 
the thicknesses of the various deposits for different 
conditions, and the results produced by such prac- 
tices as buffing the copper plate, with schedules 
covering the complete series of operations. 

The deposition of copper, nickel and chromium are 
then each dealt with in detail, with the composition 
of different plating baths and the methods of 
operation. Those factors which may cause defective 
work, such as the presence of impurities in the metal 
salts used for plating are discussed, with the means 
of overcoming them. Since chromium is deposited 
in a hard and strained condition, especial care has 
to be taken to secure that the underlying nickel is 
soft and adherent. Otherwise there will be a 
strong tendency for both layers to peel off. The 
Madsenell process which gives superior adhesion, is 
described. Chromium plating, calling for high 
current densities with only a narrow operating range, 
requires careful attention to details. Such are the 
methods of supporting the articles to be plated and 
the use of anodes specially shaped to reduce the 





effect of varying distance between them and the 








work, both of which points are illustrated by a 
number of figures. The last chapter describes 
the methods used for testing deposits and solutions, 
including the determination of the pH value of 
plating baths. The appendix, besides some useful 
tables, contains a bibliography of recent papers. 








HIGH-PRESSURE COMPOUND LOCO- 
MOTIVE FOR THE DELAWARE AND 
HUDSON RAILROAD. 


In December, 1924, the Delaware and Hudson Rail- 
road placed in service a locomotive which constituted 
a very considerable departure from accepted practice. 
This was the Horatio Allen, a 2-8-0-type machine, the 
design of which was due to Mr. J. E. Muhlfield, con- 
sulting engineer, working in collaboration with Mr. 
G. S. Edmonds, the railway company’s Superintendent 
of Motive Power. We gave a description of this 
interesting locomotive in our issue of March 27, 1925 
(page 381), commenting upon several of its features. 
This first engine was followed, in 1927, by a second, 
the John B. Jervis, in which a number of changes 
were made. The first engine had a working pressure 
of 350 lb. per square inch. In the second this was 
advanced to 400, not a very large step, but one which 
suggested that experience with the novel boiler of the 
first machine had not proved unsatisfactory. At the 
same time, a saving in weight was made, though the 
engine was more powerful. The Horatio Allen weighed 
348,000 Ib., and exerted a tractive effort of 84,300 lb. 
working simple, and 70,300 lb. compound, while the 
John B. Jervis weighed 336,500 lb., and the figures for 
tractive effort were 85,000 lb. simple, and 70,800 Ib. 
compound. The second engine was furnished with a 
tender auxiliary exerting a further 18,000-lb. tractive 
effort. 

The John B. Jervis has now been followed up by 
still another, built like the others, by the American 
Locomotive Company at their Schenectady Works 
with, this time, a considerable advance in the 
boiler pressure, which has been raised by 100 Ib. 
to 500 lb. per square inch. The appearance of this 
machine with a boiler of substantially similar design 
confirms the opinion expressed to us in 1927 by Mr. 
Edmonds, regarding the satisfactory operation of these 
locomotives, and effectually disposes. of the report 
circulated in this country some time ago, that the 
design was to be abandoned in favour of one of the 
Continental types. 

Some interesting data supplied by Mr. G. S. Edmonds 
regarding the first two Delaware and Hudson high- 
pressure locomotives, have been published at one time 
and another, by the International Railway Congress 
and American Society of Mechanical Engineers. The 
two locomotives in question have naturally been under 
close observation. They have worked on either 
bituminous coal of a value of 14,000 B.Th.U. and 
volatile content of 36 per cent., with 9 per cent. ash, 
or on anthracite, giving 12,500 B.Th.U. with 5-5 per 
cent. volatile matter and 15-5 per cent. ash, or a 
mixture of the two. The water was fairly good. 
The mileage was naturally below normal, owing to 
experimental changes and other reasons; but in the 
first 4} years of service the Horatio Allen had no 
broken staybolts, and no work had to be done on the 
steam drum connections with the water tubes. After 
74,000 miles, the engine was shopped and a new inner 
row of firebox tubes was fitted. A small amount of 
caulking of seams and rivets was necessary occasionally. 
This locomotive developed two small cracks in the 
back header of the firebox, and nine in the front header, 
all starting from staybolt holes. These were made 
good by welding and new bolts inserted. In the second 
locomotive, on which flexible staybolts were used in the 
front header, no cracks appeared in nearly two years’ 
service, and caulking was negligible. The first engine 
averaged rather lower superheat than was intended, 
and the superheater surface was consequently increased 
in the John B. Jervis. In the matter of scale, deposits 
have been found to be small, due, it is assumed, to rapid 
circulation. 

In view of the fact that advice was sought in con- 
nection with the first of these three engines, as we 
noted at the time, from Messrs. Yarrow and Company, 
Limited, of Glasgow, and of the fact that the design 
of the boiler of the London and North Eastern’s 
No. 10,000 was the result of the joint work of Mr. 
H. N. Gresley, Chief Mechanical Engineer of the 
Railway, and Mr, Harold Yarrow, of the firm men- 
tioned, special interest attaches to the latest Delaware 
and Hudson locomotive, although intended for different 
service, and the one carries a pressure 50 lb. higher 
than the other. Through the courtesy of Mr. Edmonds, 
we are able to give drawings and other illustrations of 
his latest engine, dealing, in this issue, with general 
features, frames, &c., reserving the boiler and cylinder 
arrangements for a second article. 

The James Archibald has a leading two-wheeled 
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HIGH-PRESSURE COMPOUND LOCOMOTIVE; DELAWARE AND HUDSON RAILROAD. 


Fig. 16. 
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truck and eight coupled wheels, being thus of the 
consolidation class. The engine is a cross compound, 
with a high-pressure cylinder 20} in. in diameter, and 
low pressure 35} in. in diameter. The stroke is 32 in. 
A general view of the machine is given in Fig. 1, Plate 
XLVIII, and a view of the front end in Fig. 2. Fig. 3 
shows the interior of the cab. The general elevation is 
shown in Fig. 5, Plate XLIX, Figs. 6 to 13 showing half 
elevations and sections. Fig. 6 itself shows a half-eleva- 
tion at the trailing end, and Fig. 7 a section in the cab. 
Fig. 8 is a half-section near the third pair of drivers, 
showing the return crank for the valve gear, and 
certain firebox features. Fig. 9 is a section in front of 
the firebox, looking towards the trailing end. Fig. 10 
is further forward, and shows the yoke casting, Fig. 11] 
being a section close to the crosshead. Figs. 12 and 13 
are at the front end, the former being a section through 
the smoke-box and the latter a half end elevation. The 
two views reproduced in Figs. 14 and 15, Plate L, 
will also aid in giving an idea of several of the features 
of the engine. The boiler barrel, being of moderate 
diameter, much of the auxiliary gear commonly 
attached to this part in American practice, has been 


enclosed within cleading which, save for the lower | 
part of the firebox, results in a faired surface extend- | 
This | 


ing practically the whole length of the engine. 
form was first adopted in the case of the John B. 
Jervis, the first engine, the Horatio Allen, having 
a more conventional finish. Mr. Gresley’s No. 10,000 
bears, it will be noted, a considerable resemblance to 
the later Delaware and Hudson machines, but in Mr. 
Gresley’s case the form is more directly made use of 
to incorporate gas passages and an air heater. 

So far as the mechanical parts are concerned, there 
is relatively little to remark. These are mostly similar 
to those of the former locomotives, though in the 
James Archibald the connecting and coupling rods, 
the crank pins, driving and truck axles are made of 
nickel steel. The valve gear is of the Walschaert 
type, the engine being fitted with the Mellin type of 
intercepting valve. The machine is started in simple 
gear, on which it is run until the speed has reached six 
or seven miles per hour, when sufficient pressure builds 
up in the receiver to operate the automatic inter- 
cepting valve, and the working changes over to com- 
pound. A control valve is also provided to enable 
the driver to make the same change, or to change from 
compound to simple working, should this be desired 
by the machine threatening to stall. 

Fig. 15, on Plate L, shows the high-pressure side of 
the locomotive, and the main steam pipe will be seen 
passing with a right-angle bend, from the superheater 
header near the chimney, down vertically to the steam 
chest. The receiver, consisting of a 14-in. pipe, 
passes over the outside of the smokebox and down to 
the low-pressure cylinder on the other side, as may 
be seen in Figs. 12 and 13. The intercepting valve is 
just above the high-pressure steam chest (Fig. 15). 
The smokebox is of the extenced type, and contains 
the superheater header, which takes the form of a 
large flat box, similar to that described for the Horatio 
Allen. The superheater is designed to give a steam 
temperature of 700 to 750 deg. F. This compares with 
600 deg. F. in the first engine, which, however, was 
hardly realised in that case. The cylinders are 
provided with independent annular exhaust, giving 
the high-pressure cylinder a direct exhaust when the 
engine is working simple. The blast pipe is placed 
5 ft. 54 in. in front of the cylinder centre line. The 
chimney and petticoat, 22 in. in diameter, provide a 
reasonable length to make the blast effective with a 
low blast pipe top, in spite of outside front end appear- 


ances. 
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Fie. 17. 
The main frames conform to general American | 
practice, being of the bar type of cast steel. They 
are of Hylastic steel, and were supplied by the American 
Steel Foundries. They terminate just ahead of the 
front pair of drivers, and are continued forward from 
the splice by means of a single steel casting which 
embodies the side frames proper, a part taking the 
place of the normal saddle casting, front deck, &c. 
The bar frames are illustrated by the drawings, Figs. 
18 to 20, on page 746. The front casting is shown in 
detail in Figs. 21 to 28, on the same page, and in the 
view, Fig. 17, above. The photograph reproduced in 
Fig. 4, on Plate XLVIII, shows the whole combina- 
tion in the erecting shop of the builders. The exhaust 
passage for the low-pressure cylinder is to be seen in 
the plan, Fig. 21, and also in elevation in Fig. 22. The 
high-pressure direct exhaust is taken straight from | 
the cylinder casting to the blast pipe, along the outside | 
of the smokebox. The three holes, at 4} in. centres, in 
Fig. 22, are for the fulcrum pin of the truck equalising 
beam. The truck centre casting is housed in the 
15-in. diameter guide shown in Fig. 26. The front truck 
is of the ‘‘ Economy” type, with Davis steel wheels. 
The following are the principal particulars of the 
locomotive, supplementing the data given in Fig. 16 :— 
Cylinders—high pressure 20} in. x 32 in. 





—low pressure 354 in. x 32 in. 
H.P. Ee. 
Valves, diameter sis 12 in. 14 in. | 
maximum travel D3 ae, 
+ Outside lap ; 12 1} ,, 
exhaust clearance nn eS Bis 
» lead, full gear ... am +», 
Wheels, truck, diameter 3% in. 
* driving, diameter 63 in. 
Wheelbase, driving 18 ft. 
se total 29 ft. 
Tons ewt. qr. 
Weight on driving wheels 133 1 3:5 
* leading truck 25 - os 


” total engine 3-5 


158 1 
1,048 sq. ft. 





Heating surface, firebox 
arch tubes 66, 





| and tender is 80 ft. Of in. 
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Front-END FRAME CASTING. 


Heating surface, tubes and flues 2,325 sq. ft. 


total evapora- 


” ” 


tion 3,439 ,, 

Superheater surface We! «ss 
Grate area Re aS 81-9 sq. ft. 
Working pressure ase --- 500 Ib. per sq. in. 
Tractive effort, maximum rated, 

simple ae see | cael 84,300 Ib. 
Tractive effort, maximum rated, 

compound os os ose 40,200 ,, 
Tractive effort, auxiliary on 

tender 18,000 ,, 


The tender has a tank capacity of 14,000 gal. (U.S.) 
and a bunker capacity of 174 tons. The leading bogie 
is a four-wheeled truck, the trailing having six wheels. 
The auxiliary engine fitted to the latter is of the 
Bethlehem type, and the two leading axles are coupled. 
It will be noticed from Fig. 16 that the tender wheel- 
base is unusually long. The total wheel-base of engine 
The tender weighs, loaded, 
123 tons 1 ewt. 3 qrs., the total of engine and tender 
being 281 tons 3 ewt. 2-5 qr. 


(To be continued.) 








Toots witH WELDED-oN ‘T1ps.—Messrs. Samuel 
Osborn and Company, Limited, Clyde Steel Works, 
Sheffield, have recently placed on the market a form of 
tool, for which they claim special advantages. This is 
termed the ‘‘Solidend” tool and consists of a solid 


| piece of the firm’s S.0.B.V. cutting alloy, butt-welded 
| on to a high-tensile steel shank. During welding, com- 


plete fusion of the metals is secured. Among other 
advantages, it is claimed that the amount of high-speed 
steel supplied is much greater than is the case with 
ordinary tipped tools, and this allows for more grinding, 
thus conferring alonger life. Further, the end is perfectly 
solid, and admits of heavier cutting ; moreover, it is 
stated that the weld is such that the tool can be re- 
hardened, and, if necessary, re-forged, without spoiling 
the weld. The tools, we are informed, have successfully 
withstood very severe tests, and can be supplied in 
any oi the usual shapes for turning, boring, planing or 
slotting, or to special shapes if desired. 
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VERTICAL SECTIONAL WATER-TUBE BOILER. 


CONSTRUCTED BY MESSRS. FRASER AND FRASER, LIMITED, ENGINEERS, LONDON. 


2-Fr. 6-In. DIAMETER BOILER. 


Fie. 1. 


VERTICAL SECTIONAL WATER-TUBE 
BOILER. 


TuE vertical boiler, some forms of which have proved 
their general utility by the length of time they have 
existed in their original design, has several intrinsic 
disabilities in certain directions, particularly in those 
smaller sizes which are often required in pioneering 
work in undeveloped countries. Such boilers cannot, 
from their construction, be taken apart for transport 
without having to be riveted up on site, which is 
generally impracticable. Their circular constricted 
furnaces, and small fireholes do not permit the ready 
use of wood, bagasse or other local fuels, and they are 
difficult to clean internally. Larger sizes, to a great 
extent, do not suffer from the last two disabilities, 
but their weight is often an insuperable obstacle. We 
have recently seen under steam a small vertical boiler 
from which the drawbacks above enumerated appear 
to be absent. This is the Fraser sectional water-tube 
boiler, made by Messrs. Fraser and Fraser, Limited, 
Bromley-by-Bow, London, E.3. It is illustrated in 
Figs. 1 to 5 on this page. 

As will be seen from the figures, the lower part of the 
boiler is rectangular, and consists of a firebrick-lined fur- 
nace across which is set an inclined nest of water tubes. 
The upper part is a cylindrical drum with a central 
uptake, and is connected to the headers of the tube 
nest by curved pipes. The normal water level is just 
below the end of the pipe leading from the top header. 
This is the discharge pipe for the steam generated in the 
tubes. The feed water is introduced in the drum just 
below the water level, and the cold water descends by 
way of the downtake pipe connected to the bottom 
header. The circulation is very positive, as was evident 
when the boiler was lighted up from cold, and the method 
of feeding adopted tends to confine the deposition of any 
sediment to the lower part of the bottom header, which 
is not exposed to heat and has a blow-off cock at its 
lowest point. The construction of the headers will 
be apparent from Figs. 3, 4 and 5. Both are provided 
with bolted covers, so that the tubes are readily acces- 
sible for cleaning or expanding. There are no stay 
tubes, the tubes being simply expanded into the 
pressed headers. The tube nest is supported by the 
curved pipes so that there is the fullest possible free- 
dom for expansion. For cleaning the tubes externally 
a door is provided in the casing immediately above the 
bottom header. The drum can be completely cleaned 
internally through a manhole in the side. 
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The four sides of the furnace are bolted together, 
and the grate is rectangular in plan, all the firebars 
being of the same length. The firedoor and ashpit open- 
ing can be made the full width of the furnace, if desired, 
and there is ample depth between the grate and the 
underside of the tubes, so that a large proportional 
furnace volume is obtainable. For burning bagasse, 
the furnace would be extended in the front, as perhaps 
might be done if wood in long pieces was to be used as 
fuel. The furnace is also very suitable for oil firing, 
and, should the boiler eventually be made in large 
sizes, it would lend itselt very readily to the fitting 
of a mechanical stoker, or a step grate for burning 
sawdust or rice husk. The boiler could also be readily 
adapted for firing with waste gases, e.g., from a Diesel 
engine. The furnace lining is formed with ordinary 
firebricks on a backing of asbestos millboard. The 
ease with which the boiler can be dismantled and 
re-erected will be evident from Fig. 2. This property, 
while greatly facilitating shipment, also makes the 
boiler very suitable for installation in basements and 
other confined spaces. 

So far this boiler has only been made in one size, 
that is, with a drum 2 ft. 6 in. in diameter, and it was 
an example of this, as shown in Fig. 1, that we inspected. 
With the boiler initially standing all cold, steam was 
raised to the working pressure of about 80 lb. per sq. in. 
in, roughly, half-an-hour from the lighting of the fire, 
without using a steam jet after steam was available. 
The upper part of the casing was remarkably cool, and 
special attention was paid to the lower part of the 
drum where the bottom seam was exposed to the hot 
gases. This was not overheated, though it would 
be an easy matter to insert a protective refractory ring 
at this point should experience show this to be desirable. 
The headers, pipes and drum were not lagged, though 
they would be with a boiler in normal working. The 
boiler shown in Fig. 2, is the smallest size contemplated 
at present. The drum, in this case, is 2 ft. in dia- 
meter internally. With larger sizes, or even with the 
small ones where desired, the fitting of a superheater 
or feed heater in the triangular space above the tubes 
could be arranged. 

As regards performance, only a rough test has been 
made so far. This was with the 2 ft. 6 in. boiler, 
which has a total heating surface of 80 sq. ft., a grate 
area of 3 sq. ft., and is 7 ft. high. The tubes are 
14 in. in external diameter. The chimney was 9 in. 
in diameter by 32 ft. high. The boiler was situated 
in the open air, was unlagged, and the weather was 
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cold, the feed water being at 42 deg. F. With a working 
pressure of 80 lb. per square inch, and coal of a calorific 
value of about 11,000 B.Th.U. per 1b., an evaporation of 
450 lb. of water per hour was obtained, i.e., at the rate 
of 6 lb. of water per Ib. of coal and 5-625 lb. per square 
foot of heating surface from cold feed. The draught 
was 0-23 in, of water. On increasing this, by means 
of a steam jet, to 0-3 in., the rate of evaporation became 
530 lb. per hour. A further increase of draught, up to 
0-5in., gave a rate of 600 lb. per hour. As a matter 
of curiosity, the effect of 0-8 in, of draught was tried. 
This gave an evaporation of 1,000 lb. per hour, but, as 
was to be expected, the thermal efficiency markedly 
decreased, and the uptake temperature was much too 
high. The boiler did not suffer in any way under the 
heavy loads, and the tests were indicative of what 
might be done to meet an excessive temporary steam 
demand. 


THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE opening meeting of the Royal Meteorological 
Society for the present session was held on Wednesday, 
November 19, in the Society’s Rooms, South Kensing- 
ton, Mr. R. G. K, Lempfert, C.B.E., M.A., the Presi- 
dent, being in the chair. The following communications 
were read and discussed :— 

Report on the Phenological Observations in the British 
Isles, December, 1928 to November, 1929, by J. Edmund 
Clark, I. D. Margary, R. Marshall, and C. J. P. Cave. 
The report stated that the year which exhibited extreme 
conditions resulted in average results, the variations 
being largely equalled out: the cold of January and 
February by the warmth of March and September ; 
and drought in spring by deluge in November. The 
brilliant March sunshine, half as much again as usual, 
was more than a match for the dullness of January, 
February, and August. Winter migrants, such as 
fieldfares and redwings, fled from their usual haunts 
to avoid the cold, but reappeared as welcome guests 
in South Ireland and South-west England. Sharp 
spells of cold in April, May and June neutralised the 
alarming number of queen wasps, so that few workers 
troubled the autumn fruits. In the Table of Flower- 
ing Dates, all were late in England and Wales, though 
decreasingly so; from 17 days to 14 days for the 
hazel and coltsfoot in February, to 1 day and 2 days 
for the devil’s bit scabious and ivy in early August 
and late September. That the determining factor 











740 





ENGINEERING. 





[DEC. 12, 1930. 











was cold of Continental type, spreading exceptionally 
in proportion to propinquity, is well shown by the 
district values. England E., for the seven early 
spring flowers hazel to hawthorn, was 13 days late 
(hazel 26); S.E., 12; Midland, 10. But these plants 
were actually early in Ireland and Scotland N., and 
only two days late in Scotland W. Our earliest bird 
record, the song of the thrush and the honey bee date 
for insects, told the same tale; the latter was 12 days 
late in England E., and 4 days early in Scotland W. 
The exceptional nature of the March warmth and 
sunshine was, as usual, best illustrated by the insects 
with their quick response to weather conditions. On 
the average, the queen wasp appears two days after 
the blackthorn blooms ; in 1929 it was 10 days earlier. 
It was over a month early in Scotland W., and the 
orange-tip butterfly nearly as much in Scotland E. 
The year’s results in farm and garden, in quantity and 
quality, showed a small balance on the credit side, 
due chiefly to the superb September. But owing to 
drought in the south-east there was a shortage of hay 
and straw, while in the far north, which was late com- 
paratively in its harvest time, the October deluge 
played havoc. 

The Variability of the Annual Rainfall of India, 
by A. V. Williamson, M.A., and K. G. T. Clark, B.A.— 
In this paper, variability was defined as the percentage 
departure—irrespective of sign—from normal annual 
rainfall which had occurred at a given station in half 
the years of the period 1890-1923. The importance 
of phenomenally extreme years was recognised, but 
not considered, the object being to portray charac- 
teristic, not exceptional, conditions. After a brief 
résumé of the geographical distribution of rainfall over 
India at different seasons, two generalisations were 
submitted and illustrated, namely: (a) the lower the 
rainfall the greater variability tends to be; (6) rain- 
fall is less reliable when it is characteristically con- 
centrated than when it is well distributed in time. 
The paper then proceeded to discuss the map 
accompanying it, which showed India divided into 
zones by means of “lines of equal-variability.” The 
desert to the north-west and the semi-arid core of the 
Deccan revealed the greatest variability, the former in 
particular. The west coast, south of Bombay, Assam, 
Bengal and Orissa, were areas of abundant and reliable 
rainfall. Despite a good average rainfall, Gujarar and 
the central portion of the east coast of Peninsular India 
showed an uncertainty rivalling that of the Central 
Deccan, and considerably in excess of Mysore and 
adjacent areas with only a very moderate but well- 
distributed precipitation. 








TRIALS OF A CROSSLEY-PREMIER 
OIL ENGINE. 


PARTICULARS have recently come to hand of a series 
of tests on a Crossley-Premier horizontal oil engine 
carried out at the Sandiacre Works of Messrs. The 
Premier Gas Engine Company, Limited, in April last, 
by Mr. W. A. Tookey. The engine, which was rated 
at 750 b.h.p., had six cylinders, 18 in. in diameter, 
the piston stroke being 28 in., and was of the solid- 
injection type. A somewhat similar, but smaller, 
engine, having three cylinders, 12 in. in diameter, with 
a piston stroke of 20 in., and developing 150 b.h.p., 
was illustrated and described in ENGINEERING, vol. 
exxv, page 204 (1928), while the 1,000-h.p. engine 
described in our issue of last week is of the same type. 

The tests extended over three days, a full-load run of 
six hours’ duration and a run for one hour at 10 per 
cent. overload, both at the rated engine speed of 200 
r.p.m., having been carried out on the first day. The 
fuel used in these tests was Anglo-American Diesel fuel 
oil, with a specific gravity of 0-892 at 60 deg. F, the 
calorific values being 19,383 B.Th.U. per lb. gross, 
and 18,163 B.Th.U. per lb. net. In the full-load 
test, the brake horse-power developed was 750, the 
brake mean-effective pressure being 69 lb. per square 
inch, and the fuel consumption 0-380 lb. per brake 
horse-power per hour, which is equivalent to a thermal 
efficiency, on the brake horse-power basis and on 
the gross calorific value of the fuel of 34-7 per cent. 
The heat absorbed by the coolng water was 22-3 per 
cent., and that lost in engine friction, radiation, 
exhaust, &c., was 43 per cent. The mean temperature 
of the exhaust was 418 deg. C., and the temperature 
difference of the cooling water, of which 19,270 lb. 
per hour were used, was 64 deg. F. The maximum com- 
bustion pressure was 570 lb. per square inch. In the 
overload test, the power developed was 825 b.h.p., 
and the brake mean effective pressure was 76 lb. per 
square inch. The fuel consumption, in this test, was 


0-400 lb. per brake horse-power per hour, corresponding 
to a thermal efficiency of 32-9 per cent. 

On the second day, fractional-load trials were carried 
out with the same fuel and with the speed variation 
automatically determined by the governor mechanism. 
In one of these trials, with the engine developing 
578 b.h.p. at 205-4 r.p.m., the fuel consumption was 





0-370 lb. per brake horse-power per hour, representing 
a thermal efficiency of 35-5 per cent. Still lower 
consumptions were obtained after fitting spare sprayers 
to each cylinder, the figures being 0-366 lb. per brake 
horse-power per hour, with the engine developing 591 
b.h.p. at 210 r.p.m., and 0-367 lb. per brake horse-power 
per hour when developing 750 b.h.p. at 200 r.p.m. 
The former figure represents a thermal efficiency of 
35-9 per cent. 

On the third day, no-load runs were made with a 
heavy fuel oil known as Tarakan, supplied by the 
Asiatic Petroleum Company, its specific gravity being 
0-942 at 60 deg. F., and its gross and net calorific 
values being 19,244 B.Th.U. and 18,048 B.Th.U. per 
lb., respectively. The engine started easily from the 
cold with this fuel, without preliminary heating, and 
was run satisfactorily with the fuel pumps delivering 
to all six cylinders, and then with the pumps delivering 
to two cylinders only. In a full-load trial with this 
fuel, run on the previous day, the engine developed 
763 b.h.p. at 203-4 r.p.m., and the fuel consumption 
obtained was 0-372 lb. per brake horse-power per hour, 
representing a thermal efficiency, calculated as before, 
of 35-5 per cent. 

The lubricating-oil consumption was determined as 
11} 1b. in 15} hours, or 0-738 Ib. per engine hour, at 
which rate of consumption one gallon of oil would 
suffice for 12-2 engine hours, or 9,150 b.h.p.-hours. 
Throughout the trials, the colour of the exhaust gas 
showed the combustion conditions to be entirely satis- 
factory, this fact being confirmed by exhaust-gas 
analyses given in the report. A slight trace of CO 
was found each morning on starting up with cold 
cylinders, but none was found after the first hour of 
running. With regard to speed regulation, the report 
states that no trials were made to determine the 
momentary speed variation following the application 
or removal of the full load, it being considered that 
the Heenan and Froude water dynamometer, used for 
determining the load, would act as a dashpot and vitiate 
the results obtained in that way. In one of the tests, 
however, the engine was first run on three-quarters 
full load at 206 r.p.m., and the speeder spring was then 
adjusted by hand to the maximum speed which the 
spring permitted, viz., 216 r.p.m. The tension of the 
spring was afterwards slackened to enable the engine to 
run at the lowest speed within the range of the spring, 
and the speed then fell to 178 r.p.m. The total speed 
variation thus provided at three-quarters full load 
was from 216 r.p.m. to 178 r.p.m., or about 21 
per cent. 

At the conclusion of the trials, the engine was dis- 
mantled for inspection, and the time taken for the 
removal of one of the pistons was ascertained to be 
164 min. The bearings and all other mechanical 
details were found to be in an entirely satisfactory 
condition. Throughout the trials, the report states, 
the engine ran steadily at the rated load, overload, 
and fractional loads, there being no sign of distress 
or of incomplete combustion, even under maximum- 
load conditions. The maximum load carried, it may 
be mentioned, was 851-8 b.h.p. at 193 r.p.m. It is 
also stated that the full-load trial could have been 
continued for a much longer period had it been thought 
necessary or desirable to do so, the opinion being 
expressed that the engine fully complied with the require- 
ments of the British Engineering Standards Associa- 
tion that it should be capable of developing the rated 
output at the rated speed for a period of 12 hours, and 
of sustaining an overload of 10 per cent. for one hour. 








THE CORRELATION OF COAL 


SEAMS. 


Among the chief difficulties met with in ascertaining 
the nature and extent of the coal deposits in this 
country, with a view to using them ultimately to the 
best advantage, is that of identifying and correlating 
the various seams. Where such knowledge is available, 
it permits a rough extrapolation of the results obtained 
from mining operations to adjoining unworked areas, 
and enables a forecast to be made of the probable 
development of the seam. The methods of correlation 
that have hitherto been usual depend on recognising 
fossil-bearing zones in the coal-measure strata, but 
these methods often fail owing to the variability of the 
coal seam in relation to the zone, and to the dislocation 
of the strata by folding and faulting. During the 
last ten years, however, studies have been made by 
Thiessen in America, and Lange in Germany, on the 
possibility that the seams themselves, without references 
to intervening strata, may carry correlating indications 
in the form of the spore remains which they contain. 
By the use of a modification of Thiessen’s methods, 
investigations into the subject have been proceeding 
on behaif of the South Yorkshire Survey Committee 
set up in connection with the Physical and Chemical 
Coal Survey organised by the Department of Scientific 
and Industrial Research. The first results of these 





investigations have now been published,* and serve 
to indicate the manner in which the method is being 
used. 


Microscopical examination has shown that a large 
part of’the vegetation, which, in the course of ages, 
becamefffossilised to form coal, is recognisable as 
derived from the woody tissue and developed elements 
of the plant. There are, however, in many seams of 
British bituminous coal, dull bands, sometimes con- 
stituting the greater part of the seam, which persist 
in fairly uniform thickness over extensive areas, and 
in contrast with the bright coal, are found micros- 
copically to contain a predominating quantity of the 
exines or cell walls of spores. It is thought that 
each such band was formed under much the same 
conditions over wide areas, and should therefore contain 
much the same types and distribution of spores through- 
out its mass. Often, however, coal seams contain 
several such bands, and, as it is not likely that successive 
bands were formed under exactly the same conditions, 
their spore-content would be expected to vary. The 
large number of different kinds of spores, with and 
without distinctive differences of form and ornamenta- 
tion, makes it likely that investigation will disclose 
characteristic differences between the nature, number 
and distribution of spores in the bands of different 
seams. The present report shows a number of such 
indications in the Parkgate seam, and the further 
investigations that are being made on the Barnsley and 
other South Yorkshire seams will show whether these 
indications are characteristic of the Parkgate seam, 
and not shared equally by others. 

The microscopical examination was made on thin 
sections derived from three pillars of coal cut from 
floor to roof of the seam at points several miles distant 
from each other. Each series of these thin sections, 
which were taken at right angles to the bedding plane 
practically represented a 2-in. band extending over 
the whole thickness of the seam, and a study was made 
of the spores in each section. They were classified in 
several ways. A broad classification according to 
size distinguished them as megaspores, ranging from 
about 2-5 to 0-13 mm. long and of various breadths, 
and microspores of about 0-1 to 0-015 mm. long by 
about 0-06 mm. wide. Both sizes were classified, 
according to their forms, into a large number of types, 
and, in addition, the number of megaspores in each 
section was counted, and the frequency with which 
each type occurred was calculated and expressed as 
the number per square inch. The frequency of the 
microspores was too great to allow of such a calculation. 
Twenty-six types of megaspores, divided into five 
groups, were so classified, and their distribution from 
top to bottom of the seam was calculated in fifteen 
sections for each column. The results show well- 
defined variations of distribution of characteristic 
spores, and, when individual spores are present in 
sufficient numbers to assure their persistence in spite 
of local variations, they may serve as an aid to identi- 
fying the seam. A more reliable factor, however, is 
thought to be the mode of distribution of a number of 
types, the examination of which uses the entire spore 
content and makes the chance variation of any one 
type of less moment. Diagnosis of this sort depends 
on the improbability that all the types common to 
two or more seams would have their maximum con- 
centration at corresponding positions in each, and the 
distribution shown in the present results may quite 
possibly turn out to be characteristic. In some types, 
the spores are concentrated similarly in the sections 
of two of the columns, but in the third are either 
distributed differently in parts of the section or through- 
out it, or even are wholly absent. It is pointed out, 
however, that such irregularity of distribution does not 
necessarily make the presence of these spores without 
significance. If, for instance, one spore occurs distri- 
buted similarly in the section from two columns, 
and another spore in the section from one of these 
columns and the third, these occurrences tend to suggest 
that the three sections are from the same seam, and 
the inference would be greatly strengthened if series 
of such comparisons were established for a number of 
different spores, as has been done in the present investi- 
gation for four types. As stated above, it is recognised 
that investigation must now be applied to a number 
of adjoining seams and extend over a considerable 
area for each, and this work is now in progress. 








THE RossMAN SysTEM OF SPEED CONTROL FOR ALTER- 
NATING-CURRENT Motors : ADDENDUM.—We regret that 
in the article entitled ‘‘The Rossman System of Speed 
Control for Alternating-Current Motors,” which appeared 
on page 694 of our issue of November 28, we omitted to 
mention that this system had been developed by Messrs. 
Sargent and Lundy, engineers, 20, North Wacker Drive, 
Chicago, of which firm Mr. A. M. Rossman is the research 
engineer. 





* Fuel Research: Survey Paper No. 17. The Signi- 
ficance of Spores in the Correlation of Coal Seams. 
Part 1.—The Parkgate Seam, South Yorkshire Area. 
H.M. Stationery Office. Price ls, 3d., net. 
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LABOUR NOTES. 


As was stated in these notes a week ago, the national 
delegate conference of the Miners’ Federation of Great 
Britain, held on Thursday, December 4, in London, de- 
cided by 230,000 votes to 209,000 not to call a national 
stoppage in support of the strike in Scotland. The 
official report issued after the conference contained 
an account of an interview which the three principal 
officers had had on the previous evening with the 
Prime Minister, Mr. Graham, and Mr. Shinwell. The 
Prime Minister suggested, it was stated, that the 
Federation should give the industry a chance to get 
the reorganisation schemes under the Mines Act 
working effectively, by approved spread-over applica- 
tions for a temporary period, say three months, subject 
to no reduction in wages and without prejudice to 
the position of those districts not affected by the Act 
or those which arrived at settlements in accordance 
with the provisions of the Mines Act. The officials 
recommended the adoption of the suggestion, and, 
after discussion, the following resolution was adopted :-— 
“That the whole position, as stated by the three 
officials, with their recommendation regarding the 
operation of a spread-over, should be placed before the 
districts for their immediate consideration, and replies 
sent in by a week to-day to the miners’ secretary at 
Russell-square.”” 





Mr. Doonan, the president of the Scottish Mine- 
workers’ Association, stated that ‘‘ in the light of the 
discussion at that conference, the Scottish miners would 
call a conference in Scotland and themselves settle the 
Scottish situation.” A conference held subsequently 
in Glasgow did agree on the terms of a temporary 
settlement, and the men resumed work early this week. 
Six districts—Durham, Kent, Northumberland, Not- 
tingham, North Derbyshire, and Yorkshire—already 
have the 74-hour shift, and are not faced with any 
claim from the owners for the “‘ spread-over,” though 
their interest in the operation of that device in other 
areas is naturally keen. In other districts, including 
Lancashire and Cheshire, North Wales, Cumberland, 
South Derbyshire, Cannock Chase, and Bristol—the 
73-hour day is being worked, pending a permanent 
settlement, with some adjustments of wage rates. In 
South Wales the ‘‘ spread-over’’ has been temporarily 
adopted, under protest, without the substantial wage 
cuts for which the owners originally asked. 





“‘The arrangement is, of course,’ says the Indus- 
trial Review, the monthly organ of the Trades Union 
Congress General Council, ‘“‘a breach of the Act on 
the part of the owners, who have had the unqualified 
impudence to admit as much, apparently without 
suspecting the gross impropriety of their attitude. 
Most of the trouble could have been saved—certainly 
a dismal period of suspense could have been avoided— 
if the owners had adopted an attitude more consistent 
with the claims of citizenship. Their temper has been 
consistently sullen and defiant since the passing of the 
Act; their attitude towards the National Indusirial 
Board is an example of a pettiness of spirit which is 
not without its interest to students of capitalist psycho- 
logy. This board was set up to deal with just such 
difficulties as were likely to arise, through the operation 
of the Act, and it gave equal representation to the 
miners and the owners, with additional members 
nominated by the T.U.C. (whose representative is 
Mr. A. B. Swales, a member of the General Council), 
the employers’ organisations, and co-operative bodies. 
The coalowners’ association chose to boycott this body, 
and they had no difficulty in inducing the employers’ 
organisations to take the same idiotic line. It is, of 
course, all part of a plot to render the Act unworkable. 
For the time being the coalowners are, no doubt, 
gratifying their spite very nicely, but they must not 
be aggrieved if public opinion takes a more serious 
view of the position.” 





The weekly organ of the International Labour 
Office states that the French Minister of Labour 
recently addressed a circular to the divisional factory 
inspectors, drawing their attention to applications for 
exemption from the Decrees of August 9, 1920, and 
April 2, 1926, based on work to be carried out for the 
railway system. The Decrees of August 9, 1920, and 
April 2, 1926, in application of the Act of April 23, 
1919, relating to the eight-hour day in the metal 
industry, provide that in the case of work carried out 
in the interests of national safety and defence, or of 
a public service, the daily hours of work may be 
lengthened, by Government order affirming the neces- 
sity of such exemption, up to a limit to be determined 
in each case by agreement between the Minister of 
Labour and the Minister in charge of the work. As 
the number of these requests is increasing, the circular 
of the Minister notes that the industrialists concerned 
limit themselves to affirming the urgency of the work 
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in question, without giving details as to its nature, and 
without any evidence of its being in the public interest. 
The Minister finds himself compelled to ask the inspec- 
tors to remind such industrialists that special exemp- 
tions will only be granted if the work for which they 
are paid appears to be in the public interest, and if its 
completion within a fixed period is absolutely neces- 
sary. The favourable opinion of the Minister of 
Public Works will only be granted if the persons 
concerned provide adequate details and evidence on 
these questions. 





The National Committee of the French Federation 
of Metal Workers recently adopted a resolution asking 
for the abolition of the credit of 100 hours’ overtime 
for special emergencies provided by the Decree of 
April 2, 1926. In the view of the Committee this 
overtime credit, for which there is no justification 
to-day and the working of which cannot be supervised 
in practice, constitutes the most convenient means at 
the employers’ disposal of evasion of the eight-hour 
day regulations. The Committee therefore asked the 
federated trade unions to oppose by all means in their 
power the persistent practice of overtime in order to’ 
obtain the full enforcement of the eight-hour day as 
a first step towards the 44-hour week, the claim for 
which appears to it especially urgent by reason of the 
growth of mechanisation and the increase of produc- 
tivity, which are largely responsible for the world crisis 
of over-production. 





According to The Guaranty Survey, which is pub- 
lished monthly by the Guaranty Trust Company of 
New York, a further decline in industrial employment 
in October was shown by the monthly report of the 
Department of Labour. For the 13 industrial groups 
covered, there was a combined decrease of 1-4 per 
cent. in the number of workers employed and of 0-8 per 
cent. in total payrolls. The 12 non-manufacturing 
groups reported a decline of 2-2 per cent. in employ- 
ment, and an increase of 0-4 per cent. in pay-roll 
totals. Only four groups reported increased employ- 
ment. These were the two branches of coal-mining, 
retail trade, and crude petroleum production. The 
index of employment in manufacturing industries for 
October stood at 78-6 per cent. of the 1926 average, 
as against 79-7 in September and 98-3 in October, 
1929. Small increases were shown in the textile, 
tobacco, and paper industries, while sharp declines 
occurred in the vehicle, leather, and iron and steel 
groups. Of the 54 individual industries included, 23 
reported increases in employment. Simultaneously 
with the publication of this report, the chairman of 
the President’s emergency committee on employment 
announced that a survey of the welfare work necessary 
to cope with unemployment in 200 cities was under 
way, and that information was expected within two 
weeks regarding the adequacy of existing resources, 
additional funds needed, and careful estimates of the 
number of persons unemployed in specific localities. 





Although the rate of output continues to decline, 
certain recent developments in the steel industry are 
regarded, the writer goes on to say, as signs of im- 
provement. One of these is the increase in unfilled 
orders on the books of the United States Steel Corporation 
during October, which, while small, is encouraging as 
far as it goes. The really important event, however, 
was the announcement, by a leading producer, of 
minimum prices on several standard types of steel 
products. This action, it is hoped, will set an example 
for the industry that will tend to prevent the price- 
cutting practices always prevalent in dull times. 
Similar steps in the past have proved to mark turning 
points in the course of prices. The rates of pig-iron 
production and of steel ingot output in October were 
lower than in September, contrary to the usual ten- 
dency. Further recessions occurred in November. 
Seasonal influences in the next few weeks will not be 
favourable to expansion, and the industry anticipates a 
continuance of quiet markets until the turn of the 
year, when an upturn should normally occur. The 
price situation will be the centre of attention during 
the remainder of the year, since it is believed that the 
course of quotations will be a controlling factor in 
shaping the buying policies of consumers. 





Mr. William Green, the president of the American 
Federation of Labour, sees no prospect of an early 
improvement in the employment position. On the 
contrary, he stated on Friday last that, according to 
information in the possession of the Federation, unem- 
ployment in the United States is rapidly getting worse, 
and that if the figures continue to rise at the present 
rate, the number of unemployed industrial workers 
alone, not including office workers and farm labourers, 
will amount next February to more than 7,000,000. 
Unemployment among the two classes not included 


in that figure is known, the Times correspondent at 
New York says, to be very heavy. In fact, on the basis 
of a study made by the Emergency Employment 
Bureau of 11,000 records collected from applicants, the 
‘average applicant ’’ was found to be an office clerk 
and not a manual labourer. Mr. Green estimates the 
present total of unemployment among manual industrial 
workers in November as 4,860,000, an increase of 
360,000 over the estimate for the previous month. 
Twenty-two per cent. of the members of unions affiliated 
with the American Federation of Labour were totally 
unemployed in November, and’18 per cent. were work- 
ing. part time. 





At a meeting in Manchester on Friday last, the 
Cotton Spinners and Manufacturers’ Association and 
the weaving employers in the Master Spinners’ Federa- 
tion decided to give the operatives one month’s notice 
of their intention to begin the more-looms-per-weaver 
system. The notices expire on January 5. As the 
operatives recently refused to accept, or even to 
discuss, the employers’ suggestions regarding the 
working of the new arrangement, a critical situation is 
clearly developing. The scheme provides for a gradual 
introduction of the system, and under it the operatives’ 
wages would range from 50s. to 60s. per week as against 
the present full-time wage of 40s. The employers 
claim that there would be no displacement of labour. 





The Industrial Councils Bill, which Mr. Mander, 
M.P., has introduced, seeks to make it the duty of the 
Minister of Labour, ‘‘for the purpose of facilitating 
concord between employers and workers by the inter- 
change of information and opinions,” to promote the 
establishment of an Industrial Council in respect of 
every industry for which, in his opinion, this is ‘‘ prac- 
ticable and expedient.’”” Amongst the objects of the 
measure are :—(1) The better utilisation of the prac- 
tical knowledge and experience of the workpeople. 
(2) The provision of means for securing to the work- 
people a greater share in, and responsibility for, the 
determination and observance of the conditions under 
which their work is carried on. (3) The settlement of 
the general principles governing the conditions of 
employment, including the methods of fixing, paying 
and readjusting wages, having regard to the need for 
securing to the workpeople a share in the increased 
prosperity of the industry. (4) The establishment of 
regular methods of negotiation for issues arising 
between employers and workpeople. (5) The provision 
of means for ensuring to the workpeople the greatest 
possible security of earnings and employment, without 
undue restriction upon change of occupation or 
employer. (6) Technical education and training and 
the provision of facilities for the full consideration and 
utilisation of inventions and improvements designed 
by workpeople and the adequate safeguarding of the 
rights of their designers. 








The general managers of the four British railway 
companies met the executives of the National Union 
|of Railwaymen, Railway Clerks’ Association, and 
| Associated Society of Locomotive Engineers and Fire- 

men in London on Wednesday, for the purpose of dis- 
| cussing the counter-proposals submitted recently on 
| behalf of the men. Particulars of these proposals 
| have already appeared in ENGINEERING. An official 
| report of the proceedings was as follows :—‘ Sir Ralph 
| Wedgwood stated that the railway companies were 
| unable to entertain the proposals of the trade unions, 
| and the union representatives intimated their intention 
| of submitting their claims to the Central Wages Board. 
| The railway companies’ claims have already been sub- 
mitted to the Central Wages Board.’ The expectation 
is that there will be a meeting of the Central Wages 
| Board on Friday next, to consider all four sets of claims. 





| At December 1, 1930, the numbers of persons on the 
| registers of employment exchanges in Great Britain 
; were 1,683,851 wholly unemployed, 519,113 temporarily 
| stopped, and 102,675 normally in casual employment, 
| making a total of 2,305,639. This was 19,179 more 
than a week before, and 1,002,709 more than a year 
before. Of the total number, 1,669,804 were men, 
58,306 boys, 528,265 women, and 49,264 girls. 





It is estimated that at November 24, 1930, there 
were approximately 9,501,200 insured persons, aged 
16 to 64, in employment in Great Britain. This was 
32,000 less than a month before, and 718,200 less than 
a year before. During the four weeks ended Novem- 
ber 24, 1930, the number of vacant situations filled 
through the Employment Exchanges and Juvenile 
Employment Bureaux was 136,031. Since the begin- 
ning of the year 1,560,070 vacant situations have been 
filled, an increase of 147,622, as compared with the 
corresponding period of last year. 
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Fia. 1. 


CIVIL AVIATION IN CANADA. 


ACCELERATED progress was made in Canadian avi- 
ation during the year 1929. This is clearly shown in 
the Report on Civil Aviation and Civil Government 
Air Operations, issued by the Department of National 
Defence. The following statistical table will indicate 
the extent of the progress made more clearly than any 
descriptive explanation :— 














— | 1927. 1928, 1929 
{ 
Aircraft flights made 16,748 75,285 144,143 
Total aircraft mileage 829,010 | 2,728,414 | 6,284,079 
Passengers carrie1 oh 18,932 74,669 124,751 
Freight carried (Ib.) .| 1,098,348 | 2,404,682 | 38,903,908 
Mail carried (Ib.) on 14,684 316,631 430,636 
Firms manufacturing | 
aircraft ae oo| 2 4 6 
Firms operating aircraft | 20 53 81 
Licensed civil aircraft ..| 67 264 445 
Aerodromes ne ae 36 44 77 
Personnel (licensed and 
unlicensed) “ oa | 207 543 807 





It should be pointed out that these figures cover 
statistics of all kinds of flying, and even include the 
operations of the light aeroplane clubs. The air mail 
services alone cover a route-mileage of 5,139. In 
these services, 2,162 flights were made with an aircraft 
mileage of 490,640 and the carriage of 430,636 lb. of 
mail. A very large amount of flying was also done in 
connection with air survey and photography and 
forestry patrol, which have been developed to a higher 
degree in Canada than in any other country. 

The figures show a remarkable growth in civil 
flying which can hardly be paralleled elsewhere. A 
disquieting feature, however, is that this progress has 
been accompanied by a grave in: rease in the number of 
accidents: 31 people were killed and 25 injured 
during 1929, compared with 17 and 22 people killed 
and injured, respectively, in 1928, and four and three 
in 1927; 33 aircraft were completely destroyed last 
year in crashes, and 25 seriously, but not irreparably, 
damaged. No lives, however, were lost on the regular 
mail services, and there were only two serious accidents 
in the course of flying in the north, where conditions 
are admittedly risky. This indicates that, where the 
most stringent precautions are taken, the air passenger 
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The comparatively short air routes serving towns 
|inaccessible by ground transport in winter-time, as 
| well as those}connecting with the transatlantic steam- 
ship services and serving the mining areas during the 
summer, were maintained, as in the past. Several 
additions to the contracts for operation between 
industrial areas were made during the year. One 
| contract provided for the conveyance of mails between 
Montreal and Detroit (U.S.A.), with Toronto, Hamilton, 
| London, and Windsor as intermediate points. Messrs. 
| Canadian Airways, Limited, who secured the contract, 
also began an experimental extension of the service at 
| the end of the year to Quebec, Moncton, and St. John. 
| Another international airway which carried almost as 
| great a volume of mail was the new line from Toronto 
| to Buffalo, N.Y. 
| The survey work that proceeded during the year, to 
| discover the best route for the completion of the 
| trans-Canada air-mail service, has not diminished the 
| difficulty of the task. Five alternative routes have 
| been surveyed, and it is clear that the airway will have 
| to contend with conditions unlike those of any other 
| trunk air route. Fog besets both coasts; blizzards 
|are encountered in the winter in the interior; for 
several weeks in spring and autumn the lakes, which 
| provide natural aerodromes in summer for float 
| seaplanes and in winter for ski-fitted machines, would 
be unusable during the thaw-out and freeze-up periods. 
| Landing grounds could be provided without difficulty 
| in the Prairie Provinces and the settled parts of Eastern 
Canada, but in Northern Ontario their establishment 
| would need careful survey, while in the mountain 
section the occasional fields that would serve the 
| purpose would have to be chosen with care. The 
| perfection of an efficient combination ski-float and 
| Ski-wheel undercarriage is realised to be essential to 
the progress of Canadian aviation, and the report 
states that, as the result of the year’s work,“ satisfac- 
tory combination devices will soon be available.” 
The Provincial Governments continued in 1929 the 
forest conservation and survey flying which is so 
typical and so useful a Canadian contribution to the 
development of aviation. To take one province only 
as an example, (it would be tedious to recapitulate the 
statistics of all of them, valuable as is the work they 
represent), the Ontario Provincial Air Service detected 
380 forest fires in 1929, sketched 2,450 square miles of 





undergoes no greater risk than he would encounter | territory, covered 900 square miles with vertical and 
in some other means of transport. Fifteen regular| 1,000 square miles with oblique photography, and 
air mail services were maintained by 10 firms operating | spent 7,960 hours in forest-fire patrol. A lengthy 


under Post Office contracts, 2,162 single trips being | appendix to the report gives minute details of the 
out of 2,344 | experiments carried out in “ dusting ” forests to check 
' the ravages of defoliating insects. 


completed, as already mentioned, 


scheduled. 

















Fie. 2. CLutcH. 


The aircraft-manufacturing industry of Canada also 
makes progress. Of the 340 aircraft registered in 1929, 
29 were built in Canada and 155 assembled there. 
Messrr. British De Havilland Aircraft of Canada, 
Limited, delivered 130 Moth aeroplanes, and Messrs. 
Ottawa Car Manufacturing Company, Limited, manu- 
factured 25 Avro Avians, the sole Canadian manufac- 
turing and sale rights of which they secured early in 
1929. Three new organisations with American affiliations 
are Messrs. Fairchild Aircraft, Limited, Messrs. Boeing 
Aircraft of Canada, Limited, and Messrs. Bellanca Air- 
craft of Canada, Limited. A company known as Messrs. 
Aero Engines of Canada, Limited, has been formed to 
manufacture two well-known engines. Through the 
medium of this company, Wright and Bristol aero 
engines will be made available for Canadian civil 
aviation, 


ELECTRIC LEVELLING GEAR FOR 
LIFTS. 


Onx of the essentials of a modern passenger lift is that 
it shall'attain a maximum speed of, say, 250 ft. per 
minute as quickly as possible without discomfort to the 
passengers and shall decelerate to rest equally rapidly 
and with a similar minimum of disturbance. To 
prevent minor accidents it is also necessary that the 
actions of the attendant or automatic gear shall be 
controlled in such a way that the floor of the cage 
registers accurately with the surface of the landing 
when the lift comes to rest. This latter condition also 
applies to goods lifts, where any inaccuracy in level 
may render unloading difficult, or even impossible, 
without considerable adjustment. With goods lifts, 
moreover, it is essential that the tendency of the lift to 
drop slightly when the load is placed in the cage should 
be corrected. Apart from accidents and loss of time, 
failure to secure accurate registration also leads to 
waste of energy, since the consumption of a lift is 
largely dependent on the number of times it is 
set in motion, and if “inching ” is necessary at each 
stop the consumption is likely to be increased con- 
siderably, especially as the working speed increases. 

As is well known, several attempts have been made 
to overcome this difficulty by the use of two motors of 
different outputs, one of which acts as the main driving 
unit, while the other is employed at starting and to 
move the cage at a slow speed as it reaches the end of 
its travel. Such arrangements are, however, frequently 
expensive and complicated, it being difficult to change 
over smoothly from one motor to the other. With a 
view to simplification, therefore, the arrangement which 
we are about to describe has been devised and patented 
by Mr. Murray D. Scott, of Messrs. Marryat and Scott, 
Limited, 40, Hatton Garden, London, E.C.1. 

The equipment, which is known as the Levelectric, 
is illustrated in Fig. 1. It alsoemploys two motors, the 
smaller being mounted above the larger to economise 
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floor space. The main motor drives the lift shaft 
through gearing in the ordinary way, but the connection 
between the shaft and the auxiliary motor is made 
through a silent chain gear, the reduction of which is 
about 10 to 1, and through a special clutch, the housing 
of which is visible on the extreme left of the illustration. 
A larger view of the clutch itself, with the cover re- 
moved, is given in Fig. 2, and its construction will be 
made clear by a study of the half section reproduced in 
Fig. 3. As will be seen, it consists essentially of a disc 
C, which is mounted on ball bearings and is driven by 
the auxiliary motor. This disc is connected by dumb-bell 
links, E, to a clutch plate, A, which is carried on roller 
bearings and is mounted, so that it can slide axially 
and engage or disengage with a second clutch plate, B, 
which is fixed to the main shaft. The plate, A, is 
slotted, so that it will spring sufficiently to compensate 
for any inaccuracy in the links, and its movement is 
controlled by a light drag brake, F, so that its angular 
displacement lags slightly behind that of C. The dumb- 
bell links are made in two parts, which are connected 
by @ screw coupling, so that any inaccuracy in align- 
ment between C and A can be easily corrected. 

When the auxiliary motor is started, the disc C 
revolves and, owing to the action of the drag brake F, 
the clutch plate A is drawn along the shaft, so that it 
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comes into contact with the 
clutch plate B, which also re- 
volves, thus causing the main 
shaft to turn. The lift is, there- 
fore, driven upwards or down- 
wards at a slow speed. As the 
speed increases, the main motor 
is switched on, and the shaft is 
then driven temporarily by both motors. When, how- 
ever, the speed of the main motor becomes equal to, or 
greater than, that of the plate A, the latter is automati- 
cally disengaged from the plate B, owing to the thrust of 
the dumb-bell links and the action of the self-centring 
springs, which are carried in the fork D, the arrangement 
of which is shown in Fig. 4. The load is thus removed 
from the auxiliary motor, and it can be switched out 
by an appropriate movement of the controller. 

Similarly, to stop the lift gradually, the main motor 
is switched off and the auxiliary motor switched in, so 
that when the speed of the main shaft is equal to that 
of the latter, it takes up the drive and brings the 
cage slowly to the floor level. This change-over from one 
motor to the other, when stopping, is effected by the 
vernier levelling switch, illustrated in Fig. 5. This 
switch is mounted on the lift cage, so that it engages 
with an aluminium ramp in the shaft at each landing. 
As will be seen from Fig. 6, this ramp has a depression 
in the centre, into which the plungers of the vernier 
levelling switch G are guided by rollers. The position of 
these plungers is determined by a solenoid H in the main 
motor circuit, so that they are withdrawn when the 
latter is energised and do not, therefore, come into 
contact with the ramp at any floor at which the lift 
is not required to stop. When the main motor is 
switched off on approaching a floor, however, the 
solenoid is de-energised, so that the plungers are forced 
forward by a spring and, unless the lift has registered 
accurately with the floor, one or other of them will 
engage with the ramp and the circuit of the auxiliary 
motor will be closed. The lift is then driven by the 
latter in one direction or the other, until the depressed 
plunger enters the opening in the ramp and is forced 
forward by the spring. The lift cage is now accurately 
registered with the floor and the motor is switched off, 

If, on the other hand, the lift is driven so accurately 
that the plungers fall into the opening before the main 
motor stops no adjustment by the auxiliary motor is, 
of course, requi The switch frame is fitted with 
rubber buffers, so that the operation of the solenoid is 
rendered silent. 

It will thus be seen that each motor works on the 
most efficient part of its characteristic, and that the 
energy losses caused by the frequent starting and 
stopping which inevitably occur in lift operation are 
avoided. It is claimed that the system has particular 
advantages where alternating-current motors are used, 
since the drawbacks of their inherently bad speed 
regulation are overcome. Any waste of time that 
would otherwise occur while the change-over from the 
main to the auxiliary motor is taking place is avoided 
by arranging that the opening of the lift gates does not 
break the circuit of the latter. The gates can, therefore 
be opened directly the main motor stops, and the 
passengers can step out immediately the lift has been 
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accurately levelled. Normally, of course, the auxiliary 
motor does not come into action if, for any reason, the 
lift stops between the floors in such a position that the 
plungers are not in contact with the ramp. A special 
switch, operated by a Yale key, can, however, be fitted 
in the cage, which enables the auxiliary motor to be 
started up and the lift brought slowly to a floor should 
such an occurence take place. If necessary, a battery 
can also be provided for supplying the auxiliary motor, 
for use in cases where such breakdown is due to a 
failure of supply. 

Although, in describing the Levelectric vernier gear, 
we have dealt with its application to ordinary passenger 
lifts, it is obvious that it should also prove useful in 
hospitals, where ambulances have frequently to be 
raised and lowered, and for commercial purposes, where 
it is necessary, in dealing with heavy loads, that the 
registration between the cage and the floor should be 
exact. In addition, it could be employed with 
advantage on printing, calendering and other machines, 
where it is necessary to run the equipment slowly at 
starting or for purposes of adjustment and at a higher 
speed for normal operation. 








ENGINEERING LANTERN SLIDES.—Messrs. Marshall, 
Sons and Company, Limited, Britannia Iron Works, 
Gainsborough, inform us that their several series of 
lantern slides, illustrating oil engines, steam engines, 
boilers, and road-making and other machinery, are at the 
service of any lecturers who may be interested. 





Tue CONDUCTANCE OF INVERTED-T YPE INSULATORS,— 
Some tests on insulators of the Hewlett type, which were 
coated with cement dust, are described in Elektrotechnik 
und Maschinenbau. The conduction currents, it appears, 
were unaffected when the cement was dry, but rose 
some 50 per cent. to 100 per cent. above those obtained 
with clean insulators when the cement was wet. 





LicHTHOUsES IN SPANISH Morocco.—The Spanish 
Government has decided to provide five new lighthouses 
and several smaller light stations for the better guidance 
of ships along the Spanish Moroccan coastline. The 
lighthouses will be of the automatic type, and the illumin- 
ant is to be acetylene gas, it being stipulated that each 
lighthouse must have a —_ capable of producing a 
three months’ supply without attendance. The points 
at which the lighthouses are to be erected are Punta 
Santiago, Punta Hermosa, Punta Sagre, Islote Toringa, 
and Loro, Fernando Po. At Punta Santiago and 
Punta Sagre the height of the tower will be 54 ft. and the 
visibility of the light 20 miles; at Punta Hermosa and 
Islote Toringa the height of the tower will be 48 ft. and 
the visibility of the light 15 miles, in the former case, and 
20 miles in the latter, The tower at Loro will be much 
smaller, ¢.e., its height will be only 12 ft. The smaller 
light stations are to be } areye at Corisco, Elobrey, and 
Ivelo. These will also help in directing navigation in river: 
estuaries. 
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BONDING NEW CONCRETE TO OLD. 


In the course of work at the Building Research 
Station of the Department of Scientific and Industrial 
Research, a number of failures have come to 
the notice of the Station through the disregard of 
precautions which are supposed to be well known to 
those engaged in building construction. Accordingly, 
the Department has thought it desirable to issue a 
report prepared by Mr. Norman Davey on Bonding 
New Concrete to Old,* in which the general procedure 
for bonding new to old concrete under normal atmos- 
pheric conditions is defined. 

The nature of the precautions to be taken depends 
naturally on the length of time since the previous 
layer of concrete was placed. When this is not more 
than four hours it is sufficient, immediately before 
placing the new layer, to remove the film of laitance, 
and the layer of porous concrete below it. The most | 
effective way of doing this, where it is possible, is to | 
fill the form of the first layer sufficiently above the 
required height to allow the poorer material which 
collects at the top to be struck off before the concrete 
begins to stiffen. This means, in practice, not longer 
than four hours. 

If the first layer has been in position for more than 
four hours and up to three days, it will be sufficient 
to brush the partially-hardened surface thoroughly 
with a steel-wire brush, and wash it carefully with 
clean water. After this, a }4-inch layer of plastic 
cement mortar of composition similar to that of the | 
new concrete, but without the large aggregate, should 
be applied to the surface, the new concrete being then 
placed immediately on the mortar layer, and well 
punned towards the joint. If the concrete has been 
placed more than three days, the hardened surface 
should be chipped away before scrubbing, and, before 
the layer of cement mortar is applied, a slurry of 
neat cement of the consistence of thick cream should be 
worked into the prepared surface with a brush. Still 
better results may be obtained by using two successive 
layers of cement mortar after the slurry, the one | 
composed of two parts by weight of cement to one of | 
sand, and the other of one part of cement to two of 
sand, thus grading the material at the joints more 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possession and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Electric Hoist Blocks.—The supply of four electric hoist 
blocks. The Latvian Mercantile Marine Department, 
Riga, December 22. (Ref. No. A.X. 10,603.) 

Borehole Pumps.—The supply and delivery of two 
borehole pumping plants, each driven by a 7}-b.h.p. 
crude-oil engine; 14,500 ft. of 6-in. mild steel welded 
piping ; together with valves, specials, and fittings. The 
Municipality of Calvinia, Cape Province, South Africa ; 
December 18. (Ref. No. A.X. 10,610.) 

Miscellaneous Metals.—The supply of chains, brass 
sheets, antimony, iron wire, barbed wire, galvanised 
iron cables, steel wire, copper wire, etc. The Direction- 
Générale of State Railways and Ports, Ankara, Turkey ; 
December 29. (Ref. No. A.X. 10,625.) 








BOOKS RECEIVED. 


Department of Overseas Trade. E ic Conditions in 
French West Africa (1928-1930). Report. By E. E. 
Buxton. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Aeronautical Research Committee Reports and Memoranda. 
No. 1318. Detonation and Lubricating Oils. By 
R. O. Kine and H. Moss. [Price ls. 3d. net.] No. 
1326. Wind-Tunnel Experiments on Steam-Condensing 
Radiators. By R. G. Harris and Others. [Price 
ls. 6d. net.] No. 1330. Maximum Force on the Fin 
and Rudder of a Bristol Fighter. By F. B. BRADFIELD 
and R. A. FarRTHORNE. [Price 4d. net.] No. 1331. 
Hinge Moments of Balanced and Unbalanced Ailerons 
on R.A.F. 14 Wing, to Large Angles of Incidence. 
By F. B. BrapFietp and R, A. FarrtHorne. [Price 
9d. net.] London: His Majesty’s Stationery Office. 

Route Surveying. By G. W. Pickets and C. C. WILEY. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 17s. 6d. net.] 

Vectorial Mechanics. By Louis Branp. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 25s. net.] 

Surveying for Schools. By S.Wricut Perrott. London: 
Chapman and Hall, Limited. [Price 6s. net.] 








evenly and reducing differential shrinkage. 

The above methods apply to normal Portland and 
rapid-hardening Portland cement concrete, and may be 
used also with aluminous cement concrete, except that 


the more rapid hardening of aluminous cement makes it | 
desirable to chip and wire-brush the surface of the | 


concrete, if it is more than 24 hours old. There is | 
no objection to bonding together different types of 
cement, provided that the old part of the concrete has 
first hardened. Joints will, as a rule, be stronger 
when the cement in the new concrete is slower in setting. 
Bonding between partially-hardened Portland cement 
concrete and aluminous cement concrete, or vice versa, 
is particularly objectionable, as this is liable to produce 
a flash set, and greatly reduce the strength. 








ENGINEERING TRAINING AND 
EDUCATION. 


Festschrift zum 75 Jéhrigen Bestchen der Eidgendssischen 
Technischen Hochschule in Zirich. Ziirich: Orell 
Fiissli. [Price 20 francs.] 

| United States Geological Survey. Bulletin No. 822—A. 

Geology and Mineral Resources of Parts of Carbon, Big 

Horn, Yellowstone and Stillwater Counties, Montana. 

By R. 8S. Knappen and G. F. Moutton. [Price 25 

| cents.) Water Supply Paper No. 635. Surface Water 
Supply of Hawaii, July 1, 1925, to June 30, 1926. 
[Price 25 cents.] Washington: Government Printing 
Office. 

Easy Lessons in Television. 


By Rosert W. Hurcuison. 
London: W. B. Clive, University Tutorial Press, 
Limited. [Price ls. 9d. net.] 

Anuario Del Comercio Anglo-Sudamerico (The British 
South American Trade Annual), 1930-1931. Edited 
by A. H. Gopwry. London: Anuario de Comercio 
Anglo-Sudamerico. 

Geologische Profilierung der Wiirttembergischen Lisen- 
bahnen und Wasserstrassen. No.1. Die Geologischen 
Verhiltnisse des Rosensteins bei Stuttgart-Berg, mit 





Lectures for Teachers in Technical Subjects.—Eight | 
lectures on the “ Principles of Teaching for Teachers | 
of Technical Subjects,” will be delivered by Mr. J. H. } 


Currie, at London Day Training College, Southampton- 
row, W.C.1, on Wednesdays, at 6 p.m., beginning 


May 6, 1931. The course is intended for teachers giving | 


full-time or part-time instruction to junior or senior | 
students. The lectures have been organised by the | 
London County Council and the fee for teachers resid- 
ing in the County of London is 7s.; for others it is | 
10s. 6d. Further particulars may be obtained from the | 
Education Officer, The County Hall, Westminster | 
Bridge, London, S.E.1. 








The | 


EXTENSION OF FULHAM GENERATING STATION.- 
Electricity Commissioners inform us that the public 
inquiry into the application of the Metropolitan Borough 
Council of Fulham, for consent to extend their generating | 





besonderer Beriticksichtigung des Eisenbahn-Tunnels und 

der alten Fossilfunde. By W. Kranz and F. BEREK- 

HEINER. [Price 1 mark 20.] No.2. Staustufe Ober- 

esslingen der Neckarkanalisierung. By W. Kranz. 

[Price 80 pf.] Stuttgart. W. Kohlhammer. 

| Addressbuch Der Zement, Kalk, und Gips-Industrie, 1930. 
Berlin: Der Bau-Kurier. [Price 15 marks. ] 

Marine Aircraft. Elementary Naval Architecture. By 
Captain P. H. Sumner. London: Crosby Lockwood 
and Son. [Price 16s. net.] 3 

Transactions of the Institution of Naval Architects. Vol. 
LXXII. 1930. London: Offices of the Institution 
and Henry Sotheran and Company. 

The Gates of Light. A Record of Progress in the Engineer- 
ing of Colour and Light. By Beatrice Inwry. London: 
Rider and Company. [Price 7s. 6d. net.] 








THE LaTE Mr. A. W. FrEEMAN.—The death of Mr. 
Ambrose W illiam Freeman, which occurred at sea on 
October 1, while on a voyage from Malaya to Australia, 


station in Townmead-road, Fulham, will be held on | removes a well-known figure from mining engineering 
December 15, at the Institution cf Electrical Engineers, | circles in the Antipodes. Mr. Freeman, who began life 
Savoy-place, Victoria Embankment, London, W.C.2, | in an office in Sydney, determined to try his fortune in 
commencing at 10.30 a.m. | the Western Australian Goldfields, and went to Coolgardie 
; |in 1896. He remained there for some five years, and 

Roya InstiTUTION JUVENILE LEcTURES.—The one- | although he gained much practical experience, he became 
hundred and fifth Christmas course of six lectures, | convinced that a scientific knowledge of mining was an 
organised by The Royal Institution, and adapted to a| absolute necessity if he were to succeed in his chosen 
juvenile auditory, will be delivered by Professor A. M. | Vocation. He therefore returned to Sydney and entered 
Tyndall, on Tuesdays, Thursdays, and Saturdays, | the Mining Engineering Department of the University. 
December 30, and January 1, 3, 6, 8, and 10, 1931, at | After three years of study he passed the Bachelor of 
3 p.m. The general subject of the course is ‘‘ The | Arts degree examination, and subsequently gained the 
Electric Spark,” and subscriptions from young persons | Bachelor of Engineering degree. He returned to gold 
aged from 10 to 16 is 10s, 6d. ; adult subscriptions are | mining, but, in 1910, he became interested in Malayan 
2is. Tickets and further particulars may be obtained | tin. 6 eventually became chairman of Messrs. Austral 
from the Royal Institution, 21, Albemarle-street, | Malay Tin, Limited, and the remainder of his life was 
London, W.1. spent in the direction of this company, the successful 


— operations of which were largely due to his untirin 

* Department of Scientific and Industrial Research. | efforts and talent ini i : 
Building Research: Bulletin No, @&  H.M. Stationery > lastitation of Mitton net Woe a 
Office. . net. ' 





associate of the Institution of Mining and Metallurgy in 
1903, and was elected to full membership in 1912, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLEsBRouGH, Wednesday. 


The Cleveland Iron Trade.—The situation as regards 
Cleveland pig is little altered. Statistically, the position 
is quite strong, as stocks are low and are being steadily 
drawn upon, the limited output falling a little short of 
current moderate needs. Second hands possess next to 
no Cleveland pig, and makers adhere to their fixed 
figures for home purposes, but are keen to do business 
on lower terms with customers elsewhere, particularly 
in Scotland. Overseas trade is almost at a standstill, 
and there seems no likelihood of early renewal of export 
business of moment. Comparatively cheap Continental 
iron is coming forward in increasing quantities for 
consumption in this area, and Tees-side firms are taking 
larger supplies of Midland pig. Producers of Cleveland 
qualities need most of the limited output for their own 
consuming departments, and are disposing of their 
small surplus make to home users, who have to come 
on the market for supplies. No. 1 grade is 66s.; No. 3 
g.m.b., 63s. 6d.; No. 4 foundry, 62s. 6d.; and No. 4 
forge, 628. 

Hematite.—Restricted outputs of East-Coast hematite 
are not quite adequate to needs, and values of iron are 
well maintained. Stocks are being steadily drawn upon, 
but makers have still large quantities stored at the blast- 
furnaces, and merchants have substantial quantities on 
hand. With a steady moderate home trade passing, 
and occasional sales to overseas customers, however, 
quotations are kept at the equivalent of ordinary quali- 
ties at 71s. 

Foreign Ore.—There is next to no activity in foreign 
ore. Consumers are heavily bought, and are off the 
market. The nominal price of best rubio remains at 
16s. c.i.f. Tees. 


Blast-Furnace Coke.—There is a little more doing in 
Durham blast-furnace coke, but supplies are very plentiful, 
and local users are still able readily to satisfy their needs 
on the basis of good average qualities at 17s. delivered. 


Manufactured Iron and Steel.—Recognised market 
rates for manufactured iron and steel are upheld, though 
producers of most commodities are urgently in need of 
orders. Semi-finished materials are also very slow of 
sale. Common iron bars are 101. 158.; best bars, 
11l. 58.; double best bars, 111. 15s.; treble best bars, 
127. 5s.; iron rivets, 111. 5s.; packing (parallel), 8J. ; 
packing (tapered), 10/.; steel billets (soft), 67. 5s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 11/. 5s.; steel ship plates, 
81. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 81. 10s. ; 
heavy sections of steel rails, 8/. 10s. for parcels of 500 tons 
and over, and 9. for smaller lots ; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 8/. 12s. 6d.; and galvanised 
corrugated sheets (No. 24 gauge), 110. 5s. 

Scrap.—The scrap trade shows no improvement- 
Sales are very difficult to effect. Borings are offered 
freely at 30s. and turnings at 35s. ; while light iron scrap 
is on sale at 40s., heavy cast iron at 50s., heavy machinery 
metal at 52s. 6d., and heavy steel scrap at 45s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—A further step towards securing a 
permanent agreement between the coalowners and the 
miners in the Welsh coal trade was made this week. 
The owners have intimated their willingness to extend 
the present temporary arrangement, for this month, of 
eleven 8-hour days a fortnight, with a stop day éach 
alternate Saturday, without any change in wage rates, 
until the end of January. The miners asked that the 
arrangement should be operative until the end of 
February, and promised to consider the coalowners’ 
proposal, and agreed that the joint sub-committee of 
owners and miners, which had previously considered the 
question of a revision of the coalfield agreement, should 
again go into the matter. Though some degree of 
uncertainty still remains, the outlook is regarded as 
distinctly more hopeful, as it is felt that both sides 
recognise the desirability of facing the situation and 
coming to an arrangement without recourse to a stop- 
page. It is certain that, as the men have now given 
way on the matter of the spreadover, the owners will 
be able substantially to modify the wage reductions 
which would be necessary if the men had held to their 
previous decision to enforce rigorously the 74 hours’ day. 
Meanwhile, collieries are more comfortably placed with 
stems than has been the case for some time. This is 
due to both foreign and inland consumers with period 
contracts deciding to lift at least a portion of the balances 
due to them. Individual collieries have in the circum- 
stances benefited, but with heavy stocks and supplies 
of large and small plentiful, prices remain stationary 
on the basis of the schedule of 20s. per ton f.o.b. for 
best Admiralty large, and 13s. 6d. for best bunker smalls. 
New orders, however, continue to mature slowly, and 
with thousands of wagons still held up under load, 
regular working at the pits remains impossible. It is 
stated that the quota production for the March quarter 
represents a reduction in output of about 12 per cent.. 
but what effect this will have on stocks remains to be 
seen. 

Iron and Steel.—Exports of iron and steel goods last 
week totalled only 5,953 tons, against 13,867 tons in 
the preceding week. Shipments of tin-plates and terne- 
plates fell from 8,188 tons to 4,068 tons, of galvanised 
sheets from 3,580 tons to 395 tons, and of other iron 
and steel goods:from 1,714 tons to 996 tons, but of black- 
plates were raised from 385 tons to 494 tons. : 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—In the finished sections activity is a 
little more pronounced. This is due less to the booking 
of new business than to the seasonal hustle to complete 
deliveries under old contracts before the Christmas 
stoppage, which may be slightly longer than usual. The 
general undertone is surprisingly cheerful considering 
the widespread character of unemployment. Indirectly 
this district will benefit from the substantial contracts 
just placed by the Electricity Board for switchgear, 
transformers, cable, and other equipment. The manu- 
facture of machinery for crushing, milling, and mixing is 
a progressive line. Months of work have been booked 
in patent steel railway buffers on export account, and 
in hollow-forged drums for steam power and aircraft- 
testing purposes. Steady deliveries of heavy forgings 
are going to Clydebank under the latest shipbuilding 
contracts. Output of automobile steel is maintained at 
a high level, and a fair business is being done in agricul- 
tural castings and cutting parts. Orders are in hand for 
machinery and labour-saving devices on foreign mining 
account, but home business in colliery implements and 
equipment is somewhat overshadowed by the uncertainty 
in the coal trade. Specialised lines have fairly bright 
prospects. German makers of wireless and general 
electrical equipment are taking regular supplies of special 
magnet steel. Hack-saw production is being placed on 
a wider basis. An old-established firm of special-steel 
makers is opening another factory for the manufacture 
of tools of this type, and a second concern is preparing 
an additional department. The biggest order yet booked 
by a Sheffield firm for micrometers has just been received 
from the Air Ministry. The latest returns of bulk steel 
production show an improvement on previous months, 
but the gross tonnage is still well below that of a year 
ago. Though local makers are undersold in the cheaper 
grades by Continental rivals, their quotations are only 
about 11 per cent. higher than pre-war, whereas manu- 
facturing costs show advances ranging from 25 per cent. 
to 100 per cent. Current quotations :—Siemens acid 
steel billets, 97. 10s. ; hard basic, 97. 2s. 6d. to 91. 12s. 6d. ; 
medium-hard basic, 7/. 12s. 6d. to 81. 2s. 6d. ; soft basic, 
6l. 5s.; Derbyshire foundry pig iron, 66s. ; Derbyshire 
forge iron, 63s.; Lincolnshire basic iron, 62s. 6d. ; 
crown iron bars, 101. 5s. ; iron hoops, 12/.; steel hoops 
107. ; soft wire rods, 71. 10s.; basic scrap, 47s. 6d. 


South Yorkshire Coal Trade.—Owing jointly to the 
colder weather and the threatened dislocation of the 
trade, the demand for house coal shows a marked expan- 
sion. Despite the former existence of stocks at collieries 
and depots, merchants have in some cases found it 
impossible to keep pace with orders. Where supplies 
have run short, manufactured fuel has been used to 
replenish stocks. Special prices for supplies that were 
surplus have been withdrawn. Industrial fuel represents 
a steady trade on both inland and export account. 
Industrial concerns who have made special preparation 
against an emergency shortage are in the minority. 
New contracts are under consideration in blast-furnace 
coke. Big business has been done in gas coke, but steel- 
making coke is still a disappointing medium. Supplies of 
smalls are much in excess of thedemand. Quotations :— 
Best branch hand-picked, 25s. 6d. to 27s.; Derbyshire 
best brights, 20s. to 22s. 6d.; Derbyshire best house, 
20s. 6d. to 21s. 6d.; screened house coal, 18s. to 19s. ; 
screened house nuts, 15s. 6d. to 16s. 6d.; Yorkshire 
hards, 14s. to 15s. 6d. ; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 6s. 6d. to 7s. ; 
smalls, 3s. to 5s. 








PERSONAL,—As from to-day, the district agencies in 
the Lancashire, Yorkshire, and North-East districts of 
Messrs. Holden and Brooke, Sirius Works, West Gorton, 
Manchester, will be superseded by a sales service directed 
by Mr. 8S. N. Clift, with headquarters in Manchester.— 
Messrs. Thos. W. Ward, Limited, Albion Works, Savile- 
street, Sheffield, have acquired the blast-furnace plant, 
works, and limestone quarries of the Carnforth Hematite 
Iron Company, Limited, Lancashire. 


LauncH oF H.M.S. ‘‘ Butiupoc.”—H.M. Torpedo-Boat 
Destroyer Bulldog, the last of the eight replacement 
destroyers of the 1928 Naval programme to be built, 
was launched from the Wallsend shipyard of Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, on 
December 6 last. The vessel is a sister ship of H.M.S. 
Brilliant, and she was launched with her engines and 
boilers on board, her masts and funnels erected and her 
torpedo-tube races and gun mountings all in place. 
The displacement of the vessel is 1,330 tons, and the 
propelling machinery consists of two sets of geared tur- 
bines. The engines and boilers have been constructed 
4 ee Wallsend Slipway and Engineering Company, 
aimited. 








Tue Late Mr. Bowes Ketty.—A wide circle of 
mining engineers will learn with regret of the death, on 
October 16 last, of Mr. Bowes Kelly, at his home in 
Malvern, Victoria, Australia. Mr. Kelly, who was for 
many years chairman of Messrs. Broken Hill Proprietary 
Company, Limited, was born in County Galway, Ireland, 
in 1852. He came to Australia with his parents when 
only eight years of age, and, as a young man became 
interested in mining. He was made a director of the 
original Broken Hill Company, which was established in 
1885, and remained on the board until his death; he 
was chairman from 1892 to 1922. Mr. Kelly was also 
interested and, incidentally, helped materially to develop 
several copper, silver, and zinc-lead mines. In addition 
to his mining activities he was a director of a number of 
banking and industrial companies. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—A dull state still prevails in the 
Scottish steel trade, but with the return of the local 
miners to work, the outlook is not any blacker now than 
it was a couple of weeks ago. The demand is, never- 
theless, very fitful and tonnages are small, but with the 
recent advance in Continental prices, there is more hope 
for the home product. The overseas markets, however, 
continue to order sparingly, and it is generally felt that 
at no distant date a buying movement will be expe- 
rienced, but meantime only inquiries are coming to 
hand. Employment at the works is poor, as specifica- 
tions are insufficient to enable plant to be kept running 
for a full week at a time, but the outlook is a little 
better since details were fixed up and operations com- 
menced on the new Cunarder at Clydebank. In the 
black steel sheet trade there is very little business going 
through for the lighter gauges, and a number of the 
works have only been partially employed of late. Pro- 
ducers of galvanised sheets have experienced a turn of 
trade, presumably owing to the reduction made in prices 
last month. Orders amounting to quite a fair tonnage 
have been secured, and the prospects of steady running 
for the remainder of the year are much better. Current 
prices are as follow :—Boiler plates, 101. 10s. per ton ; 
ship plates, 87. 15s. per ton ; sections, 8/. 7s. 6d. per ton ; 
black steel sheets, 4 in., 8/. 58. per ton; galvanised 
corrugated sheets (No. 24 gauge), 11/. 17s. 6d. per ton, 
all delivered at Glasgow stations. 

Malleable-Iron Trade.—Depression is all too general 
in the malleable-iron trade of the West of Scotland, 
and no bright spot is discernible. The re-rollers of 
steel bars are also very quiet and hard-up for orders. 
Prices are unchanged and are as follow :—‘‘ Crown” 
bars, 101. 5s. per ton for home delivery and 9J. 15s. per 
ton for export; re-rolled steel bars, 7/, per ton for 
home delivery and 6/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—There is no change in the 
position of affairs in the Scottish pig-iron trade, and 
the output is still equal to the demand. Local con- 
sumers are quiet and the calls from the overseas market 
are very poor. The following are the current quota- 
tions :—Hematite, 77s. per ton, delivered at the steel 
works; foundry iron, No. 1, 79s. per ton, and No. 3, 
76s. 6d. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending last 
Saturday, December 6, only amounted to 230 tons. Of 
that total 120 tons went overseas and 110 tons coastwise. 
During the corresponding week of last year the figures 
were 90 tons overseas and 379 tons coastwise, 








REDUCTIONS IN GERMAN AND PoLisH CoAL TRANSPORT 
Rates.—Drastic reductions have recently been made 
in the railway rates levied on coal conveyed from German 
and Polish mines to Baltic and North Sea ports. In 
the case of Hamburg, for instance, it appears that the 
rate of 8s, 2d. per ton was reduced to 48. 6d. on December 
1. It also appears that the new Polish railway from the 
Upper Silesian coalfield to Gdynia is nearing com- 
pletion, and it is understood that the State-subsidised 
railway rate of 3s. 4d. per ton for export coal to Danzig- 
Gdynia, for a haul of 370 miles, will then be further 
reduced to 2s. 10d. per ton. For inland consumption, 
on the other hand, the rate per ton charged on coal to 
the Danzig-Gdynia district is 9s. 2d. The Polish 
State subsidy on coal exported, in competition with 
British coal, will soon, therefore, reach the high figure 
of 6s. a ton. These reductions are of such magnitude 
as to constitute a menace to our coal-export trade. 








Contracts.—Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received, from Leyton Borough Council, an order 
for 50 double-deck tramway-car bodies. Much atten- 
tion has been given to the provision of thorough but 
draughtless ventilation, and ample illumination is 
furnished on both decks.—Among recent orders received 
by Messrs. Blackstone and Company, Limited, Stam- 
ford, are contracts for Unchokeable sewage pumps for 
Cheadle and Stone Sewerage, Staffs.; Luddendenfoot 
Sewage Works, Yorks.; Bentham Sewerage, Yorks. ; 
Port Elizabeth Municipality, South Africa; Napier 
Harbour Board, New Zealand; West Mersea Sewage 
Works; and Catterick Military Camp, Yorks.—The 
Central Electricity Board has recently placed a number 
of important contracts. These include orders for switch- 
gear given to Messrs. The British Thomson-Houston 
Company, Limited, Rugby; Messrs. Ferguson, Pailin, 
Limited, Manchester; Messrs. General Electric Company, 
Limited, Birmingham; Messrs. Johnson and Phillips, 
Limited, London; Messrs. The Metropolitan-Vickers 
Electrical Company, Limited, Manchester ; and Messrs. 
A. Reyrolle and Company, Limited, Hebburn-on-Tyne. 
Transformers have been ordered from Messrs. Brush 
Electrical Engineering Company, Limited, Loughborough; 
and Messrs. The English Electric Company, Limited, 
Stafford. Contracts for cables have been given to Messrs. 
Siemens Brothers and Company, Limited, Woolwich ; 
and Messrs. Enfield Cable Works, Limited, London. 
A contract for secondary transmission lines has been 
placed with Messrs. The J. L. Eve Construction Company, 
Limited, London.—Mesers. Ruston and Hornsby, Li- 
mited, Lincoln, have installed an oil-engine generating 
plant, consisting of three 360-b.h.p. Ruston vertical 
engines driving generators supplied by the Electric Con- 
struction Company, Limited, at the new power house at 
Burn Banks, in the Lake District, in connection with 
the Haweswater scheme of the Manchester Corporation 
Waterworks. The plant will supply power for construc- 
tional works and will be giving a 24-hour gervice. 





NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS,—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘‘ X-Rays in Engineering 
Practice,” by Dr. V. E. Pullin. Hast Midlands Branch : 
Monday, December 15, 6.30 p.m., Wellbeck Hotel, 
Nottingham, Joint Meeting with Nottingham Society of 
Engineers. ‘‘ Engineering Costing,” by Mr. H. S. Cooper. 
Graduates’ Section, London: Monday, December 15, 
6.45 p.m., Storey’s Gate, S.W.1, Joint Meeting with 
Students’ Sections, Institution of Civil Engineers and 
Institution of Electrical Engineers. ‘‘ Industrial Psy- 
chology,”” by Mr. W. Evans. Yorkshire Branch: 
Tuesday, December 16, 7.30 p.m., Hotel Metropole, 
Leeds. ‘‘ Obsolescence,” by Major F. L. Watson. 
Wednesday, December 17, 7.30 p.m., Grand Hotel, 
Sheffield, symposium on “‘ Resistance to Corrosion.” 

InNstTITUTION oF ELEotRicAL EneineEers.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘*‘ Laboratory Methods as Met with in 
Wireless Technique,” by Mr. W. D. Oliphant. North- 
Eastern Centre : Monday, December 15, 7 p.m., Sopwith’s 
Lounge, Northumberland-street, Newcastle-on-Tyne. 
Informal Discussion on ‘‘ Heating in the Home,” by 
Mr. W. F. T. Pinkney. London : Thursday, December 18, 
6 p.m., Victoria-embankment, W.C.2. ‘‘ The Theory 
and Performance of Phase Advances,” by Dr. J. J. 
Rudra and Professor M. Walker. 

ILLUMINATING ENGINEERING SocieTy.—To-night, 6.30 
p.m., Holophane, Limited, Elverton-street, Vincent- 
square, S.W.1. ‘‘ Glasses for Use with Invisible (Ultra- 
Violet and Infra-Red) Rays,’’ by Dr. 8S. English. 

Junior INstiTUTION OF ENGINEERS.—To-night, 7.30 
p.m., Royal Society of Arts, John-street, Adelphi, W.C.2, 
Presidential Address. ‘‘ Technical Museums and Their 
Value to Engineers,” by Col. Sir H. G. Lyons. Friday, 
December 19, 7.30 p.m., 39, Victoria-street, S.W.1. 
‘* Well-Drill Blasting,” by Dr. W. Cullen. 

NortH or Eneianp INstiTuTeE oF MINING AND 
MECHANICAL ENGINEERS,—Saturday, December 13, 
2.30 p.m., Newcastle-on-Tyne. ‘‘ Machine Mining in 
Faulted Ground,” by Mr. A. L. Ford. ‘‘ A Record of the 
Upper Carboniferous Non-Marine Lamellibranchs of 
Northumberland and Durham, and a Record of their 
Sequence,” by Dr. W. Hopkins. ‘‘Some Recent Im- 
provements in Surveying Instruments,” by Mr. W. H. 
Connell. 


INsTITUTE OF BritIsH FoUNDRYMEN. Newcastle-on- 
Tyne and District Branch: Saturday, December 13, 
6.15 p.m., Neville Hall, Newcastle-on-Tyne. ‘‘ Foundry 
Facing Facts,” by Mr. H. Winterton, Wales and Mon- 
mouth Branch: Saturday, December 13, 6.30 p.m., 
Technical College, Newport. ‘Studies in Foundry 
Sands,” by Mr. J. Hird. Sheffield and District Branch : 
Friday, December 19, 7.45 p.m., Albany Hotel, Sheffield. 
‘* 4 New View of the Composition and Construction of 
Cast Iron,”’ by Mr. J. E. Fletcher. 

INSTITUTE OF TRANSPORT.—Monday, December 15, 

p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2, Graduates’ and Students’ Lecture. 
‘“Transportation and Harbour Development in South 
Africa,” by Sir J. E. Thornycroft. 

InstTITUTE oF FueL.—North Western Section : Monday, 
December 15, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘ Private Generation of Electricity versus 
the Grid,” by Major E. I. David. 

INSTITUTION oF CiIviIL ENGINEERS.—Tuesday, Decem- 
ber 16, 6 p.m., Great George-street, S.W.1. “‘ The 
Opening-out of Cofton Tunnel, London Midland and 
Scottish Railway,’ by Mr. R. T. McCallum. Student’s 
Meeting. Wednesday, December 17, 6.30 p.m., ‘‘ Under- 
ground Haulage in Mines,” by Prof. D. Hay. Manchester 
and District Association: Wednesday, December 17, 
6.45 p.m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘‘ Some Views on Corro- 
sion,”’ by Mr. P. G. Jackson. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS, 
—Tuesday, December 16, 7.15 p.m., Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. “‘ Electrical 
Panel Warming of Buildings,” by Mr. R. Grierson. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND.—Tuesday, December 16, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ Electrical Propulsion 
for Vessels of Moderate Power,” by Mr. W. H. Woolnough. 

Socrety or GLAss TECHNOLOGY.—Wednesday, Decem- 
ber 17, 2 p.m., University College, Gower-street, W.C.1. 
General Discussion on “The Flow of Glass in Tank 
Furnaces.” 








Royat MeErTeoroLocicaL Socrety.—Wednesday, 
December 17, 5 p.m., 49, Cromwell-road, South Kensing- 
ton, 8.W.7. ‘‘ Heavy Falls of Rain in Short Periods 


(Two Hours or Less),” by Dr. J. Glasspoole. ‘“ An 
Analysis of the Cold Front over Egypt on March 7, 
1929,” by Mr. W. D. Flower. ‘‘ The Factor Affecting 
Visibility at Valentia Observatory,” by Mr. M. T. 
Spence. 

Newcomen Socrety.—Wednesday, December 17, 
5.30 p.m., Prince Henry’s Room, 17, Fleet-street, E.C.4. 
“Cornish Mining: Notes from the Account Books of 
Richard Trevithick, Senior,” by Mr. A. Titley. 

InsTITUTION oF LocoMOTIVE ENGINEERS.—Wednes- 
day, December 17, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. ‘‘ The Possibilities of Condensing 
on Locomotives,’’ by Mr. H. I. Andrews. 

INSTITUTION oF AUTOMOBILE ENGINEERS.—Wolver- 
hampton Centre: Wednesday, December 17, 7.30 p.m. 
Engineering and Scientific Club, Queen-street, Wolver- 
hampton. “Machine Tools from the Manufacturing 
Users’ Point of View,’”’ by Mr, H, C, Armitage, 
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THE NERVE CENTRE. 

In the course of the past few weeks the Imperial 
Conference has come and gone. Beginning with a 
warning declamation that it was unwise for parts 
of the Empire to insist on dotting all the i’s and 
the crossing of all the t’s in constitutional definitions, 
it has scarcely closed before Australia has taken the 
unprecedented step of appointing one of her own 
leading men as Governor-General. We are not 
concerned with this, except in so far as we, as 
members of one and the same Empire, are entitled 
to express our view that, while we are only too glad 
that the Commonwealth has reached such a state 
of maturity as to be in a position to appoint a man 
of her own choice to the high position, at the same 
time we feel, with others, that the action is some- 
thing of a blow to the intangible sentiment by 
which this Empire is linked together. What, 
indeed, may be gained by way of “ rights,” may no 
less be offset by detachment from the whole. All this, 
of course, is quite foreign to our columns, but we 
believe it has a moral for a wide circle of our readers. 

On Thursday of last week, the North-Western 
Branch of the Institution of Mechanical Engineers 
held its annual dinner in Manchester. Usually an 
interesting and enjoyable occasion, the evening in 
question, on which Mr. H. L. Guy occupied the 
chair, was quite on a level, in this respect, with its 
predecessors. The chief guest was Sir Philip 
Nash, K.C.M.G., who made a very interesting 
speech on the past and future of engineering and 
the part the Institution might play in the years to 
come. With apologies to Sir Philip, however, our 
present concern is rather with the subsequent 
reply made by the President of the a 
Mr. L. St. L. Pendred. 





In the course of his remarks, Mr. Pendred stated 
that as London would never again be a great 
engineering centre, it was possible that the best 
work would emanate from the Institution branches. 
Nevertheless, it was necessary to have a nerve centre, 
and it would always be wise to foster and encourage 
the head in London, by which alone the activities 
of the branch members could be co-ordinated. 
Mr. Pendred proceeded to comment on the possible 
sectionalising effect resulting from the present 
branch policy, and suggested that two or three 
day conventions in London might tend to counter- 
act such a tendency. As this proposal has been 
brought forward several times in these columns, 
now that it has the avowed support of the President 
of the Institution, we make no apology for returning 
to it. 

Mr. Pendred’s predecessor in the chair, the late 
Dr. Daniel Adamson, was a staunch supporter of a 
strong branch policy, and it was at the time of his 
presidential address, little more than a year ago, 
that we last brought forward the idea to which 
Mr. Pendred has now given public support. We 
have ourselves consistently given all the encourage- 
ment we can to the branches, though the develop- 
ment does not add in any way to our convenience, 
but much of the valuable work done among them 
must necessarily pass quickly into oblivion, for the 
simple reason that while it was possible for our- 
selves and others to deal with a headquarters 
meeting once or twice a month, anything of the 
kind becomes impracticable with meetings held 
frequently by nine or ten branches in addition. 
This has its own disadvantages, amongst which 


54! not the least is the fact that members are coming 


less and less to know even the names of leading 
men in other parts of the country. 

The moral which we wish to draw from Imperial 
9 | affairs, though the parallel is admittedly incomplete 
and cannot be pushed far, is that, with the healthy 
development of the branches, effort should con- 
currently be directed by all to attaching the com- 
ponents firmly to the whole. An advantage may be 
gained by force of logic, but it may possibly not 
be without a repercussive effect which it would be 
wise, if possible, to avoid. Thus the long view in these 
matters should be taken, and there will be a gain in 
solidarity and influence if, with the development of 
the parts, the interests of the whole are kept equally 
prominently in view. As in political matters, this 
requires that affairs should be conducted on nothing 
less than statesmanlike lines. After all, apart from 


~|individual effects upon its members, the standing 


of the Institution in the scientific world, among 
similar bodies abroad, and its influence on life in 
the Empire, depends upon corporate, and not local, 
action. It appears to us therefore, that something 
is necessary to represent this side more adequately 
in the Institution’s activities. It is admitted fairly 
generally that the present London winter sessions 
fail in this, though they worked admirably until the 
war. When branches became firmly established, the 
effectiveness of the London meetings waned. The 
annual dinner, the conversazione when held, and the 
summer meeting, all enjoyable in their way, cannot 
be said to contribute much in themselves to the cause 
for which the body was founded. There is much, 
therefore, to be said for the two or three day con- 
vention, and if interesting sessions could be arranged, 
with perhaps the dinner, conversazione and 
Hawksley lecture in the evenings, we see no reason 
why mechanical engineers should not again be 
brought to London, just as are, say, naval architects 
and members of other professions. Such efforts 
would, we believe, only be successful if head- 
quarters conventions were placed on a level above 
all other meetings, which carries with it more or less 
by way of corollary that the usual London winter 
activities should be organised on the lines now 
common with the branches. At present they scarcely 
more than represent a respectable branch, and it 
would, we hold, be more dignified if'this were recog- 
nised in fact than pretence made that it is not so. It is 
said that more than 6,000 members are at present 
not attached to any particular branch, but as these 
are widely scattered, we do not think the fact weighs 
greatly in the matter we are discussing. 

The adoption, or reintroduction (if it is preferred) of 
the conference feature would entail the formulation 
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of some scheme by which a high level would be 
assured for the meetings. For instance, it would 
defeat their object if papers read on such occasions 
were repeated at any subsequent branch meeting. 
That such repetition, even at the present time, does 
not always work well is shown by the fact that lately 
a very notable paper, eminently suitable we believe 
for discussion by the whole body, was purposely 
presented to a branch in order to avoid calls upon the 
author to repeat it up and down the country. The 
policy we envisage would of necessity make the 
branches more self-reliant for ordinary papers, since 
they would not have London papers to fall back 
upon, though then, as now, we believe, branches 
would be able to negotiate interchange among them- 
selves. In this way the branches would develop 
healthy local activities, while it would be esteemed 
a still greater honour for an author to have a con- 
tribution accepted for the consideration of the whole 
body in plenary session. 

We do not presume to have reviewed all that would 
be involved by such a departure as has now been 
endorsed by the President, but doubtless if the 
present head of the Institution is of this mind, the 
Council will give thought to the proposition, with, 
we hope, happy results for the whole body. In any 
rearrangement of the kind, the Council will need the 
help of the most active brains of the branches, so 
that all sides may be thoroughly discussed. There 
is at the present time a custom that branch chair- 
men are, subject to the veto of the council, ex-officio 
members of that body. We believe that the 
reservation might be abolished, with beneficial 
effect. | With the branches numbering hundreds 
of members—indeed, one boasts of a tenth of the 
membership of the Institution—corporate views 
which they wish to put forward would seem to be 
entitled to direct expression, without the restraint 
of a possible veto. It is indeed difficult to imagine 
that harm would come, since men suitable for 
advancement to the position could hardly fail to 
realise that good done through headquarter activi- 
ties would redound to the credit of the whole 
body, while conversely, any weakening of the body 
as a whole would react on the branches and all 
members thereof. The last thing to be desired, of 
course, is the reduction of the national entity to 
a number of provincial bodies of no more influence 
than the many local societies at present existent. 
St. Paul’s figure still holds. The ideas of the head 
are translated into action by other parts, but it 
may be remarked that the hand is not unknown 
as the administrative agent of stimulant to the 
head. 


THE FUTURE OF THE BRITISH 
INDUSTRIES FAIR. 

At the time of the last British Industries Fair 
we took occasion to discuss its importance from a 
national standpoint, and suggested that the time 
might well have arrived for a careful review of its 
scope, location, and the time of year at which it is 
held, with a view to making it worthy of our reputa- 
tion as the leading engineering nation of the world. 
We went on to add that had we any faith in Royal 
Commissions, it might oe suggested that here was a 
fitting subject, but that the work could probably 
be carried out much more effectively by a com- 
mittee of our leading manufacturers in collaboration 
with the Board of Trade. Whatever private views 
may be held on the industrial policy of the present 
Government, they have in this matter earned our 
regard, since the Board of Trade appointed pre- 
cisely such a committee as we had suggested three 
days after the appearance of our article. 

The terms of reference of the committee were “ to 
examine the present situation as regards the British 
Industries Fair, and to consider what means can be 
adopted to increase still further its utility to British 
trade.” The members were asked particularly to 
investigate and report on the possibility of extend- 
ing the scope of the Fair, the date on which it should 
be held, the desirability of holding a second fair in 
the autumn, and the limitation of participation to 
manufacturers. Other matters on which they were 
requested to report included the advertising and 
finance of the Fair, and the possibility of holding it 
wholly or in part abroad. We were quite unaware 
that the appointment of a committee of inquiry 























was contemplated at the time at which we pub- 
lished our article, but it so happens that we dis- 
cussed several of the more important points coming 
under the terms of reference. On the whole, the 
conclusions that we arrived at on these points were 
substantially in agreement with those reached by the 
Committee, whose report has just been published. 
Upon one point, however, there is a wide divergence 
of view. We suggested that a more worthy and 
convenient site could well be found for the heavy 
section than the buildings at Castle Bromwich, and 
that it would be desirable for the sections exhibiting 
respectively at London and Birmingham to be 
brought together on a common site. We added that 
it might not yet be too late to secure the Palaces of 
Industry and Engineering at Wembley for this 
purpose. The findings of the Committee bearing on 
this question are that a site easily accessible from 
Central London should be acquired and equipped 
with buildings for the Fair capable of extension as 
required, and that the arrangement whereby the 
heavy industries are accommodated at Birmingham 
should stand. It is stated in the report that the 
latter view is held strongly by the Committee, and in 
view of this emphasis, we propose to go more fully 
into the reasons for our own view, which we still 
venture to hold. 

it is stated quite clearly in the course of the report 
that the Committee are convinced that the erection 
of a permanent Fair building, able to house a national 
trade fair in worthy surroundings, is the only satis- 
factory solution of the site problem, and, as men- 
tioned, in the case of the light section they add that 
the site should be easily accessible from Central 
London. We would suggest that, since the light and 
heavy sections are comparable in importance, the 
same reasoning equally applies to the latter, with the 
substitution of Central Birmingham for Central 
London. It may be that the Committee consider the 
buildings at Castle Bromwich as coming within the 
definition of worthy surroundings for a national trade 
fair, but if so, we can only say that we differ from 
them respectfully but profoundly. To us, they 
suggest a margarine factory rather than the Might of 
the British Empire. but we may be mistaken, as 
we have little inside knowledge of margarine. 

We have noticed an increasing tendency of late for 
members of His Majesty’s Government to chide the 
British public on the grounds that we tend to 
emphasise our defects rather than our virtues, and 
our various exhibition buildings certainly lend colour 
to this view. Until the present, foreigners visiting 
our shores for the purpose of seeing exhibitions, 
with the solitary exception of Wembley, must have 
been struck by the incongruity between the high 
quality of the goods displayed, and the low quality 
of their surroundings. We must appear to have an 
almost incorrigible preference either for the Crystal 
Palace style of architecture, or for the corrugated 
iron and lath and plaster of the White City. We 
would therefore, make a most earnest plea that 
when the design of the proposed new permanent 
building for the British Industries Fair comes under 
review, a building really worthy of our place as “‘ the 
greatest empire that the world has ever seen ”’ should 
be insisted upon. In this connection, it is interesting 
to note the care which is being bestowed on the 
buildings to house the British Empire Trade Exhibi- 
tion at Buenos Aires, for which the Tudor style has 
been adopted. In our opinion, the Palaces of 
Engineering and Industry at Wembley, with some 
of the lesser permanent buildings, do not fall far 
short of the required ideal, and as stated, we have 
previously made the suggestion that they might 
possibly be adapted as the permanent home of the 
Fair. As these buildings are not even mentioned, in 
this connection, throughout the Committee’s report, 
we can only conclude that there is some serious 
objection to this proposal. 

The Committee do not state their reasons for their 
conviction that the heavy section should continue 
to be held in the neighbourhood of Birmingham, but 
we hazard a guess that this conviction was based to 
some extent on the fact that the Birmingham 
Chamber of Commerce has displayed the highest 
organising ability in connection with the Fair, and 
has worked up the heavy section to its present 
important position entirely in virtue of this ability. 
It therefore appears manifestly unfair that they 





should be deprived of the reward of their labours, and 
such deprivation could only be justified on national 
grounds. Whether such grounds exist can only be 
a matter of opinion, but assuming that the Fair as a 
whole is destined to surpass even Leipzig in impor- 
tance—and nothing less should be aimed at—its 
division into two sections located so far apart as 
London and Birmingham would, in our opinion, be 
exceedingly regrettable. At the present time the 
matter is probably not of outstanding importance, 
as the number of people who wish to visit both 
sections must be comparatively limited. This arises 
from the fact that buyers interested in the goods 
in one section, are, with certain exceptions, 
not likely to be interested in those in the other. 
It was pointed out in our previous article, however, 
that several important branches of industry are not 
at present represented at the Fair, and the Com- 
mittee stress the same point. They specify in par- 
ticular motor vehicles, machine tools, wearing 
apparel, wireless, jewellery, electro-plate and the 
textile industries. From our own list, given last 
year, locomotives, agricultural machinery, marine , 
and construction engineering, might be added. 
Clearly, the potentialities of the Fair have not been 
exhausted, and the predominance of electrical and 
oil-engine exhibits at Birmingham might lead the 
foreigner to a curiously ill-balanced view of our 
heavy industries as a whole. 

We do not stress difficulties arising from the 
fact that electrical and agricultural engineering, in 
particular, have a good claim to be represented at 
both sections of the Fair, and that such an arrange- 
ment would be an embarrassment to both buyer 
and seller. We are more concerned with the 
fact that the interests of factors abroad normally 
cover more than one industry, and that the same 
remark applies with even greater force to home con- 
cerns whose main business consists in advising 
upon, and despatching, goods in considerable 
variety required by purchasers abroad. As regards 
the general public, whom the Committee consider 
should be encouraged to see the exhibits, there 
can be no question that the practice of holding the 
two sections in different parts of the country is 
undesirable. The Leipzig Fair itself affords an 
object lesson in this connection. The main fair 
buildings are, perhaps, two miles from the centre 
of the city, but on account of exigencies of space, 
quite a number of exhibits are housed in various 
buildings in the city itself. In consequence of this 
sub-division into two parts, it is exceedingly difficult 
to visualise the extent of the Fair as a whole, and a 
false idea is given of its size and importance. It is 
also by no means easy for a stranger to locate many 
of the smaller sections, and it is unlikely that the 
majority of visitors see more than a small portion 
of the exhibition. A more important point, however, 
is that it is almost impossible to obtain accommo- 
dation in a hotel, and even to-day, the same diffi- 
culty exists to a minor extent in Birmingham. 
Were the heavy section of the British Industries 
Fair to become comparable in extent with that of 
Leipzig, this difficulty would become really acute, 
and constitutes a strong argument for holding the 
whole Fair near London, with its enormous number 
of hotels of all types. As a final objection to the 
site at Castle Bromwich, we may state our opinion 
that it is too far out of Birmingham, the journey 
being an unpleasant one in the not unlikely event 
of the weather being inclement, and in any case 
wasting valuable time. 

The whole question of the Fair as an expression 
of our national ability in manufacture is of such 
importance that we shall probably refer to it again. 
At the moment, however, we must content ourselves 
with a summary of the Committee’s findings on 
one or two of the other more important issues. 
They recommend that the Government’s publicity 
grant should be established and increased to a mini- 
mum of 100,000/., and that a special committee 
should be set up to direct the expenditure of this 
grant, the administration of which should remain 
under the control of the Department of Overseas 
Trade. It may be pointed out en passant that 
the work of this committee would be facilitated by 
locating the whole of the exhibition at a common 
centre, as there has certainly been a suggestion in 
the past that the Government grant has been lavished 
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rather more freely on the light than on the heavy 
section. The Committee reach the decision that 
the date of the Fair should not be altered, and that 
a second Fair should not be held in the autumn. 
It has been suggested that the present date leads 
to the Fair being overshadowed by the one at 
Leipzig, and that the month of February is one 
in which few overseas visitors are normally present 
in England. As regards the former point, the 
Committee express the courageous view that the 
importance of our own Fair must be increased to 
the point where it cannot be ignored in favour of 
Leipzig. On the second point, the Committee 
were assured that the professional trade buyer, 
on whose presence the success of the Fair mainly 
depends, was not influenced by anything but 
business motives. They point out that the Fair 
is now held at a time when our big stores do much 
of their buying, and finally, put forward the argu- 
ment that, as the customary date has now become 
universally recognised, it has acquired a certain 
“ good-will’ value. 








NOTES. 


AMERICAN ALLOYS OF IRON RESEARCH COMMITTEE. 


As our readers have already been made aware, 
an Alloys of Iron Research Committee, similar to that 
constituted some years ago here, was established in 
the United States early in 1929. The main objects 
of the American Committee are to make available all 
reliable information contained in technical litera- 
ture; to publish the information thus collected 
in two forms, the one for practical industrial use 
and the other for research workers; to correct 
and eliminate errors in existing data; to increase 
the precision of data no longer adequate for modern 
refinements; and to promote basic research in 
the metallurgy of iron and its alloys. We are 
informed that much progress with this work 
has been made. The Committee, of which Professor 
G. B. Waterhouse is chairman, has held several 
meetings, and offices have been established in the 
Engineering Societies Building, New York, and in 
tne Battelle Memorial Building, Columbus, Ohio. A 
beginning has also been made with scientific research. 
The investigation of the iron-silicon series of alloys 
has been put in hand at Lehigh University under 
the direction of Professor Bradley Stoughton. The 
review of existing literature on this subject has been 
nearly completed, a bibliography prepared, and 
some laboratory research conducted. Similar work 
has been commenced at the Carnegie Institute of 
Technology, Pittsburgh, on the iron-manganese 
series of alloys. It is stated in the Bulletin that 
important results have been obtained in the labora- 
tory, by Professor V. N. Krivobok and his research 
associates, and that progress has been made upon 
the review of the literature available on the iron- 
manganese system. It is the avowed policy of the 
Iron Alloys Committee to avoid anything in the 
way of undesirable duplication of research work. 
Its aim, its last Bulletin states, is to supplement, 
aid, and stimulate tne activities of other organisa- 
tions in the United States and abroad. In our 
view, co-operation between the newer Committee 
in the United States and the older body in this 
country would be of the greatest value to each and 
to industry. The Iron Alloys Research Committee 
of Great Britain has done a considerable amount 
of work during the past six years, as our columns 
have shown, and it would appear to be in a particu- 
larly advantageous position to ruggest fruitful lines 
of future research. 


THe Scrence Museum. 


If the industries of the country could issue so 
eminently satisfactory a report as that of the Science 
Museum, in which those industries are so admirably 
illustrated, there would be little room for any 
misgivings. From a total of half a million in 1920 
the number of visitors had grown to over a million 
in 1929, while during the same period the housing, 
display, and extent of the collections had been 
improved out of recognition. While it would be 
easy to place too much significance on the mere 
question of attendances, too much can hardly be said 
for. the increase in the value of the museum to the 
student, the teacher, and the technical man, In 
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the teaching of a scientific subject there is no better 
way of approaching it than with a study of its 
history, and we can conceive no more fascinating 
introduction to any branch of engineering than a 
few hours spent in the Science Museum under proper 
guidance. Whether it be the history of units and 
standards, of surveying and construction, of tools 
and machines, of mining or of power engineering, 
in the Science Museum are to be seen the apparatus 
and appliances used by pioneers, in some cases the 
apparatus being that actually made and used by 
the investigator or inventor himself. Kelvin once 
said that “Joule’s discovery of the mechanical 
equivalent is the greatest reform physical science 
has experienced since the time of Newton,” and 
here in the Science Museum is Joule’s paddle 
apparatus for heating water by stirring it. Of 
such treasures the Museum has many, and a cata- 
logue of them would be eloquent of the contributions 
of our countrymen to science. But it is not only 
in the possession of such historic appliances that the 
Museum is rich, for its aim is to illustrate the present 
as well as the past, and among the list of donors 
in the latest report are such names as Armstrong- 
Whitworth, Chance, Ferranti, Lanchester, and 
Rolls-Royce. Remembering the vast develop- 
ment of physical science and engineering of recent 
years, we are not surprised to learn that the collec- 
tions have outgrown the buildings and that the 
provision of further accommodation is absolutely 
necessary if the Museum is to keep its leading 
position among such institutions. Again and again 
the want of space is referred to in the report, and 
there cannot be any question of the claims of the 
Museum. The extension of the Museum in accor- 
dance with the plans drawn up nearly twenty years 
ago entails the replacement of the old buildings 
at the back of the Imperial College of Science. 
With their weak wooden floors and their narrow 
gangways, these galleries are not only unsuitable 
for the display of modern machinery, but there is 
also the ever-present risk from fire. The report, 
which is issued by the Board of Education and 
published by H.M. Stationery Office at 6d. net, 
contains the report of the Advisory Council, presided 
over by Sir Hugh Bell and including, among others, 
Sir Charles Parsons, Sir Vincent Raven, Sir Richard 
Glazebrook, and Sir Eustace Tennyson—D’Eyncourt. 
“We regard,” says the council, ‘‘ the provision of 
the centre block of the museum buildings at the 
earliest possible date, as was recommended by the 
Departmental Committee in 1911, as essential to 
the proper working of the museum and as fully 
justified by the constantly increasing use which 
the scientific and technical members of the public 
are making of it.” In recent years the Museum 
has come to take a recognised place among our 
great technical institutions. Societies use it for 
their meetings, research associations hold exhibi- 
tions in it, the splendid library is free to all, while 
practically all its exhibits are given or lent by 
individuals without any cost to the nation. The 
entire collections have probably not cost the country 
as much as some single works of art, and under 
these circumstances it is only proper that the 
country should make adequate provision for 
the display of the gifts it has received from its 
generous benefactors. 


WaTER SUPPLY ON THE RAND. 


The authority responsible for the supply of water 
to the municipalities and mines of the Witwaters- 
rand, Transvaal, South Africa, is the Rand Water 
Board, which body also satisfies the needs of the 
South African Railways Administration in the 
district. The whole of the supply is raised, by 
pumping, from the Board’s storage reservoir on the 
Vaal River and from boreholes at Zwartkopjes and 
wells at Zuurbekom, in the Klip River Valley. The 
population served, both European and _ non- 
European, totals 683,962, more than half of which 
is in Johannesburg. According to the twenty-fifth 
annual report of the Board, which covers the twelve 
months ending March 31, 1930, the total quantity 
of water raised in that year was 5,891,400,000 
gallons, an increase of upwards of 100,000,000 
gallons over the previous year’s total. Statistics 


show that nearly 45 per cent of the supply was 





consumed in the Witwatersrand municipalities, 








over 42 per cent. in the mines of the district, and 
9-62 per cent by the railways. Of the water 
pumped during the year under review, 60 per cent. 
was from the Vaal River, nearly 24 per cent. from 
the wells at Zuurbekom, and the remainder from 
the Zwartkopjes boreholes. The Vaal River 
Works, portion “‘ B ” of which was finally completed 
during the year under review, comprise a barrage 
and a pumping station at Vereeniging. This scheme 
has made available 10,000,000 gallons of water a 
day on the Witwatersrand; this is half of the 
quantity for which the barrage was originally de- 
signed, a further 10,000,000 gallons a day being 
available for future developments. In the past, a 
difficulty has arisen, from time to time, in connection 
with the water supply to the Far East Rand. Owing 
to the lack of adequate pressure in the water mains in 
the Springs district during periods of heavy demand, 
the supply to certain consumers has been subject to 
occasional interruption. As the district is about 
27 miles distant from the pumping plant, which 
conveys the water into that system, it has been 
decided to install a booster pump, on the 16-in. 
eastern distribution main, at Leeuwpoort reservoir. 
The pump is to be manufactured by Messrs. 
Drysdale and Company, Limited, Glasgow ; it will 
be driven by an electric motor and controlled by 
automatic switchgear, supplied by Messrs. The 
General Electric Company, Limited, Birmingham. 
The Board possesses 285 miles of pipelines, the 
greater portion of which are composed of welded- 
steel pipes. In recent years, however, reinforced 
concrete mains of local manufacture have been 
laid, and are giving satisfactory service. The largest 
pipes at present in use have an internal diameter 
of 36 in. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An extra general meeting of the Institution of 
Mechanical Engineers was held on Friday, Decem- 
ber 5, at Storey’s Gate, St. James’ Park, the chair 
being occupied by the President, Mr. Loughnan 
St. L. Pendred. The paper for discussion was 
entitled, ‘“‘ Machinery and Methods of Manufacture 
of Sheet Glass,” and was presented by Professor 
W. E. S. Turner. We reproduce it in abridged 
form on page 755 of this issue. Professor Turner 
gave a full abstract of the paper, and supplemented 
the illustrations in it by a number of lantern slides 
amplifying the processes shown therein. 

The President, in calling for a vote of thanks to 
the author, observed that the method of treatment 
adopted almost entitled the paper to be called a 
lecture, and that members must have been impressed 
throughout it by the fact that the mechanical engin- 
eer was behind nearly every feature of the processes 
described. 

The discussion was opened by Mr. L. von Reis, 
who stated that as a collaborator with Mr. Bicheroux, 
he might comment on some details of his process. 
For sheet glass it was true that the discontinuous 
pot process had been displaced by the continuous 
tank process, but this did not hold for plate glass 
in the manufacture of which the Bicheroux process 
had been able to neutralise the disadvantages of 
pot melting, whilst retaining the advantages. Pot 
melting gave the necessary quality for plate glass, 
which was not always obtainable by the use of a 
tank furnace, and the method of mounting the 
pot in the Bicheroux process had greatly increased 
the output. Pots to contain 4,000 lb. of glass 
were not rare, and the size was still developing. 
These large pot furnaces were as economical in 
fuel as the tank furnaces. The production of 
rough plate glass from a 4,000-lb. pot was between 
700 and 800 sq. ft., while a 6,000-Ib., 7.e., 1,500-litres 
content, could double these figures. The large 
pot furnace was being made equal in capacity to 
a tank furnace. The annealing period of the 
Bicheroux process had been improved. The lehrs 
were shorter, and the time of 3 hours given in 
Table 2 in the paper had been reduced to 14 hours. 
On the general question, the advantage of a two- 
roller system, especially the Bicheroux process, had 
resulted in the method being adopted in a few years 
to such an extent that it now produced between 
50 and 60 per cent. of the plate glass of the world: 

Mr. R. T. Taylor said that, as a representative 
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of British glass manufacturers, he could not agree 
with the implication that the methods used in this 
country were out of date. The cylinder process 
was still in use here. It had been blamed for not 
producing flat glass. This was not an inherent 
evil, but was largely the fault of the flattener, and 
sufficient attention was not paid to this part of the 
process. Some bending arose from uneven cooling 
of the different layers. Nevertheless, flat glass 
could be made by the cylinder process, and photo- 
graphic glass, which had to be absolutely flat, 
was mostly made by it. The retention of the pro- 
cess was really due to the peculiar conditions of 
the British glass market. In other countries 
glass was sold by the manufacturers in cut sizes 
in boxes, containing 50 to 100 sq. ft. The sheets 
were all of the same size in one box, but the quantity 
varied. To supply the British market the sheets 
had to be sent out in crates containing 300 sq. ft., 
the sheets having to be cut as required by the 
purchaser. Clearly, such sheets had all to be up 
to a certain standard all over. The foreign manu- 
facturer could cut his sheets and classify the 
resulting pieces, with very little loss. The Fourcault 
process had been installed in 12 instances in this 
country, but they had never operated successfully 
here, because they did not produce a big enough 
percentage of large-sized sheets. 

The rapid developments in glass manufacture of 
recent years could be accounted for largely by 
changes in the market. For example, prior to the 
advent of the motor-car there was always a surplus 
of small sizes of plate glass. These could now 
be usefully employed, and, while the total consump- 
tion was not noticeably increased, manufacturers 
were now enabled to explore new processes, &c., 
because there was a market for small-sized glass. 
His own firm, Mr. Taylor said, had tried the 
Bicheroux furnace prior to the war, but had aban- 
doned it. They are now again installing it. The 
change in market conditions had benefited this 
process. Another factor in development was the 
value of the product. This varied greatly. Thus 
the cost of 21-oz. sheet glass of fourth quality would 
be just under 3d. per square foot; third quality 
would be worth 6d. per square foot. A small sheet 
of plate glass of glazing quality was worth 1s. per 
square foot, and a plate of 100 sq. ft. of silvering 
quality was worth 6s. 6d. per square foot. If 
there was a market for a valuable product, there 
were opportunities for improvement by adopting 
more costly machinery. The object a glass manu- 
facturer had to keep before him was the production 
of a larger and more valuable article. The cheaper 
varieties might be said to be a by-product of this 
endeavour. 

Mr. E. P. Dudding expressed the opinion that 
the paper was of a type to be commended, though 
it was of an unusual character compared with 
those generally read before the Institution. He 
thought the engineering industry as a whole would 
gain if the manufacturing needs and difficulties of 
similar industries could be set before it. There 
were certainly some big problems suggested in the 
paper. Glass furnaces having an area of some 
3,000 sq. ft. were difficult structures to build and 
maintain, so that they would hold molten glass at 
a temperature of 1,400 deg. C. Then there was a 
big field in the machinery for manufacturing 
glass and transporting it. He had seen some of 
the processes in operation, and there seemed to 
be room for the development of special alloys or 
special steels for use in them. Already some alloys 
had been made on a small scale, which would 
resist the effect of molten glass at temperatures of 
1,000 deg. and 1,200 deg. C. Some of the processes 
might be considerably improved if such alloys could 
be produced on the necessary scale. 

Lieut.-Colonel E. Kitson Clark inquired as to the 
tensile strength of the material required to with- 
stand the pull through the rollers. In a large flat 
plate, as boilermakers were aware, internal strains 
might be set up by a rolling process. 

Mr. Hal Gutteridge gave an account of a visit to 
the Ford glass plant, and commented on the ease 
and simplicity of the process adopted. He thought 
the amount of grinding needed with the Ford process 
was much less than with some other methods. 
The amount of faulty glass also appeared to be 














remarkably low. When he was at the works in 
April last, there were three furnaces in operation 
and one undergoing reconstruction. The size of 
the new furnace was 18 ft. wide by 74 ft. long, and 
the capacity 420 tons. This might be compared with 
the original sizes quoted in the paper. The tem- 
perature of the working furnaces at the founding 
end was 1,450 deg. C., and at the refining end 
1,290 deg. C. This was higher than in the case 
of bottle-glass practice, with which he was con- 
nected, the corresponding temperatures being about 
1,300 deg. and 1,100 deg. C. respectively. 

Colonel A. E. Davidson inquired whether, in 
making laminated glass, every sheet had to be 
ground and polished. If so, it seemed inevitable 
that the finished product would be high in cost. 

Mr. H. W. Baker said, with reference to the 
previous speaker’s query, that glass made by the 
Bicheroux process had been widely used in the 
manufacture of laminated glass, but for high-class 
work, such as screens, polished plate glass was still 
employed. It was rather curious that with pot 
pouring under one roller the glass was so rough 
that it had to be ground down considerably, whereas 
with the Bicheroux process the glass came out with 
a moderately polished surface. This appeared to 
be a noteworthy achievement for the Bicheroux 
process. 

Professor Turner then replied. He said he 
thought that, though the Bicheroux process gave 
a good surface, it was still necessary to grind and 
polish the glass for most purposes. The Fourcault 
drawn sheet, without any polishing, was used in 
very large quantities for the mass production of 
some kinds of laminated glass. Mr. Dudding’s 
comments on the possibility of the use of various 
alloys in glass-making apparatus were interesting. 
In reply to Colonel Kitson Clark’s inquiry, Professor 
Turner said he did not know the load of the pull 
through the rollers in the case of the Fourcault 
process, but he would try to ascertain it and would 
submit this information by writing. On the general 
subject he would say that he was glad there was a 
possibility that his paper would draw attention of 
engineers as a body to the wide field that existed 
for them in the glass industry. 

This industry, not only in sheet glass, but in 
other aspects, had undergone nothing less than a 
revolution during the last fifteen years, and it was 
desirable to increase the contact between the 
manufacturing and engineering sides. In his own 
department at Sheffield it had been noticed during 
the last twelve years that more students taking 
glass-manufacture as the primary subject for their 
degree course were increasingly inclining to the 
engineering side. Indeed, only last week substan- 
tial additions had been made to the amount of 
engineering course which his students must pass 
through on their way to a degree in glass technology. 
He would like to express his appreciation of the 
presence of Mr. Von Reis, who had made a long 
journey to attend the meeting. He was also 
indebted to Mr. Taylor for expressing the point of 
view of British manufacturers, but he was not 
prepared to admit that the want of flatness in glass 
made by the cylinder process was due to the flattener. 
He might add, however, that a technical represen- 
tative of a large foreign glass company with rami- 
fications all over the Continent had, after inspecting 
Messrs. Pilkington’s works at St. Helens, expressed 
his admiration to him of the excellent glass there 
made by the cylinder process. 








THe Late Mr. R. E. Sexton.—We regret to note 
the recent death, in Brisbane, Australia, of Mr. Richard 
Ernest Sexton, chief engineer, Railway Department, 
Queensland. Mr. Sexton, who was 69 years of age, 
entered the service of the Queensland Railways on 
January 1, 1879. He became deputy chief engineer in 
1911 and was promoted to the position of chief engineer 
on July 1, 1915, which latter position he continued to 
occupy until his death. During the whole of his service 
with the railway, which extended over upwards of fifty 
years, Mr. Sexton was occupied on construction work. 
It is interesting to note that during his period of service 
the aggregate mileage of the lines open to traffic increased 
from 429 to nearly 6,500. The last important piece of 
work with which he was connected was the Queensland 

ortion of the uniform-gauge Brisbane-Kyogle-Sydney 
ine. Some time ago, Mr. Sexton received the Peter 
Russell Medal, the highest distinction in the gift of the 
Institution of Engineers, Australia; he became a full 
membe? of the Institution of Civil Engineers on Decem- 
ber 14, 1915. 





THE SMITHFIELD CLUB SHOW. 


IN spite of frequent assumptions to the contrary, 
the British farmer is a shrewd individual enough, 
and is quite alive to the advantages to be gained 
from developments in the science of agriculture. 
If he sometimes appears rather slow in adopting new 
ideas, it should be borne in mind that he rarely 
has cash in hand for experimental work, and 
although the millennium is constantly dangled 
before his eyes by the politician, he is no stranger 
to the truth that hope deferred maketh the heart 
sick. Many of the latest machines devised to reduce 
labour, such as the combine harvester, are very 
expensive to purchase, and are only adapted for 
operations on a scale quite unsuited to the average 
English homestead. In addition, the load factor 
on the majority of agricultural appliances is such 
as would speedily break the heart of a power-station 
superintendent, and it is often more truly econo- 
mical on this account to spend three days doing a 
job by hand or horse labour, than to purchase a 
machine capable of doing the same work in one day. 
Perhaps more could be done in the direction of 
communal ownership than has been customary in 
the past, but it must be remembered that such 
operations as harvesting must proceed simul- 
taneously on a number of farms, and that soil varia- 
tions in even small areas in the British Isles are 
often so great as to preclude the employment of the 
same machines on farms a few miles apart. There 
are, for example, many farms where a caterpillar 
tractor offers the only alternative to horses in 
heavy weather, while a cheaper wheeled tractor 
meets all the requirements on other farms in the 
same neighbourhood. 

Were the agricultural-implement industry de- 
pendent entirely on the home market, it is probable 
that our designs would soon be obsolete, when com- 
pared with those of other nations. Fortunately, 
however, our export trade provides money for develop- 
ment work, and although the sum available is 
decidedly modest, it is used to such good purpose 
that our designs are able to face competition from 
all parts of the world. This was well brought out 
at the recent International Agricultural-Tractor 
Trials, described on page 367 ante et seq., in which 
machines of British design made an excellent show- 
ing, a definite lead overf oreign nations being given 
by the tractors fitted with airless-injection engines. 
Another example of the ability of British firms to 
make the best use of their opportunities is given by 
the Clayton and Shuttleworth combine, described 
on page 83 ante, which is selling extensively abroad, 

Although the machines already referred to are 
mainly suitable for large-scale operations, home 
manufacturers are also giving attention to improve- 
ments in appliances adapted for use on small farms. 
Developments in this direction are naturally not of 
a spectacular nature, but that they are none the less 
taking place can be seen from an examination of 
the exhibits at the Smithfield Club Cattle Show, 
which opened at the Royal Agricultural Hall on 
Monday last, and closes to-day. On even the smallest 
farms, good use can be made of a small stationary 
engine, but as many units of this type have been 
described in our columns in the last few years, it 
is hardly necessary to refer in detail to the many 
examples which are on exhibit at the Show. The 
chief features which characterise the latest designs 
are the complete protection of all the working parts 
from dust, such as is usually present in the air in a 
barn, and the employment of hopper cooling. When 
the fuel tank is mounted on, or incorporated in, the 
frame, the unit becomes completely self-contained. 
The majority of these engines, although cheap, are 
of high quality, and can be relied upon to give a 
long working life with a minimum of trouble. They 
can be obtained to run on petrol or paraffin, or 
even, in one or two cases, on heavy oil. Improve- 
ments in barn machinery are, however, not confined 
to the power unit, as may be instanced from the 
machines exhibited by Messrs. E. H. Bentall and 
Company, Limited, Heybridge, Maldon, Essex. On 
the firm’s stand may be seen root cutters fitted 
with ring oil bearings, and with oe 
legs to give greater rigidity, and grinding mils 
pi yao long bronze bearings, and also fitted 
with ring oilers, the thrust being taken on ball 
bearings. A turnip cutter with roller bearings is 
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EXHIBITS AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY MESSRS. L. R. KNAPP AND COMPANY, LIMITED, ENGINEERS, CLANFIELD, OXON. 





Iie. I. 


to be seen in the same stand. The care taken to 
reduce the power required to operate the machine 
in these cases, by eliminating bearing losses so far 
as possible, is symptomatic of modern tendencies 
in this type of implement. 

There is also a tendency to extend the use to 
which machines can be put, as shown by a crushing 
and grinding mill on the stand of Messrs. E. R. and 
F. Turner, Limited, of Ipswich. In its original form, 
this mill was suitable either for crushing oats or 
grinding any kind of corn or seed, but by the addi- 
tion of a sifter, it can now also be used to sift and 
dress the corn after it has been ground. The 
attachment consists of a cylindrical sifter with a 
wire-mesh cover, inside which are revolving brushes. 
The meal is delivered directly into the interior of 
the sifter, and the brushes cause the fine meal to 
pass through the mesh, while the coarser particles 
pass to the end of the sifter and are delivered sepa- 
rately. The appliance may be used for grading 
poultry corn, which is cut up in the mill and then 
passed through the sifter for grading through a wire 
cover of varying mesh. Incidentally, this action has 
also the effect of polishing the corn, and thus deliver- 
ing it in the most suitable condition for feeding the 
poultry. 

Turning now to field implements, it is noticeable 
that attention is also being given in this case to 
reducing the power waste by the provision of better 
types of bearing, and in many cases by replacing 
cast gear wheels by those having machine-cut 
teeth. Bail bearings are coming into very general 
use, and great care is now being taken to exclude 
mud and dust from all points where they might 
induce rapid wear. It is noteworthy that these 
improvements are being introduced into machines 
of which the design has been practically standard- 
ised for a great number of years. As regards im- 
provements of a more detailed nature, two firms are 
showing horse rakes which are adjustable for width. 
In that shown by Messrs. Bamfords, Limited, of 
Uttoxeter, it is stated that expansion or contraction 
of the rake can be effected within one minute. When 
it is desired to reduce the width, all that is required 
is for the operator to unhook the jack from the 
crossbar, when, by means of a lever, the rake is 
raised well clear of the ground. In the case of 
a rake having 34 tines, the outer six at each end 
are mounted on short cross shafts, and these tines 
can be lifted as a group and slid towards the centre, 
when they nest neatly over the central group of tines. 
The road wheels are mounted on a telescopic axle, 
and are moved in after the tines have been nested. 











Seur-Lirr Tractor DRILL. 


The machine with 34 tines has an expanded width 
of 12 ft., and a contracted width of 8 ft. 3 in., so 
that it can readily be drawn through a 9-ft. gate. 
The general construction of the rake does not call 
for detailed comment, as it follows Messrs. Bam- 
ford’s standard practice. 

Improvements in drills are shown by a machine 
exhibited by Messrs. L. R. Knapp and Company, 
Limited, Thames Valley Iron Works, Clanfield, 
Oxon, and illustrated in Fig. 1, above. The 
machine shown is a new self-lift tractor drill, 
which can be operated entirely by the tractor 
driver. The machine sows 17 rows, 7 in. apart, but 
can be altered to sow at varying widths, and with 
a reduced number of coulters, if required. There 
are two separate coulters bars, the two lines of 
coulters being fed from separate seed boxes. The 
arrangement allows ample clearance between the 
two lines of coulters, thus avoiding clogging and 
reeving. Each seed box is capable of holding a 
sack of corn, and one box is mounted higher than 
the other, so that the tractor driver can watch the 
seed runs to both lines of coulters. The drill can 
be set to sow any desired quantity per acre, and 
there is an acreage measure on the end of one box. 
It can also be set to run at three different depths. 
It is cord controlled, and one pull of the cord starts 
the seed runs and allows the coulters to drop quickly 
into work at the moment the runs come into opera- 
tion, thus ensuring that the seed is buried from the 
first moment. A second pull on the cord puts the 
seed runs out of action, and withdraws the coulters. 
The travelling wheels are set in relation to the end 
coulters in such a way that they do not run in the 
seed tracks, nor cause reeving, neither do they fill 
the outside coulters with dirt. Both wheels act 
as drivers, and as there are four pawls in each 
wheel, the drive is instantly taken up. The machine 
is designed to give equal pressure on each coulter, 
but the latter can be adjusted independently, if 
desired. To enable the drill to be taken readily 
along country roads, and through narrow gateways, 
the wheels can be removed from the sides, and 
mounted fore and aft, the wheels being shown in 
the latter position in Fig. 1. The total width of 
the drill is then reduced to 7 ft. 6 in. 

Another interesting exhibit on Messrs. Knapp’s 
stand is an improved manure distributor, illustrated 
by Fig. 2. Two of the difficulties associated with this 
type of machine in the past have been the tendency 
for the mechanism to be clogged with fertiliser, and 
for the metal parts to corrode due to the action of 
the strong chemicals which may be present. In the 





Fie. 2. Manure DIstriBuTor. 


distributor exhibited, the wheels are mounted on the 
stirrer bar, which has been extended for the purpose, 
the roller being driven by a spur wheel meshing with 
a corresponding wheel on the stirrer bar. The gears, 
at each end of the box, are totally enclosed, and the 
casings packed with grease, so that it is practically 
impossible for the fertiliser to reach the bearings or 
gears. The casing with the cover removed can be 
clearly seen in Fig. 2. The distributor is driven from 
both ends through pawls and ratchets mounted out- 
side the wheels, and the machine is extremely simple, 
the only moving parts being the smooth roller and the 
slow running stirrer bar. The quantity of manure 
delivered is regulated as required by adjusting slides 
at the back of the machine. The implement can be 
very readily cleaned, as the box can be turned up- 
side down, the slides screwed right out, and the 
interior of the box brushed clear. The machine is 
light in draft, due in part to the gears and bearings 
being packed in grease, and in part to the drive at 
both ends, which causes the distributor to run 
straight. 

Many other examples could be taken from the 
Show, to illustrate detail improvements in all classes 
of agricultural implements, these improvements 
even extending to such simple appliances as grass 
harrows. In one direction, however, progress appears 
to be far from satisfactory. When describing the 
exhibits at the previous Show, we referred to the 
unnecessary duplication of implements by British 
makers, and instanced the fact that there were 
about a dozen British mowers on view, only differ- 
ing in comparatively trifling details. We therefore 
suggested that home manufacturers were giving all 
too little attention to standardisation, and an 
examination of the exhibits at the present Show only 
tends to confirm the same view. Although, as a 
nation, we are untiring exponents of the benefits 
to be gained from standardisation, we appear to be 
singularly reluctant to put our views into practice, 
and it is probable that few fields offer greater scope 
in this direction than that of agricultural engineer- 
ing. 








LANTERN SLIDES FOR LEcTURES.—Messrs. British 
Jeffrey-Diamond, Limited, Stennard Works, Wakefield, 
inform us that they maintain a selection of modern 
lantern slides illustrating many recent developments in 
material-handling plant, such as coal breakers, swing- 
hammer pulverisers, crushers, portable belt and bucket 
loaders, trolley conveyors, storage-battery and trolley- 
type locomotives, belt conveyors, and portable stackers. 
These lantern slides, we are informed, together with 
literature on each of the units mentioned, are at the 
disposal of technical lecturers and teachers. 
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BRITTLE FRACTURE OF METALS. 


Art King’s College on December 1 last, Professor 
B. Haigh delivered the concluding lecture of his 
course on brittle fracture in metals. The lectures 
were arranged for by the Armourers’ and Braziers’ 
Company. 

In beginning his lecture, Professor Haigh said 
that, on this occasion, he proposed to consider 
brittle fractures due to fatigue. The term fatigue 
was difficult to define on scientific lines, but had 
to do with the effect on metals of repeated applica- 
tions or reversal of stress. The very fact that 
failures from fatigue were so common in practice 
was, perhaps, responsible for more attention having 
been given to its alleviation or avoidance than to 
its cause. There were two outstanding theories as 
to this: In the one, fatigue failures were related 
to the phenomena of slip bands in the metal grains, 
the presence of which had been observed in certain 
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limit were approached, the specimen broke after 
but a few alternations, but on reducing the range 
its endurance steadily increased, and there was 
apparently a limiting range of stress which could be 
carried indefinitely. 

The speaker believed that it was on the old 
London and Birmingham Railway that the idea of 
a limiting range of stress seemed to have been first 
adumbrated. He had in his possession an old note- 
book covering the years 1840-42, in which his 
grandfather had recorded and analysed failures of 
locomotive axles during those years. In the earlier 
entries much attention was paid to the load behind 
the engine, and notes made that guards must be 
warned not to allow too many horse-boxes to be 
attached to trains. By 1842, however, these entries 
had disappeared, but were replaced by a record of 
the engine mileage, which was thus recognised as 
the governing factor in the breakages. Some 
twenty years later, Wéohler, also a locomotive 
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cases, and it was held that fatigue failures arose 
from an accumulation of successive little slips 
along the same planes. This hypothesis seemed 
probable when it was first made over 30 years 
ago, but it was ultimately proved that slip never 
occurred twice on the same plane, and so modifica- 
tions of the original theory became necessary. On 
the other view, which criginated some thirteen or 
fourteen years ago, it was held that fatigue fractures 
were not due to slip, but to the direct separation of 
the metal under stresses normal to the broken 
section. 

Fatigue failures, it was thus suggested, arose 
because some parts of the metal were in a meta- 
stable state, and, under the stressesimposed on them, 
relieved themselves by assuming a more stable 
structure. This was accompanied by a reduction 
of volume, which was resisted by the surrounding 
metal, with the consequent development of the triple 
tensions, on the danger of which he had enlarged 
in the two preceding lectures. This second theory 
seemed to him that best supported by the facts, 
but there was as yet no consensus of opinion on 
this head. The minute cracks which resulted from 
the contraction of parts of the metal, as above 
suggested, would then play much the same réle 
as the notch in Izod tests. 

In one form of fatigue test, the metal was subject 
to an alternating stress. It was found that, under 
this, fracture occurred at a stress much below that 
recorded in an ordinary tensile test. If this latter 
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engineer, commenced his classical experiments on 
repeated and alternating stresses, and arrived 
definitely at the idea that in all cases there was a 
safe limit to the range of stress within which fracture 


would not occur, no matter how many the repeti- | 


tions. This view had since become general, but 
it was now being challenged in America, on the 
basis of experiments on some aluminium alloys in 
which no such limit had yet been found. It would 
be very inconvenient should this view prove true, 
but, for his own part, the speaker believed that the 
evidence, taken as a whole, favoured the older | 
idea. 

He had himself used an electro-magnetic fatigue | 
tester, in which an alternating push and pull was | 




















per square inch superimposed on an alternating 
stress of 7 tons per square inch. Hence, at the peak 
of the load, the total stress on the specimen would 
be 7 + 5 = 12 tons per square inch in tension, whilst 
at the ‘‘ trough ”’ of the cycle there would be a stress 
of 5—7 tons per square inch, which was equivalent 
to a compressive stress of 2 tons per square inch. 
It was convenient to denote alternating stresses by 
a and steady stresses by s, and any combination of 
a and s could be represented by plotting them as 
described. If, in such a plot, the point P fell on 
the dotted line shown at 45 deg. to the axes of 
co-ordinates, then at the minimum of the cycle 
there would be zero stress on the specimen. 

In Fig. 21 an ordinary endurance diagram had 
been plotted on the right, while on the left, and 
derived therefrom, there was a complete plot of 
the safe limiting combinations of s and a, which 
was marked on the diagram as the fatigue limit. 
A little above this curve was a nearly parallel 
curve which represented all the combinations of 
s and a which could be carried for one-million 
cycles before causing fracture. On the same dia- 
gram the line yy represented the combinations of 
a and s in which the yield point was reached at one 
phase of the cycle. The important point to note 
was that this line corresponded in no way with the 
curve representing the fatigue limit. This was 
just what would be expected if the yield were due 
to slip, and fatigue fractures to normal separation 
of the surfaces at the break. Another point to note 
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was that, tensions being plotted in the positive 
direction, the fatigue limit was lowered by a steady 
stress, if this were a tension, but was raised if the 
steady stress were a compression. Hence, as men- 
tioned in his first lecture, locomotive axles did not 
fracture near the keyway, although this had sharp 
corners, since the key was tightly driven and the 
metal underneath it compressed. 

In the matter of resistance to fatigue there was a 
great difference between mild and high-tensile steels. 
This was well brought out in Fig. 22, where the 
diagram on the left referred to a mild steel having 


|a tensile strength of 30 tons per square inch and a 


yield point of 20 tons per squareinch. The diagram 
on the right corresponded to the case of a high-tensile 





applied to the specimen by means of electro- | steel having a yield point of 50 tons per square inch 
magnets. On this alternating load a steady push | and an ultimate strength of 60 tons per square inch. 
or steady pull could be superimposed by means of; To get failure by fatigue, the combination of 
powerful springs. In this way, it was easy to subject | stresses must be such that, on plotting the corres- 
specimens to any combination of alternating and | ponding point, it fell within the hatched area. This 
steady stresses. In the largest of these machines, | Was very small in the case of the mild steel and very 
a range of 6 tons was provided for, the maximum | large in the case of the high-tensile steel. 
pull due to the combination of the alternating! Now it was known that if a small hole were pierced 
and the steady load being 10 tons. In this machine | in a flat bar subjected to axial stress, the stress 
specimens could be broken which it would require | at the edge of the hole might be 3 times the average 
20 tons to break in an ordinary tensile test. stress over the whole area. Hence, suppose that 
In order to specify the combinations of alternating | a mild-steel specimen and a hard-steel specimen, 
and steady stress, he had adopted the plan of plotting | both pierced as described, were subjected to an 
the half range of the alternating stress vertically | alternating load giving an average stress of 5 tons 
and the steady stress horizontally. Thus, in Fig. 20, | per square inch over the section plus a steady stress 
the point P corresponded to a steady stress of 5 tons | equal to 10 tons per square inch, so that the range 
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of stress was from 15 to 5 tons per square inch. 
At the edge of the hole, the hard-steel bar would 
experience a stress of three times the above maxi- 
mum, or 45 tons per square inch. If the corres- 
ponding point were plotted in Fig. 22, it would be 
found to fall above the fatigue limit but below the 
yield limit. The metal would therefore crack and 
failure would occur by fatigue. In the mild-steel 
specimen, on the other hand, the plotted point 
would lie above the yield limit but below the fatigue 
limit. The overstrained metal would therefore stretch 


U 

























































duced in Fig. 24. The heavy line F represented the 
fatigue limit, and it would be noted that it was a 
broken line. The left-hand end referred to cases in 
which fracture occurred before the yield point was 
reached. On passing the yield point the metal 
hardened, and the fatigue limit rose as indicated. 
This, however, did not always happen, as was shown 
by Fig. 25, which referred to a 34 per cent. nickel 
steel tested by Lea in 1924. Here the effect of pass- 
ing beyond the yield point was to lower the position 
of the line representing the fatigue limit. 
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and relieve itself, and would thus be able to carry 
the varying stress in question indefinitely. Under 
this it was actually stronger than the hard steel, 
although the latter had double its ultimate strength 
and a yield point two and a half times as high. 

The kind of fracture that occurred in fatigue tests 
of pierced specimens was shown in Fig. 23. The 
metal began to crack at the edges of the hole, and 
this crack gradually extended until the edge of the 
plate was reached. Shearing forces then made them- 
selves evident, and the crack began to extend in 
directions at 45 deg. to its original course. 

A graph representing a long series of fatigue tests 
by Moore and Bull on a 0-49 carbon steel was repro- 


limit. 

The speaker had made a number of tests in order 
to determine what correlation there was between 
the heat developed in endurance tests and the fatigue 
limit. The results were plotted in Fig. 26. In both 
tests, the sample was cut from the same bar but was 
differently heat-treated. The diagram on the left 
referred to an annealed bar. It could be seen that, 
at the outset, there was a great development of 
heat, the temperature rising by more than 8 deg. C. 
This stage was soon passed through, however, the 
temperature rise falling to little over 1 deg. C. 
This rise steadily increased as the test proceeded, 
and, just before failure, rose to a little over 2 deg. C. 
In the case of the normalised specimens there was 

















little development of heat at the outset, but there- 
after the temperature rise remained nearly steady 
at 2 deg. until just before fracture. This occurred 
after over 70,000,000 repetitions of the load cycle. 
The general conclusion reached was that the heating 
had little to do with the development of fatigue, 
but that if the temperature of the bar steadily 
increased, however slowly, ultimate failure was 
certain, however long postponed. 

Fatigue failure might, it was found, be greatly 
hastened by chemical action. In 1916, the railways 


Fig. 27. 
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were troubled with axle failures on some new 
coaches. The load and the steel were the same as 
had proved satisfactory in previous years, but 
whilst the axles had a life of many years in the old 
stock, failures were then occurring in less than six 
months. The cause was ultimately discovered to lie 
in the fact that, in the new coaches, the discharge 
from the lavatories fell on to the axles in question. 
When this was corrected there was no more trouble 
with broken axles. 

As a consequence of this particular observa- 
tion, further tests were made on the influence of 
chemical action on fatigue. Some of the observa- 
tions made were represented by the curves in Fig. 27. 
The metal was brass, and curve A represented the 
fatigue limit when the test was made in air, and 
curve B the results observed when the specimen 
was surrounded by ammonia vapour. The reduction 
in fatigue strength was, it would be seen, very great. 
The curve C represented tests made on the brass, 
when it had been corroded by immersion in ammo- 
nia before the test, but the actual test was made in 
air. Although these bars were much more corroded 
than those represented by the curve C, the corrosion 
had, it would seem, very little effect on the fatigue 
strength, which was little less than that of the non- 
corroded bar. Rust therefore mattered little, but 
what was of importance was that chemicals should 
be excluded from the metal exposed to fatigue 
stresses. 

Similar results had been observed in America, 
where Dr. McAdams had investigated the endurance 
of a great number of steels, tested both in air and 
water. Some of his observations were plotted in 
Fig. 28, which represented, in fact, the behaviour 
of the best of the steels examined. In other cases, 
the water made an even greater reduction in the 
endurance of the metal. ‘lhe best results were 
obtained with some of the chromium alloys, but 
even these were seriously weakened when tested 
in water. 

Other results obtained with copper-nickel alloys 
were plotted in Fig. 29, the basis being the ulti- 
mate strength of the material which was pure copper 
at the origin. Some of the specimens were annealed, 
whilst others were hard drawn, yet the graphs 
plotted in very regular fashion against the ultimate 
strength. The fatigue limit was, in fact, quite 
commonly an almost fixed fraction of the ultimate 
strength, though with special steels the fraction 
might range from 30 per cent. to 60 per cent. 
Nevertheless, when fatigue data were not available, 
the ultimate strength did provide a very fair basis 
for use in designs. 








Larcz CaRGOES THROUGH THE PaNnaMA CaNAL.— 
Recently the British oil-tank motorship C. O. Stillman, 
belonging to Messrs. International Petroleum Company, 
Limited, passed through the Panama Canal with a cargo 
of 23,000 long tons of crude oil, bound from Talara, Peru, 
to Bayonne, New Jersey, U.S.A. This is the largest 
cargo ever conveyed through the Canal, the previous 
high record, viz., 22,244 tons of iron ore, having been 
carried by the Swedish motorship Svealand. 
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AUTOMATIC SEWAGE PUMPING 
PLANT AT GEORGETOWN. 


THE sewage system, which is now nearing completion 
at Georgetown, British Guiana, possesses several points 
of both civil and electrical engineering interest. Owing 
to the district served being not only flat, but below sea 
level at high tide, and since the nature of the sub-soil 
prevents pipes from being laid at any considerable 
depth, it was decided to divide the city into 24 areas, 
each area being provided with what is virtually a 
separate plant. The sewage from each of these areas 
is led to a sump, above which a pumping station is 
erected, and is thence discharged through a 27-in. 
outfall into the River Demerara opposite Fort Groyne. 

These pumping stations, which are placed at the 
centre of the area they serve, are all of the same 
pattern. They are constructed of reinforced concrete 
and, except in one case, are located under the 
roadway, from which access is obtained through an 
ordinary manhole. Each station is divided into three 
compartments, the lowest of which comprises a sump 
with a capacity of from 5,000 gallons to 6,000 gallons, in 
which the sewage of the area is collected. The other 
compartments contain the pumps and their driving 
motors, respectively, and are hermetically sealed from 
the sump to prevent the ingress of sewage gas from foul- 
ing the atmosphere. The only connections between the 
two sets of compartments are the pump suction pipes 
and the shafts for the float gear, both of which are 
grouted into the dividing wall. The pumps are of the 
verticul-spindle type and are driven by automatically 
controlled electric motors, the outputs being 9 h.p. in 
four cases, 15 h.p. in 11 cases, 19 h.p. in four cases and 
25 h.p. in five cases, making a total of 800h.p. Cur- 
rent is supplied at 4,000 volts from the Demerara 
Electric Company’s power station through a special 
ring feeder, which also feeds the new waterworks. 
The connection to each pumping station is made through 
a pole transformer and an underground cable, the 
pressure at the motor terminals being 220 volts. 

The method of operating the system is to allow the 
sumps to fill to a certain level. One of the pumps is 
then started automatically by the float gear and runs 
until the sump is emptied, when it is shut down. The 
second pump acts as a stand-by, but the connections 
are normally changed every day, so that each set is 
alternately running and in reserve, thus equalising 
the wear and increasing the life of the equipment. 
In the event of any trouble developing on the pump in 
service, however, the stand-by unit comes automati- 
cally into operation. Although normally the area served 
by each pumping station is isolated, connections are 
provided, so that should a station be completely 
shut down the sewage from one area will overflow into 
those adjoining, the levels being chosen so that there 
is no possibility of it running back into private property. 

The control arrangements are very complete and 
are centralised on a desk in the chief engineer’s office. 
This desk is equipped with keys, so that the conditions 
at the various parts of the system can be tested, and 
with jacks which enable the inspecting staff to be 
time-checked and telephonic communication to be 
established with the different stations. The apparatus 
necessary for these purposes is of the standard auto- 
matic telephone pattern. If the stand-by pumps start 
up during office hours, an appropriate visual signal is 
given on the desk. After office hours, the signals 
operate an alarm in the pumping station, which also 
indicates whether the stand-by set has satisfactorily 
taken over the load. If this does not occur, a report 
is immediately made to the chief engineer. Arrange- 
ments are also made for recording the operation of 
the stations on a large time recorder. The signalling 
circuits are formed of twin-core cable carried on the 
telephone poles. These arrangements have enabled 
the inspecting staff to be reduced to two, whose prin- 
cipal duties are changing over the pumps and taking 
certain readings. We understand that the system 
is operating with entire success, the only troubles 
that have occurred being due to rags and other solid 
matter being caught up in the pumps. 


LETTERS TO THE EDITOR. 


THE SPEED OF ROAD TRAFFIC. 
To THE Epiror or ENGINEERING. 

Str,—In your timely article of November 21 on the 
above subject, you rightly draw attention to the fact 
that “the special (speed) limits in the new Act will 
certainly tend to increase the speed of the private car 
and to slow down other types of vehicles.” But 
for commercial vehicles “‘ time is money”; lost time 
means direct loss of money to the owner and, indirectly, 
to the community. In the case of a pleasure car, time 
is a secondary consideration. Thus, we see that the 


Act slows down just. that class of vehicle which it is 
essential to accelerate, but allows high speed where it 
is relatively unimportant. 





The speed restrictions imposed are quite unnecessary. 
It is common knowledge that under the recent Act, 
limiting the speed of commercial vehicles to 12 m.p.h., 
no passenger vehicle constantly maintained so low a 
speed as 30 m.p.h., and only the more ancient goods 
vehicles did so. In other words, the law was openly 
flouted. Now, strict observance of the law is of the 
first importance in a civilised community, and it is, 
therefore, vital to have laws which can be respected 
and observed. It is entirely deplorable that a new 
Act should come into being with principles and provi- 
sions so thoroughly bad as in this case. It cannot be 
stated too plainly that the new speed limits are 
obsolete, by ten years, before they come into effect. 
They are entirely unenforceable. Spasmodic attempts 
to enforce them will lead only to corruption of the 
police or to unfair victimisation of certain road users, 
while others, equally “* guilty,” suffer no penalty (as 
is the case at present where certain drivers, chosen 
more or less at random, are fined for exceeding 20 m.p.h. 
on straight, safe stretches of road). 

Although the speed limits of the new Act are 
indefensible, they raise an interesting technical question 
as to the soundness of a scale of speed limitation based 
on weight. Let us consider, firstly, liability to accident, 
and, secondly, the effects of an accident if one should 
occur. Liability to accident depends chiefly upon 
inability to pull up in a given space. If we assume 
adequate brake design for all wheels, then the laws of 
friction would indicate that, in the limiting condition 
of all wheels being stopped by the brakes, all cars, 
light or heavy, would stop in an equal distance. In 
fact, the heavy vehicle would have the advantage in 
superior road-holding properties and in the possibility 
of ‘finding bottom’”’ on a greasy road. It also has 
the advantage that the driver is higher up and can 
see over hedges and other vehicles better than the 
driver of a light car. There is here no justification 
for a reduction of speed due to weight. On the other 
hand, if an accident should occur, the greater weight 
would do greater damage to property than a lesser 
weight travelling at the same speed. There is thus 
some cause for control of very heavy vehicles capable 
of high speeds ; but this might take a form other than 
speed limitation. What is wanted is sound mechanical 
condition and an experienced driver. It should be 
possible to devise regulations to secure this. 

A restriction based on maximum speed defeats its 
own object, since, in order to maintain a satisfactory 
average speed, it is necessary for a driver to force the 
pace to the extreme at crossings and in urban areas 
where he could otherwise drive comfortably, relying 
on a clear run at high speed to restore any lost time. 

The new Act contains some good, but it is a hastily 
devised and ill-thought-out piece of legislation. This 
country can ill afford to be balked by restrictions 
which handicap design, and I hope that the speed 
limit for commercial vehicles will be repealed. 

Yours faithfully, 
H. Baker. 

Engineering Department, The Technical College, 

Sunderland, December 5, 1930. 





THE DIMENSIONS OF TEMPERA- 
TURE. 
To tHe Eprror or ENGINEERING. 
Sir,—It is not my place to start a correspondence 
on the appreciative leading article on our work (i.e., 


Messrs. Eagle and Ferguson’s) in your issue of the | 


28th ult., but in column 2, page 684, your leader- 
writer goes completely astray, due to thinking that 
Messrs. Kaye and Laby must of necessity be correct 
in a matter in which they differ from us. 


It is not we, as your leader writer asserts, who have | 
taken temperature to be of zero dimensions, but Kaye | 


and Laby when they give M LT-* as the dimensions 
of conductivity c. This is clear, for the dimensions of 
conductivity are :— 
energy ~ area -—- time -- (temperature difference -> 
length), 
ie. ML*T-*-L-*-T- (67 L) or MLT™ 6". 
The quantity is thus not dimensionless, but 


pe 
- P 1 
has dimensions the same as <, or 5. 


If temperature is not taken as a fundamental 
dimension of its own, it must be taken as heat + mass, 
i.e., as L? T-*, in which case s turns out to be of zero 
dimensions. These dimensions of @ give c the dimen- 
sions of M L-! T-1, so that Messrs. Kaye and Laby are 
completely wrong. 

86 


Our statement that ‘ =" 


different independent quantities of zero dimensions 
which can be made out of the given variables” is 
really perfectly and exactly correct, and is no over- 
statement whatever. 

When heat and temperature are involved, one has 


M* and eve are all the 
c B 


to walk very carefully among dimensions, and we took 
care te do this. 

Thanking you for your very appreciative reference 
to our work, 

I am, Yours faithfully, 
ALBERT EAGLe. 
The Victoria University of Manchester, 
December 6, 1930. 


[On the main point referred to above by our corre- 
spondent, we still think that he is mistaken in main- 


p es are “‘ all the different 





taining that _ »#*, and 
v' c 


independent quantities of zero dimensions which can be 
made out of the given variables.” Indeed, we would 
suggest that, from the physical standpoint, it will be 


difficult to justify the inclusion of such a term as % 


though mathematically any combination of the vari- 
ables is permissible which is dimensionally correct. Since 
radiation is not involved, the temperature of the water 
can have no direct effect on the rate of heat transfer, 
since it enters into the problem only as the difference 
between the temperature of the wall and that of the 
water. With rise of temperature, the viscosity, con- 
ductivity, and other physical properties of the liquid 
may change, and such changes do affect the flux of 
heat, but the temperature of the liquid, taken per se, 
in our opinion, does not. To include it explicitly 
seems therefore equivalent to counting it in twice 
over. In any case, temperature must have some 
dimensions, and can therefore be dimensionally equated 
to combinations of the other variables concerned. 
This being so, we do think that, from the mathematical 
standpoint, the claim criticised was an over-statement. 
—Ep. E.] 








INSTITUTIONAL CO-OPERATION. 
To tue Eprror oF ENGINEERING. 


Str,—Your leading article of November 21, page 653, 
ante, on the subject of ‘Institutional Co-operation,” 
is opportune. The number of specialist societies has 
increased during the last few years, and whilst they 
perform a useful function in their immediate spheres, 
they tend to limit the activities of the older bodies 
of a more general nature. So long as it confines its 
activities to the promotion of co-operation between 
existing societies, therefore, and does not organise 
separate activities, I welcome the formation of the 
Association of Scientific and Technical Institutions. 

Amongst the older engineering Institutions in 
London, the Engineering Joint Council had great 
potentialities, although its achievement, up to the 
present, has been negligible. Away from London, 
however, the prospects of active co-operation are 
brighter. In each engineering district of importance 
there are branches of one or more of the Institutions, 
and it should be the aim of these branches to co-operate 
for the general good of the profession. In Manchester, 
for instance, there is a natural centre for these societies 
in the Engineers’ Club, whilst in Glasgow there is the 
Institution of Engineers and Shipbuilders in Scotland. 
It is in such centres that all the local societies should 
hold their meetings; they should make these centres 
their headquarters as far as possible, and so meet 
engineers in other sections of the profession. 

Yours faithfully, 
James LituGow, 
President. 
The Institution of Engineers and Shipbuilders in 
Scotland, Elmbank Crescent, Glasgow, C.2, 
December 2, 1930. 
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LAUNCHES AND TRIAL TRIPS. 


| ‘ BoynEBANK.’’—Twin-serew cargo motorship ; eight- 

cylinder airless-injection Harland-B. & W. engines. 
| Trial trip, November 14. Main dimensions, 425 ft. by 
| 57 ft. by 38 ft. 7 in. Built by Messrs. Harland and 
Wolff Limited, Belfast, for Messrs. Andrew Weir and 
Company, London. 

‘« NoRVINN.”—Single-screw oil-tank motorship; four- 
cylinder, two-cycle, opposed-piston, — airless-injection 
Barclay Curle-Doxford oil engine. Trial trip, Novem- 
ber 14. Main dimensions, 420 ft. by 58 ft. 6 in., by 32 ft. 
3 in. Built by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, for the Norwegian firm, Messrs. Ras- 
mussen Og Moes Rederi A. /S. 


“ CHEYENNE.”’—Single-screw oil-tank motorship ; Dox- 
ford opposed-piston oil engine. Trial trip, November 14. 
Deadweight carrying capacity, 12,300 tons. Built by 
Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited, Jarrow-on-Tyne, to the order of Messrs. Anglo- 
American Oil Company, Limited, London. 


“ Swirr.”—Single-screw cargo steamer ;_ triple-expan- 
sion engine. Trial trip, November 17. Main dimensions. 
225 ft. by 35 ft. by 21 ft. 6in. Built by Messrs. Workman. 
Clark (1928) Limited, Belfast, for Messrs. The Genera! 
Steam Navigation Company, Limited, London. 
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MACHINERY AND METHODS OF 
MANUFACTURE OF SHEET GLASS.* 
By Professor W. E. S. TurNER, O.B.E., D.Sc. 


Suet glass comprises the blown and drawn varieties 
used for the glazing of the windows of most domestic 
buildings, plate glass, rolled figured glass, corrugated 
glass, and wired glass, all produced by rolling. The 
glass for these various sheet forms may vary in degrees 
of colour. The ultra-violet light transmitting glasses 
such as Vita-glass, represent another t From 
the sheet glass, another variety of sheet, namely, the 
laminated or so-called “safety” glass, is produced. 
The object of this paper is to give an account of the 
methods of producing the more important types of 
sheet glass, omitting reference to rolled, figured glass, 
wired and laminated glass. 

Sheet Glass from Blown Cylinders.—Until the present 
century the two processes employed for the manu- 


facture of sheet glass both consisted initially in the 
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MACHINE CYLINDER PROCESS. 


attempt to increase the production of window glass 
by machinery was an elaboration of the hand method. 
The inventor of the process was J. H. Lubbers, of 
Pittsburgh. He believed that it should be possible to 
draw cylinders of glass from a receptacle containing 
molten glass. His experiments began in 1894, but 
were not commercially successful until 1903. The 
American Window Glass Company took up this process 
and have continued to employ it until quite recently. 
In the most recent practice employed by this firm 
and its licensees, the glass is melted in a large tank 
furnace. One such furnace had a length of 140 ft., 
a width of 39 ft., and a depth of molten glass of 5 ft., 
equivalent to a capacity of 2,000 (short) tons. From 
this furnace molten glass is ladled out into a shallow 
saucer-like pot, about 42 in. in diameter. This fireclay 
pot is reversible so that the half which has already 
served as a container for glass can be allowed to drain 
while the other part, now cleaned, is brought into use. 
Gas jets are applied to bring the charge of glass already 





Fig.9. 
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in the pot to the correct 
temperature for the drawing 
process. The charge in- 
serted depends on the size 
and thickness of the cylin- 
der to be drawn and may 


blowing of a cylinder. For the so-called “crown” | vary from about 550 Ib. to 1,000 lb. The temperature 


glass the end of the cylinder away from the glass- 
maker’s blow pipe was cut open, the cylinder reheated 
until quite soft, and, by spinning it round at a rapid 
rate, a circular plate was finally obtained, with the 
lump remaining in the centre by which the cylinder 
was attached to the blow pipe. This process is now | 
only employed for making rounds for ornamental | 
purposes. The second method consisted in opening 
one end of the cylinder, detaching the cylinder from the 
blow pipe, and cutting off the other end, splitting the 
cylinder lengthwise, and then, after resoftening it in a 
subsidiary furnace, flattening it out into a sheet. 
This last method was in common employment in Europe 
and in America throughout the Nineteenth Century and, 
until after the War, was the main means of production 
in Europe. For example, in Belgium alone in 1913, 
442 million sq. ft., out of the total of 460 million sq. ft. 
made in that country, were produced by this cylinder 
method. The size of cylinder made in this process 
differed in different countries. In Belgium, England 
and America it was usually 5 ft. 6 in. to 6 ft. in length, 
and 10 in. to 12 in. in diameter. 

The Machine Cylinder Process.—The first successful 








_* Paper read before the Institution ofMechanical 
Engineers on Friday, December 5, 1930. Abridged. 





of the glass is adjusted to about 2,200 deg. F. before the 
drawing operation begins. 

The drawing of the cylinder is carried out by means 
of what is known alternatively as a ‘‘ bait” or a “ blow- 
ing head.”” This is of iron and in shape suggests a 
shallow tundish with an infolded edge or lip. It is 
lowered at the end of a length of flexible steel tube, 
which supplies the necessary air for distending the 
walls of the cylinder, and is sunk into the pot until 
the glass wells up within its lip. In some cases this 
lip may be electrically heated to accelerate the adhesion 
of the glass to the iron, as in the Frink cylinder process. 
When the glass has adhered to the bait, the latter is 
very slowly withdrawn from the pot and a glass cap 
immediately begins to be formed. The diameter of the 
cylinder is greater than that of the blowing head, and 
is maintained by adjustment of the air pressure. 
This is applied by an operator working the controls 
in a cabin above the drawing pots. At first the air 
pressure applied is quite small, as at the outset of the 
drawing the glass is still hot and soft. With the lapse 
of time, however, the glass gets colder; not only the 
temperature of the cylinder walls falls, but the tempera- 
ture of the charge of glass in the pot also. In conse- 
quence, the speed of drawing is gradually increased, 
as also is the air pressure. Fig. 5 illustrates the 





process in operation. Cylinders have been drawn up 
to 518 in. in length and of a diameter up to 40 in. 
The time of drawing depends on the thickness of the 
cylinder wall and the total length, and may vary 
between 15 and 18 minutes. At the end of the drawing 
operation the cylinder is raised very quickly, the result 
of which is to make the walls become very thin, so that 
it can easily be broken away from the glass remaining 
in the pot. 

The cylinder is then lowered on to a carrier, known as 
a “ horse,” is trimmed from the cap and the thin end, 
then cut into shorter cylinders by means of an electri- 
cally-heated wire made to encircle the cylinder, and 
these shorter cylinders are then split longitudinally 
sometimes into two segments, which are heated up on 
a smooth stone surface in a flattening oven. When 
sufficiently soft, the final flattening is done by an 
operator using a flat block of wood at the end of a pole. 
This process was in widespread use in America until 
very recently and has been operated in France, in 






Fig.10. 
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Debtteuse 


England and in Japan. At the factory of the American 
Window Glass Company, the hand operators in com- 
petition with the machine gradually raised their output 
per man per week to 6,000 sq.ft. One cylinder machine, 
however, made ten times this quantity in the same 
time, and the size of the sheets was very considerably 
greater. 

Processes for Drawing Sheet Glass Direct.— The 
sheets of glass formed by flattening a cylinder have 
the disadvantage of never being perfectly flat. William 
Clark, in St. Helens, in 1857 made the earliest recorded 
attempts in drawing sheet glass direct, but he never 
overcame the difficulty of preventing the width of the 
sheet from contracting as it was withdrawn. This 
difficulty was surmounted in the present century in 
the processes devised by Emil Fourcault, in Belgium, 
and by Irving W. Colburn in the United States, 
practically simultaneously. Fourcault took out his first 
patents in 1904, and in 1913 a machine produced a 
substantial quantity of drawn sheet glass at the factory 
at Damprémy, near Charleroi. Not until after the 
war, however, was it possible to exploit the process 
to the full. The idea of Colburn occurred to him in 
1905. Success came in 1916, and the Libbey-Owens 
Sheet Glass Company was formed to exploit the process. 

The Fourcault Process.—In this process the sheet is 
drawn vertically upwards from a chamber containing 
molten glass. A portion of the molten glass is isolated 
by drawing it through a slot in a fireclay device known 
as a “‘debiteuse.”* The slot in the debiteuse has a 
width which is greatest at the centre and tapers 








* See ENGINEERING, vol. cxxviii, page 304 (1929). 
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somewhat to the ends. If placed in molten glass, the 
debiteuse will float and when depressed uniformly, 
the glass is forced through the slot and, if drawn away, 
a continuous flow will be produced through the slot, 
so long as the debiteuse remains depressed below the 
general level of the glass. This stream of glass forms 
the basis of the sheet, which is drawn from the slot 
vertically upwards, by a series of asbestos-covered 
rollers gripping and propelling it upwards through a 
chamber in which it slowly cools off. A glass-melting 
tank furnace, supplying molten glass to ten Fourcault 
sheet-glass drawing machines is, roughly, cruciform, 
the melting chamber being in the long arm of the cross, 
and the machine disposed round the three short arms. 
The furnace proper is divided into zones in which melt- 
ing, refining, and cooling of the glass occurs, these 
zones bemg separated by floating fireclay bridges. 
Then follows a neck through which the glass passes 
and is distributed to the channels across which the 
drawing machines are placed at right angles. The 
dimensions and capacity of the furnace and drawing 
chambers vary with the number of machines to be 
operated ; the total capacity of some furnaces exceeds 
1,500 tons. Each drawing chamber is isolated by 
refractory walls which dip about 8 in. below the glass 
in the channel; and below these walls molten glass 
from the furnace flows in a steady stream. Each 


portion of the main channel between the walls of two | 
adjacent drawing chambers constitutes a heating | 


chamber, in which burners operate in order to maintain 


the glass at the required temperature for drawing in | 


the adjacent chamber. For heating the glass in the 
reheating and drawing chambers clean gas is employed, 
either purified producer-gas, or, in the U.S.A., natural 


gas. 

Figs. 9 and 10 illustrate the process. The debiteuse 
having been placed in position at right-angles across 
the direction of flow of glass into the chamber, a wire- 
mesh panel framed by sheet-iron is let down through 
the drawing chamber with the lower edge in alignment 
with the slot of the debiteuse. 
iron frame carries a row of protruding clean iron nails, 
which hang vertically below it and ensure good contact 
between metal and glass. That contact having been 


secured, the frame, or ‘‘ bait,’’ as it is called, is drawn | 


slowly vertically upwards. Immediately above the 


slot and on both sides of the debiteuse are long flat | 


metal boxes, through which a constant stream of cold 
water passes to solidify the glass. This presently 


reaches and is gripped by the asbestos-covered rollers, | 
which have a diameter of about 6 in., tapered at their | 


ends to leave the edges of the sheet free, and are 
mounted in pairs. The rollers on one side revolve on 
fixed centres. The centres of the other set of rollers are 
adjustable, each by a weighted arm, so that they ride 
on the surface of the sheet and adjust themselves to any 
change of thickness. Both sets are geared together out- 
side the chamber to ensure synchronism. The chamber 
in which these rollers operate is of cast-iron. At its 
lower end it opens into the drawing chamber; at its 
top end into the cutting-off chamber, where an operator 
cuts lengths of standard size from the continuous band. 
Within the chamber is a lining of asbestos to insulate 
it ; one side is provided with hinged doors which can 
be opened for inspection, and thermocouple pyrometers 
are placed at intervals along the chamber length to 
assist in controlling the rate of cooling. 

Strict temperature control is an essential factor in 
successful operation of the Fourcault process. Insula- 
tion of the walls of the canals and drawing chambers 
is now being adopted. The temperature of the glass 
-~ the drawing chamber is maintained at about 1,040 

g.C.; 
sition, and must be kept constant if the thickness of 
the sheet is to be maintained constant. A thermo- 
couple in a protecting sheath immersed in the glass, 
is employed to give a continuous record. The tem- 

ture of the sheet is reduced to about 600 deg. C. 

y the coolers in the region just above the debiteuse 
slot. The sheet must be rigid before it reaches the 
first pair of rollers, a state attained by the glass 
commonly used at a temperature in the neighbourhood 
of 540 deg. C. The first pair of rollers is maintained 


The bottom end of the | 


the precise velue depends on the glass compo- | 


wide, but the standard width tends to rise, as it is, 
obviously, more economical, within limits, to produce 
wide sheets. Machines recently (1929) installed by 
the American Window Glass Company draw a sheet 
84 in. wide, but others have been for some time in 
operation producing a sheet 90 or more inches in 
width. The number of machines working at each 
furnace varies. The smallest number is four, and the 
largest number tried, so far as the author is aware, 
is 14. 

Much attention has been paid in the past three or 
four years to the conditions required to supply homo- 
geneous glass of constant temperature and viscosity 
to the machines. This has involved a study not only 
of glass compositions, but also of the lines of flow 
of the glass from the furnace through the channels to 
the machines. For three or four years after the War 
the glass employed had too high a content of alkali, 
amounting even, in cases examined by the author, 
| to 18 per cent. or 19 per cent. The glass used for hand- 
| made or machine-drawn cylinders of window glass had 
| the following percentage composition: SiO2, 71 to 73; 
| CaO, 13 to 15-5; NagO, 11 to 13; AlgOg, 0-7 to 2; and 

such glass was used in the earlier stages of developing 

| the Fourcault process. On standing, however, at the 
| temperature of the drawing chamber it undergoes de- 
| vitrification, depositing crystals of calcium silicate. A 
| reduction in the lime content and an increase in the 
|sodium oxide counteracted this devitrification, but 
| these modifications proceeded too far, and the result 
was a glass which readily underwent atmospheric 
|corrosion. Substantial improvement has been effected 
in the last five years, and whilst a standard composition 
has not yet been fixed upon, the glass made to-day 
conforms to a percentage content of : Sig, 72 to 73 ; 
|CaO, 10 to 11-5; MgO, 1 to 2; NagO, 13-5 to 15— 
together with minor constituents, of which boric oxide 
|may be mentioned as having recently been tried with 
a view to making possible a reduction of the alkali 
content. ; 

The investigations of the flow of the glass through 
the drawing channels from the furnace have resulted 
in the modification of the design of the channels. 
| The standard design at one time consisted of a channel 
arranged like a T-piece to the melting furnace length, 
with machines in a row on each arm of the T. Such 
an arrangement involves the reheating and cooling 
‘of the glass as it passes successive reheating and 
drawing chambers. The most recent i are 
planned to supply each machine with fresh glass from 
the furnace by cruciform grouping of the machines. 
In America, in a recent design (1929), the drawing 
‘chambers are individualised by placing them round 
ithe walls of the end of the furnace, the glass passing 
| into each well below a deep-sunk bridge. Each well 
'can be controlled in temperature by insulation and 
| the use of auxiliary burners. 
| The Libbey-Owens Process.—The Colburn, or Libbey- 
| Owens process differs from the Fourcault in several 
‘essential features. The flat sheet is drawn from the 

free surface of the molten glass; its width is main- 
tained, not by a drawing slot or debiteuse, but by 
knurled rollers operating at the edge of the sheet. The 
| initial direction of the drawing is vertical, but changes 
in a short distance to the horizontal*, and lastly, the 
annealing chamber is 200 ft. long, as compared with 
|about 16 ft .in the Fourcault method. In order to 
start the machine operating a “ bait,” consisting 
of a flat iron bar about 6 ft. long and 6 in. wide, is 
| lowered into the glass by reversing the machine, flexible 
| metal strips attached to the bait being used to permit 
| of the bait being passed over the bending roller. As 
soon as the glass has adhered to the bait, the latter is 
| drawn upwards and over the bending roller and for a 
| farther distance of about 10 ft., when it is cracked off 
|and the sheet propelled forward between two link 
| tractors. The knurled rollers between which the glass 
| is drawn are water-cooled and are placed from 1 to 2 in. 
| above the surface of the molten glass ; they are rotated 
| at a peripheral speed somewhat less than that at which 
the sheet itself moves forward, and they engage the sheet 
for about 2 in. on each side, forming a thicker edge 
| strip, marked by the rollers, which must be cut off from 





at a temperature of about 00 deg. C., the last of the | the sheet when cold. In order to give immediate sta- 


12 pairs enclosed in the cool.ng chamber at 125 deg. C. 
There are usually six further pairs of rollers propelling 
the glass into the open room, to cool it sufficiently 
rapidly for the cutters to handle. Shattering of the 
sheet does not occur readily below about 450 deg., 
80 that in case of breakage higher up in the chamber 
the lower rollers still exert a grip on the sheet below 
and maintain continuity of action. The rate of drawing 
the sheet depends on the thickness. Single-strength 
glass (thickness 2-2 mm., or 12 sheets to 1 in. thickness, 
weight 184 oz. to the square foot), which is the com- 
monest variety, is drawn at the rate of about 140 ft. 
per hour, which means that any point in the cross- 
section passes through the annealing, or cooling, 
chamber in about seven minutes. Despite the short 





time of passage, the glass is fairly free from strain. 
The standard machine draws a sheet of about 75 in. | 


bility to the sheet, water-cooled screens are stretched 
| across the trough ; but as this chilling causes a partial 
setting, it is necessary to reheat the sheet by a burner 
before it passes over the roller to assume the horizon- 
| tal direction. To bring about this change of direction 
without unduly marking the sheet, a close study of 
temperature adjustment and roller construction and 
operation was necessary. The roller is of metal, with a 
wall 1 in. in diameter. This roller, and the idler roller 
near by, are so cooled with air that the temperature is 
high enough to prevent the glass sheet from being 
checked, yet not high enough to cause the glass to stick 
to them. After passing the tractors, the sheet enters 
a horizontal annealing chamber 200 ft. long, the con- 
veyor of which consists of 200 asbestos-covered rollers. 





* See ENGINEERING, vol. exxviii, page 305 (1929). 





Gas-burners project through the sides of the lehr, spaced 
so as to ensure control of the rate of cooling, and 
a series of thermocouples along the lehr assist in the 
control of the temperature. The drawing speed of the 
machine varies from 25 in. to 100 in. per minute for the 
limits of thickness ¥,-in. to ;,-in. Sheet y-in. has 
been drawn. The capacity of each machine for window 
glass of single strength is 2,500 sq. ft. to 2,750 sq. ft. 
per 24 hours. The machines operate day and night, 
seven days per week. As against the multiple arrange- 
ment of machines in the Fourcault process, the maxi- 
mum number of Libbey-Owens machines per furnace 
is two. 

The Economics of Drawn and Blown Sheet-Glass 
Production.—The two largest producing countries of 
blown and drawn sheet glass, mainly for window 
glazing, are Belgium and the United States of America. 
The production data in the U.S.A. vary from a mini- 
mum of 260,065,080 sq. ft. in 1921, to a maximum of 
567,150,590 in 1925. For the European factories the 
corresponding data are not obtainable, but an esti- 
mate of the production in the year 1926 in millions of 
square feet was as follows: Belgium, 550, Germany. 
180; France, 125; Czechoslovakia, 110; Italy, 100 ; 
England, 80; Spain, 25; Switzerland, 10. Revolu- 
tionary changes in methods of production have taken 
place since the War. In the U.S.A., hand-operated 
methods accounted for 30 per cent. of the output of 
blown and drawn sheet glass in 1921, and only 2 per 
cent. in 1926. For Belgium, the following figures in 
thousands of square feet are instructive :— 








Libbey- 

Mouth Fourcault 

Year. Total. Owens 
Blown. Machine. Machine. 

1913 ..| 460,000 442,300 18,674 — 

1927 ..| 566,368 167,000 280,301 118,790 





In Germany there was no machine production prior 
to 1924; yet in 1928, the hand-operated factories 
produced only 1-8 million sq. m. of the total of about 
20 million, and of this limited quantity 1-1 million 
sq. m. was thin sheet, required for photographie dry 
plates, and some of the remainder would doubtless 
be special window glass of the ultra-violet light trans- 
mitting variety. In 1929, the mouth-blown proportion 
of the total had fallen to about 2-5 per cent. 

In the U.S.A. in 1926, the machine cylinder process 
was still in the ascendant. In 1928, the production 
by this process had fallen to 22 per cent. Since 1924 
the Fourcault process has made rapid headway in 
America, and the last stages of conversion of the 
American Window Glass Company’s factories to 
operation by this method are already in progress. 
The production figures for 1930 will undoubtedly show 
the Fourcault machine to have taken a commanding 
lead over other processes. This supremacy of the 
Fourcault process has been attained for some time in 
Europe. 

With regard to.costs of production, F. Gross has 
given some relative data, obtained in 1927, taking the 
cost of producing unit area of sheet glass made by 
mouth-blowing as 100 per cent. The relative wages 
and fuel costs in the three machine processes were 
given as :— 








‘ Relative Relative 
— Wages Fuel 

} Cost. Cost. 

i 

| = 
Mouth-blown 2a] 100 100 
Lubbers -.| 38 | 146 
Fourcault .. oe! 25-3 | 60 
Libbey-Owens 9°5 | 65 





The development of the window glass industry in the 
past decade illustrates one serious aspect of modern 
industry, namely, the greatly diminished field for 
human employment, despite an increased rate of 
production. In 1899, in U.S.A., there were about 
100 factories with a total output of 220,000,000 sq. ft., 
while, in 1927, some 21 factories produced over 
481,000,000 sq. ft. No less striking is the change in 
European countries, particularly Belgium and Germany. 
In the latter country, 90 per cent. of the total blown 
or drawn sheet was produced in machine-operated 
plants employing 2,700 workers ; while the remainder 
was made by hand and gave employment to 700. 

The Manufacture of Plate Glass—The form of sheet 
glass commonly described as “ plate ” is produced by 
rolling out a mass of glass either by one or by a pair of 
rollers. The process was originated in France in 1688, 
by Lucas de Nehou, and until recently had undergone 
little change in principle, though the certainty of 
control, the speed of operation and size of sheet pro- 
duced have made great advances during this century. 
and in particular the speed of grinding and polishing. 
Table II, opposite, due to Professor K. Quasebart, 
illustrates these advances. 
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In the earlier years of its production, polished plate 
glass was consumed mainly in the manufacture of 
mirrors, and in Germany is still known as Spiegelglas. 
Its modern widespread use in building construction, 
and in motor cars, has led to greatly increased demands. 
Nowhere has this been so marked as in the United 
States of America. In 1913, Europe produced about 
59 per cent. of the world output of polished plate 
glass and America 41 per cent. The proportions were 
approximately equal in 1927, but now the United States 
leads with a production of about 59 per cent. Serious 
attempts have been made to evolve continuous 
processes. In most mass-production methods of glass 
manufacture, tank furnaces have replaced pot furnaces 
for melting bottle glass, electric light bulb glass, certain 
types of domestic glass and window glass. Tank 
furnaces supply the glass for making cast and rolled 
glass of certain types, namely, rough rolled, corrugated 





FORD CONTINUOUS PROCESS 
OF ROLLING PLATE GLASS. 


Fig. 30. 


of which the best known form is that developed and 
used at the River Rouge works of the Ford Motor 
Company, U.S.A.; and the Bicheroux process, of quite 
recent introduction. 

Present Standard Practice——The glass composition 
employed for making plate glass in various countries 
varies between the percentage limits of Silica (Sig), 
72-73 ; lime (CaO), 13-14; alumina (AlgQg), 0-5-1-5; 
soda (NagO), 14-15. A typical mixture for the melting 
of such a glass is of these proportions: Sand, 1,000; 
limestone, 320 ; soda ash, 310; saltcake, 65; charcoal, 
3. The mixture is melted in open-flanged fireclay 
pots, usually slightly oval in cross-section, and in the 
most modern works the mixture is charged into the 
pots automatically from a hopper-mounted truck which 
runs on rails parallel to the length of the furnace. The 
melting furnace is rectangular, with regenerative 
preheating of air and gas, has four or five arches on 
each side, in each of which 
two pots may be placed, 
thus constituting a 16- or 
20-pot furnace, and the 
flames pass down its length 
between and above the 
pots. An average pot will 
hold 2,000 Ib. of glass and 
yield a plate of about 300 
sq. ft.; but larger sheets 
are at times rolled. After 
the melting and refining of 
the glass is complete, the 











(2364.0) 


pot is removed by a travel- 
ling crane to the casting 
table, and the glass teemed 
on to it across its width 
immediately in front of the 
roller, the temperature of 


“enongernc” the glass having already 
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as cast plate 15-in. thick, and the wastage not only 
amounts to nearly 50 per cent. but time and power are 
consumed in grinding. The chief trouble lies in the 
relatively small unevenness, through warping, of the 
casting table, which has made it impossible, by the 
standard process, to make the cast plate less than about 
$-in. thick. 

The grinding and polishing tables, circular in shape, 
are mounted on platforms and run on rails; the 
diameter of the tables may be 24 ft., 28 ft., or 36 ft., the 
last-named weighing 75 tons to 80 tons. The sheets 
of glass are embedded in plaster of Paris, and after the 
upper side has been ground and polished, the table must 
be stripped and the glass reversed and re-set. The 
grinding table consists of two circular discs, each of 
about half the diameter of the table, operating over the 
latter, which also rotates. Blocks of cast iron are 
bolted to the lower rim of the grinding disc and must be 
carefully levelled, so as to lie flat on the glass. Accord- 
ing to C. W. Fick, 80 per cent. of the electrical energy 
used in a large plate-glass plant is consumed in the 
grinding and polishing operations. 

The grinding is done by sand or other abrasive, 
fed with water automatically to the tables, about 10 Ib. 
of sand being used per square foot of polished surface. 
| Coarse sand is used during the earlier stage of grinding 
| followed by increasingly fine grades and by fine emery 
or garnet. Considerable saving of time has been made 
| by automatic services which collect the abrasive from 
| the table, reclassify the particle sizes and return the 
| required sizes in a constant succession. The polishing 
| operation is carried out on a similar table, but with 
| felt blocks instead of iron blocks and with a regulated 
| supply of rouge and water. Pneumatic lifting devices 
| with suction pads are employed for picking up and 
| conveying the large sheets of plate glass. 

The Ford Continuous Process.—The principle involved 
| in the Henry Ford process is illustrated in Fig. 30. 
A tank furnace discharges glass at a controlled rate 
from an outlet into the space between two rollers, and 
| the resulting strip of glass glides on to a continuous belt 
conveyor, which carries it through the annealing fur- 
/nace. At the River Rouge plant four complete units 
| operate in parallel, each consisting of a regeneratively 
| fired tank furnace, rolling mechanism, annealing fur- 
| nace, and continuously operating grinding and polishing 
| plant. Each furnace has a width of 20 ft. The melt- 
| ing end is 40 ft. long, the refining end 16 ft., with a 
| taper leading to the discharge channel. With a depth 
| of 5 ft., the furnace has a deadweight capacity of about 
400 tons, and delivers about 32 tons (metric) each 24 
/hours. Coke-oven gas, produced at a neighbouring 
| site, is used as fuel. The width of the discharge spout 
|is 14 in., the rate of discharge is controlled by fireclay 
| gates, and a series of gas jets, playing on the glass as it 
emerges from the spout on to the rollers, maintains the 
| Seaageretaee at the requisite degree for rolling. Both 
| cast-iron rollers are cooled by a continuous stream of 
| water, thermostatically controlled to maintain a tem- 
| perature of 82 deg. C., and the lower roller has a peri- 
| pheral speed of about 40 in. per minute. The width of 
the sheet resulting is 40 in., the standard width of the 
|motor-car screen. On leaving the rollers the sheet 
| Settles on to a travelling belt, designed to maintain a 
flat surface, and enters an ai ing furnace of the 
| muffle type, 440 ft. in length. In the first section of this 
| annealing furnace the temperature is automatically 
| maintained at 593 deg. C., and is reduced in each of 
|the nine succeeding sections by 28 deg., down to 
| 843 deg. C., the final stage being just above room 
| temperature. The cooling process takes about 2 hours 
| 20 minutes, and, due to cooling and contraction of the 
| sheet the speed of emergence is about 2 per cent. slower 
'than that of entry into the annealing furnace. The 


15 








| capacity of each of the rolling units is about 16,000 


and wired glass. But whereas bubbles and other | been reduced to about 1,000 deg. C. The casting table | °4- ft. per day. 


imperfections are of less account in the last-named 
types, polished plate glass shows them up very readily. 
Polished plate glass must, therefore, be regarded as a 


TaBLe Il.—Time taken in Stages of Plate Glass 











Manufacture. 
Stage of Operation. | 1765. | 1865. | 1889. | 1914. | 1925. 
eee ae ene |e kml | 255) Cem | Spill, 
Mixing batch and charging 
po aie aa a 3 3 | 3 | 
Melting and casting ‘| 28 | 24 | 94 | pea | 24 
D ation of annealing --| 96 ie 2 3 
Cutting the production from } | 
a 16-pot furnace. . ah Gen of 6 4 2 
Rough grinding 36 28 | P 
Fine grinding ds di a ie 10 L 2 
Poihing -- :. 1] 2 | ee [ae | s | 2 
Total time, hours | 246 | 174 | 127 36 33 
236 | 305 | — | 440 





quality ”’ glass and at present can be most successfully 
melted in pots. There are in use three processes. The 
first, viz., present standard 
from the original ; 


for a sheet of 300 sq. ft. is about 14 ft. by 24 ft., is built 


about 8 in., and means are provided of cooling the 
| table as uniformly as possible. The roller, of steel, is 
| about 30 in. in diameter and is of grooved or hammered 
| surface, to prevent sticking to the glass. Prior to 
casting, the table is spread uniformly with a layer of 








|the table is swept. 

Rolling the glass into a sheet takes about one minute 
and if }-in. polished plate is required, the rolled sheet 
is about 48 in. thick. Immediately after being rolled 


| the plate goes to the annealing furnace, but as it is for 
| some time too soft to be lifted, it is pushed through | 


| five successive compartments of the furnace arranged 
| zig-zag until it has become set. From this stage it 
| passes into the straight part of the lehr, extending for a 
| length of 400 ft. to 500 ft., in which the plaiz rests on 
| rods or rails, between which transporter rails can be 
| raised to lift the plate and move it forward at a regulated 
‘rate. From the end of the annealing furnace the glass 


| emerges into the cutting room, where after inspection 4 gar a 
practice, directly developed | it is cut into suitably-sized pieces, which have to be | a further washing section intervenes before the polishers 
the second, the continuous process, | ground and polished. The }-in. polished plate begins | fed with rouge and water, come into action. When the 


} 
| 


sand to prevent the glass sticking to it and, after rolling, | the annealing furnace. 
| rectangular tables, 9 ft. 7 in. by 3 ft. 7 in., clamped 


The emerging sheet is slightly dappled and must be 


up of layers of cast steel to give a total thickness of | ground and polished. As the thickness is about ,‘-in. 
|e reduction needed to produce }-in. plate is com- 


paratively small. Lengths of 9 ft. are cut from the 


| sheet and transported to the polishing floor. Grinding 


| the required tables forming two long lines parallel to 


and polishing are carried out by continuous processes, 
Each line is formed of unit 


together, each mounted on wheels so that the line of 
cars can move progressively forward on rails. The 


| tables are topped by plates which are machined level, 


and on to them the glass sheets are set in plaster of 
Paris; they then move slowly forward below a set of 
43 grinders and 36 polishing wheels. The grinders 
are themselves divided into two sub-groups ; the first, 
of 29, constitutes the coarse polishing section, and is 
fed with sand and water. Here again, by a grading of 
the sand supplied at different stages, the sand grinding 
itself gradually assumes a finer grinding. Between the 
29 sand grinders and those fed with garnet is a washing 
section, and after the 14 garnet grinders have been passed, 
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glass emerges from below the last polisher, it is stripped 
from the table, turned over and re-set, the individual 
cars are transferred by a turntable to the second line and 
the process repeated on the second face of the glass. 
Each grinding and polishing line is of approximately 
the same length as the lehr. The fully polished sheet is 
then washed in hydrochloric acid, dried, and inspected. 

The Bicheroux Process.—It will have been clear that it 
is impossible by means of a single roller and a flat table 
to produce a plate thinner than }3-in., but the use of 
two rollers, as in the Ford process, makes it possible to 
produce a plate very closely approaching the final 
thickness of the ground and polished plate. This use 








Fig. 3. 


of two rollers is, however, not novel to the Ford process. 
Initially, in the development of this same process, a 
single roller and a moving table—that is the flat belt 
conveying the sheet into the annealing furnace—were 
employed. The use of double rollers originated with 
Chance in a machine designed for rolling plates, dating 
back to 1890. Moreover, plates of various types, including 
figured plate and wired glass, have been made in rolling 
machines employing double rollers. The Bicheroux 
process, employs in its successful form two rollers of 
the same diameter, and has resulted in considerable 
stimulus to the pot-melting process, as against the 
continuous process illustrated by that of Ford. It 








embodies severa new ideas. In the older standard 
process, the pot is tipped upside down over the rolling 
table, with the result that the glass descends a con- 
siderable distance. In the Bicheroux process, the glass 
is poured from the pot on to a plate which can be raised 
gradually in an inclined position, so as to discharge 
the glass down between the rollers.* There is thus 
no vertical fall of the glass, but only a flow on to the 
iron plate and down the plate as that is gradually 
raised. This method is much less likely to entrap 
bubbles of air than the old process of pouring, and 





* See ENGINEERING, vol. cxxviii, page 279 (1929). 
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there is less risk of impurities being incorporated in 
the glass, due to matter falling from the sides of the 
pot when inverted. 

7The glass so poured passes in a stream through the 
rollers and emerges from them on to an inclined plane 
and a bed on to which powerful cutting knives descend 
at intervals, severing the soft glass into sheets, which 
are then conveyed to the annealing furnace. The 
view given in Fig. 33 shows the process at work. The 
knives are seen raised at an angle of about 45 deg. 
By this process a pot which contains 850 litres of 
molten glass will produce as much as 60 sq. m. of 
rolled plate. By the old method, with a fixed casting 
table, the same quantity of glass produced a plate 
of only 31-5 sq. m. The plate by the Bircheroux 
process is rolled to a thickness only slightly greater 
than that it will have ultimately when ground and 
polished. In the later developments of this process 
plates as long as 100 ft. have been rolled. They are 
conveyed straight to the annealing furnace down an 
incline of rollers, these being continued through the 
annealing furnace itself. The transport in the anneal- 
ing furnace is not continuous, but the rollers can be 
reversed so that the plate first progresses forward 
and then moves back a shorter distance, this move- 
ment assisting in maintaining a greater degree of 
uniformity of temperature in the region of the lehr 
occupied by such substantial lengths. 
furnace has to be much larger than under the standard 
fixed casting table arrangement. The newest process 
involves the use of an annealing furnace more than 
700 ft. long. The substantially reduced thickness 
makes it possible for the cooling to take place more 
quickly than under the old system. With cast sheets 
about 45-in. thick, the time occupied in passing down 
the lehr was about three hours. In the Ford process 
any point on the continuous sheet emerges from the 
440-ft. annealing furnace after about 2} hours. In the 
newer process the plates pass through in about 14 hours, 
despite the greatly increased length of annealing 
furnace. 


DUAL-VOLTAGE PORTABLE 
GENERATING SET. 


PorTABLE sets for transmitting wireless signals are 
now an essential part of the equipment of certain 
branches of the Army, and are finding an increasing 
application among surveying, geological and other 
expeditions in sparsely populated countries or where 
the usual means of communication are non-existent. 
A necessary adjunct to this apparatus is a plant for 
generating the power required for its operation, and 
this demand can be efficiently met by a small engine 
coupled to a dual-voltage generator. Such a set must, 
however, be designed so that it can be easily transported, 
if necessary by manor animal power, and it must also 
be robust, light, accessible, reliable and capable of 
operation under very arduous conditions as regards 
heat and dust. 

These requirements seem to be satisfactorily fulfilled 
by the dual-voltage portable generator which is manu- 
factured by Messrs. Arthur Lyon and Company, 
Limited, 14, Queen Victoria-street, London, E.C.4. 
A general view of this set, coupled to a Burndept 
wireless transmitter, is given in Fig. 3, on the opposite 
page, a longitudinal section and end elevation being 
given in Figs. 1 and 2. As will be seen, the set is 
mounted on a base plate of aluminium alloy, to which a 
guard rail is attached. This rail protects all the pro- 
jecting parts and carries the fuel tank. It is also 
fitted with 2-in. suspension eyes for the insertion of 
bearing poles. The engine is of the single-cylinder 
petrol type, both the cylinder bore and piston stroke 
being 60 mm. The cylinder head is detachable and 
the valves are of the overhead type. The piston is 
fitted with one compression ring and one scraper ring. 
Cooling is effected by a fan-flywheel, the air being led 
through directional ducts which are designed so that 
the engine remains cool even in the tropics. The 
crank is overhung and is carried on ball and roller 
bearings, a bearing of the latter type being also fitted 
on the big end. The transmission to the half-speed 
shaft is by the usual train of gears, and the magneto 
and governor are also driven from the same train. 
The lubricating oil is conveyed by the timing wheels 
from the sump to a trough into which the big end 
splashes, the overflow passing back into the sump, so 
that any risk of over-lubrication is avoided. The 
governor, which runs on ball bearings, operates directly 
on the throttle and enables a speed of 1,750 r.p.m. to 
be maintained constant within + 24 per cent. between 
no load and full load. Starting is effected by a handle. 
The set is balanced so that it will run quite satisfac- 
torily without being bolted down. The exhaust is 
led through a flexible exhaust pipe to a silencer. The 
engine is connected through a flexible coupling to a 
}-kw. dual-voltage generator, which is capable of 
supplying 100 milliamperes at 1,200 volts and 20 
amperes at 8 volts to the high and low-tension circuits, 
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respectively, of the wireless transmitter. This genera- 
tor is provided with laminated fields, and special 
attention has been paid to the need for ensuring 
sparkless commutation. The total weight is 200 lb. 

The transmitter visible on the left of Fig. 3 is designed 
to transmit on fixed wave-lengths of 22 and 37 metres, 
on either the continuous-wave or interrupted econ- 
tinuous-wave systems. It was designed to the order of 
a Colonial Government for use in out-of-the-way 
districts, and has an average daylight range of about 
700 miles. This range is, of course, greatly increased 
at night. The whole equipment is arranged for use 
under tropical conditions, and is contained in a seasoned 
teak case. 

With an appropriate modification of the generator 
| and the addition of a switchboard, a similar set can be 
| used for battery-charging purposes. In this case, the 
;machine is wound to supply current at pressures 
| between 5 and 40 volts, thus enabling from 2 to 15 
| cells to be charged at from 1 to 15 amperes, if a suitable 
|combination of shunt and series resistances is used. 
| Similar models with twin engines, and with outputs up 
to 2 kw., are also being made by the same firm. 











AMERICAN IRON AND STEEL 
INSTITUTE. 


THE thirty-eighth bi-annual general meeting of the 
| American Iron and Steel Institute was held at the Hotel 
Commodore, New York, on October 24 last. The 
| president, Mr. C. M. Schwab, occupied the chair. Five 
| papers were read and discussed and summaries of these 


| appear below. 
Cotp Roiiine oF Strip STEEL. 

| In the course of his contribution, ‘* The Cold Rolling 
| of Strip Steel,” the author, Mr. S. Badlam, said that 
|one of the outstanding developments of the period 
| 1920 to 1930 was the Steckel rolling mill for the pro- 
| duction of cold-rolied strip in the thinner gauges. The 
| Steckel mill was developed by Mr. A. P. Steckel, of 
Youngstown, Ohio, and was based on three principles, 
| namely: the use of rolls of small diameter, the deflec- 
| tion of which, under the rolling pressure, was prevented 
by larger backing rolls having an anti-friction mount- 
ing. The drawing of the strip through the pass of the 
rolls, which were non-driven, by tension exerted on 
the strip. The reversing of the direction of rolling, 
after each of the passes, which, in practice, were com- 
paratively light. These three principles had been com- 
bined into a rolling procedure for the production of 
strip under 0-010-in. thickness, and in widths of 6 in. 
and over, and this procedure constituted a distinct 
advance over previous practice. Reductions exceeding 
95 per cent. without intermediate annealing, had been 
secured, and the resultant product was smooth and flat. 
Moreover, the final hardness of the strip was not much 
greater than that produced by reductions, in the usual 
way, of from 60 per cent. to 70 per cent. Again, the 
edge of the strip was substantially free from cracks and 
other defects. Most important perhaps from a commer- 
cial standpoint; it had been possible to operate the 
mill at speeds several times higher than was the practice 
with the older type of mills. ; 

The Steckel rolling mill, as actually constructed in 
its smallest size, comprised a roll housing carrying two 
small working rolls, having a diameter of 2} in. and a 
face of 7} in., and two backing rolls, having a diameter 
of 24 in. and equipped with roller bearings on the 
necks. The rolls were furnished with the usual adjust- 
ing mechanism for vertical and lateral adjustment. 
None of the rolls was driven. Two reels were placed, 
one on each side of the rolls, and below the level of the 
pass, the strip passing around a water-cooled roller, or 
idler pulley, in travelling from the rolls to the reel and 
vice versa. The reels could be rotated in opposite 
directions, the one pulling the strip through the rolls 
while the other allowed the strip to feed into the rolls. 
Brakes were provided on the reels so that the strip 
was prevented from over-running, and maintained under 
slight tension. The ends of the strip never left the reel 
to which they were originally attached, and, therefore, 
there was always a length of strip at each end, suffici- 
ent to reach from the reel to the rolls, which retained 
its original thickness. This was waste, and was cut off 
when the coil was finished. The entire reduction, in 
some cases from 0-160 in. to 0-002 in., was done without 
removing the strip from the reels and without annealing 
at any stage of the operation. Steckel mills had now 
been built, and were in operation, equipped with rolls 
having faces measuring 18 in. and 24 in., and mills 
were under construction having rolls of 38-in. face. 
About 30 of this type of rolling mill had been built 
or were under construction. They were employed for 
rolling brass, nickel, Monel metal, the stainless iron- 
nickel chromium and iron-chromium alloys, as well as 
ordinary steels. 

Hicu-Curomium SrTarIn.tEss ALLOYS. 

Mr. E. C. Bain, in his paper, ‘‘ The Structures of the 

High-Chromium Stainless Steels and Irons,” stated 





that the element chromium possessed the almost 
unique property of protecting itself against atmospheric 
corrosion in spite of a very great tendency, at the 
same time, to combine with oxygen. Indeed, it was 
believed that a fresh surface of chromium metal became 
oxidised almost instantly, but that this invisible film 
of oxygen, or oxide, was itself of such a nature as 
to be continuous, impervious, and extremely stable. 
This remarkable property of chromium was conferred 
also upon its solid solution in iron, when a fair amount, 
roughly 12 per cent., was present. The chromium 
could exist in solid solution with the iron in any 
concentration, but only in the absence of appreciable 
carbon would it be found wholly in solid solution 
under all conditions. In the presence of more than a 
few hundredths of 1 per cent. of carbon, the annealed 
high-chromium alloys, with or without nickel, man- 
ganese or silicon, could always contain a carbide which 
was very rich in chromium. The carbide was generall 
thought to be the compound Cr,C, with some sm 
amount of iron replacing some of the chromium. It 
appeared that a unit weight of carbon, present in these 
alloys when in the annealed condition, combined with 
about 16 weight units of chromium to form the carbide. 
Inasmuch as the carbide existed as small particles 
dispersed in the solid solution, it would readily be seen 
that the latter would be depleted of its chromium quite 
rapidly when large amounts of carbide formed. 

The utilisation of the maximum amount of the chro- 
mium content for corrosion resistance involved the pre- 
servation of it in the solid solution. This was usually 
accomplished in two principal ways. Firstly, in the 
case of annealed straight-chromium alloys, by holding 
the carbon content low. In the second place, by dissolv- 
ing the carbide at high temperature and retaining it 
insu ersaturated solid solution by rapid cooling. In the 
case of the straight-chromium cutlery-type of steels, 
the product was the martensite of hardened steels. 
When nickel was present in sufficient amount, the 
product was austenite which persisted at ordinary 
temperature. In either case, the whole of the chromium 
became effective since it was in solid solution. 


Buast-FurNace Gas Dust-CoNCENTRATION METER. 


A paper entitled ‘‘ A Recording Dust-Concentration 
Meter for Blast-Furnace Gas” was presented by 
Dr. A. W. Simon, who stated that the standard method 
of measuring the dust content of gases in industrial 
work had been the filter method. In this a measured 
volume of gas—blast-furnace gas, for example—was 
drawn through a filter and the resulting deposit 
weighed. From the amount of dust collected and the 
volume of gas passed through the filter, the dust content 
of the gas was calculated. While simple in principle, 
the filter method was by no means instantaneous, nor 
could it be made recording—two very desirable features 
if the dust content of blast-furnace gas were to be 
studied or controlled. An instrument to measure and 
record the instantaneous dust content of gases, blast- 
furnace gas in particular, had been developed in the 
research laboratory of the Tennessee Coal, Iron and 
Railroad Company. The instrument was based on the 
principle that the amount of light absorbed, and 
therefore the amount of light transmitted, by a column 
of dust-laden gas depended on the dust content of the 
gas. If the dust content were high, nearly all the light 
was absorbed and very little was transmitted. On the 
other hand, if the dust content were low, very little 
light was absorbed and nearly all of it was trans- 
mitted. 

In the apparatus finally adopted the source of light 
was a small concentrated-filament Mazda lamp. A 
lens in front of this rendered the light from the filament 
parallel, and these rays entered the gas main containing 
the dust-laden gas through a window. Exactly opposite 
was a second window, through which the light left 
the main. The emerging parallel rays were concen- 
trated, by means of a second lens, on to the light- 
sensitive element consisting of a thermopile, and this, 
in turn, was connected to an indicating and recording 
meter. An important component part of the apparatus 
was a device for keeping the windows clean. This 
was simply an ordinary motor-driven windscreen wiper, 
modified to suit the conditions imposed upon it. In 
place of rubber, asbestos was used for the wiping 
material. In the case of large-size gas mains, all the 
essential elements of the apparatus were mounted on 
a large-diameter cylindrical casing which was slotted 
between the two windows to allow the dust-laden gas to 
traverse the light beam. While the instrument 
described above was originally developed for use in 
studying the action of a Cottrell electric precipitator 
working on blast-furnace gas, it soon became apparent 
that it was a useful piece of apparatus for studying the 
behaviour of the blast-furnace itself. The charts 
obtained showed that the instantaneous dust content 
of the gas coming from the furnaces varied over a 
considerable range and was subject to somewhat 
sudden fluctuations. It was also found that, whereas 
,one of two blast-furnaces was smooth in operation, 
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the other was very unlike its neighbour and was 
usually responsible for the greater portion of the 
dust. 


TRANSPORTATION WITHIN THE STEEL PLANT. 


A paper on “ Transportation Within the Steel Plant,” 
by Mr. D. M. Petty, covered a very wide field. It 
dealt with a variety of subjects, including the influence 
of transportation on the development of the iron and 
steel industry from early times to the present day ; 
electric power transmission; railway transportation ; 
the transmission of gas; and estimated transportation 
costs. In the course of his contribution, Mr. Petty 
stated that the character of the electricity to be used 
was very important, and it was to be regretted that ; 
the steel industry in the United States was more or | treated, but also of the market which was to be served 
less committed to three-phase, 25-cycle current, whereas | With the cleaned product. The ideal undoubtedly 
the trend of all public-utility power systems was | Was to install the largest possible plant that could be 
towards three-phase, 60-cycle current. In practically | run continuously, at full capacity, for 22 or 24 hours 
all localities, a new steel plant, designed at the present | daily. In Europe, large central dry-cleaning plants 
time, would use three-phase, 60-cycle current, not | were being projected having capacities up to 600 tons 
only because this facilitated an interchange of power | per hour, and the cost of operation of such installations, 
with public-utility companies, but also because most |Tunning on a 24-hours schedule, would be very low 
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STEEL-CORED ALUMINIUM CABLES. 


MESSRS. BRITISH INSULATED CABLES, LIMITED, PRESCOT. 











of the electrical apparatus cost from 10 per cent. 
to 25 per cent. less than in the case of 25 cycles, and a | 
much wider choice of motor speeds was available. 
The locomotive used about a steelworks was similar 
to that used by the main line railways for many years, 
namely, a locomotive with relatively high tractive 
effort compared with its boiler capacity. The essentials 
of a successful works locomotive was that it should be 
able to exert a high tractive effort for a short length of 
time in order quickly to accelerate under load, because | 
the service of conveying materials in a works was 
primarily one of acceleration and deceleration. The 
steam locomotive having large cylinders compared with 
its boiler, met this requirement fairly well, but the 
irregular load on the boiler very materially lowered its 
efficiency. The electric locomotive admirably fulfilled 
this requirement because motors could be operated in 
series for high tractive effort, and in parallel when 
higher speeds and less tractive effort were required. 
Owing to the difficulty of providing a contact system, 
however, the electric locomotive was not generally 
looked upon as a suitable works unit. An overhead 
electric contact system interfered very materially with 
the operation of locomotive cranes throughout the 
plant, and the third-rail contact system did not lend 
itself readily to frequent crossings and points. | 
Considerable progress, however, had been made with 
electric works locomotives in which the electricity was 
generated by means of an internal-combustion engine. 
On the other hand, the latter was essentially a constant 
speed, constant load engine and did not lend itself 
readily to rapid acceleration. A storage battery 
applied to a locomotive, which would also have an 
internal-combustion engine, connected to a generator | 


operating in conjunction with the storage battery, | 
should make an ideal steelworks locomotive. Further- 
more, with this type of engine it was quite possible to | 
install a third rail or overhead contact system in | 
certain places throughout the works, especially where | 


long heavy pulls occurred. 
| 


Tue Dry CiEeantne or Coat. 

An account of the progress made, during the past | 
nine years, in the dry cleaning of coal was contained | 
in a paper presented by Messrs. Kenelm C. Appleyard 
and E. O'Toole. The authors stated that the 
advantages which dry cleaning had to offer, as com- 
pared with wet washing, were essentially financial ones. 
A modern washery was the product of nearly a century 
of practical experience and keen research. It was, 
therefore, an efficient apparatus, and its products 
were not likely to be improved upon by dry-cleaning 
processes in so far as ash and sulphur were concerned. 
The two processes differed essentially only in the 
moisture content of their final product, and it was on the 
basis of this difference that the dry process offered 
advantage to the coke-oven operator. Quite apart 
from the question of reduced cost of operation due to 
increased throughput, when using dry coal as against 
wet coal, was the cost of capital expenditure. A plant 
recently constructed in England consisted, when it was 
instailed, of 590vens. Had it been decided to wash the 
coal in the ordinary way, instexd of dry cleaning it, an 
additional 13 ovens would have been necessary to 
maintain the same throughpu, and this, obviously, 
would have involved considerable capital outlay. 

In the United States, pneumatic coal separation 
was only ten years old, in Europe, only five, and 
already, in so far as cleaning performance was con- 
cerned, it was possible to compete on level terms with 
the older methods. Research was still needed, how- 
ever; dry-coal cleaning was not so much a matter of a 
machine as of a complete system. The best machine 
was inefficient if it were not made a part of a co- 
ordinated, well thought-out, mechanical system, 
properly housed and equipped, and based upon a 
thorough study, not only of the particular coal to be 





indeed. 








TEST OF JOINTS FOR STEEL-CORED 


ALUMINIUM CONDUCTORS. 


THE increasing use of steel-cored aluminium con- 
ductors for overhead power-transmission lines has 
directed attention to the design of simple and effective 
fittings for jointing the conductors in the middle of 
spans, as well as for securing them at the ends. It is, 
of course, essential that the conductivity and mechani- 
cal strength of the joint should be at least equal to those 
of the strand itself, and tests recently carried out at the 
Prescot Works of Messrs.. British Insulated Cables, 
Limited, show that these conditions are fully complied 
with by the form of aerial-cable union designed and con- 
structed by them. 

One of the joints suitable for the middle of a span is 
shown in section in the accompanying Figs. 1 and 2,from 
which its construction will be clear without explanation. 
The fitting for supporting the end of the conductor 1s 
similar to that illustrated, except that a lug isemployed 
at one end of the fitting in place of the conical parts. 
In the tests referred to, 10 of these end fittings were 
attached to a short length of 37/0-110 steel-cored alu- 
minium cable and the cable so prepared was pulled in a 
testing machine until it failed at a load of 17,770 lb. ; 
in a second similar test, the breaking load was 18,280 Ib. 
The loads, in both cases, exceeded the theoretical 


| ultimate strength of the strand, which was 17,722 lb. 
| according to the British Engineering Standards Asso- 


ciation Specification. 
For the conductivity tests, a fitting of the type shown 
in the figure was made up with a short length of cable 


| at each end, the joint being filled with an anti-corrosion 


compound. Contact clamps were attached to the 
strand near the ends of the fitting, the distance between 
the clamps being 11} in., and a third contact clamp 
was also attached to the strand at a distance of 114 in. 
from one of the others. By passing a current through 
the outer clamps and measuring the voltage drop 
between each of these clamps and the central clamp it 
was thus possible to determine the resistance of an 
11}-in. length of plain strand and a similar length of 
strand containing a joint. With a current of 410 
amperes flowing, the drops obtained were 25 millivolts 
and 22-2 millivolts, respectively, so that the resistance 
of the 114 in. length of plain strand, was 0-000061 ohm., 
and that of the same overall length of strand including 
the joint was 0-0000542 ohm. The conductivity of the 
joint was therefore 12-5 per cent. greater than that of 
the plain strand. A current of 350 amperes was then 
passed through the joint for an hour, after which a 
further test of conductivity was made, the conductivity 
of the joint, in this case, being found to be 13 per cent. 
greater than that of the plain strand. 








TRANSFORMERS FOR Luminous TuBESs.—The neon and 
other luminous tubes, which are now being increasingly 
used for display purposes, require a high voltage at 
starting to ionise the gas and overcome the drop in the 
electrodes. Once ionisation begins, however, the 
current must be limited to prevent damage to the tubes. 
These conditions can be met by designing the trans- 
former supplying the tube with a high inherent reactance, 


and this is done, in the case of those manufactured by | P. 


the General Electric Company of America, by using cores 
with self-contained leakage flux paths and accurately 
maintained air gaps. At the same time, the losses are 
low and are concentrated in the core, so that no heating 
of the surrounding material occurs. The mid-point of 
the high-tension, or secondary, winding is earthed so 
as to reduce the high-frequency surges, which occur if 
that winding is earthed, and the electrostatic stresses, 
which are set up if the winding is open-circuited. These 
transformers are intended for connection to a 115-volt 
circuit, and have secondary ratings ranging from 18 
milliamps. at 3,500 volts to 60 milliamps. at 15,000 volts. 
A specially thin ae aa measuring 2,% in. wide is made 


for use in shop windows. 











CATALOGUES. 


Water Heater.—A domestic water heater is described 
in the journal of Messrs. British Commercial Gas 
Association, 28, Grosvenor-gardens, London, 8.W.1. 


Brake Linings.—Messrs. Ferodo, Limited, Chapel-en- 
le-Frith, via Stockport, have issued a catalogue of brake 
and clutch linings with useful and interesting informa- 
tion on the properties and applications of the material. 


Conveyors.—Messrs. Dem Company, Duisburg, 
Germany, have published in ‘their monthly ‘‘ News ” in 
English text, descriptions of some large conveyor equip- 
ments, including that for an electric power station jat 
Buenos Aires. 

Preservative Paint.—We have received from Messrs. 
Wailes Dove Bitumastic, Limited, Collingwood-buildings, 
Newcastle-upon-Tyne, a pamphlet illustrating some large 
pipe lines in London, Ireland, New York, Panama, and 
elsewhere, to which their paint preparations have been 
applied as preservatives. 

Driving Chains.—Messrs. Hans Renold, Didsbury, 
Manchester, have prepared a pamphlet explaining the 
application of chain drives to printing machines and 
other machines in the printing trades. Numerous 
machines are illustrated and the information given is 
drawn from the firm’s extensive experience. 

Lead Burning.—Messrs. The British Oxygen Company, 
Limited, Angel-road, Upper Edmonton, London, N.18, 
have issued a new leaf catalogue of oxy-coal-gas, lead- 
burning equipment, including blowpipe nozzles, taps, 
valves, &c., a pressure regulator for the oxygen cylinder 
with illustrations of examples of work done by the process. 


Steam Plant.—Recent issues of a periodical from Messrs. 
Foster Wheeler Corporation, New York, U.S.A., contain 
description of boilers and condensers, superheaters, &c., 
constructed by the Corporation. Among these is an 
extensive steam plant for Messrs. Mersey Paper Company, 
at Brooklyn, Nova Scotia, and an oil-refining plant for 
Japan. 

Lubricators.—A list of lubricating devices, including 
grease guns, grease and oil cups, sprayers, tanks, filters, 
&c., with the connecting pieces, valves, caps, &c., is to 
hand from Messrs. Tecalemit, Limited, Mitre House, 
Scrubbs-lane, Willesden, London, N.W.10. Portable 
equipments of tanks and pumps for delivering lubricants 
at high pressure are also dealt with. 


Tempering Ovens.—Ovens with mechanical air circula- 
tion for tempering tools and machine parts are being 
produced by Messrs. Wild Barfield Electric Furnaces, 
Limited, North-road, Holloway, London, N.7, who 
have sent us a descriptive catalogue with particulars of 
six standard sizes. A considerable saving is claimed in 
time, current and materials, together with a highly 
uniform product. 

Railway Electrification.—Recent catalogue publications 
issued by Messrs. The English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, include 

amphlets describing the machinery, materials and works 
or electrified suburban railways at Capetown, Bombay 
and Madras. These are carefully prepared with excellent 
maps and illustrations of rolling-stock, &c. We have 
also received a catalogue of fixed and portable kiosks for 
sub-stations. 

Engineering Laboratory.—We have received a recent 
number of the house journal published by Messrs. 
Westinghouse Electric International Company, New 
York, SA, with an illustration of the partly com- 
pleted steel frame of an engineering laboratory which 
is being constructed at East Pittsburgh, U.S.A. The 
frame is connected by welding, no rivets being employed. 
The completed building will contain five laboratory floors 
and six office floors. 

Gravel Preparing Machinery.—Messrs. Goodwin, 
Barsby and Company, Limited, Leicester, have issued 
a catalogue of machines and plant for preparing gravel 
as an aggregate for concrete. The machines for cleaning 
and grading the gravel are supplemented by appliances 
for winning it according to natural position and for 
delivering the products to dumps or wagons. Several 
lants are described and illustrated, and much practical 
information on the subject is given. 

Gear Hobbing Machines.—A comp file of the sec- 
tional catalogues of the gear-cutting machines produced 
by Mr. Herman Pfauter, Chemnitz, is to hand from 
Henny Dowding and Dickinson, Greycoat-street, 
Westminster, London, §.W.1. All the machines are 
of the hobbing type, and the range offered is capable of 
producing all the usual tooth forms in wheels of all 
sizes. There are also milling machines for producing hobs 
and screw threads, and grinding machines for sharpening 
hobs and cutters. The details of recent improvements 
indicate that such matters as work setting, lubrication 
and cleanness and convenience of operation, have been 
carefully studied. 
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10,000-KW. BACK-PRESSURE STEAM 
TURBO - GENERATOR FOR YAL- 
LOURN, VICTORIA. 
(Concluded from page 700.) 

THE emergency governor provided is of the eccen- 
tric ring type, and is mounted directly on the turbine 
spindle. It is shown in Fig. 4, Plate XLVII, ante. 
Should the speed become excessive, the centrifugal 


Fig 25. 
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nut which normally rests on a plate y, but when this 
plate is turned into the tripped position it allows the 
nut to pass. The valve then closes under the agency 
of the spring shown. The rotation of the plate is 
effected by linkwork coupled up to the small relay z, 
which is connected at the top to the oil pressure 
mains. If for any reason the oil pressure fails, the 
spring-loaded piston in z rises, and in doing so moves 
the abutment plate y into the tripped position. 
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Fic. 26. PressurE CONTROLLED MAIN AND OVERLOAD VALVES. 


force developed flings out the ring against the pressure 
of its retaining spring, and thus trips the bell crank 
lever which retains in position the emergency valve. 
The latter is shown to an enlarged scale at j, Fig. 6. 
This valve is then raised by its spring and thus 
opens up a way by which the oil in the pressure 
mains can escape. The pressure in these being thus 
destroyed, the emergency valve is tripped and steam 
shut off from the turbine. This emergency valve is 
situated at 1 (Fig. 2), being interpolated between the 
main throttle valve and the nozzle valves of the 





After an emergency stop, it is necessary to reset 
the valve by the hand wheel shown. 

A section through the three nozzle valves is re- 
produced in Fig. 25, above, and in the views, 
Figs. 26 and 34. The central valve is alone in use 
in normal running conditions. The first over-load 
valve is that shown on the right, and this admits 
steam into a belt provided at the fifth stage of the 
turbine, where under normal running conditions 
the pressure is about 309 lb. per square inch (abs.). 
Hence, with the over-load valve fully open, the 
total flow through the turbine is approximately 


steam to a belt at stage No. 6, and provides for 
increasing the flow by about another 30 per cent. 

All three valves are controlled by oil-operated 
relays, the pilot valves for which are of the disc 
type, as illustrated in Figs, 27, 28 and 29, below 
and on page 762. The three pilot valves are coupled 
up to a single connecting rod, which is in its turn 
coupled up by the link work shown in Figs. 2 
and 4, Plate XLVII, to the spindle of the main 
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' throttle valve, so that any movement of the latter 








turbine. A drawing of it is reproduced in Fig. 24, 
above. As there indicated, the spindle works in a 


doubled. The second over-load valve supplies 


is followed by a corresponding movement of one 
or other of the three nozzle valves. Referring to 
Fig. 25, it will be seen that each of these nozzle 
valves is provided with a spring-loaded piston, 
The valve is opened by admitting oil under pressure 
to the top of this piston, the supply being regulated 
by the disc valve, which is constructed as shown 
in Fig. 27. In the position there represented all 
ports are closed. The discs w, v and 8, n are firmly 
fixed on the spindle and rotate with it, whilst the 
discs wu and ¢ are loose, their position being con- 
trolled by the lever g, which, as shown in Fig. 13, is 
coupled up to the spindle of the nozzle valve. 
When the latter moves the discs u and ¢ move with 
it, and “ overtaking ” the discs v and s, close again 
the ports in these. 

The construction of the atmospheric relief valve 
is represented in Figs. 30 and 31, page 762. This 
is also operated by a servo-motor, the pilot valve of 
which is coupled up at the one end to the ’tween 
valve space p, and at the other to the space o. 
Its position is further controlled by the spring 
shown. If the pressure in p becomes too high the 
piston rises and opens the valve, thus letting steam 
escape to the atmosphere. 

The pressure oil required for operating the 
various relays and for lubricating the bearing is, 
in normal running, provided by a pump whichi 
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10,000-KW. BACK-PRESSURE TURBO-GENERATOR. 


MESSRS. THE ENGLISH ELECTRIC COMPANY, 


LIMITED, ENGINEERS, RUGBY. 





Fie. 34. Vizw SHowina GOVERNOR AND VALVES. 


the top of the piston m, and forcing it down reduces 
the supply of steam to the auxiliary turbine. Since 
the pilot valve & is also coupled to m, it moves 
down with m, and a position of equilibrium is finally 
attained in which sufficient oil at the required 
pressure is being supplied to the bearings and to 
the relays. The main turbine can then be started 
up and the main oil pump then causes a further 
rise in the oil pressure, with the result that steam 
is automatically cut off from the auxiliary turbine 
by the closing of the valve n. 

In conclusion we should like to acknowledge 
our indebtedness to the English Electric Company 
for permission to reproduce the drawings, and 
in particular to their chief turbine engineer, 
Mr. J. P. Chittenden, the designer of the machines, 
who provided us with most of the data on which 
our description has been based. 
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Flood Flows. A Study of Frequencies and Magnitudes. 
By Auten Hazen, D.Se. New York: John Wiley & 
Sons, Inc.; London: Chapman & Hall, Ltd. [Price 
20s. net.] 

Tus book appears at a most useful time, written, 
as it is, by one of the leading authorities in the 
United States. Readers will regret that this 
eminent engineer is no longer with us, his death 
having occurred on July 26 of this year. He leaves 
behind him, however, in his last book, a record which 
will, we believe, endure, and it is seldom, if ever, 
we have come across such successful attempts to 
collate known records with the avowed purpose of 
predicting maximum flood flows in the years to 
come. The records used by Mr. Hazen are those of 
the United States Geological Survey Department, 
and of the Miami Conservancy Board and, most 
valuable of all, those of his own firm, Messrs. Hazen 
and Whipple. 

We are pleased to note that no riveris too small 
to come under consideration, quite considerable 
attention, for instance, being paid to a river as 
small as the Little River, Mass., whose catchment 
area is only 484 square miles. The book, of course, 
deals with the larger rivers of the American 
Continent, but we specially wish to emphasise that 
here is an American engineer who considers the 
smaller problems as worthy of attention as the 
larger. This is justified by the conclusion to which 
he comes, namely, that given similar geological and 
climatic conditions, the general behaviour of a river 
to a small scale is the same as the behaviour of its 
larger brethren. 

After a brief introduction, the book passes on to 
the definition of flood quantities of which, of course, 
there are many factors, requiring, therefore, very 
Specific definitions. The reader will appreciate this 





when the terms dealt with include such expressions 
as the “‘one per cent. chance flood.” The author 
then proceeds to discuss the best way of plotting 
flood flows, and comes to the conclusion that all 
the graphs or curves are best plotted on logarithmic 
paper, with the object of endeavouring to bring the 
different observations into a straight line curve. It 
is a pleasing feature of the book that in these 
curves quantities are not shown by cubic feet per 
second, but as ratios to mean flood. Although too 
complicated to endeavour to explain in these brief 
notes, twenty years’ experience in Mr. Hazen’s office 
has shown that there are three coefficients operating 
in a river which can be obtained from data over a 
period, the longer the better, and these coefficients 
are explained. They are termed “ the coefficient of 
flood,” ‘‘ the coefficient of variation,’’ and ‘“‘ the 
coefficient of skew.” It is evident how very careful 
the author is to proceed with caution in his method 
of research, for he points out that one exceptional 
flood, occurring in a short period of records, greatly 
upsets the calculated forecasting curves. 

Chapter IX is, perhaps, the most valuable of all 
in the book, giving, as it does, a whole sequence of 
flow flood curves of many American rivers, of which 
the biggest is the Columbia River, with its 237,000 
square miles of catchment area. This chapter also 
concludes with an interesting map showing the geo- 
graphical grouping of records with the values of the 
three coefficients for the rivers in the different areas. 

The book then goes on to deal with cases of 
specific floods and lays down the different ruling 
factors to be considered in estimating flood flow. 
The duration of floods being, of course, important, 
the author discusses the question of detention 
reservoirs, both natural and artificial, and explains 
their action in checking the floods and their influence 
on the different coefficients, special reference being 
naturally made to the research work of the Miami 
Conservancy Board. One of the interesting facts 
which emerges is that the Mississippi floods have 
been doubled as to flood rise by the building of the 
protecting levees, which, therefore, never appear to 
be really high enough or strong enough. The author 
inclines, it may be imagined, to a preference for 
“ short-circuiting ” bends in rivers. Of course, as 
we have seen in other books, this does not always 
have the beneficial results hoped for, and the general 
result seems to be that each case must be dealt 
with on its merits. 

The author divides river catchment areas into 
three portions :— 

(1) The river bed proper ; 

(2) Ground above this liable to flooding ; 

(3) Ground above all floods. 

He does not find from his researches that floods in 
the United States have appreciably increased, but 
considers that the damage done becomes greater 








and greater as the middle area becomes encroached 
upon by cities and development estates. 

Although his researches take cognisance of floods 
which occur in say 1, 10 or 100 years, he does not 
find that there is any definite cycle of any flood of 
any particular class. The effects of land drainage 
are discussed, but do not appear in America to 
affect the run-off of any river materially, and the 
effects of afforestation are also thoroughly discussed. 

It is a pleasure to read an author so keen on his 
subject, and the book, in itself, is a classic of its 
type. As far as the sale of technical books go, the 
work should succeed in this country, and it ought 
to be brought to the notice of members and officials 
of all the new Catchment Area Boards now being 
formed under the Land Drainage Act, as also to the 
new Inland Drainage Boards, which are to emerge 
from the existing Commissioners holding authority 
under the old Land Drainage Act of 1861. To such 
bodies and their officers, the book represents a fund 
of assembled and collated information. 

As Mr. Hazen was the first to introduce the study 
of probability into hydrological questions, and his 
death having occurred quite suddenly, at the age of 
61, at Miles City, Montana, from a heart attack, 
we desire to pay our tribute on this side of the 
Atlantic by briefly recording his professional career. 
Mr. Hazen’s work, of over 30 years, brought him 
first into touch with sanitary engineering, following 
his graduation from the New Hampshire College of 
Agriculture and Mechanic Arts. He was actively 
associated with the sewage-disposal problems of the 
City of Boston, and with the water filtration plant 
at Lawrence, where special precautions were taken 
in connection with the outbreak of Asiatic cholera 
in America. He was in charge of the sewage-disposal 
plant at the World’s Fair at Chicago, in 1893, and 
after a protracted visit to Europe for purposes of 
study, he undertook the design and construction 
of the filtration plant for Albany, New York. After 
1904, however, Mr. Hazen devoted a great deal of 
his time to the subject which is dealt with in his 
book now under review. He was a member of the 
American Society of Civil Engineers, and was held in 
high respect by engineers on both sides of the 
Atlantic. 


Diesel Engine Operation, Maintenance and Repair. By 
Cuaries H. BusHnett. New York: John Wiley & 
Sons, Inc.; London: Chapman and Hall,. Limited. 
[Price 17s. 6d. net.] 

In comparing our own technical books with those 

of other countries, and especially with those of 

Germany, the fact emerges that in general and with 

certain notable exceptions, those persons best 

qualified by experience to write on a particular 
subject are, in this country, deterred for various 
reasons, usually lack of time or incentive, from 
writing books, or even papers; in Germany, in 
particular, that is much less the case. Since, in 

America, the state of affairs is similar to that here, a 

book on such a subject as “ Diesel engine operation, 

maintenance and repair,” by Charles H. Bushnell, 

a writer who claims that he is only setting down 

the results of his own extensive practical experience, 

is especially to be welcomed. 

The author’s brief preface is extremely promising. 
He says that he is “not an authority on Diesel 
engines,” but regards his book, written from the 
viewpoint of an operating engineer, as “‘ passed up 
from below, rather than handed down from above.” 
And later, “ it is not intended that the 
reader should go into an engine room with his 
book in one hand and a monkey wrench in the 
other. .. . The various methods of procedure are 
treated more in principle than in detail, and must 
be modified to meet existing conditions.” He writes 
with a desire to impart his experience to others. 

Bearing in mind the need for such books from 
those with considerable experience of running condi- 
tions, and the commendable wish of the author to 
give of his best, criticism is liable to be correspond- 
ingly less exacting. It may be at once said that 
in the preparation of the work as a book, the author 
and the publishers have done well. The very clear 
diagrams and the arrangement and style of the 
text are quite satisfactory. It should be mentioned 
however, that in addition to some typographical 
slips overlooked in the proof-reading, the addition of 
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commas in many cases would have made reading 
easier, and the meanings clearer. With certain 
limitations, which will be referred to later, the work 
is to be recommended for the value of the informa- 
tion it gives, particularly concerning maintenance 
and repair. If by operation the author means 
attention in running, then here, too, he is on sure 
ground ; but when he refers to processes within the 
engine, he is not always reliable. In short, when 
the author writes definitely from his own experience, 
his views command respect, but when he writes 
from the standpoint of basic principles, either of 
thermodynamics or of mechanics, he occasionally 
exposes himself to criticism. 

Although the book is not a large one as books go, 
and by its fluent style is not in the least tedious to 
read, it would have been nothing but praiseworthy 
if the author had confined himself to severely 
practical matters. By dealing with other matters 
in the way he has, he introduces a number of points 
that invite adverse comment. His reading upon 
these other matters seems by no means as full and 
as complete as it should be. For instance, the only 
recent European works referred to are a paper of 
Hawkes of ten years ago, test results on fuels by 
Harold Moore, and some readings of cylinder 
temperatures by Sulzer Brothers, all other work 
being ignored. No references are given in the book 
to the actual sources of the information in these 
cases, the names only being given. The author’s 
desire to bring in all sides of Diesel engine practice 
appears also to have led to difficulty with the 
division of the book into chapters, as well as with 
the best order in which to present his information. 
To illustrate this: Chapter VIII is headed ‘“‘ Fuel 
Pumps,” but does not deal with those for direct- 
injection engines, but only those for air-injection 
engines ; the former are discussed very inadequately 
in Chapter VI, under ‘“‘ Mechanical Fuel Injection.” 
Further, Chapter IX is headed ‘* Engine Nomen- 
clature and Rating,” and is interjected between 
those on “ Fuel Pumps” and “ Governors.” It is 
a poor chapter, but, since it includes the author’s 
definition. of Diesel engines, and suggests thereby 
the scope of the book, it might be expected to form 
the first or introductory chapter. 

Returning then to the branches of the subject 
indicated by the title, operation, maintenance and 
repair, among much that is good, certain chapters 
stand out as being of quite exceptional value. 
That on “ Engine Indicators” is one of these, and 
demonstrates that the author has used that often 
misunderstood instrument with intelligence and 
forethought. Experienced maintenance engineers 
could study, with profit, the author’s hints on this 
subject, while designers of indicator drives would, 
by a stricter regard for accuracy and rigidity of 
the drive, avoid faults which, as the author says, 
are often met with in practice. 

The chapter on “ Crankshafts and Bearings ”’ is, 
in a sense, typical of many, and of the book. The 
greater part of this chapter deals with such practical 
questions as alignment, and the attention necessary 
for bearings. This part is excellent, as it is full of 
sound reasoning and valuable advice. One para- 
graph, however, deals with the thorny problem of 
torsional vibrations, and, although the author 
obviously understands the practical significance of 
these, it is misleading to read that a particular 
vibration of the first order, quoted in an example, 
‘is called vibration of the third order, as there are 
three vibrations per revolution.” “* Lubrication ” 
is, similarly, a subject upon which the author’s 
practical information is of the highest order, and 
his chapter on this subject is most valuable. It is, 
unfortunately, introduced b7 a paragraph on the 
‘theory of lubrication.” In this, reference is made 
to the work of Beauchamp Tower, in 1884, and, 
ignoring all intermediate work, the author states 
that ‘the discovery by Tower was later applied to 
thrust bearings by Professor Kingsbury in the 
United States, and by Mitchell (sic) in England.” 

The parts of the book in which the author “ sticks 
to his last,” are free from such objections. Especial 
mention should be made of three excellent chapters 
dealing, respectively, with ‘* Knocks,” “ Joints and 
Packing,’ and ‘ Operation and Maintenance.” 


These are full of sound practical information, very 
clearly and concisely given. 


The last of these 





deals with the general routine work, but paragraphs 
on maintenance are also included, where necessary, 
in those chapters dealing with the various sections 
of the engine. These paragraphs, also, are generally 
of a high standard. 

The value of the practical information given is so 
great that unreliable and unscientific information 
given upon matters which may not properly fall 
within the field covered by the title of the book, 
should not be allowed to undermine the confidence 
of the reader in the author’s work. Within its title, 
the book is thoroughly to be recommended. 





Synchronmaschinen und 
Berlin : 


Elektrische Maschinen: II. 
Einankerumformer. By Rupoir RIcHTER. 
Julius Springer. [Price 39 marks. } 

THE publication of Arnold’s “‘ Wechselstromtechnik ” 
and ‘“ Gleichstromtechnik,” gave the Technische 
Hochschule at Karlsruhe a high reputation for 
literature. on electrical subjects. These two books 
have become classics, universally appreciated. 
Following in the same tradition, Professor Arnold’s 
successor, Professor Richter, has also embarked on 
a series of treatises on electrical machinery, of 
which the book under review is the second volume, 
the first having appeared in 1924. While the high 
standard set by Arnold has been maintained, there 
is scarcely the slightest hint of similarity, the styles 
of the two writers being so entirely different. The 
subjects dealt with in the present volume are: 
I. Fundamental Principles; II. Synchronous 
machines ; III. Synchronous converters. In Part I. 
a short exposition of operational methods of alternate 
current calculation is given, with sections on locus 
diagrams, fundamental equations of machines, 
field form, and unsymmetrical polyphase systems. 
Parts II and III are distinguished by their detailed 
and often novel treatment, and by the special 
attention paid to short-circuit phenomena, testing 
and design. There are 519 figures, the majority of 
which are line blocks and oscillographic records. 
The few half-tones are clear and useful. A biblio- 
graphy of over 230 articles and books furnishes a 
record of sources of additional information. The 
nomenclature is set out in an appendix, every 
individual symbol being fully explained. No pains 
have been spared to include the very latest in- 
formation. It can be confidently recommended alike 
to engineers and advanced students. 





Machine Drawing and Design. By W. AxssBort, B.Sc. 

London: Blackie and Son, Limited. [Price 7s. 6d. net.] 
Ir is very refreshing to receive a book on machine 
drawing which breaks so thoroughly with tradition. 
The usual series of plates giving complete drawings 
of machine parts suffers from two drawbacks. In 
the first place, if the views are well chosen and such 
as would be used in a drawing office, it is difficult to 
set exercises which avoid simple copying, and yet are 
worth while in themselves and in accordance with 
good practice. Hence students are not trained to 
choose views which will describe the machine part 
adequately and with economy of time and labour. 
In the second place, the limited range of practical 
experience of most students leaves them un- 
acquainted with the form and proportions of many 
important machine elements. Their knowledge 
may be increased by the study of the orthographic 
drawings in the ordinary text book; but since the 
students are not expert at reading a drawing, 
progress is apt to be both slow and uncertain. 
Inspection of models is helpful, but models are 
expensive and rarely represent the most modern 
practice. 

The author has overcome both difficulties by a 
very lavish use of isometric views, from which a 
student may readily grasp the form of a machine 
part, and which permit free choice of suitable views. 
Enough drawings in orthographic projection are 
provided in the second part of the book to give 
sufficient exercise in the reading and interpretation 
of drawings, which is, after all, perhaps the most 
important attainment for the majority of students. 

The book opens with a brief explanation of the 
systems of projection, followed by a description 
of drawing office conventions including those of the 
British Engineering Standards Association. Iso- 
metric views of fastenings, shafting, keys, couplings, 
bearings, gearing, and engine details follow, each 





section being accompanied by elementary notes on 
design. Part II contains supplementary exercises in 
drawing and design, questions from the Board of Edu- 
cation Whitworth Scholarship Examination Papers, 
and an interesting collection of questions from 
University (B.Sc.) Papers. The latter are, however, 
too difficult for students whose theoretical know- 
ledge does not go beyond the design notes of Part I. 

There are one or two flaws of little importance, 
but the book may be thoroughly recommended for 
senior classes working for the Ordinary National 
Certificate and for students intending to sit for, 
say, the Intermediate Examination of London 
University. 








AGGREGATES. 


BeroreE dealing with some of the data available 
upon aggregates for concrete, it is well worth 
while to consider briefly and generally the position 
occupied by the aggregate in relation to the two 
other essential components of concrete, namely, 
cement and water. 

From this point of view, the first essential is 
that the quantity of water shall be sufficient not 
only to hydrate the cement, but to act as a flux. 
This, as required for laboratory physical tests, is 
from 20 per cent. to 25 per cent. by weight of 
the cement for ordinary Portland cements passing 
the British Engineering Standard Specification. 
These percentages are equal to 2°24 to 2°80 gallons 
per 112 lb. bag, or 4-07 gallons to 5-09 gallons of 
water per bag of cement when a ton consists of 
11 bags, and are equivalent to 4-82 gallons to 6:00 
U.S.A. gallons per 200 lb. of cement. But this 
quantity of water makes no allowance for one 
of the characteristics of all aggregates, namely, 
that each stone or grain of sand requires a 
definite quantity of water to damp its surfaces 
in order that none may be taken from that 
required by the cement. This quantity seldom 
exceeds 10 per cent. of its weight, and is usually 
much below that amount. When the total 
quantity of water is sufficient to meet these two 
demands, it is then possible to make concrete 
under laboratory conditions, but in practice it 
will be conceded readily that an additional quantity 
of water is needed for yet a third purpose, namely, 
that of acting as a vehicle to assist in spreading 
the finely-ground particles of cement over all the 
surfaces of the inert aggregate during mixing, and 
then to facilitate the placing of the concrete in 
position. This third quantity of water, which is 
largely dependent on the human factor, may be 
stated as a percentage of the sum of the two previ- 
ous quantities. It is this quantity of surplus water 
which makes or mars a concrete. Its practical 
limits are from about 15 per cent. to 50 per cent. 
of the total quantity necessary to satisfy the two 
essentials above mentioned, and the average of 
these limits, say, 334 per cent., is a sound figure 
to adopt for many classes of work. 

Turning to the question of the properties of the 
two remaining essentials, viz., cement and aggregate, 
this is again one of limits, for, although it is 
possible to make 1:33 concrete by weight even 
with flint, it is seldom that 1 : 15 even is practicable. 
On the other hand, a lower limit than 1:4 by 
volume is seldom necessary if the further question 
of the proportioning of the aggregate itself is dealt 
with properly. 

As regards the quality of the three essentials 
of concrete, that of the cement is known usually 
with a considerable degree of accuracy, provided 
that it has been properly kept since its manufacture. 
The water, too, should not be a cause of trouble, 
provided that it is clean and that the supply is 
adequate. It follows, therefore, that it is the 
quality of the aggregate which remains to be con- 
sidered as the main subject of this article, and also 
its quantity as dependent on its grading, and the 
quantity of water which different grades of various 
aggregates require to damp their surfaces. 

The importance of mineral aggregates for concrete 
and other purposes is being more and more 
recognised. The prominence given to the subject 
by the American Society for Testing Materials, who 
issued a Symposium of Mineral Aggregates, including 
a dozen papers at their annual meeting last year, 
is noteworthy. In ENGINEERING, vol. cxxvill, 
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page 206 (1929), we reviewed a publication by the 
Department of Scientific and Industrial Research on 
** Attrition Tests of British Road-Stones,” a title by 
no means covering all the information contained in 
that work, since it covers a number of tests by 
Mr. Logan Waller Page of the water absorption 
per cubic foot, hardness, toughness, and cementing 
value of the same stones which Mr. Lovegrove 
had tested previously for attrition and specific 
gravity. This question of water absorption has, 
of course, a considerable bearing on the subject 
we are now discussing. 
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types of sieves. When every allowance is made for 
the methods which have grown up with practice, how- 
ever, it appears that, with increasing demands in the 
uses of aggregate and improved transport facilities, 
the time has arrived for the simplification of the grad- 
ing of materials by the adoption of a standard set of 
sieves which will be applicable to all aggregates. 
On turning to the British Standard Specification for 
gauges of broken stone and chippings, for example, 
it specifies four gauges for the broken stone and five 
gauges for chippings, the lower limit for the stones 
being a 1}-in. ring and the upper limit for the 
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At present, there is undoubtedly a lack of co- 
ordination here in dealing with the sizes of materials, 
in that the grading of the aggregate for road stones 
is different from that used for concrete. The same 
difficulty occurs also with the finer aggregates such 
a8 sand, fine chippings, or fillers, for, in many cases, 
they are graded by means of sieves denoting the 
number of wires to the lineal inch, with no indication 
of the size of the largest particle which will pass 
through their apertures. This lack of co-ordination 
is doubtless in part due to the fact that the sources 
of supply are sometimes different for the two classes 
of work, and furthermore the manner in which the 
aggregate is handled necessitates the use of certain 
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chippings being a 1-in. square hole. The specifi- 
cation may be briefly summarised as follows :— 
The gauges for the broken stone are 3 in., 2} in., 
2 in. by 14 in., and in each case all the stone must 
pass through a ring of the specified gauge, but not 
more than 15 per cent. by weight may pass through 
a ring of half an inch smaller diameter than the 
specified gauge and not more than 20 per cent. may 
be longer than 4 in. for the 3-in. gauge, 3 in. for the 
2}-in. gauge, 2} in. for the 2-in. gauge and 2 in. 
for the 14-in. gauge. 

The standard gauges for the chippings are 1 in., 
jin., }in., 2 in. and } in., and in each case all the 
chippings must pass through a square hole of the 
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specified gauge, but not more than 30 per cent. by 
weight may pass through a square hole of } in. for 
the l-in. gauge, } in. for the }-in. gauge, # in. for the 
j-in. gauge, } in. for the 2-in. gauge, }-in. for 
the }-in. gauge, and ys-in. for the }-in gauge. The 
circular sieves with square meshes for testing the 
gauge of chippings are 20 in. in diameter, and the 
thicknesses of the wires are 0-144 in., 0-144 in., 
0-116 in., 0-104 in., 0-092 in., 0-072 in. and 0-056 
in., respectively, for the 1 in., } in., $in., #in., fin. 
4 in., and y in. meshes. 

Without in any way disparaging this specification, 
which has achieved the object for which it was 
intended, it is not of the type which is desirable for 
the grading of aggregate for concrete. To quote 
the report on concrete by the Science Sectional 
Committee of the Institution of Structural Engineers 
on reinforced concrete: ‘‘ The coarse material should 
be of such a size as will pass through a mesh three- 
quarters of an inch square measured in the clear 
and be retained on a mesh ¥ in. square measured 
in the clear, and should vary in size as much as 
posible within these limits,” and “ all fine aggregate 
should be capable of passing through a mesh ¥ 
jn. square measured in the clear.” 

To state the case briefly, the aggregate for con- 
crete should be divided into coarse and fine materials, 
and there should be a definite relation between the 
coarse and fine material; all the coarse material 
should be retained on the ¥-in. sieve, and all 
the fine material should pass through it, On the 
other hand, for roads, the broken stones and chip- 
pings should all pass through a definite gauge, but 
a tolerance of smaller sizes of aggregate is per- 
missible. It should be practicable to select a set of 
sizes of sieves applicable within the desired limits 
for all kinds of aggregates. 

When commenting upon the Canadian Specifica- 
tion for Concrete and Reinforced Concrete (ENat- 
NEERING, vol. cxxviii, page 189 (1929),) we drew 
attention to the sizes of the sieves. On reference to 
the American Society for Testing Materials Specifica- 
tions Nos. C 41-24, which have in principle been 
accepted in the Canadian Specification referred to 
above, it will be noticed that the sizes of the apertures 
of the sieves for the aggregates, in inches, are :— 
0-0059 ; 09-0117, 0-0232, 0-0469, 0-0936, 0-187, 
0-375, 0-75, 1-00, 1-50, 2-00 and 3-00. The sizes of 
the sieve openings below 0-187 in. (#% in.) have been 
selected from 28 standard sizes of which seven 
are below the smallest size specified for aggregates. 


$625 & 





133 147 160 180 200 234 267300 33S = 4:00 467 


It is to be hoped that when the British Engineering 
Standards Association issue their much-needed 
specification for sieves, that the division of the 
large from the small aggregate by the ~-in. square 
aperture will be specified, thereby agreeing with 
the American and Canadian specifications in the 
distinction between coarse and fine aggregates. 

In 1920 and 1926 we published in these columns* 
abstracts of papers read by Mr. H. G. Lloyd, 
M.Inst.C.E., before the Concrete Institute and 
Institution of Structural Engineers. These papers 





* See ENGINEERING, vol. cix, page 587 (1920), and 
vol. cxxi, page 55 (1926). 
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gave the results of experiments made in connection 
with works of the London County Council, and, in 
the second, Mr. Lloyd gave diagrams showing the 
strength of concrete of various proportions ranging 
from 0 per cent. to 100 per cent. of cement and 
aggregate. The graded aggregate used for these 
tests can be represented by the heavy curve of the 
diagram, Fig. 1, page 765, in which the abscisse 
represent the sieve sizes selected for this work, 
and the ordinates percentages of the total by weight. 
The figures at the top show the internal diameter 
of the square mesh of the sieves in fractions, the 
decimal equivalent being given below. The curve 
is drawn to represent a mixture of fine and medium 
aggregates composed of equal weights of each size, 
the part below the heavy horizontal line represent- 
ing the fine and the part above the medium. The 
whole, forming a fairly continuous curve, represents 
very closely the natural composition of Thames 


ballast, which it was the object of the above- | 
mentioned tests to resemble, the proportion of | 
Other proportions can | 


fine to coarse being 1: 1. 
be represented on the diagram, as, for instance, 
1:14 or 1: 2, as indicated. 
that the ,',-in. mesh is a 50 by 50 sieve, while the 


;;a-in. mesh represents the 76 by 76 sieve used in | 
the fineness test of the British Specification for | 
If the sizes adopted in Fig. 1 | 


Portland cement. 
are compared with those laid down by the Canadian 
Specification, it will be found that, while agreeing 
at the division point between the fine and medium 
material, this specification calls for a rather finer 
sieving of the fine, and a coarser sieving of the 
larger aggregate. 

Reverting now to the consideration of the water 
necessary to damp the sand and aggregate, we 
have implied above that this is dependent upon the 
total surface involved. It is to be noted that the 

2 


ratio of surface to volume of a sphere is ada 
7 

6d? . 
6 oo 
reduce to q? 8° that for any given weight of a 


while for a cube it is Both these expressions 


material graded to a size d, this value is the same 
for either shape. From this it may be assumed 
that intermediate forms, such as occur in sand and 
aggregate, follow the same law sufficiently closely 
for practical purposes. Considering now material 
of uniform density, the surface area per pound for 
material graded to d in. will be given by 
cub. in. of 1 lb. of water 6 

specific gravity of aggregate ~ d es: 
when water is taken at 62-28 lb. per cub. ft. In 
the case of Thames ballast, the specific gravity of 


which is 2-63, this works out to e and this 


value is worked out in Table I, column 4, for the 
various fine grades adopted in Fig. 1. In Fig. 2 


__ 166-5 
sp. gr. xX d’ 


TABLE I.—Fine Aggregates. Thames sand out of 
ballast. 
| Area of Cubes 
Diameter of | | Mean of or Spheres in 
Aperture of | maa of | Reciprocal of | 8q. in. per Ib. 
Sieve in d = a } Ppa | of Sand = a 
=e d | = 63-300 x 3 
a 
' ! 
Col. 1. 2 3 4 
* 5-3 
| 6-6 422-00 
t 8 
12 759-60 
is } 16 | 
| | 24 1,519-20 
vs 32 
41 | 2,595-30 
Bi 50 
2-5 3,956 -25 
| 75 
94-5 | §6,981-85 
r's 114 
| | 
Area in sq. in. per Ib. of equal weights of six 
grades of sand 2,539 -03 


these values have been plotted and fall on the line 
AA. This diagram, instead of being plotted to | 
actual dimensions, has, it will be noted, been drawn 
to a base of the reciprocals of sieve sizes, in order to 
make it clearer. 

Applying to such graded material damping values 


It may be mentioned | 


obtained as explained in Mr. Lloyd’s paper read 
before the Concrete Institute in 1920, a second 
curve is obtained, noted in Fig. 2, as ‘‘Thames 
sand out of ballast.’ This follows the equation 
y = 3-65 + 0-0354 - where the value of y must 
not be less than 3-90. A corresponding curve, 
following the law y = 1:6 + 0-0354 zo is shown 
for small sizes of Jersey and Guernsey granites, for 


which the minimum value of y is 1-8. Table II 
shows the values from which these lines are drawn. 





TABLE II.—Fine Aggregates. 


| - 


| Thames Sand, Jersey and 


out 0} Guernsey 
ter ; Ballast. Granite. 
of Aperture ~f .a] Mean of | 
of Sieve in | ae Reciprocal ~~ = i‘ 
| = of d | y = percent.| y = per cent. 
| ae of Water by | of Water by 
| Weight. | Weight. 
ne _ — — — ; —_ 
Col.4. | 3 | 4 | 5 
5 53 
6:6 3-90 1:83 
$ 8 
12 4-07 2-02 
is 16 | 
24 4-50 | 2-45 
: 32 
41 5-10 | 3°05 
i" 50 
62-5 5-86 3°81 
' 75 
94-5 7-00 4-95 
via 114 
Average damping value for equal 
weights of six grades. 5:07 3:02 


By the use of curves of this character it is possible 

to calculate beforehand the correct quantity of 
water required to produce mortar of the greatest 
strength with any proportions of the substances 
named, provided the requisite percentage of water 
|for the cement is also known. This is usually stated 
by the manufacturers on the test sheet, or can be 
‘obtained by the surface-tension test. 

The above method can be extended to cover 
larger sizes and, of course, other materials. In 
|Table III and Fig. 3 the figures for medium grades 
‘of Thames ballast, Jersey and Guernsey granites, 


TaBLe III.—Medium Aggregates. 


| | Thames 











| 
| | Ballast | Granite. 
Diameter | aie —— —— 
of | | | | 
| Mean 1G 
| ai” a Recip- | of | | Jersey. heen 
Sieve rocal, | Recip- y = per |~ ———. 
in ofd. | rocal | cent. of y = per | y = per 
Inches. | | scsi | Water | ‘cent. of | cent. of 
=d. | | _ by | Water | Water 
Weight. | py | by 
| | | | Weight. | Weight. 
SRS PE 9% MOSTRAR ES Pistilli Sees 
| | 
Col.1. | 2 | i i | 6 
ae oe | ee 
} 1-33 
1-47 1-10 0-60 0-35 
§ 1-60 
| 1-80 1-44 0-75 0-45 
+ | 2-00 
2-34 1-90 0-95 0-58 
i 2-67 
3-33 2-51 1-21 0-74 
t |} 4-00 | 
| 4-67 3-10 1-45 0-91 
% 6 | «5-83 
—— u a — _ 
Average damping value for | 
equal weights of five grades. | 2-01 1-00 | 0-61 





are given and plotted, respectively. In the diagram, 
for convenience, the reciprocals of the sieve sizes 
are given on a logarithmic scale. The following 
equations are obtained :— 

For uncrushed Thames ballast, 


l 
- 0-42 +. 4log—. 
y log d 


For broken and laminated Jersey granite, 
1 
= 0-32 + 1-7 . 

7] + 1-7 log d 


For broken Guernsey granite, 
] 
= 0-17 + 1-llog-—. 
y ioe, se F 





The application of this method may be illustrated 


by three examples of 1: 3:6 concrete, from which 
it will become clear that the cement-water ratio 
commonly employed is not to be relied upon with 
different aggregates, the necessary amount of water 
differing considerably with the class of material. 
In these examples, equal weights of the same 
grades have been used, the sieve sizes shown in 
Fig. 1 having been adopted. 





A. Thames Ballast Concrete. lb. 
Portland cement 1 lb. at say 22 percent. = 0-220 
Fine aggregate 3 lb. Pe wi = 0-153 
Medium “ 6 lb. 1 (| ee Pe = 0-120 
Total water for 10 lb. of material = 0-493 
or 5 gals. per 100 lb. of material. 
B. Jersey Granite Concrete. lb. 


Portland cement | lb. at say 


22 per cent. 
Fine aggregate 3 lb. 3-02 


” 





Medium Gib... 1.9 
Total water for 10 lb. of material = 0-371 
or 3} gals. for 100 lb. of material. 
C. Guernsey Granite Concrete. Ib. 
Portland cement 1 lb. at say 22 per cent. = 0°220 
Fine aggregate 3lb. ,, 3:02 ,, = 0-091 
Medium ,, 6 lb. a BE «35 = 0-037 


Total water for 10 lb. of material = 0-348 
or 34 gals. for 100 lb. of material. 


The extreme examples, therefore, point to a 
difference of 14 gallons for 100 lb. of material, 
although the aggregates have been graded in the 
same manner in all cases, and the importance of 
this aspect is thus evident. 

Another application of damping values is in 
connection with the determination of the relative 
merits of aggregates, and especially of fine aggregates 
of the same material. For, as the damping value 
is an indication of the surface to be damped, it also 
indicates the area which has to be coated with 
cement. Consequently, for the same material it 
is an indication of the relative strengths which can 
be obtained with different grades of fine aggregates. 
If a comparison between materials of different 
specific gravities be required, the proper adjustment 
to take care of this must be made. 








THE WELLAND SHIP CANAL.—XVI. 


In Article X of this series, dealing with the 
lock gates, we mentioned various precautions 
which have been taken to minimise risk of accident, 
in case vessels should approach not under proper 
control. In addition to features pertaining to the 
design of the gates themselves, various other 
provisions have been made. For instance, at 
certain of the locks, bridges cross either the upper 
or lower entrance, and, being interlocked electrically 
with the adjoining lock gates, can be regarded as 
providing considerable protection. In other posi- 
tions it has been deemed advisable to protect the 
gates by means of rope fenders, to the description 
of which we shall devote this article. 

The use of fender gear is not new. In somewhat 
elementary form it has been adopted in connection 
with docks in this country, but the cases of such 
important waterways as the Panama and Welland 
Canals differ essentially from these. In these large 
canals for vessels in transit, the time taken in 
making the passage is a point of importance, and 
although every care is commonly taken it would 
not be unnatural to suppose that an error of 
judgment or misinterpretation of signals, might 
sooner or later lead to a vessel approaching the lock 
gates at too high a speed, as, indeed, has hap- 
pened on the Welland Canal, at the locks at Sault 
Sainte Marie, and elsewhere. While, therefore, the 
device may be regarded by some as an unnecessary 
precaution for docks, ship canals involving great 
difference in levels are in a different category. 
The Panama Canal fenders were described in our 
columns in 1914 (see ENGINEERING, vol. xcviii, 
page 146), and we need therefore only briefly 
refer to them. They are of the hydraulic type. 
The fender consists of 3-in. chain which can be 
stretched taut across the lock and paid out under 
tension, when run into by a vessel, by allowing 
water under pressure in two long cylinders to 
escape under the control of relief valves. This 
device has been practically tested by running ships 
against the chain, and in one case at least has 
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Fig. 685, PLAN. 
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Fig. 687. FrnperR Bretow Lock No. 1. In RaIsep PosirTion. 


prevented serious damage. 


into the fender chain at one of the locks, being 





In 1921 two United | successfully brought up before coming into contact 
States Navy destroyers collided, and together ran} with the gates. 





gear has been adopted, owing to the more severe 
climatic conditions and the danger to hydraulic 
gear during winter. The design adopted has a 
much larger capacity than the gear at Panama, 
and is much less costly. Mr. Alex. J. Grant, the 
Engineer-in-Charge, has estimated that, following 
damage to the lock gates themselves, to ship and 
cargo, to the canal banks and works below, and to 
demurrage to shipping, a single accident might 
well involve costs amounting to something like 
750,000 dols., a figure large enough to cover 
practically the whole cost of the fenders required, 
the contract for the 28 sets needed having been let to 
the Montreal Locomotive Company for 764,585 dols. 

The positions of the various fenders are shown 
in Figs. 278 to 282, page 336, of our issue of 
March 14 last. In these key diagrams they are 
indicated as short heavy black lines not far from 
the gates. The fenders, as we have already 
observed, are of wire rope. The heavy chains 
at Panama have been found to be subject to a 
good deal of wear in service, while the repair of 
a broken chain of this size is a matter of some 
difficulty. The 3}-in. wire rope of the Welland 
Canal design, provides a fender of double the 
capacity of the Panama chains, when retarding in 
the same distance. The rope consists of six strands 
of 37 wires each, and was required to have a 
tensile strength of 850,000 Ib. 

The Welland Canal gear is illustrated in the 
general drawings, Figs. 685 and 686, annexed, 
and in the details on Plate LII. The rope is 
stretched across the lock 3} ft. above normal 
water level, and 72 ft. from the gate mitre. At 
each end snubbing arrangements are provided, so 
that the rope is only paid out against a heavy 
resistance, thus bringing the ship up. At Panama 
the chains are cleared by allowing them to fall 
into grooves in the lock walls and bottom. For 
a heavy rope this would not be suitable, and the 
expedient has been adopted, first put forward 
by Mr. E. Schildhauer in connection with a 
proposal for the Panama fenders, of uncoupling the 
rope on one side, and lifting it clear by means of 
a light boom stretching across the lock from the 
other side. The boom can be raised to, and held in, 
a nearly vertical position for a ship to pass, as 
shown in-the view reproduced in Fig. 687, and 
then lowered again, when the cable is coupled up 
again automatically to the snubbing gear. In 
case of collision with the fender, the boom, 
purposely of light construction, would be carried 
away. The time required to raise or lower the 
boom is less than 45 seconds, and that needed 
for coupling up the rope less than 10 seconds. 

At the lock sides, quadrant-shaped castings, a, a, 
Fig. 685, are embedded in the concrete, to act as 
guides for the rope when paying out under the 
strain exerted by a vessel being stopped. From 
the lock sides the rope is carried 270 deg. round 
fixed bollards 6, 6, and from thence it is lead to 
brake drums c, c. The fixed bollards are intended 
to increase the frictional resistance offered by the 
brake drums. 

Dealing with the resistance gear first, the brake 
drums, 7 ft. in diameter, are illustrated by Figs. 690 
to 692, on Plate LIT. The drum is of cast steel and is 
mounted on a vertical stub shaft 10} in. in diameter, 
The latter is fixed in a steel casting embedded as 
shown in Fig. 690, in the concrete, the drum being 
held down by a cap and cotter; a bronze washer is 
placed between the cap and drum. The periphery 
of the drum is a smooth foundry finish, the lower 
flange being grooved to take the end of the rope. 
The latter is clamped to the drum by twelve {-in. 
L-shaped bolts passing through any of sixteen pairs 
of holes in the drum and flange, as in Fig. 692. 

The chief feature of the brake drums is the friction 
brake arranged between its lower face and the upper 
surface of the base casting. This consists of three 
cast iron sliding rings, 1} in. thick, two of 5ft.4in., 
and one of 5 ft. 2in. internal, and two of 6 ft. 10 in., 
and one of 6 ft. 8 in., external diameter. The outer 
edges of the upper and lower rings are cut back for a 
depth of 1 in. and length of 7 in. at eight points 
equally spaced round the circumference, the middle 
ring being similarly treated on the inside edge. Shoes 
fixed to the base casting and drum, respectively, 





At the Welland Ship Canal another form of 


fit into these recesses, resulting in the middle ring 
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being held stationary by the base, while the upper 
and lower rings can revolve with the drum, all being 
free to move slightly vertically. Loose rings, $ in. 
thick, of graphite-bronze are provided between the 
faces of the cast iron rings and between the bottom 
ring and the base casting, to prevent the parts rust- 
ing together. In order to develop the necessary fric- 
tional resistance, pressure is exerted on the top ring 
by 24 coil springs as indicated in the drawings. 
These are of 6} in. outside diameter, made of 1} in. 
round bar. They are carried in two cups, of which 
the upper is adjustable, in order that the required 
resistance may be assured. It was intended that 
setting the springs to exert a force of 6,950 lb. each, 
should produce the resistance necessary with the 
conditions implied by the design. 

Passing now to the bollards, these are shown in 
Figs. 693 to 696. They are annular steel castings, 
7 ft. 4in. in diameter on the face, which has a height 
of 12in.; in this is cut a single helical groove to 
give a fair run to the rope. The bollard is filled 
with, and embedded in, the concrete by a vertical 
flange 9-in. deep, and is held down by six 2-in. 
foundation bolts extending into the mass concrete 
to a depth of 5ft. A normal section is given in Fig. 
695, while Fig. 696 is a section where the rope is led 
off and the casting is stiffened underneath with 
extra ribbing. The bollard head is concrete moulded 
to shape. In the case of the twin locks centre 
wall bollards, a single bollard serves for the two 
ropes of adjacent fenders. The quadrant castings 
on the coupling side of the lock are illustrated by 
Figs. 697 to 700. From the end nearest the bollard, 
where the groove is just large enough to fit the rope, 
these guides expand so that at the wall side the top 
and bottom guide flanges are 2 ft. apart as in Fig. 
698. Only one quadrant casting, right or left hand, 
is provided for each position, on the side, of course, 
towards the gate. The quadrants are of cast steel 
and are set slightly below the coping level and 
slightly back, as in Fig. 698, from the face. They are 
held down by four 2-in. bolts. The quadrant flange 
is backed by a single cored and ribbed web, set in 
the concrete, and shown in Fig. 697 and the sec- 
tions Figs. 699 and 700. The right-angled pro- 
jection, shown in Fig. 697 is a ribbed lug provided 
to support the coping guard casting, here of 
special form, as it embodies guides for the point 
of the boom. It will be noticed that the quad- 
rant face is shown flattened in the middle, in 
Fig. 697. This departure from the true are is 
adopted in order that the rope coupling may readily 
clear the quadrant when the fender is struck by a 
vessel. On the side of the lock on which the operat- 
ing gear is situated, the quadrant is a true circular 
are of 4 ft. 11} in. radius, and forms part of the 
base casting of the boom operating machinery on 
this side. 

The moving part of the fender gear is well illus- 
trated in Figs. 688 and 689, on Plate LI. These views 
were taken in the maker’s erecting shop. The first 
shows on the right behind the rolling segment, 
the casing of the operating machine, while the second 
is a view with the casing removed. Another view 
giving an excellent idea of the gear is Fig. 715, on 
Plate LITT, showing the fender above Lock No. 1 in 
the half raised position. Fig. 716 on the same plate 
shows the same fender in position across the lock 
chamber, the rolling segment and operating machine 
being on the far side. 

The light boom to which the fender rope is attached, 
and which is used to raise the rope clear of the 
fairway is shown in Fig.701. It is 83 ft. 7 in. long, 
3 ft. 6 in. deep by 3 ft. wide at the butt and 1 ft. 
deep by 10} in. wide at the point. It is constructed 
of four corner angles and lattice bars, the scantlings 
being reduced from one end to the other, in sections 
connected with splice and cover plates. To this boom 
the rope is suspended by a number of light brackets 
and bolts. At the butt end, the boom is provided 
with a large rolling segment, to which it is fixed 
by two 3-in. bolts above, and two 1}-in. bolts on 
the under side. These bolts are turned with grooves 


so that they will act as shearing members and fail 
before damage can occur to other parts of the rolling 
segment gear. The rolling lift segment is illustrated 
in Figs. 702 to 704 and 708. It consists of two steel 
castings bolted together on the centre line of the 
boom, and struck to 6 ft. radius on the tread. 


It is 


9 ft. wide from centre to centre of the tracks on 
which it rolls. The tracks, 12 ft. long, are laid on 
castings set in the concrete. Each consists of a 
continuous rail of 3-in tread, with a rack rail out- 
side. The latter is formed with teeth at 12 in. 
pitch and 33 in high. A corresponding rack quad- 
rant is bolted to the outside of the segment casting. 
Details of the track and toothed quadrant are given 
in Figs. 708 to 710. The track and toothed quadrant 
are provided in order to prevent the boom slewing 
out of line during its movement, so that the point 
shall fall into the guide casting on the opposite side 
of the lock when being lowered. 

The segment casting is cut away in the middle on 
the under side, as shown in Fig. 702, to make room 
for a 7-ft. 5}-in. crank arm to be seen in Fig. 706, 
The latter is coupled up to the operating machine 
by a shaft passing under the tracks. The upper end 
of the crank is pinned to a 2-ft. link, in turn con- 
nected with the rolling segment centre, as in Fig. 706. 
The crank arm is operated by the gear shown in 
Figs. 705 and 707, housed alongside the rolling seg- 
ment and track. The shaft, on which the boom 
operating arm is keyed, is fitted at its other extremity 
with the gear quadrant shown in Fig. 705. This is 
driven through a train of gears consisting of three 
speed reductions and worm gear, by a 50-h.p. motor 
running at 580 r.p.m. The pinion on the worm 
wheel shaft has 14 teeth, its corresponding gear 
75 teeth, the next pinion and gear having 14 and 
85 teeth, respectively. The last pinion having 14 stub 
teeth, is of 14} in. face, and 21 in. pitch diameter, 
while the gear quadrant is of 673-in. pitch radius with 
90 teeth to the complete circle. The worm gear 
is similar to the reduction gear used for the valves of 
the Supply Weir, already described. A slip friction 
arrangement is provided in the 75-tooth spur gear to 
prevent damage by unforeseen obstruction to move- 
ment. This slip friction consists of a friction band 
and gear ring carried by spiders, on the lines de- 
scribed in detail previously. A limit switch is driven 
by bevels off the second spur reduction shaft, and 
cuts the motor out at both ends of the segment 
travel. The back of the rolling segment is weighted 
with extra heavy concrete, loaded with steel punch- 
ings for the purpose of obtaining great density. 
This results in concrete weighing about 295 lb. per 
cub. ft. 

We may refer now to the coupling which is 
effected on the opposite side of the lock, when the 
boom is lowered, and the end drops into the flared 
jaws of a special coping casting, already referred to, 
which guide it at the end of its movement. This 
casting is shown in plan in Fig. 713 and cross 
section in Fig. 714. The end of the boom shown to 
the right of Fig. 701, is provided with a swinging 
block fitted with a large eye, the rope being socketed 
in this block. Fins on the slot in the coping casting 
ensure correct alignment of the eye of this block, in 
the last few inches of its downward movement, with 
a double eye socket held in position as shown in 
Figs. 711 and 712, at the end of the bed of the 
machine illustrated in Figs. 722 to 725, page 776. 
The socket at the end of the boom is well seen in 
Fig. 715, on Plate LIII, and the other part of the 
coupling in the fore-ground in Fig. 716. 

In the drawings of the machine and coupling, 
the boom eye is shown at d and the double eye at e. 
It should be mentioned that the double eye socket 
is held on its seat by small shearing bolts intended 
to fail under light stress (see Fig. 712). The machine 
adjoining performs the actual coupling (or uncoup- 
ling) by means of a 6-in. pin, which is inserted or 
withdrawn from the coupling as required. The pin 
is worked to and fro by a rack shown in elevation 
in Fig. 723, and in section in Fig. 722. The rack 
is driven by an electric motor of 1-h.p. capacity. 
The transmission is first by worm drive and then by 
pinion and spur, to the pinion and rack. A friction 
drive is inserted at the first pinion driven off the 
worm wheel. This pinion is annular and is mounted 
on a centre carried by the shaft. A heavy spring 
exerts pressure sideways, gripping the pinion ring 
between a washer and a flange on the centre, as 
shown in Fig. 724. This friction drive is intended 
to slip when the motor is overloaded 50 per cent., and 
stall the motor after slipping enough to dissipate 
the kinetic energy of the rotor. Inserted in the drive 
between the last spur and the rack pinion is a differ- 
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ential shown in Fig. 722. This consists of a worm 
wheel fitted in its centre with three radial bevels. 
These mesh with a pair of bevels, the one on the 
spur wheel centre and the other keyed to the rack 
pinion shaft. The worm wheel engages with a 
vertical worm, to be seen in Fig. 725, which can be 
turned by hand, for operating the rack in case 
of emergency. Under such conditions the solenoid 
brake of the motor keeps the train of gears station- 
ary. Normally the worm is prevented from turning 
by the squared end of its spindle being held in a 
cap screwed down to the machine pit cover. Many 
of the features of the drive will be seen in Fig. 728, 
a view of one of the units in the builders’ shops. 

The coupling arrangement is designed with a 
view to the pin first being pushed forward through 
the coupling eyes, and then locked by being given 
a quarter turn. In uncoupling, the process is 
reversed. The rear end of the rack bar, on which 
the rack is cut, is 5 in. square in section, with 
machined faces, sliding in guides. Forward of this 
length of 20 in. is a second part 20 in. long, plain 
turned to 5 in. diameter, and fitting in a packed 
gland-type guide. Forward of this again the bar 
is extended for another 8} in. This length is cut 
with four shallow threads 2 in. wide, and of 18 in. 
lead. These threads engage with a screwed plunger, 
84 in. in external diameter and 13} in. long. This 
plunger, illustrated in Figs. 726 and 727, page 776, 
can move in a cylindrical guide 24 in. long, and 
has attached to it at its outer end the coupling 
pin proper, by means of a flange. The coupling 
pin is 6 in. in diameter and 13 in. long. In the 
operation of coupling, the rack bar is first fed 
forward. and carries the plunger and pin with it. 
At the end of the plunger stroke, which is limited 
by a flange on the pin making contact with the 
coupling, the quick pitch screws come into action, 
and as the rack bar is still fed forward the plunger 
is forced to turn circumferentially. This action 
causes a locking flange on the pin end, after passing 
through slots in the eye, to turn through 90 deg. 
so that the flange engages with flanges on the 
coupling, thus making it impossible to withdraw 
the pin. The plunger it should be mentioned, is 
prevented from turning by a feather key moving 
in guides for the first part of the movement, when 
coupling. At the end of its longitudinal travel, 
however, this restraint is removed and the plunger 
is free to turn. A shoulder on the plunger then 
comes up against the end of the key and prevents 
longitudinal movement. ‘The slots for this feather 
are to be seen in Figs. 726 and 727. 

In the reverse operation the plunger has to be 
turned through 90 deg. before the pin can be 
unlocked for longitudinal movement. This, of 
course, is again effected by the action of the quick 
pitch screws. 

In operation, supposing the fender to be in 
position protecting its gates, a remote control 
switch is thrown over into the position for raising 
the fender. The sequence is then as follows: 
A contactor on the control board is closed, and the 
pin-operating motor is started up in the direction 
for withdrawing the pin. As soon as the unlocking 
movement is complete, this pin will be drawn back 
until the motor is stopped by its limit switch. 
At this moment the control circuit of the boom 
motor is closed automatically, and this is started 
up. When the boom is in its fully-raised position 
its limit switch cuts out the motor. For lowering, 
when the remote control switch is put over to the 
lowering position, the operations follow automatic- 
ally in the reverse order, ending with the coupling 
pin motor being cut out by its limit switch. 

The counterweight consists of weighted concrete 
in the proportions of 2 c.ft. of steel punchings, § c.ft. 
of damp sand, one sack of cement. This produces 
concrete of a weight of 295 Ib. per cubic foot. As a 
matter of fact the counterweight as shown in the 
illustrations so far referred to, has not proved heavy 
enough to work the boom in the manner originally 
intended, i.e., under conditions requiring a positive 
torque to lift and also to lower, and in the first 
machine made the boom overhauled the motor 
when lowering. For this reason, the counterweight 
is being increased by being modified in all cases to the 
form shown in Fig. 729 and 730, while a mechanical 
brake is also being introduced acting only in the 
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ROPE FENDER GEAR FOR WELLAND SHIP CANAL LOCKS. 


(For Description, see Page 766.) 
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R WILLAND SHIP CANAL LOCKS. 


i Descripty. see Page 766.) 
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lowering direction, as a safeguard against the | The resisting power of the brake drums was 


motor equipment failing. 

Two further features demand notice. In the 
first place, it will be obvious that when the rope 
has been paid out under tension, some means must 
be provided for returning it to the brake drums 
for further eventualities. This overhauling is 
performed by hand, by means of two 10-ton jacks. 
The upper flange of the brake drum is cut with 
teeth as shown in Figs. 690 and 691. Clamped 
against these is a toothed segment connected by 





a pin to a link, as shown in Fig. 731, on page 776. 
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tested at the contractor’s works by fixing a brake, 
bollard and quadrant upon a large concrete 
foundation block in the relative positions occupied 
at the locks. A temporary cable was attached to 
the drum, passed round the bollard and 50 deg. 
quadrant and attached to a beam. A second beam 
was anchored down to the foundation at a distance 
of several feet, and two series of 
four pulleys were attached to each. 
Two ropes passed round the pulleys 
in two groups were led off to a 
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Fig. 721. 
The other end of the link is coupled to the nut of 
a horizontal ratchet screw-jack fixed to the side 
of the pit. When the jack has reached the end of 
its travel the segment is unclamped, the jack 
worked back and the segment clamped in a fresh 
position. The two jacks are re-set alternately, 
one holding the cable while the position of the 
other is being changed. 

In order to make it easier to revolve the drum 
under these conditions it can be slightly lifted on 
its centre pin by means of a yoke and screws, 
8o as to release the friction discs. 

In the second place, for the fender to be effective 
there must be no slack in the rope at any time. 
On the coupling side of the lock the above-described 
winding gear suffices to ensure this, the cable being 
drawn in so that the socket is pulled home on its 
seat. On the other side, however, the lifting 
boom introduces a complication. On this side, 
therefore, iron wedges, shown in Figs. 693 and 
693a, are provided by which the rope can be jammed 
in the rope slot between the boom and the bollard, 
so as to prevent the rope being hauled in too far. 
If the rope is drawn out, on being struck by a vessel, 
the wedges are immediately loosened and drop clear. 


SAMPLE OF Rope TESTED TO DESTRUCTION. 


locomotive which exerted a pull through this sixteen 
part tackle sufficient to test the fender to the desired 
load. The figure desired was 200 tons on the wire 
rope measured by dynamometer, with a minimum 
of 160 tons. The speed of the test was specified 
at 1 ft. per second rope movement, the required 
test distance being 10 ft. All brake drums were 
tested in this way, in order to set the friction 
dise springs. 

Fig. 717, on Plate LIII shows a bollard (in the fore- 
| ground) and a brake drum in position in the pit in 
| the lock side, while Fig. 718 shows the gear as laid 

out for the resistance tests. The locomotive exert- 
ing the necessary pull on the pulley frame may be 
seen in the distance on the extreme left. In the 
near right hand corner is the bollard casting, not, 
however, completed with its concrete filling and 
head. In order to set the spring to the load required 
to give the proper resistance an arrangement was 
| devised for screwing down all springs uniformly. A 
pinion was mounted upon each spring adjusting 
'screw, and a large internal gear was mounted 
so as to mesh with all of these pinions. As the 
drum revolved in the test while the rope was being 
pulled out, all the screws were uniformly screwed 
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down, and the load was thus gradually increased 
until the dynamometer gave the desired reading. 
With two locomotives and the rope being pulled out 
at the rate of 1 mile per hour the brake was found to 
develop the desired 200 tons resistance satisfactorily. 

Figs. 719 and 720, on this page, give curves showing 
the stopping power of the gear. These curves 
show the relation between the distance travelled 
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asxcis of Lock after striking 


“ENGINBERING™ 


20 


by vessels after striking the fender gear for various 
tonnages and speeds, and the length of rope pulled 
out (i.e., the sum of the length on the two sides) 
and the resultant stress in the rope. Fig. 721 shows 
a sample piece of the rope, after testing to destruction 
at the works of Messrs. John A. Roebling, Sons, 
Co. Trenton, N.J., the load at which failure occurred 
being 940,000 Ib. 








AMERICAN SOCIETY OF NAVAL 
ARCHITECTS AND MARINE EN- 
GINEERS. 

Tue American Society of Naval Architects and 
Marine Engineers, which every year makes fresh contri- 
butions to the stock of knowledge, held its thirty-eighth 
annual meeting in New York on November 13 and 14, 
some 14 papers being read and discussed. We give 
below summariés, as hitherto, of a selection of the 
papers dealt with at the meeting. 

CRUISER CONSTRUCTION. 

A paper entitled ‘‘ The 10,000-ton Treaty Cruisers, 
with Particular Reference to the Salt Lake City and 
Pensacola,” presented by Rear-Admiral George H. 
Rock, afforded some information regarding the methods 
of weight-saving which have been adopted in the United 
States Navy. Salt Lake City and Pensacola were 
designed in 1925. Others were designed later, but defi- 
nite information of their performance could not be made 
available until exhaustive trials had been carried out. 
The limit of displacement was defined as being that 
of the ship complete and ready for sea, with stores and 
ammunition aboard, but without fuel and reserve feed 
water. Instead of settling first the desired qualities of 
a ship, and designing to obtain them, with the accept- 
ance of the weights involved, the designer had to deal 
with the subject from the standpoint of resulting total 
displacement. Design was measured in terms of 
military effectiveness, which meant seaworthiness, gun 
power, protection, speed and cruising radius, and 
every pound of weight put into the non-military parts 
of the vessel beyond that necessary to meet the military 
characteristics was wasted. It was imperative that 
the ships should not finish over weight, as it would 
violate a provision of the Treaty, and was therefore 
inadmissible. Weight might have to be removed to 
bring down the displacement to the standard, but 
would be both difficult and costly. 

The general characteristics for the ships called for 
a battery of ten 8-in. guns and four 5-in. guns, a speed 
of 32-5 knots, aeroplane accommodation for four 
machines and two catapults, and ample protection, 
which presented the most difficult problem. In 
designing the principal structure of the ships, the 
scantlings were cut down to what was felt to be the 
minimum consistent with longitudinal and _ local 
strength. High-tensile or special treatment steel was 
used generally for the main strength members through- 
out the upper two strakes of the shell, and in the plating 





of the main and second decks. The calculated stresses 
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in the design, with the ship on the crest of a standard 
wave under fully-loaded conditions, were 10-80 tons 
per square inch tension in the deck, and 8-04 tons per 
square inch compression in the keel. The ships were 
585 ft. 6 in. in length overall, 570 ft. length on the water- 
line, had a beam of 65 ft. 3 in., and a draught of 
19 ft. 64in. They had flush main decks with marked 
sheer forward, and the underwater lines showed a 
decided bulbous forefoot and a V-type stern. The 
vessels had propulsive machinery of 107,000 h.p., 
divided between two engine rooms and two boiler 
rooms, to increase the protection against complete 
disablement. Screw-type steering gears, with hydraulic 
operation, were employed, and hydraulic windlasses 
were installed. A boom mounted on a rotating plat- 
form was provided for handling aeroplanes on either 
side of each vessel. 

Although welding was not employed throughout: the 
ship structure as a whole, it was used wherever 
local strength was requisite, and for the attachment 
of fittings. All seams and butts of the superstructure 
deck, platform decks, upper platforms and deckhouses 
were welded. A statement in the specification read 
“in general, welding will be permitted on all founda- 
tions, stowages, clips, fittings, &c., throughout the 
ship, provided final weight is equal or less, and strength 
is equal or greater than that secured by riveting, a 
forging or a casting.’ Chairs, bunks, mess-tables, 
desks and lockers were made of aluminium alloy. The 
same material was used for airport frames and the 
blast covers of airports on and above the second deck, 
as well as for ladder treads and the bedplates of such 
auxiliary plant as was not subjected to shock. Insula- 
tion material was inserted between the surfaces of 
dissimilar metals. As a means of saving weight, a 








margin of 100 tons, based upon design calculations, 
was decided upon for each ship, and premiums were 
offered to the contractors for every ton saved below 
the margin and a penalty provided for every ton 
of excess. It was decided that the saving in weight 
by the use of aluminium paint in place of red lead as 
a steel preservative, and as the finishing coat in store- 
rooms and lower-deck spaces warranted its use. With 
the original margin taken into consideration, the vessels 
_finished approximately 900 tons under the allowed 
Treaty displacement of 10,000 tons. The Salt Lake 
City gave on trial a maximum speed of 32-78 knots 
at 372-06 r.p.m. and 107,746 s.h.p. Similar results 
were obtained with the Pensacola. Seaworthiness 
pane excellent, and indicated that the underwater 
orm decided upon from consideration of the relation- 
ship of speed and power had not interfered with the 
seagoing qualities. The drastic reduction of weight 
resulted in vibration at the after end of the vessels, 
which was found to be minimised by the introduction 
of additional local stiffening. The later ships had 
only nine 8-in. guns to save weight, and so permit the 
boiler-room spaces to be divided into four, instead of two, 
in order to increase the resistance to underwater attack. 
This reduction in weight also permitted the introduc- 
tion of increased protection. These ships were believed 
to have shown conclusively that with careful design, 
war vessels could be built with limited displacement, 
and yet have good military qualities. 


Sure DesiaN ror Easy OPERATION. 





That ships should be designed to meet the economic 
requirements of trade, as well as the physical needs of | 
operation and service, was the contention of the three | 
authors of a paper entitled ‘Ship Design from the | 
Operator’s Point of View,’’ which was presented by | 
Mr. W. B. Ferguson, a consulting engineer, Mr. | 
Carl E. Petersen, a shipbuilder, and Mr. Harry E. | 
Stocker, the manager of a steamship company. Start- 
ing from the supposition that there was a need for 
freight vessels in the American merchant service | 
having a maintained speed of at least 15 knots to} 
supplement the existing slow cargo vessels, the authors | 
came to the conclusion that one of the most important | 
questions to be dealt with was the provision of adequate 
cargo-handling equipment. From the standpoint of 
operating costs, the experience gained with industrial 
works ashore had shown the great need for the com. | 
plete study of the handling of materials, and it was | 
thought that similar consideration should be devoted 
to the equipment of ships and piers. The winch had | 
probably received more attentior than any other part | 
of a ship’s auxiliary equipment, and standard units were | 
now available having speeds which tested the abilities 
of stevedores to utilise them fully. In every case, the | 
winch operator should have a clear view down the | 
hatch. When deck cargoes were carried, a raised | 
winch platform was essential. Economical handling of | 
cargo was obtained by the use of large hatches, because | 
the cargo was handled a shorter distance from the 
wings or sides of the holds to the hatch. Steel hatch 
covers were used on some coastwise ships and foreign- 
trade vessels, and their use was becoming more general. 
They had the advantages of easier handling, fireproof 
characteristics, safety, smaller maintenance expenses, 
greater seaworthiness, and simplicity of operation, 


which facilitated ventilation of holds at sea and quick 
closing in inclement weather. The use of side ports 
reduced the distance to be traversed by the cargo, 
and resulted in very great savings. Cargo could be 
handled through side ports by means of tractors, 
trailers, or conveyors. Side ports properly designed, 
built and maintained did not leak. 

Short booms, or a lack of a sufficient number of 
them, was a serious obstacle to economical cargo 
handling, and the prompt dispatch of ships. Booms 
should be 60 ft. to 70 ft. in length, to make possible 
the working of a second track alongside the ship. 
The greatest effect on a ship’s earnings throughout 
the year came from a quicker turn round, or the 
reduction of the number of days in port. By 
the increase of speed from 12 knots to 16 knots, the 
number of voyages was increased 16-4 per cent., but 
the return on the owner’s investment was shown to be 
reduced from 12-9 per cent. to 5-8 per cent. Similar 
calculations relating to a vessel of 12 knots showed 
that reducing the number of days in port by 30 per 
cent. meant increased profits to the owner. Actually, 
the return was calculated to be 26-3 per cent. With 
an increase of ship’s speed from 12 knots to 16 knots, 
and the same improvement in turn round as in 
the previous example, the return on owner’s capital, 
including the addition for improved facilities, would 
be 10-7 per cent. From these figures, the importance 
of cargo-handling facilities was obvious. 


SrRENGTH OF TRANS-ATLANTIC LINERS. 


In a paper entitled ‘‘ The S.S. Leviathan Damage, 
Repairs and Strength Analysis,’’ Mr. J. Lyell Wilson, 
the Assistant Chief Surveyor of the American Bureau 
of Shipping, referred to the fact that both the S.S. 
Majestic and the 8.8. Leviathan had sustained structural 
failures in the form of an almost complete fracture of the 
otrength deck in each case. In the case of the Majestic 
it appeared that the material of the hull was considered 
to be generally deficient in quality or quantity, for the 
method of repair involved complete doubling of the 
deck between the uptakes for about 100 ft. forward 
and the same distance aft of the fracture, in addition 
to the renewal of the damaged plates. At the time of 
these repairs the Leviathan was examined and disclosed 
small cracks, which it was thought could be prevented 
from extension by local repairs. Five years later, how- 
ever, in December, 1929, extensive doubling of plates 
and additional reinforcements were found to be neces- 
sary. In the case of the Leviathan the fractured area 
in all of the damages plates had a crystalline appearance, 
similar to that of a static failure in a coarse-grained 
brittle material, and it was interesting to note that a 
blow from a sledge hammer broke off the corner of one 
of the deck plates while it was being removed. No 
plastic deformation was in evidence, and, as the failure 
had obviously been progressive, it was strongly sus- 
pected as being a fatigue failure. Chemical analysis 
showed that the material was not at fault and the 
failure had to be accounted for through fatigue, due to 
errors of design and the proportioning of materials, 
resulting in a stress cycle just barely exceeding the 


| endurance limits of the steel. 


Usres oF ALUMINIUM IN SHIPBUILDING. 


In view of the extensive uses of aluminium in 
other industries, it was thought desirable by Mr. 
Paul V. Faragher to present a paper entitled ‘* Uses 
of Aluminium in Shipbuilding.” In this contribution 
he referred first to the use of aluminium in the yacht 
Defender, built in 1895, for the International Cup Races, 
where the metal was used for plating, deck angles and 
fittings above the water line. Small boats made of the 


| metal were constructed for the Wellman Arctic Expedi- 


tion, and several torpedo boats were made for the French 
Navy in which aluminium was used extensively. 


| To-day aluminium alloys were available in various 


forms in which other materials were produced. There 
were several alloys in commercial production, no two 
of which had identical combinations of qualities. 
Some were suitable for the production of castings, 
while others were of value only in the wrought 
form. Among the wrought materials there were many 
uses for the alloys which depended upon strain 
hardening as a means of developing the harder tempers. 
For general use on ship board, the alloy recommended 
contained 4-0 per cent. copper, 0-5 per cent. manganese 
and 0-5 per cent. magnesium. The troubles of corro- 
sion were overcome, it was claimed, by the insulation 
of the metal from others and by coating with paint. 
Cleansing prior to coating was imperative, sand blasting 
or scratch brushing being very satisfactory for heavy 
sections. For seaplane parts, the best results were 
obtained by anodic oxidation, using a solution of chromic 
acid as the electrolyte. ‘This gave an excellent surface 
for paint adherence. Aluminium paint, made by 
adding aluminium bronze powder to a suitable vehicle, 
such as an oil varnish, was found to be the most effec- 
tive coating. 

Apart from the use of aluminium alloys in new 
cruiser construction, already referred to in connection 


with Admiral Rock’s paper, aluminium had only found 
extensive use in flying-boat building. This year’s 
defender of the America Cup had an aluminium-alloy 
mast which, it was claimed, gave it an advantage over 
the challenger. The use of light alloys on ships had 
been a gradual development, each new application 
being based on a previous successful performance. 
While progress was slow, it was continuous. Results 
were accumulating and justified further extension of 
use. The future for structural applications of alu- 
minium alloys in marine construction, the author 
suggested, seemed to be definitely assured. 


GEARED TURBINES. 


A rather unusual type of paper was presented by 
Mr. C. R. Waller. It bore the title ‘‘ Modern Geared 
Turbines,”’ but dealt solely with those of the impulse 
type, and, in the main, consisted of a suggested speci- 
fication for a double-geared compound turbine propul- 
sion unit of the impulse type. In this he proposed a 
steam pressure at the turbine throttle of 400 lb. per 
square inch absolute and a temperature of 700 deg. F. 
The condenser was specified for installation below the 
low-pressure turbine. The old arrangement of top 
exhaust, with the condenser placed near the side of 
the hull of the ship, was regarded as requiring a large 
cumbersome exhaust connection with a loss of vacuum 
sufficient to warrant its elimination. The advantages 
of placing the condenser below the low-pressure turbine 
were thought to be so great as to more than counter- 
balance the additional cost of the reducing gear, which 
this arrangement involved. Amongst the clauses 
relating to rotors, the stipulations were made that the 
critical speed should not be less than 40 per cent. above 
the speed for normal rating, and that, when tested at 
15 per cent. above the speed for normal rating, the 
stresses in the discs and buckets should not exceed 
one-quarter of the elastic limit of the material used. 
The author asserted that with these limits many 
failures of wheels and blading would have been avoided. 
It was admitted that adherence to them put a limit 
upon maximum turbine efficiency, but it was thought 
that reliability and safety in operation were of more 
importance than the attainment of the utmost economy 
in steam consumption. In reference to the pinions of 
the gears, the author suggested the use of a double- 
annealed nickel steel containing 3$ per cent. nickel 
and 0-35 per cent. carbon. For the gear-wheel rims 
he suggested that a carbon steel, with 0-20 to 0-30 
carbon, normalised before use, had been found to 
meet all requirements. 


EXPERIMENTAL WORK. 


At the previous meeting of the Society, Mr. R. R. 
Adams contributed a paper with the title “‘ Model 
and Full-Size Tests of a Single-Screw Merchant 
Vessel,”’ to which a short reference was made in 
ENGINEERING, vol. cxxix, page 263, (1930). Com- 
parison showed that the shaft horse-power necessary 
for the maintenance of a specified speed was 22 
per cent. to 25 per cent. greater than that determined 
from the model tests. The author has continued his 
investigations to find the reasons for the discrepancy, and 
gave the results in a paper entitled ‘‘ Thrust Measure- 
ments on the S.S. Clairton.” The further work showed 
that the performance of the ship’s propeller fell between 
those of a smooth and a roughened propeller. The 
efiiciences worked out at 50 per cent. to 53 per cent., 
as against 60 per cent. obtained with the clean model. 
It was suggested that the results might render it 
necessary to consider the wisdom of using carefully 
finished white-metal model propellers in the Washington 
tank experiments. Until a greater degree of smoothness 
was attainable in ship propellers, it was suggested that 
a metal and a degree of finish more nearly comparable 
with those of actual propellers should be adopted. 

Professor Edward M. Bragg gave a paper entitled 
‘* Results of Experiments upon Bulbous Bows,” in which 
he described the experiments made with a number of 
models at the University of Michigan Naval Tank. In 
these models, the after body and the load water-line 
shapes were identical, and the shape above the load 
water line was practically identical. The bulbs were 
obtained by taking displacement towards the bow from 
immediately forward of the ’midship section. The 
results showed variations, but the author concluded 
that the problem of selecting the proper form of hull 
for a given set of conditions was not likely to be 


simplified by the experiments. 








Royat Instrrution.—The Royal Institution has 
received an intimation from the Pilgrim Trust that the 
Trustees have allocated the sum of 16,0001. to meet the 
deficiency on the fund for the reconstruction of the 
Institution. The Trustees state that, in making this 
grant, they had regard to the distinguished scientific 
services rendered to the whole community by the Royal 
Institution for upwards of a century, and to the approach- 
ing Faraday celebrations. They were also not unmind- 





ful of the fact that the founder of the Royal Institution, 
| Count Rumford, was of American origin. 
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LABOUR NOTES. 


THE Engineering and Allied Employers’ National 
Federation have invited the executives of about 
50 trade unions with members employed in engineer- 
ing, to discuss wages and working conditions at a 
conference some time in January. 





According to the latest official report of the United 
Pattern Makers’ Association, the number of unem- 
ployed members of the organisation is now 2,168, 
and the total membership 11,284. On the instructions 
of the Executive Council, the general secretary gives 
a statement of the financial position of the Association 
showing the necessity of immediately increasing contri- 
butions. “The bold facts of our position are,” Mr. 
Findlay says, ‘“‘ that 21-75 per cent. of our working 
membership are unemployed—or, to put it in another 
way, rather more than one out of every five members 
is drawing unemployment benefit—entailing an ex- 
penditure of approximately 800]. weekly. Our other 
benefits require 410/., and on the top of that we have 
administrative expenses, which we may put at 190/., 
making a total weekly expenditure of 1,400. . . . 
The estimated income is 7001. per week, the difference 
between that and the expenditure being met from 
reserve balances which ought not to be used for current 
expenditure.” peed 

The Executive proposes an immediate increase of 
contributions of 6d. per week per ordinary member, 
and 3d. per week per trade protection member. That 
would add approximately 165/. per week to the in- 
come, and in order to find the remaining 5351. members 
are asked to vote for or against certain reductions of 
official salaries and allowances. The general secre- 
tary’s salary is to be reduced by ll. per week, the 
assistant general secretary’s salary by 15s. per week, 
and the district organisers’ salaries by 10s. per week. 
Delegation, district committee, branch officers’, branch 
secretaries’, branch treasurers’ and auditors’ fees are 
also to be reduced, executive council meetings are to 
be reduced from three to two per quarter, district 
committees are to meet not oftener than once a month, 
and branches are to consider amalgamation possi- 
bilities. It is proposed that these suggested altera- 
tions, on which branches are to vote at their last 
meetings in January, should continue in operation for 
six months, when the position will again be reviewed. 





Writing in the December issue of the Electrical 
Trades Journal, the organ of the Electrical Trades 
Union, J.R., says:—‘‘ There has been a decided 
increase in unemployment during the past month, 
and it has seriously affected our members in the 
engineering, shipbuilding, and iron and steel industries. 
Fortunately, it has not to any extent reached the 
electrical installation section. It is very unusual for 
a falling off in employment at this time of the year, 
especially in manufacturing, as there has generally 
been a rush to complete contracts before the end of the 
year.” 





In the course of some comments on the proposal of 
the British railway companies to reduce the war bonus 
of workers employed in railway workshops, J. R. 
says :—‘* One of the statements put forward on behalf 
of the railway companies was that salaries and wages 
had increased between 1913 and 1930 by no less than 
145 per cent. It can at once be stated that, so far as 
craftsmen in the railway workshops are concerned, 
this is 100 per cent. too much, as, taking the average 
pre-war wage at 36s. per week, the increase is only 
46 per cent., and in districts where pre-war wages were 
398s. per week, the percentage is still lower. The 
demand by the companies is most unreasonable.” 

Dealing with the same subject, the writer of the 
editorial notes in the December issue of the Amal- 
gamated Engineering Union’s Journal, takes exception 
to the plea that railway shopmen’s wages should be on 
a parity with those paid in general engineering. ‘* An 
examination of the existing agreements between our- 
selves and the employers will show,” he says, “ that 
the assumption that conditions in the two sections of 
the industry are comparable is fallacious. If shopmen 
were to suffer the reduction asked for by the railway 
companies, it would place skilled men in a position 
below that of men in general engineering. This 
suggests that a fitter, a turner, or a mechanic engaged 
in assembling a locomotive requires less skill and 
application than his brother doing similar work in an 
ordinary engineering shop. This, however, is not the 
case; the railway shop fitter, turner, or mechanic 
must display every bit as much skill in his work as the 
general engineer, and, on this ground alone, the claims 
of the companies are unjustified.” 





The Minister of Labour, in replying to a question in 
Parliament indicated the extent of the recent growth of 





unemployment in the shipbuilding and ship-repairing 
industries. The depression is common, Miss Bondfield 
stated, to all districts, but the North-East coast and 
Clydeside have suffered most severely. There were 
over 20,000 men out of work in the Clydeside area on 
November 24, nearly 16,000 on the Humber, Wear and 
Tees, and over 13,000 on Tyneside. The percentages of 
unemployed to insured persons in the industry in these 
districts were :—Clydeside, 47-2 ; Humber, Wear and 
Tees, 59-0; Tyneside, 42-8. Compared with a year 
previously, the numbers and percentages in these 
districts had practically doubled. 


A survey of industry with a view to ascertaining the 
extent of the shift of industrial population from 
depressed staple industries to new and expanding 
industries, has been initiated by the T.U.C. General 
Council. The object is to secure the more effective 
organisation of workers in the new industries. As a 
first step the Council propose something in the way 
of a census of new industries, and have asked the 
trades councils for their assistance in making the 
necessary inquiries. 

The Berlin correspondent of The Times states that 
according to the returns for the second fortnight of 
November, there were 3,762,000 persons registered at 
German labour exchanges as seeking employment on 
November 30. Of these, 1,788,000 were in recept of 
unemployment insurance relief and 566,000 of extended 
benefit. The Insurance Institute points out that, 
although the total figures are larger than last year, the 
increase, both actual and relative, during the fornight in 
question was smaller. 


The executives of the trade unions which have 
members employed in railway workshops are to meet 
in London on Monday, for the purpose of considering 
whether they should, or should not, consent to a 
reference, to the Industrial Court, of the wage reduction 
proposals of the railway companies. On Friday last 
week, a conference of representatives of the four railway 
companies and of the National Foremen’s Association, 
the Railway Supervisors and Foremen’s Association, 
and the National Association of Stationmasters, Agents 
and Yardmasters, discussed the proposals of the 
companies for modifications of rates of pay and con- 
ditions of service. A decision was deferred pending the 
result of the negotiations with the other unions and 
grades. PAS 

At a conference in London on Saturday last, 
called by the National Federation of Professional 
Workers, and attended by representatives of some 
40 organisations, the question was discussed of 
extending the salary limit for State insurance. One 
representative suggested that the salary limit should be 
raised from 2501. to 5001., another that the limit should 
be 3507. It was decided to set up a committee to 
consider the whole question of social insurance. Mr. 
G. Lathan, M.P., president of the Federation, said that 
the question was exercising the minds of a large number 
of non-manual workers. There were indications that 
Whitehall would be glad of a little assistance as to the 
views of non-manual workers. 





Miss Dorothy Evans, general secretary of the 
Association of Women Clerks and Secretaries, said that 
the question of adequate provision for old age was 
one which had not yet been dealt with, as far as the 
salaried worker was concerned. For all those whose 
incomes were above 250/., no State provision existed, 
and many whose incomes were below that limit were 
only inadequately provided for under the present 
scheme. After examining a number of schemes already 
in operation and comparing them with the advantages 
provided under the Contributory Pensions Act, they 
had to admit, she said, that, bearing in mind the 
contributions paid, there was no scheme in existence so 
satisfactory in respect of the aged worker as the 1925 
Act. In framing their scheme, which should be on a 
national basis, she would bring in all non-manual 
workers with an income of, say, from 150/. to 500/. 
or 6001. 





In accordance with past practice, the Boards of 
Extra-Mural Studies of the Universities of Oxford and 
Cambridge are again offering scholarships to adult 
students, to enable them to enter the Universities for a 
period of full-time study. ‘The persons selected for 
scholarships have been mostly men and women from 
University tutorial classes, University extension 
courses, educational settlements and the Labour 
colleges. The Trades Union Congress General Council 
are represented on the Boards and have for some years 
co-operated in the work. The scholarships offered 
by the Oxford Board are, as a rule, awarded for a 
period of two years, subject to review at the end of the 
first year, and the authorities hope to award three or 





four such scholarships in 1931. The Cambridge 
Board are offering several scholarships for the academi- 
cal year 1931-32, the value of which will cover all 
reasonable expenses of the successful candidates and 
relieve them of financial anxiety during the tenure of 
the scholarships. Applications have to be sent in on 
special forms, which are obtainable, in the case of 
Oxford, from the Secretary, the University Delegacy 
for Extra-Mural Studies, Rewley House, Wellington- 
square, Oxford, and in the case of Cambridge, from the 
Secretary, University of Cambridge Board of Extra- 
Mural Studies, Stuart House, Cambridge. Appli- 
cations should be made not later than February 1, 
1931. Za 

The report of the German General Confederation of 
Trade Unions, for 1929, states that the number of 
affiliated unions remained unchanged at 35, with a 
total membership of 4,906,228, of whom 722,892 were 
women and 218,405 young workers. In spite of the 
economic depression, membership showed an increase of 
252,642 ; of the new members 191,721 were men and 
10,462 women. The affiliated unions publish 81 trade 
union periodicals. The larger unions also have 
periodicals for young persons ; the total circulation of 
these is 260,000 copies. The aggregate circulation of all 
trade union periodicals is 6,100,000. Among the 
undertakings connected with the trade unions or in 
collaboration with them is the Workers’, Employees’ 
and Officials’ Bank, which, in 1929, made a profit of 
2,100,000 marks, an increase of 100 per cent. over the 
previous year. The Bank granted credits to State or 
local public institutions or municipalities, in the 
proportion of 65-60 per cent., as against 39-33 per cent. 
of credits granted to institutions of workers’ organisa- 
tions, especially for the purpose of financing under- 
takings engaged in the building trade. The Bank has 
200 branches in 125 German towns. 





At December 8, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,694,046 wholly unemployed, 509,086 temporarily 
stopped, and 103,830 normally in casual employment, 
making a total of 2,306,962. This was 1,323 more than 
a week before, and 997,458 more than a year before. 
Of the total number, 1,672,284 were men, 57,160 boys, 
529,584 women, and 47,934 girls. 


A resolution pledging resistance to the introduction 
of the ‘‘ more looms per weaver” system was passed 
at a meeting, last week-end, of the Burnley and District 
Weavers’ Association. It was moved by Mr. C. Speak, 
the secretary of the Bolton Weavers’ Association, who 
contended that the new wages list proposed by the 
employers would bring about a chaotic state of affairs 
in the cotton mills. Mr. A. Naismith, the general 
secretary of the Weavers’ Amalgamation, said that 
they were urging strong opposition to the employers’ 
proposals, because they firmly believed that the reduc- 
tion in production costs, which would be effected by 
the system, could not possibly save the industry from 
the ruin which confronted it. 





Although the position in South Wales may not 
inaccurately be described as delicate, it looks, at the 
time of writing, as if the fate of the “ spread-over ” 
will be decided by the Lancashire Miners’ Association. 
The Lancashire miners have, of course, already declared 
by ballot against the principle of the arrangement, 
but, the coalowners in the area having made certain 
‘* spread-over ’’ proposals, the matter has been referred 
to the National Board. The National Board met 
yesterday to consider the reference, and its decision 
is expected to be available to-morrow. The Lancashire 
vote will decide the Federation’s policy on the question 
of the ‘‘ spread over,” but official details of the vote, 
whichever way it has gone, are unlikely to be available 
before Wednesday next. 


Mr. Arthur Meighen, Prime Minister of Canada, in 
1920-21, recently told a gathering of Toronto business 
men that he regarded the six-hour day as inevitable. 
‘** Unless,” he added, ‘‘ inventive genius devises new 
services or industries to absorb the surplus of workers, 
the nations of the world will have to unite in a pact 
to reduce working hours.” A similar view was 
expressed by Senator A. C. Hardy, a leading Rotarian, 
who declared that he was convinced of the wisdom of 
the request of the labour movement for a reduced 
working day. 


STRUCTURAL STEEL IN SwiTZERLAND.—A confidential 
report on the market for structural steel in Switzerland 
has been prepared by the Department of Overseas Trade, 
35, Old Queen-street, London, 8S.W.1. United Kingdom 
firms can obtain a copy on application to the Department, 
at the address given above, quoting reference No. A.X. 
10,609. 
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CONSTRUCTED BY MESSRS. WAYGOOD-OTIS, LIMITED, ENGINEERS, LONDON. 


Fig.1. 


ELEVATION. SCREEN SHOWN AT TOP LANDING. 
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WALL. 


Tue demolition of certain buildings and the adap- 
tation of others to different uses has recently reduced 
the accommodation available in London for large public 
dinners and other similar functions. To compen- 
sate for this loss without considerable and costly 
extensions is a matter to which hotel and restaurant 
proprietors have had to direct their attention. The 
problem could, of course, be dealt with by permanently 
throwing two or more smaller suites into one. But these 
suites are also in great demand, and the solution might 
therefore be undesirable for economical reasons. One 
London restaurant, viz., tie Trocadero, has, however, 
adopted the expedient of erecting a movable screen, 
which enables two rooms of moderate size to be used 
either separately or together, depending on whether the 
screen is raised or lowered. To secure the necessary 
privacy under the former conditions, the screen is of 
solid and sound-proof construction, and its decoration, 
of course, corresponds with that used in the more per- 
manent part of the suites. The result is that to all but 
the most detailed inspection it is an ordinary wall. To 
build and ensure the easy and speedy movement of this 
screen gave rise to some interesting engineering pro- 
blems, perhaps the most difficult of which were imposed 
by the small space available, and we are indebted to 
Messrs. Waygood-Otis, Limited. 54, Fetter Lane, 
London, E.C.4, who were the contractors for the work, 
for the details given below of the manner in which it 
was actually carried out. 

An elevation and transverse section of the screen 
and its operating equipment are given in Figs. 1 and 
2, which show the wall in its upper and lower positions, 
respectively, while Fig. 3 is a plan view. The appear- 
ance of the screen will be gathered from Fig. 4, on the 
opposite page, in which it is seen partially raised. It 
will be observed, from Fig. 1, that the two rooms 
between which the screen is placed are on the second 
floor level, and that the screen itself is 66 ft. long by 
13 ft. high. It moves ata speed of 8 ft. per minute, 


MOVABLE SCREEN 





and its weight is 19 tons. It is built up of 7 in. 
by 4 in. steel joists, which are braced with angle 
iron, and of 12 in. by 4 in. channels at the top and 
bottom. The steel framework thus formed is filled 
in with timber braces, to the faces of which sheets of 
cork are secured. This cork is covered with a layer 
of Cabot quilting to prevent the transmission of sound, 
and, finally, the surface is finished off with wire mesh 
and plaster to which the fluted decorations have been 
attached. The top of the screen consists of a section of 
parquet flooring similar to that which is used in the 
rooms themselves. This, as indicated in Fig. 2, is 
attached to the steel frame through springs, which 
are in tension when the screen is in its lowest position, 
thus ensuring a good connection and exact levelling 
between it and the two sections of permanent flooring. 
When the screen is in its uppermost position, it protrudes 
a few inches through the ceiling, as is also indicated in 
Fig. 2, and when it is lowered the opening, which would 
otherwise be left in the ceiling, is closed by a spring 
flap. The narrow slots which in this position are 
left between the lower edges of the screen and the floor 
on each side are filled with lengths of rubber strip, 
which have, of course, to be removed before the screen 
is lowered. This militates against the transmission of 
sound through the floor. 

As will be seen by reference to Fig. 1, the screen 
is guided by two 5 in. by 3$-in. machined tee guide 
rails, and is carried on five steel screws. When the 
screen is lowered, these screws are encased in steel 
tubes which extend downwards below the ground floor. 
They have a vertical motion only, and are driven by 
worm gearing. The worm wheels of this gearing are 
arranged horizontally and are rotated by worms, which 
are connected together to the driving motor unit by 
Spicer shafts and universal joints to compensate for any 
variation in the heights or distances between centres. 
The nut driving the screw forms an integral part of 
the phosphor-bronze worm wheel, the thrust on which 
is taken bya ball-thrust bearing immersed in oil. The 
screw itself is lubricated by grease. The driving unit 
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consists of a 30-h.p. motor supplied with three-phase 
current at 400 volts, a motor-operated brake, and a 
vertical worm-gear reduction unit. Owing to the 
space conditions, the latter had to be ,placed out 
of line with the worm-gear screw units, and the 
corresponding section of shafting had to be arranged 
at an angle. 

The screen was erected on scaffolding in its upper 
position, the necessary steelwork for both it and the 
guides, as well as the other material required, being 
introduced through a temporary opening in an outer 
wall of the restaurant. The driving unit, screws, and 
shafting were separately installed in a special chamber 
formed under the first floor, and finally the screws were 
raised to take the weight of the screen. To ensure 
that the load should be equally distributed over the 
screws, the top of each was keyed to a flange drilled 
with a number of holes of equal pitch and was rotated 
until two of the holes coincided with two similar holes 
in the bottom channel of the screen. Where exact 
correspondence between the flange and the channel 
could not be obtained in this way, the coupling between 


| the Spicer shaft and the screw unit was disconnected, 


so that the worm could be rotated, and the screw 
was then raised the remaining distance. 

The small amount of headroom available, as indi- 
cated in Fig. 2, will be clearly appreciated from Fig. 5, 
which shows the driving unit in position. The screw 
units are slung from the steelwork of the floor imme- 
diately above them, so that the passage-way beneath 
the machinery chamber should not be obstructed with 
stanchions. 

The screen is operated by push-buttons, which are 
enclosed in a locked box on the wall of a service room 
adjacent to the screen, so that the motion of the latter 
can be kept under observation. Three operating push- 
buttons are provided, one each for the up and down 
movements, the third being an emergency button en- 
abling the screen to be stopped in any position should 
it be necessary. ‘Normally, the screen is stopped 
automatically by limit switches when it reaches its 
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Fig. 5. 


upper or lower position, but in case it should travel 
beyond its normal stops, final limit switches are 
opened, and these switches are set to operate in less 
than lin. of overrun. The control gear, which is 
visible in Fig. 5, comprises the necessary main and 
auxiliary contactors for operating the ‘motor and 
brake, the latter being spring actuated and electrically 
released by a small motor. In order to avoid any 
harshness of application, the movement of the brake- 
shoes is retarded by means of an air dashpot. To 
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ensure that operation shall not result in damage or 
accident, a complete series of interlocks is pro- 
vided. As will be seen from Fig. 4, there are two 
double doors in the screen. The lower hinges of these 
are provided with cam contacts, so that the screen 
cannot be lowered as long as these are the slightest 
amount ajar. When the screen is in its lower position, 
these doors can be opened for convenience of access 
to the different portions of the ground floor of the 
restaurant, and the fact that they are open is then 





indicated by the lighting up of a red lamp on the 
control box. The space into which the screen is lowered 
is closed by doors and a rolling shutter, all of which 
must be shut before the screen can be raised or lowered. 
Finally, the openings in the permanent walls on the 
second floor, which have been made to contain the 
guides on which the screen runs, are fitted with sliding 
doors, which have to be pulled across by hand when 
the screen is lowered. Before the screen can be raised 
again, however, they must be pushed right back and 
locked with shooting bolts, which engage with inter- 
locks. 

The upper part of the glass flutings which are used 
to decorate the screen are lighted by means of lamps 
concealed in special glass fittings. These lamps are 
fed from sockets on the permanent walls, connection 
being made to similar sockets on the screen itself 
by flexible conductors. These conductors must be 
removed before the screen is lowered. 








BritIsH STANDARD SPECIFICATION FOR ‘TUNGSTEN 
Lamps.—The 1930 revised edition of the British Standard 
Specification for tungsten-filament electric lamps, No. 161, 
again marks a very considerable advance over the edition 
it supersedes, viz., that of December, 1928. The rapid 
improvement in manufacture in the last two years 
enables the specification to provide that lamps shall give 
a better light output without reduction in the minimum 
average life (1,000 hours). Gas-filled lamps, up to and 
including the 100-watt size, are now standard only with 
internally-frosted bulbs, the light absorption being so 
small that the figures for the light output remain the 
same whether the bulbs are internally frosted or clear. 
It is hoped that the standardisation of the inside frosted 
lamp will minimise the use of clear-bulb lamps in positions 
in which the glare of the naked filament is harmful. 
The schedules have been simplified and improved. The 
normal lighting lamps, whether vacuum or gasfilled, 
appear in one schedule. In addition, the specification 
provides that the maintenance of light throughout life 
shall be better than formerly. For example, the new 
specification provides that the average light output, 
throughout the life of the 40-watt lamp, shall be at least 
90 per cent., as against 85 per cent. in the old specification. 
The conditions of testing have been simplified, and 
alternative methods of life testing are suggested. The 
British Standard lamp specification is in almost universal 
use in Great Britain, and it is interesting to note that 
it is adopted as standard in many countries outside 
England. The specification is among the most stringent 
lamp specifications in the world. Copies of the publica- 
tion, No. 161—1930, may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
8.W.1, price 2s. 2d., post free. 
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LAUNCHES AND TRIAL TRIPS. 


‘“* POLARTANK.”’ — Single-screw oil-tank motorship ; 
four-cylinder, two-cycle, opposed-piston, airless-injection 
Barclay Curle-Doxford oil engine. Trial trip, Novem- 
ber 18. Main dimensions, 420 ft. by 58 ft. 6 in. by 
32 ft. 3 in. Built for the Norwegian firm, Messrs. 
Hvalfangerselskapet Polaris A/S, by Messrs. Barclay, 
Curle and Company, Limited, Glasgow. 

* Skoraas.’’—Twin-screw oil-tank motorship; four- 
cycle, single-acting Diesel engines manufactured, and to 
be installed, at Gothenburg, by Messrs. Aktiebolaget 
G6taverken. Launch, November 18. Main dimensions, 
449 ft. 10 in. by 59 ft. by 38 ft. 6 in. Built by 
Messrs. Caledon Shipbuilding and Engineering Company, 
Limited, Dundee, for Messrs. Aktiebolaget Gdtaverken, 
Gothenburg, Sweden. 

‘* BriTIsH SPLENDOUR.’’—Single-screw oil-tank motor- 
ship ; four-cylinder, opposed-piston oil engine, supplied 
by Messrs. W. Doxford and Sons, Limited, Sunderland. 
Launch, November 20. Main dimensions, 456 ft. by 
59 ft. 3 in. by 33 ft. Built by Messrs. Palmers Ship- 
building and Iron Company, Limited, Hebburn-on-Tyne, 
for Messrs. British Tanker Company, Limited, London. 

‘“San Mateo.’’—Single-screw cargo steamer; four- 
cylinder, triple-expansion engine. Launch, November 20. 
Main dimensions, 430 ft. by 57 ft. by 37 ft. 6in. Built 
by Messrs. Harland and Wolff, Limited, Belfast, for La 
Compagnie Générale Transatlantique, Paris. 

‘* Lonp BEA VERBROOK.”’—Steel screw trawler. Launch, 
November 20. Main dimensions, 150 ft. by 25 ft. 6 in. 
by 14 ft. Built by Messrs. Cochrane and Sons, Limited, 
Selby, for owners at Hull. 

‘* Norsris.”’—Single-screw oil-tank motorship ;_ two- 
stroke Wallsend-Sulzer Diesel engine supplied by Messrs. 
Wallsend Slipway and Engineering Company, Limited. 
Trial trip, November 20. Main dimensions: length, 
475 ft.; beam, 59 ft. 6 in. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne, for Messrs. Hvalfanger A/S Sydhavet, Sande- 
fjord, Norway. 

‘* LEIESTEN.’’—Single-screw oil-tank motorship ; six- 
cylinder, single-acting, two-cycle Armstrong-Sulzer 
Diesel engine. Trial trip, November 20. Main dimen- 
sions: length, 408 ft. ; breadth, 54 ft. 9 in. ; deadweight 
carrying capacity, 9,000 tons. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company (Ship- 
builders) Limited, Newcastle-upon-Tyne, for Messrs. 
Skibsaktie Selskapet ‘‘ Leisten,”” Tonsberg, Norway. 

** SoupAN.”’—Single-screw cargo steamer ; quadruple- 
expansion engine with Bauer-Wach exhaust turbine plant. 
Launch, November 24. Main dimensions, 458 ft. by 
60 ft. 6 in. by 40 ft. 9 in. Built by Messrs. Barclay, 
Curle and Company, Limited, Clydeholm, for Messrs. 
Peninsular and Oriental Steam Navigation Company. 

* Gyure.”’—Single-screw oil-tank motorship;  six- 
cylinder, single-acting, two-cycle Armstrong-Sulzer 
Diesel engine. Trial trip, November 24. Main dimen- 
sions: length, 408 ft.; beam, 54 ft. 9 in. ; deadweight 
carrying capacity, 9,000 tons on draught of 26 ft. 
Built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company (Shipbuilders) Limited, Walker-on-Tyne, for 
Messrs. Eiv Evensen and Company, Oslo, Norway. 

‘*Sveve.’’—Single-screw  oil-tank motorship; _ six- 
cylinder Wallsend-Sulzer type Diesel engine. Trial 
trip, November 26. Main dimensions: length, 435 ft. ; 
breadth, 57 ft. 6 in.; deadweight carrying capacity, 
9,500 tons. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for Messrs. 
A/S D/S *‘ Atlantic,”’ Bergen, Norway. 

** ArriLa.’’—Single-screw oil-tank motorship; eight- 
cylinder, single-acting, two-cycle Armstrong-Sulzer Diesel 
engine, Trial trip, November 26. Main dimensions, 
length 476 ft., breadth 59 ft. 7 in., deadweight carrying 
capacity 11,000 tons. Built by Messrs. Sir W. G. Arm- 
strong, Whitworth and Company (Shipbuilders) Limited, 
Walker-on-Tyne, for Mr, A, Jakhelln, Oslo, Norway. 

* CALpER.”’-—-Single-screw cargo and horse-carrying 

steamer ; triple-expansion engine. Trial trip, November 
27. Main dimensions: 240 ft. by 34 ft. by 16 ft. 4 in. 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, ta the order cf The London, Midland and 
Scottish Railway Company tor the Goole and Continental 
services. 
TosaGo.’’—-Twin-screw passenger and cargo steamer. 
Trial trip, November 28. Main dimensions: 150 ft. by 
29 ft. by 12 ft. Built by Messrs. John I. Thornycroft 
and Company, Limited, Woolston, to the order of the 
Crown Agents for the Colonies, for service between the 
Islands of Trinidad and Tobago. 

‘** CAMERATA,”’—Single-screw cargo steamer; triple 
expansion engine. Launch, December 4. Main dimen- 
sions, 408 ft. by 53 ft. 9 in. by 29 ft. Built by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields, for Messrs. F. C. Strick end Company, Limited, 
London. 

* Harpa.”’—Twin-serew oil-tank motorship ; six-cylin- 
der single-acting Diesel engines. Launch, December 5, 
Main dimensions, 316 ft. by 50 ft. by 19 ft. 3 in. Built 
by Messrs. R. & W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, for Messrs. The Anglo- 
Saxon Petroleum Company, Limited, London. 


on 


PERSONAL.—Messrs. Dr. Gaspary and Company, of 
Markranstidt, near Leipzig, has been formed into a limited 
company (Aktiengesellschaft) with a capital of 400,000/. 
The firm’s special lines of manufacture, covering sand 
and rock preparing machinery for the artificial stone 
industry and hydraulic presses, -will be extended and 
improved, 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possession and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pumps.—The supply and delivery of three centrifugal 
pumps for sea water, driven by electric motors, through 
flexible couplings, together with starters, sluice valves, 
reflex and non-return valves. The pumps are to deliver 
2,800 gallons, 1,800 gallons, and 1,800 gallons per 
minute, respectively. Two motor-driven centrifugal 
sump drainage pumps, each unit having a capacity of 
200 gallons per minute, are also required. Municipality 
of Port Elizabeth, South Africa; January 8, 1931. 
(Ref. No. A.X. 10,634.) 

Waterworks Plant.—The supply and installation of 
waterworks plant, comprising belt-driven centrifugal 
pumps, filters, aluminium-sulphate and _ chlorinating 
apparatus, decantation tanks, steel and cast-iron piping, 
&c. The Egyptian Ministry of the Interior; February 
2, 1931. (Ref. No. A.X. 10,638.) 

Reinforced-Concrete Bridge.—It has been decided to 
replace two wooden bridges, which span the river Loire 
at Tours, with two reinforced-concrete bridges, each 
approximately 1,400 ft. inlength. (Ref. No. A.X. 10,646.) 

Textile Machinery.—A firm in Cuba desires to receive 
quotations from United Kingdom manufacturers of 
textile machinery for making sheetings, khaki uniform 
cloth and sail cloth. Bleaching machinery is also 
required. (Ref. No. B.X. 6,922.) 


BOOKS RECEIVED. 

Ein Handbuch fiir den Praktiker und 
Studierenden. By Dr.-Ina. E. Scuiiz and Dr.-Ina. R. 
Strorz. Berlin: Julius Springer. [Price 39 marks.] 

Die Grundlagen der Konstruktion dargestellt an einem 
Beispiel der Praxis. No.1. Schriftenreiche der Gruppe 
Konstruktion. Edited by Dirt, Ine. A. ERKENS. 
Berlin: Beuth Verlag G.m.b.H. [Price 4-75 marks. ] 

Werkstatigerechtes Konstruieren. Teil Stahlguss. [Price 
2-85 marks.] Teil Temperguss. [Price 2-50 marks. ] 


Der Temperguss. 


Edited by Diet-Inc. A, ERKENS. Berlin: Beuth 
Verlag. G.m.b.H. 
Electricity on Gas Works. By H.C. Wipuake. London: 


Walter King, Limited. 

Medical Research Council. Industrial Health Research 
Board. Report No. 59. Sickness amongst Operatives 
in Lancashire Cotton-Spinning Mills (with Special 
Reference to the Cardroom). By A. Braprorp Hitt. 
London: His Majesty’s Stationery Office. [Price 
ls. 6d. net. ] 

American Society for Testing Materials, A.S.T.M. 
Tentative Standards, 1930. Philadelphia, Pa. : Offices 
of the Society. [Price 7 dols.] 


[Price 21s.. net.] 


Starkstromtechnik. Taschenbuch fiir Elektrotechniker. 
Edited by E. v. Rzmma and J. SEIDENER. Seventh 
edition, revised and enlarged. Berlin: Wilhelm 
Ernst und Sohn. [Price 34 marks. ] 

Electrolytic Conduction. By F. H. NEwman. London: 


Chapman and Hall, Limited. [Price 25s. net.] 

Examples in Engineering Design. By G. W. Birp. 
Second edition. London: Sir Isaac Pitman and Sons, 
Limited. [Price 6s. net. ] 

United States Geological Survey. Bulletin No. 815. 
Geology and Mineral Resources of Northwestern 
Alaska. By P. S. Sir and J. B. MeErtiz, JR. 
[Price 1 dol.] Water Supply Paper No. 630. Surface 
Water Supply of the United States, 1926. Part X. 
The Great Basin. [Price 25 cents.] Washington : 
Government Printing Office. 


Zur Geschichte der Zeissichen Werkstatte bis zum Tode 


Ernst Abbes. By Moritrz von Rour. Jena: Carl 
Zeiss. 
Canada. Department of the Interior. Dominion Water 


Power and Reclamation Service. Water Resources 
Paper No. 62. Surface Water Supply of Canada. 
Arctic and Western Hudson Bay Drainage (and Misst- 
ssippi Drainage in Canada) in Alberta, Saskatchewan, 
Manitoba and Western Ontario, Climatic Year, 1927— 
1928. Ottawa: Dominion Water Power and Hydro- 
metric Bureau. 

United States Bureau of Mines. Bulletin No. 323. 
Gas-Lift Method of Flowing Oil Wells (California 
Practice). By H. C. Moutier. [Price 30 cents.] 
No. 324. Zine Smelting from a Chemical and Thermo- 
dynamic Viewpoint. By C. G. Mater. [Price 20 
cents.] Washington: Government Printing Office. 

Department of Scientific and Industrial Research. Tech- 
nical Paper No. ll. The Efficiency of Light Wells. 


By H. F. Mreacock and G. E. V. LamBert. London : 

His Majesty’s Stationery Office. [Price 9d. net.] 
Non-Metallic Inclusions in Iron and Steel. By Dr. 

Cart BENEDICKs and HELGE LGFQUIST. London : 


Chapman and Hall, Limited. [Price 30s. net. ] 

United States Bureau of Mines. Mineral Resources of 
the United States, 1929. (Preliminary Summary.) 
[Price 20 cents.] I: 1 Arsenic in 1929. By V. C, 
Heres. [Price 5 cents.] I: 23 Gold, Silver, Copper. 
Lead, and Zinc in Idaho and Washington in 1928. 
Mine Report. By C. N. Gerry. [Price 5 cents.] 
Bulletin No. 322. Effect of Vacuum on Oil Fields. 
By B. E. Lrypsty and W. B. Berwatp. [Price 
35 cents.) Washington: Government Printing Office. 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 50. <A Description of the Engineering 
Experiment Station of the Ohio State University. By 
EK. A. Hircncock and J. M. WeEeEp. Columbus: 





Ohio State University. [Price 50 cents.] 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A survey of the general position, while 
affording little encouragement, does not give rise to imme- 
diate anxiety. Prospects of an early general revival are 
not bright. Improvement, however, is expected in the 
early part of the New Year. Buying of raw and semi- 
finished materials is at an exceptionally low level. The 
unsatisfactory state of the market can be gauged from the 
fact that only slightly over 30 per cent. of steel-producing 
plant in this area is working. Unemployment among 
steelworkers has risen considerably. Gross output is 
slightly larger than a month ago, but compared with a 
year ago it shows a big drop. Little business is being done 
in pig iron. Ferro-alloys of all kinds are also depressed. 
Activity in the heavy engineering trades has moderated 
somewhat. The announcement by the First Lord of the 
Admiralty that orders totalling more than 8,000,000/. 
for new battleships will be placed has been received with 
gratification locally. It is expected that Sheffield firms 
will help considerably in the supply of steel and 
machinery. Shipbuilding requirements are on the 
increase. Orders for railway rolling stock are nothing 
like so numerous. British railways are buying sparingly, 
while fierce competition from the Continent has had 
much to do with the limited amount of overseas business 
finding its way to this country. One of the few lines in 
which progress is being made is that devoted to the pro- 
duction of materials and apparatus used by the electrical 
industry. There is a consistent demand for motor-car 
steel and fittings. A better buying movement in agricul- 
tural machinery and implements has so far failed to de- 
velop, but prospects appear brighter. Increasing quan- 
tities of stainless steel and rustless iron are being consumed 
by the chemical, dye, and engineering industries. Mining 
plant is in poor request. Divergent conditions continue 
to obtain in the tool trades. Among the most progressive 
lines are hacksaws and blades, high-speed and carbon- 
steel drills, and building-trade implements. 


South Yorkshire Coal -Trade-—The market in most 
classes of fuel is more favourable than for some time past. 
Export requirements show an increase, while home con- 
sumption has broadened. Industrial fuel is firmer, 
though the gross demand is below normal. An improve- 
ment in the New Year is predicted. South Yorkshire 
hards are steady on export account, while electricity 
concerns continue brisk buyers of slack. The recent 
revival in the call for house coal has been more than 
maintained, and in some cases difficulty has been experi- 
enced in meeting the demand. Foundry and furnace 
coke are steady. Gas coke is fairly firm, realising 23s. 
to 26s. per ton. Latest quotations are as follow: Best 
branch hand-picked, 25s. 6d. to 27s.; Derbyshire best 
brights, 20s. to 22s. 6d.; Derbyshire best house, 20s. 6d. 
to 2ls. 6d. ; screened house coal, 18s. to 19s. ; screened 
house nuts, 15s. 6d. to 16s. 6d. ; Yorkshire hards, 14s. to 
15s. 6d.; Derbyshire hards, 14s. to 15s, 6d.; rough 
slacks, 8s. 6d. to 9s. ; nutty slacks, 6s. 6d. to 7s. ; smalls, 
3s. to 5s. 


MaRKETS FOR INTERNAL-COMBUSTION ENGINES.— 
Confidential reports on the market for internal-combus- 
tion engines in Turkey and in China have been prepared 
by the Department of Overseas Trade. United Kingdom 
firms desiring to possess a copy of these reports, should 
communicate with the Department, at 35, Old Queen- 
street, London, S.W.1, quoting reference No. A.X. 
10,452, in the case of Turkey, and A.X. 10,453, in that 
of China. 





Contracts.—Messrs. Richard Dunston Limited, 
Thorne Shipyard, near Doncaster, have secured an order 
for three 60-ft. tugs for the London and North Eastern 
Railway Company.—Among recent contracts placed by 
the Great Western Railway Company are orders for the 
supply and erection of a movable coal hoist and elec- 
trically-operated traverser for Queen Alexandra Dock, 
Cardiff, secured by Messrs. Hydraulic Engineering Com- 
pany, Limited, Chester; the erection of a steel jetty 
to carry a new coal conveyor at Roath Dock, Cardiff, 
secured by Messrs. Goerge Palmer, Heath; and the 
supply and erection of one electric 30-ton Goliath crane 
at Morpeth Dock, Birkenhead, obtained by Messrs. Clyde 
Engineering Company, Limited, Mossend, Lanarkshire.— 
Les Chantiers et Ateliers, Augustin Normand, Le Havre, 
have received from the French Government, an order 
for two 650-h.p. and two 900-h.p. Vickers-Normand 
Diesel engines. These engines are for two submarines 
now under construction in French arsenals.—The boilers 
of the large new Cunard Atlantic liner will be of the latest 
Yarrow high-pressure type, and will be constructed 
by the builders of the vessel, Messrs. John Brown and 
Company, Limited, in accordance with working drawings 
supplied by Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow.—Messrs. J. W. Brooke and Company, 
Limited, Adrian Works, Lowestoft, have received orders 
for several of their 10-h.p., four-cylinder Empire motors 
for installation in Persian patrol boats. The same firm 
is supplying eight 100-h.p., six-cylinder, O.H.V. motors 
to the British Admiralty for installation in their 35-ft. 
motor-boats.—Messrs. Stirling, Boiler Company, Limited, 
32-33, Farringdon-street, London, E.C.4, have obtained 
an order for plant extensions to the North Point power 
station of the Hong Kong Electric Company, Limited. 
This comprises two tri-drum Stirling boilers, each having a 
heating surface of 9,814 sq. ft., a working pressure of 
425 lb. per sq. in., a final temperature of 775 deg. F., 
and a normal evaporative capacity of 75,000 lb. of water 
per hour, rising to a maximum of 100,000 lb. per hour. 
The order includes economisers, air heaters, mechanical 
stokers, forced and induced-draught plant, ash-handling 





plant, &e. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The limited make of Cleve- 
land pig is quickly absorbed, and stocks are light, so that 
makers are disinclined to lower quotations, declaring 
they are unable to reduce prices sufficiently to capture the 
trade of firms now using comparatively very cheap 
Continental pig. As low as 47s. 6d. f.o.b. Antwerp is 
mentioned for Belgian foundry iron, claimed to be of 
similar quality to No. 3 Cleveland, so that the former can 
be delivered here at fully 5s. below the local product. 
It is thus not surprising to hear of increasing quantities 
of Belgian iron coming to hand for consumption on 
Tees-side. Rather more Midland pig is also arriving for 
use in thisarea. Second hands have next to no Cleveland 
pig to offer. Makers still require the bulk of the output 
for their own consuming plants, and report the small 
surplus make taken up by home users, who have to buy 
their supplies. Considerable price concessions continue 
to 
trade, ironmasters’ fixed figures remain: No. 1 grade, 
66s.; No. 3 g.m.b., 63s. 6d.; No. 4 foundry, 62s. 6d. ; 
and No. 4 forge, 62s. 

Hematite-—The heavy stocks of East coast hematite 
pig are slowly decreasing, and both makers and merchants 
are disposed to take quite a firm stand, though as is 
usual at this period of the year, sales show falling off. 
Export demand is now very small, but a steady moderate 
home business is passing. Ordinary qualities remain at 
71s., and No. 1 is at a premium of sixpence. 

Foreign Ore.—Business in foreign ore is almost at a 
standstill, and as consumers are carrying considerable 
stocks, and have heavy contracts arranged, transactions 
of moment are not looked for. As low as 16s, c.i.f. Tees is 
named for best rubio, but sellers would not accept any- 
thing like that figure for extensive quantities. 

Blast-furnace Coke.—Durham blast-furnace coke is in 
very ample supply, and customers are buying sparingly. 
Good average qualities are 17s. delivered here. 

Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are difficult to effect, and business in 
semi-finished material is extremely quiet, but recognised 
market quotations are unchanged. Common iron bars 
are 10/. 15s.; best bars, 11l. 5s.; double best bars, 
11. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 11/. 5s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 6. 5s. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 111. 5s. ; 


steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel | 


joists, 8/. 10s. ; heavy sections of steel rails, 8/7. 10s. for 
parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 12/. 10s.; black sheets (No. 24 gauge), 
8l. 12s. 6s; and galvanised corrugated sheets (No. 24 
gauge), 117. 5s. 


Scrap.—Demand for scrap is very light, and quotations | 


are all but nominal. Borings are, 30s. ; turnings, 35s. ; 
light iron scrap, 40s.; heavy cast iron, 50s.; heavy 
machinery metal, 52s. 6d. ; and heavy steel scrap, 45s. 


THE MANUFACTURE OF INSULATING BOARD FROM 


SpHacNum Moss.—A United States firm established in | 


Minneapolis is considering the erection of a factory in 
Manitoba to utilise sphagnum moss in the manufacture 
of insulating materials for building construction. Very 
large quantities of this material are available in the bogs 
contiguous to the Hudson Bay railway, and its utilisation 
as a commercial article would bring useful traffic to the 
line. 





A TRAVELLING ELEcTRIC SHOwROOM.—The area of 
the County of London Electric Supply Company, Limited, 
now includes practically the whole of Essex, where there 
are numerous districts which have, up till now, been 
without any artificial illuminant less primitive than the 
oil lamp. Considerable progress is, however, being 


made with the erection of overhead lines and, to ensure | 


that full use is made of the supply, when it becomes 
available, some form of educational propaganda is 
obviously necessary. This propaganda could, of course, 
have been based on one or more showrooms placed at 
strategic points in the area. 
rendered it necessary for prospective consumers to make 
longer or shorter journeys, and might consequently have 
largely failed in its purpose. The better policy of 


be made to customers in Scotland, but, for other | 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—A week ago it seemed that the 
miners’ leaders had at last recognised the necessity of 
revising the present coalfield agreement, with a view to 
reducing costs and reaching a permanent settlement. 
This view has not been justified by the results, for 
although further joint meetings have been held between 
representatives of the coalowners and miners, no pro- 
gress has been made towards a settlement of a new 
agreement. The position has, in fact, been further 
complicated by the men’s leaders rejecting the owners’ 
offer to continue the present temporary spreadover 
arrangement on a fortnightly basis for another month 
without any change in the wage rates, as the men 
lose a day every other week. The men want the spread- 
over on a weekly basis. The Council of the South Wales 
Miners’ Federation have referred the matter to the 
National Industrial Board, and have asked for an early 
decision, as the temporary agreement terminates at the 
end of the month. There is a growing feeling amongst 
| coal market operators that the men’s leaders are en- 
| deavouring to stave off the crisis in connection with a 
| revision of wages until the spring, when the effects of 
| &@ stoppage would be less severely felt by the men, and 
| when adherence to a strike call would be responded to 
|more readily. The continued uncertainty is proving a 
| serious handicap to business for delivery ahead, at a time 
| when negotiations for the ensuing year’s supplies are 
| usually completed. The uncertainty of the last few 
| months has already resulted in the loss of orders, and 
| unless a definite decision is soon reached, it is sure that 
| foreign consumers, who have been waiting developments, 
will lose hope of a settlement being arranged without a 
| stoppage, and place their orders with competitors. The 
prospects of difficulties in securing regular deliveries 
consequent on a drastic reduction in outputs, during the 
| first quarter of the year, also handicaps colliery owners 
;and exporters, for although supplies generally might 
| be plentiful, temporary shortages are likely to be ex- 
| perienced by individual companies, particularly those 
| producing favourite descriptions, 
| Iron and Steel_—Shipments of iron and steel goods in 
| the past week totalled 8,471 tons, or 2,500 tons more 
|than in the preceding six days. Exports of tin-plates 
| and terne-plates were raised from 4,068 tons to 6,115 tons, 
| of galvanised sheets from 395 tons to 958 tons, and of 
| other iron and steel goods from 996 tons to 1,074 tons, 
| but of black-plates and sheets reduced from 494 tons to 


324 tons. 








WaTERWORKS PLANT, Norway.—The Bergen Town 
| Council has appointed a committee for the purpose of 


| considering the question of the erection of a calcium- 


hydrate dosing plant for the counteraction of rust 
|formation in the town water-supply system. The 
construction of a drinking-water filtering plant and of a 
chlorination installation will also be discussed. British 
firms can obtain further particulars regarding the scheme 
on application to the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1, quoting Reference 
| No. A.X. 10,565. 


LecTURES ON TROPICAL HYGIENE.—The next series 
of eight lectures and demonstrations on tropical hygiene, 
intended for men and women outside the medical profes- 
sion who are proceeding to the tropics, will be given, 
at the London School of Hygiene and Tropical Medicine, 
by Lieut.-Colonel G. E. F. Stammers from January 14 
to 23, 1931, from 2 p.m. to 3.30. A second series of 
| lectures will be delivered from March 18 to 27, at 5 p.m. 
| These courses of instruction, in addition to providing 
| simple rules for guidance in regard to preparation for 
| life in the tropics and personal hygiene, will also embrace 
|a short account of some of the more common diseases. 
| Advice will be given in connection with measures of 
| protection against such diseases, and also some guidance 
| in simple methods of self-treatment. Syllabuses and full 
| particulars can be obtained on application to the Secre- 

tary, University of London, London School of Hygiene 

{and Tropical Medicine, Keppel-street, Gower-street, 
| Lorrdon, W.C.1. 
| 








This would, however, have | 


ProspERous New ZEALAND.—The present population 
| of New Zealand is 1,489,000, and it is said that in no 
other country in the world is there such wealth per 





establishing a travelling showroom, and of taking this; capita. The figures quoted, in this connection, in the 
round to the smaller towns and villages has, therefore | Wellington Chamber of Commerce Annual, for 1930, are, 
been adopted. This showroom, which has been built by | indeed, striking. The private wealth per head of adult 
Messrs. Howcroft Carriage and Engineering Company, of | population stands as high as 817/., while savings accounts, 
West Hartlepool, consists essentially of a trailer vehicle, | over all ages, amount to over 78/., and the average figure 
the body of which is divided longitudinally into a central | for trade, per head, is upwards of 70/. During 1929, 





section and two side wings. When closed for travelling | 
the floors of these wings are racked into the central | 
position, and the walls are dismantled and also packed | 
into the latter, thus giving a unit which is very little | 
larger than a medium-sized pantechnicon. On arrival | 
at the place chosen for the demonstration, however, the 

body can be opened out to form a hall with a superficial | 
area of 484 sq. ft. The total weight of the “ showroom ” | 
with its fittings is about 6 tons, and it is hauled from | 
place to place by a specially adapted lorry. Its con- | 
version from the portable to the stationary condition, 

including the necessary levelling and arrangement of the 

exhibits, takes four men about a day. The showroom is 

staffed by a manager and attendants, who are fully | 
qualified to give every information regarding the supply | 
and use of electricity in the area, and is equipped not | 
only with lighting fittings, but with appropriate heating 

and cooking apparatus for demonstration purposes. The 

current necessary for the operation of the latter is, of 

course, drawn from the adjacent mains. 


the value of exports totalled 55,579,000/., while that of 
imports totalled 48,798,000/. The United Kingdom took 
73-69 per cent. of New Zealand’s exports, while 46-25 
per cent. of the Dominion’s imports were of United 
Kingdom origin. The Annual above referred to is 
primarily the official hand-book of the Wellington 
Chamber of Commerce. It contains the 66th annual 
report of the Chamber for the year ending December 31, 
1929, and also lists of officers and committees, a report 
of the annual meeting, lists of members, and a classified 
business directory. The supplement, which contains 
statistics and information regarding Wellington and 
other towns and ports in New Zealand, as well as con- 
cerning the Dominion as a whole, is not the least interest- 
ing portion of the book. A large folding map of New 
Zealand, several smaller sectional maps and plans, and a 
large number of illustrations are included in the work, 
which is obtainable, price 2s. 6d., from the secretary, 
Wellington Chamber of Commerce, P.O. Box 1478, 
Wellington, New Zealand. 





NOTICES OF MEETINGS. 


JuNIoR INstrTuTION oF  ENGINEERS.—To-night 
7.30 p.m., 39, Victoria-street, S.W.1, ‘‘ Well-Drill Blast- 
ing,” by Dr. W. Cullen. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, December 22, 7.30 p.m., Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Trends in the Transmission,” by 
Dr. H. E. Merritt. 











NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade show no change, and no improvement is now 
expected this year. The present demand is of a very 
limited nature, as the shipbuilding industry, which is 
our best consumer, is at such a low ebb. The prospect 
of the placing of orders on the Clyde for a couple of 
destroyers raises hope, but so far nothing has been 
definitely settled and, at any rate, it would, of course, be 
some time before work could be started on them. Ship- 
owners, on the other hand, are quite out of the market 
for merchant tonnage, owing to the unsettled state of 
trade in general. Shipments of Continental steel material 
continue to arrive at prices which the local makers cannot 
meet. Inquiries from different sources give indication 
that new business may be forthcoming in the near future, 
but so far the volume booked is negligible. In the black 
steel sheet trade the position shows little change. The 
tonnage on hand is keeping the plant moving, but there 
is little life in anything doing. The unrest in India, and 
the poor demand from the East, are all against any 
expansion in business, in black sheets. Galvanised sorts 
are a poor market just now, and the Australian barrier is 
undoubtedly one of the chief troubles at the moment. 
Prices are nominally unchanged, and are as follow :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/7. 15s. per 
ton; sections, 8/. 7s, 6d. per ton; black steel sheets, 
} in., 8/. 58. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 11/7. 7s, 6d. per ton, all delivered at Glasgow 
stations, : 

Malleable-Iron Trade.—Another week has passed and 


| still there is no improvement in the demand for malleable- 


iron from the West of Scotland works, nor is there any 
sign of new business coming along. Plant can only be 
run intermittently owing to the scarcity of orders, and 
there is every possibility of a prolonged stoppage at the 
end of the year. The re-rollers of steel bars are also 
badly off for business, and are still suffering from Conti- 
nental competition. The following are to-day’s market 
quotations :—‘‘ Crown ”’ bars, 10/. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export; re-rolled steel 
bars, 7/. per ton for home delivery, and 6/. 15s. per ton for 
export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there is only a moderate amount of business passing, 
and the number of furnaces in blast is still only ten. The 
restricted output is quite equal to the demand, which 
shows no sign of expanding, as neither home nor 
overseas consumers seem to be in a position to place much 
business. The imports from India and England continue, 
and these increase the difficulties of local producers. 
Prices are as follows :—Hematite, 77s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 79s. per ton, and 
No. 3, 76s. 6d. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, December 13, was only 243 tons, all of which 
went overseas. During the corresponding week of last 


—tThe official returns rendered to the Electricity Com- 
missioners show that 963,000,000 kw.-hours were gene 
rated by authorised undertakers in Great Britain during 
October, 1930, as compared with 949,000,000 during the 
same month in 1929, this being an increase of about 
1-5 per cent. During the ten months of 1930, the total 
amount of electricity generated was  8,684,000,000 
kw.-hours, or an increase of about 5-4 per cent. over the 
figure for the corresponding period in 1929. 

Facts Asout British Ramways.—At the end of 
1929, the four main British railway groups and the 
Metropolitan Railway Company owned, collectively, 
48,262 passenger coaches, the seating capacity of which 
is 2,670,000, and 678,393 goods wagons, having a carrying 
capacity of 7,620,000 tons. The total mileage, single- 
track, of British railways, including sidings, is 51,000, 
and, distributed along the lines, are 11,300 signal boxes 
and 7,100 passenger stations. The above information 
is taken from an attractive and well-illustrated pamphlet 
issued by the British Railways Press Bureau, and enti- 
tled Facts about British Railways. The book contains 
succinct data on various subjects connected with the 
administration and operation of railways, such as 
capital and revenue, equipment, maintenance and 
renewals, passengers, freight, docks and steamers, trans- 
port and food costs, and welfare and education of the 
stafis. Perhaps the most striking statement made in 
the book is to the effect that, whereas 1,300,000,000 
po journeys were made during 1929 on the main- 
ine railways, only 3 passengers lost their lives in accidents 
to trains, or fewer people than are killed in the streets 
of London every day. Copies of the pamphlet may be 
obtained on application to the British Railways Press 
a 35, Parliament-street, Westminster, London, 
5.W.1. 
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Fig. 728. 


CopreR MINES IN NORTHERN RuHODESIA.—The copper- 
smelting furnaces of the Bwana M’ Kubwa Copper Mining 
Company, Limited, Northern Rhodesia, produced 421 
tons of copper during the month of July. The pilot 
plant at the N’Kana Mine of the company continues to 
operate at full capacity, and 266 tons of copper concen- 
trates were conveyed by rail to Bwana M’Kubwa for 
smelting during July. These concentrates averaged 
50 per cent. of copper, which was 5 per cent. higher than 
was the case during the previous months. 

TELEPHONE DEVELOPMENT IN  ItTaLy.—Telephone 
facilities in Italy will be considerably increased by the 
early completion of the Milan-Turin-Genoa network. 





Motor AND ContrRoL GEAR. 


This project, which was begun in 1924, comprises 2,800 
km. of loaded cable with 225,000 loading coils and 39 
repeater stations with a total of 1,800 repeaters. It is 
also expected that a Royal Decree confirming a contract 
for a cable from Naples to Sicily will shortly be promul- 
gated. This will provide for the installation of 1,200 km. 
of loaded cable with 17 repeater stations between Naples 
and Palermo, with extensions to Bari on the Adriatic 
Coast and to Messina and Caltanisetta in Sicily. The 
contractors for both these projects are the Societa 
Italiana Reti Telefoniche Interurbane, an affiliated 
company of the International Standard Electric Corpora- 
tion, and the entire cable and a considerable portion of 








the apparatus will be manufactured in Italy. 
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THE SKIDDING OF ROAD VEHICLES. 

WE are not aware whether the Minister of 
Transport, in framing his new “ Highway Code,” 
considered how one should behave during a skid. 
It is not really gentlemanly to anathematise the 
road surveyor in these circumstances, and it would, 
perhaps, be more courteous to hoist three black 
balls, as in the case of a vessel at sea, to indicate 
that one was out of control. The trouble is that not 
even the forensic mind appears capable of deciding 
whether a skid is an act of God or a piece of foolish- 
ness, but the average driver is in no doubt that it is 





a disconcerting experience at the best, and a deadly 
| peril at the worst. We have all heard of the driver 
who gracefully skids his car out of awkward situa- 
tions, and for such, some of our present-day roads 
must be as manna in the wilderness, but the majority 
of drivers would be heartily glad to be freed from 
this ever-present menace to their safety. 
Experiments have been initiated in several coun- 
tries with a view to obtaining more accurate know- 
ledge of the relationship between the factors on which 
skidding depends, and researches of this nature are 
at present being conducted under the auspices of 
the Ministry of Transport. At first sight, the 
problem of correlating the design of the vehicle 
with that of the road in such a way that skidding 
will not occur does not appear difficult of solution— 
at any rate, within the limits that are likely to 
occur in practice. Difficulties, however, soon make 
their appearance when an. attempt is made to 
analyse the factors involved. The determinant 
factors are the pressure and the coefficient of friction 
between the tyre and the road, and when a car is in 
motion on an ordinary road, both factors are con- 
stantly varying over a wide range. Of the two, the 
variation in pressure is both greater and more 
difficult to estimate. Every road vehicle may be 





considered as made up of three elements, the two 


pes the rate of this movement. 
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axles, and the chassis with its attached body, and 
the axles may be said to be associated with the 
chassis in a mariage de convenance by the springs, 
each element being at liberty to go its own way 
within the limits imposed by the union. The 
pressure between any particular tyre and the road 
at any instant is a function of the virtual mass of the 
axle assembly located at the associated spring pad, 
and of the acceleration of the pad in the vertical 
direction, and this acceleration is, in turn, a function 
of the stiffness and damping coefficient of the 
springs and the forces acting through the shackle 
bolts at each end. Other factors are involved, such 
as the resilience of the tyres and the resistance to 
motion offered by the dampers or shock-absorbers, 
but these may almost be neglected in comparison 
with the forces acting through the shackle bolts. 

These forces are determined by the resistance to 
vertical motion offered by the chassis at the spring 
attachments, and this resistance depends on the 
| Weight distribution at these points, whether the 
| chassis happens to be moving upward or downward, 
The distribution 
of the weight of the chassis on the spring attach- 
| ments varies with the camber of the road, whether 
the car is moving uphill or downhill, and whether it 
is being braked. It is also affected by centrifugal 
force, which is acting almost constantly, since a car 
is rarely travelling in a straight line, and by wind 
effects. It would not be difficult to add to the 
list of factors on which the pressure between the 
tyre and the road depends, but enough have been 
mentioned to render evident the impossibility of 
making even the roughest mathematical estimate 
of this pressure at any given instant. 

Failing the mathematician, recourse must be had 
to the experimentalist to ascertain the relative 
importance of, and the inter-relation between, the 
various factors which result in a skid. In general, 
investigations of this nature may be conducted 
either by treating the problem as a whole, or by 
determining the influence of each factor separately, 
and where applicable, the latter method may be 
expected to yield the more fruitful results. It is of 
interest to consider, therefore, to what extent it is 
applicable in the case under consideration. As one 
of the determining factors in skidding is the coeffi- 
cient of friction between the tyre and the road, it is 
fortunate that experimental work in this direction 
offers no particular difficulty. The experimental 
determination of the inter-relation between the 
various factors affecting the pressure between these 
two surfaces, however, is one of which the difficulties 
can hardly be over-estimated. On the principle of 
taking each factor separately, a vehicle consisting 
simply of a rigid frame mounted on four wheels, 
and designed only to run in a straight line, may 
be fitted with brakes and propelled over a smooth 
flat surface. Such a vehicle may be caused to skid 
by locking the wheels in various combinations, and 
the direction and magnitude of the skid noted. A 
simple vehicle of the type described lends itself to 
alteration in the weight distribution on the wheels, 
in the height of the centre of gravity, and in the 
moment of inertia about a vertical axis through the 
centre of gravity. The effect on skidding of each 
of these variations under different combinations 
of locked wheels may therefore be determined, either 
separately or together. All the experiments so far 
outlined lend themselves to repetition with the 
vehicle moving either up or down an incline, or 
on a camber, or on a combination of camber and 
incline. The next step in the investigation presents 
serious difficulties, since the axles must now be 
divorced from rigid association with the chassis, 
and the effect of such.variations as running the 
vehicle over rough surfaces at various speeds, 
steering it out of the straight path, and subjecting 
it to wind effects, must be investigated. So far 
as we know, nothing on these lines has yet been 
attempted. 

The work carried out up to the present time at 
the National Physical Laboratory on behalf of the 
Ministry of Transport was summarised in two papers 
read before the Institution of Automobile Engineers 
in the earlier part of this month. The first was 
entitled ‘Some Experiments on the Factors affect- 
ing the Motion of a Four-wheeled Vehicle when 








Some of its Wheels are Locked,” the authors being 
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Mr. J. Bradley and Mr. S. A. Wood. The second 
was devoted to ‘‘ Factors affecting the Behaviour of 
Rubber-tyred Wheels on Road Surfaces,” and was 
by Mr. J. Bradley and Mr. R. F. Allen. The 
experiments described in the first paper were made 
with a model propelled along a concrete surface, and 
followed the hypothetical programme outlined above 
as far as an investigation into the effects on skidding 
produced by locking the wheels in various com- 
binations. To what extent the remainder of the 
programme is to be attempted is not stated, but 
an indication is given that the influence of springing 
will be investigated separately. No clue is given as 
to how this is to be attempted, but we are inclined 
to think that the problem presents almost insuper- 
able difficulties. We should be glad to believe, 
however, that we are mistaken in our view. 

It has already been pointed out that skidding 
depends on two fundamental factors, the pressure 
between the tyre and the road, and the coefficient 
of friction. Up to the present, we have mainly 
discussed the former, and before dealing with the 
latter it may not be out of place to make some 
general observations. Although skidding is no new 
phenomenon, its incidence has greatly increased 
with the introduction of certain new road surfacings. 
No doubt, the great increase in traffic in recent 
years has played a part in increasing the number 
of skids, since emergency braking is a fruitful source 
of trouble, but the main cause is undoubtedly 
that some, at least, of the new surfacings give a 
much lower coefficient of friction between tyre and 
road than the old ones. Conradi gives coefficients 
of friction varying between 0-5 and 0-6 for dry 
asphalt, macadam and wood, and between 0-32 
and 0-38 for the same materials wet. We believe 
that if the coefficient never fell below the lowest 
of these figures on normal road surfaces, whether 
dry or wet, little would be heard of the dangers of 
skidding, and surely this offers the most profitable 
line of research. It should be remembered that 
road engineers of to-day have one great advantage 
over their predecessors in laying down non-skid 
surfaces, in that all modern surfacings are dust- 
proof, and there is not, therefore, the same danger 
of road mud lowering the coefficient abnormally. 
Designers may retort that it is the very necessity 
for making roads dust-proof that has led to a 
lowering of the coefficient under normal conditions, 
but that this does not of necessity follow is shown 
by the fact that some of the new surfacings possess 
a really high coefficient of friction. 

It is satisfactory to record that the Ministry of 
Transport appear to be fully alive to the possible 
advantages of research in this direction. In a 
recent issue, we described the experiments that are 
being conducted on the Kingston By-pass by the 
Ministry in collaboration with the Surrey County 
Council, the Asphalt Roads Association, the British 
Road Tar Association, and the Road Emulsions 
and Cold Bituminous Roads Association. These 
experiments are devised, among other objects, to 
bring out the value of different surfacings from a 
non-skidding point of view, and take the form of 
laying down a series cf test sections in different 
materials, on which the behaviour of normal traffic 
will be carefully observed. Apart from this inves- 
tigation, the National Physical Laboratory has 
been conducting researches for some time on behalf 
of the Ministry to determine the factors which are 
conducive to skidding, in so far as this is dependent 
on the tyre and the road. The second paper read 
before the Institution of Automobile Engineers 
gave a description of the apparatus employed and 
the results obtained to dete. The experiments | 
were carried out in part in the laboratory with a | 
wheel rotating round a fixed central pivot, and | 
in part on the road with the side-car combination 
which has already been described in our columns. 
As we have also previously dealt with some of the 
more important results obtained, attention may 
now be confined to one rather unexpected conelu- 
sion. The authors state that some surfaces showed 
an increase in slipperiness with increase of speed, 
and this has an obvious and important bearing on 
safe traffic control. The surfaces on which the 
phenomenon was observed are not uncommon on 
our roads, and the high speed of modern traffic 
makes it desirable that the question should be | 





| 





thoroughly investigated. The wheel on which the 
measurements were taken was mounted in a some- 
what special manner on the side-car combination, 
and as several of the factors which have been 
mentioned as playing their part in skidding depend 
to some extent on the wheel mounting, it would be 
interesting to know whether the mounting itself 
played any part in the phenomenon. 


OPERATING EXPERIENCES WITH 
EXTRA HIGH-PRESSURE STEAM. 


THE primary reason for the extra high steam 
pressures, which are now being increasingly em- 
ployed in the United States and on the Continent, 
as well as to a less extent in this country, is 
the higher thermodynamic efficiency, which they 
render obtainable. Secondary causes for this 
development, which are not without their import- 
ance, are that the output of an existing station 
can be raised and its efficiency increased without 
much additional expenditure on land or buildings, 
and that, where steam is required for process pur- 
poses at normal pressures, a not inconsiderable 
amount of electricity can be previously generated 
at a low overall cost. The advantages are, indeed, 
more striking in the latter field than in central 
power stations ; for, as was pointed out by Mr. W. F. 
Ryan, in a paper read some years ago before the 
American Society of Mechanical Engineers, while 
the efficiency of the latter are only increased 10 per 
cent. by raising the steam pressure from 400 Ib. 
to 1,200 lb. per square inch, a similar increase will 
more than double the effectiveness of a non-con- 
densing prime mover supplying high-pressure 
steam for process purposes. That this argument is 
confirmed by practical results is shown by the fact 
that, in 1929, there were 141 industrial plants in the 
United States using steam pressures above 300 lb. 
per square inch, all but two of which had been 
installed during the previous five years. 

The acid test of the suitability, or otherwise, of 
these high pressures is to be found, however, in the 
way they effect the reliability of the plant. For 
a paper increase in efficiency is useless, if it is 
offset by constant breakdowns or by risks to the 
life or limb of the personnel; and our readers 
hardly need the reminder that these points are, 
perhaps, more studied in this country than else- 
where. We have, therefore, read with interest two 
papers which have recently been presented to the 
American Society of Mechanical Engineers, since 
they contain a good deal of useful and interesting 
information about the operation of this type of 
plant. 

The first of these papers was by Mr. K. M. 
Irwin, and relates to the Deepwater station, which 
has been erected on the Delaware River, near 
Wilmington. This is equipped with six pulverised 
fuel-fired units each having an output of 330,000 Ib. 
of steam per hour at a pressure of 1,350 Ib. per 
square inch and a temperature of 725 deg. F. 
These units are divided into three groups, in one 
of which the boilers are equipped with super- 
heaters, large surface steaming economisers and 
air heaters. This group supplies a high-pressure 
turbine with an output of 12,500 kw. The other 
two groups consist of a similar boiler, and a steam 
generator, which is provided with a re-heater and 
an air-heater, but only a small economiser. The 
surfaces of the air heaters on the re-heater boilers 
are 14 per cent. larger than those on the others. 
Each of the latter boiler groups supplies steam 
to a 58,000-kw. compound turbine, the exhaust 
from the high-pressure cylinder of which is re-heated 
to 750 deg. before it is admitted to the low-pres- 
sure cylinder. 

The exhaust steam from the first of these three 
turbines is used indirectly for process purposes, 
being passed to evaporators, where it converts raw 
water into steam at a pressure of 180 Ib. per square 


‘inch. This steam is subsequently superheated to 
| 252 deg. F. 
|evaporators is collected in hot wells, and is de- 
|livered to the boiler-feed pump suctions by con- 


The primary condensate from the 


densate pumps. In this way some 200,000 lb. to 


| 400,000 lb. of steam are produced per hour for use 
in a neighbouring factory. The other sets belong 
to two different power companies supplying the 
factory under interchange arrangements. 


As regards operation, the first difficulty was to 
maintain a level in the evaporator hot wells, which 
was sufficiently high to submerge the pumps and 
yet sufficiently low to enable the entrained oxygen 
to be extracted. The result was that flashing 
occurred and was transmitted to the boiler feed 
pumps, making the maintenance of the seals of the 
latter difficult. Considerable skill was, in fact, 
necessary to maintain equilibrium in this portion 
of the cycle, and at the same time td keep the 
discharge pressure of these feed pumps the same 
as that of the pumps on the other units. As the 
pumps on this part of the plant all run at constant 
speed, it has been necessary to adjust the final 
discharge pressure by varying the number of con- 
densate pumps in use or by throttling their output. 
The other feed pumps are of the variable-speed 
type, so that it has been possible to control their 
delivery heads, though at present regulation is 
effected by by-passing a small portion of the feed- 
pump output back to the hot-well through a float- 
regulated valve. 

Mr. Irwin further states that no leaks have 
occurred on the large-diameter high-pressure piping, 
though there has been a certain amount of trouble 
on the smaller connections from the drains and 
instruments, as well as on some of the valves. In 
his opinion most of this was due to the use of com- 
position gaskets, all of which have been replaced 
with others made of either soft steel or corrugated 
Monel metal. The economisers are of the return 
bend type with copper gasket joints and in one case 
leakage occurred, owing either to the gaskets being 
improperly installed or to the faces not, being pro- 
perly prepared to receive them. There have also 
been a number of leaks in the water walls, which 
are fitted to all four walls of the boilers, consisting 
of bare tubes backed with refractory. This has 
been practically eliminated by re-rolling the tubes 
affected. In the few cases where this operation was 
not effective, the trouble was found to be due to 
the water used for quenching the slag pouring over 
on to the tubes. Both the re-heaters and super- 
heaters have proved entirely satisfactory. In the 
turbine room, difficulty was experienced from silica 
scale being deposited on the last rows of blading 
and nozzles in the set used for supplying process 
steam, and it was found necessary to shut this 
machine down for periods of two weeks to scrape the 
scale off by hand. This trouble has, however, been 
confined to this one turbine and to correct it puri- 
fiers have been installed on the vapour outlets of the 
evaporators, so as to reduce the amount of silicate 
carried over in the make-up water. Experience 
elsewhere shows that an alternative remedy is to 
admit saturated steam to the turbine as this washes 
the scale off in a few hours. All the horizontal 
joints on the high-pressure cylinders of the com- 
pound units have leaked, and considerable difficulty 
has also been experienced with the high-pressure 
governors and valves. 

Similar information regarding the Holland Station 
of the New Jersey Power and Light Company is 
provided in the second paper by Mr. E. M. Gilbert. 
This station is at present equipped with two boilers, 
each of which has an output of 250,000 Ib. of steam 
per hour, at a pressure of 1,250 lb. per square inch, 
and a temperature of 750 deg. F. This is supplied 
to the high-pressure.cylinder of a 55,000-kw. unit 
and is exhausted at a pressure varying from 400 lb. 
to 85 1b. per square inch, to a re-heater, where its tem- 
perature is again raised to 750 deg. F. It is then 
passed to the low-pressure cylinder of the machine. 
The speeds of the high- and low-pressure rotors 
are 3,600 and 1,800 r.p.m., the outputs of the two 
portions being 11,800 kw. and 43,200 kw., respec- 
tively. The condenser is of the single pass type 
with a surface of 31,600 sq. ft. The tubes, which it 
contains, are rolled at both ends, rubber expansion 
boxes being provided between the water boxes 
and the shell to allow of longitudinal expansion. 
The shell itself is suspended from the turbine, 
but the boxes are supported on the basement 
floor, one being fixed and the other being free to 
slide longitudinally. The boiler drums are solid 
forgings with an internal diameter of 52 in. and are 
46 ft. long and 4 in. thick. The furnaces are water 
cooled except round the burners. The front and 
rear walls of one boiler are cooled by bare tubes, 
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while on the other, fin tubes are used. The latter 
type of tube is used on all the side walls. 

An interesting point about this station is that 
there is no dividing wall between the boiler house 
and turbine room, an arrangement which, it is stated, 
assists operation to the extent that the personnel is 
neither more numerous, nor more skilled than is 
necessary in stations using lower pressures. For the 
first five weeks of running, coal with a calorific value 
of 13,800 B.Th.U. was used, a thermal efficiency 
of 21-94 per cent. being obtained. In the following 
two weeks, using coal of the same calorific value, 
the latter figure was increased to 26-06 and 26-51 
per cent., while when fuel with a calorific value of 
14,024 B.Th.U. was employed, the thermal efficiency 
during the next twenty weeks averaged 26-37 per 
cent. with a maximum of 28-75 percent. The coal 
consumption during the first period was 1-127 Ib. 
per kilowatt hour, and in the second averaged 
0-923 lb. per kilowatt hour with a minimum of 
0-846 lb. This minimum, as well as the maximum 
thermal efficiency, was obtained during the same 
week. These results cover the period from 
February 23 to September 1, 1930, the station being 
out of action for a fortnight during that time, owing 
to repairs on the turbines, condenser, re-heaters 
and economisers. 

As regards the behaviour of this plant, Mr. Gilbert 
also states that the composition gasket joints used 
on the pipe lines of 2-in. diameter and less, gave 
trouble, and have been replaced by metal gaskets 
with satisfactory results. The flange coverings on 
the high-pressure lines also developed leaks owing to 
the changes in temperature which occurred when 
the pressure was being raised and lowered. These 
leaks were eliminated by removing the coverings. 
The intrusion of condensed steam from the glands 
into the oil system caused trouble on the high- 
pressure turbine. In addition, there were numerous 
cases of the valve stems and cam mechanism 
sticking and alterations to obviate this have had 
to be made. Leakage occurred between the rubber 
expansion joint and water box on the condenser, 
while the air-pump drew water from the seal between 
the first stage jet and the condenser into the cylinder, 
causing the head to crack. This has been corrected 
by installing a by-pass round the first stage 
jets which are used at starting up. The tempera- 
ture in the gas re-heater was found to be too high 
and the re-heaters have therefore been removed 
from both boilers, while trouble occurred in the 
steam re-heater, owing to faulty welding of the 
high-pressure elements. Erosion of the inlet 
vanes on the induced draught fan occurred, owing 
to the high velocity of the gases at light loads, 
when the vanes were almost closed. This has 
been overcome by the use of dampers. A turbine- 
driven feed pump was installed for emergency pur- 
poses and has been found useful when trouble 
developed on the turbine. Its operation was not, 
however, altogether satisfactory owing to a piece 
of concrete being left in the suction, which threw 
it out of balance and caused the runner and 
wearing ring to seize. During the dry season the 
steam carried solid matter into the turbines owing 
to polluted river water being used for make-up pur- 
poses, and washing with saturated steam has had 
to be resorted to. At the same time care is being 
taken to keep the concentration in the evaporator 
as low as possible. 


THE INSTITUTION 
ENGINEERS. 


A GENERAL meeting of the Institution of Mechan- 
ical Engineers was held at Storey’s Gate, St. James’s 
Park, on Friday evening, December 12. The chair, in 
the absence of the President, owing to indisposition, 
was taken by Mr. A. E. L. Chorlton, a vice-president. 
After the transaction of the routine business, a 
paper entitled ‘“‘ X-Ray Methods in Engineering 
Practice,” was read by Mr. V. E. Pullin. It is 
reprinted, in abridged form, on page 785 of this 
issue, 

X-Ray ExamrnatTIon. 

After calling for a vote of thanks to the author, 
the Chairman announced that the meeting was 
open for discussion. The first speaker was Colonel 
A. E. Davidson, who said that the thanks of the 





Services, as well as the members, were due to the 
Institution for arranging for a paper by one of the 
research workers at Woolwich Arsenal. Consider- 
ing the relatively large number of members who were 
either in the Services or were attached as civilians 
to them, it might seem surprising that so few papers 
had been given by such members. It must not be 
forgotten, however, that much of their work was of a 
confidential nature, and this consideration often pre- 
vented a good and logical paper from being presented. 
He was glad so full an account of Mr. Pullin’s 
extraordinarily fine work in his radiological labora- 
tory at the Arsenal had been allowed to come before 
the meeting, and was sure that the account of this 
work would interest all present, no matter what 
branch of engineering they might be engaged in. 
He would like to ask Mr. Pullin if the methods at 
present developed would enable the condition of 
a case-hardened part to be determined. If so, it 
would be a valuable aid to inspection. It was 
often desirable to know whether the heat treatment 
or the material of small parts were correct. Some- 
times the material selected for the work of par- 
ticular kinds seemed wholly unsuitable for case- 
hardening, with the result that an enormous 
number of breakdowns occurred. In the Govern- 
ment services, the cost of inspection was looked upon 
as an evil which demanded reduction, and such 
methods as described in the paper, if they were 
applicable to articles which came _ before the 
inspector in a finished condition, would be very 
helpful in that direction. 

Mr. L. E. Benson expressed the opinion that 
there had been, though perhaps mistakenly, some 
justification for supposing that engineers in this 
country were less aware of the value of X-ray 
methods than those in other parts of the world, 
notably the United States. He had no doubt 
himself as to the value of the methods as applied to 
steel castings, welding and so forth, since in cast- 
ings the defects were usually shrinkage cavities or 
contraction cracks of appreciable dimensions, and 
the shadow method would accordingly give good 
results. Some additional particulars as to the cost 
of X-ray operation would be welcome. That part 
of the paper dealing with the detection of fine 
cracks was interesting. These were a real drawback 
to the use of large high-tensile forgings. They were 
usually so fine, i.e., much less than je55 in. in 
width, that they could not be detected on the sur- 
face even when machined or ground. They could, 
if they existed on the surface, be detected by 
magnetic methods, but, unfortunately, they fre- 
quently existed in the interior of the forging. 
He would like to think that eventually X-ray 
methods would help to detect such defects. The 
methods other than shadow photography alluded 
to in the paper, might be developed to a stage 
which, even if it did not enable a very thin crack 
to be localised, might be of service in detecting the 
condition which favoured the development of such 
cracks. 

Professor E. G. Coker said he had been much 
impressed by the illuminating photographs shown 
on the screen in addition to the illustrations given 
in the paper. They suggested that, in connection 
with researches in other directions, there was a 
great future for the methods described in increasing 
the knowledge of the structure of materials, particu- 
larly in regard to the structure of crystals. All 
the metals with which the engineer had to deal 
were of a crystalline nature, and although at the 
present time most of the work of the physicists, 
following Sir William Bragg, had been devoted 
to investigation of the arrangement of the atoms 
in well-developed crystals, there was no doubt 
that, as the subject advanced, the nature of the 
crystalline structures which occurred in castings 
and forgings would be made apparent, and, in his 
opinion, probably by the use of X-rays. He had 
been interested in the account of investigations of 
fine cracks, as he had himself made such cracks 
artificially to find out the stresses produced by them. 
With the X-ray method of finding the position of a 
crack in, say, a casting, the nature of the stresses 
could be determined approximately. Thus, if the 
crack were longitudinally arranged with reference 
to the forces coming upon it, the position was not 
very serious, but if it occurred at right angles to 





them, and the stresses had to go round its end, 
they might be very considerable, due to the 
reduction of area. 

Major W. Gregson, commenting on the advance 
made in welding technique in recent years, pointed 
out that the effect of the human element, formerly 
so productive of difference in the quality of work, 
was now being eliminated, and the real difficulty 
in a welding process to-day was rather to arrive at 
a formula which was acceptable to all the classifica- 
tion authorities. It seemed to him that there was 
a wide field for radiographic methods in the examina- 
tion of welded work, and this would tend to uni- 
formity of requirements. He could, indeed, point 
to a concrete case of the utility of these methods. 
The Babcock boilers of three American warships 
had to be provided with welded, instead of the 
riveted, drums in order to keep down the weight. 
These drums had been accepted, because they had 
passed a satisfactory test by radiographic appara- 
tus very similar to that shown in the paper. 

Mr. Hambden said he had been struck by what 
appeared to be an excessive amount of protective 
lead used on the apparatus shown in some of 
the illustrations. The Metalix tube mentioned in 
the paper seemed to decrease that, and he would 
like to know in what way it differed from the ordi- 
nary X-ray tube. 

Mr. J. F. W. Welch, referring to experience 
with heavy manganese-bronze castings, said that 
flaws in non-porous castings might either be con- 
traction cavities or inclusions from the smelting 
and pouring processes. These latter would not 
affect the strength of castings to the same extent 
as the former, as the metal in the vicinity of, say, 
a small piece of coke, would be perfectly sound. 
In the case of a contraction crack, the area for a 
considerable distance away from the cavity would 
be unsound. Again, with castings intended for 
high-pressure apparatus, it would be found, on 
testing to a pressure of 8,000 lb. per square inch, 
that there would be leakage in the form of a dew 
on the surface. If a section were made through 
such an area, and the cut surface polished and exa- 
mined under an ordinary magnifying glass, no un- 
usual condition could be detected. He would be 
glad to know whether the use of X-rays wculd 
enable the condition of such metal to be ascertained, 
and also whether inclusions could be differentiated 
by them from contraction or other cavities. 

Mr. E. Bruce-Ball said that photographs repro- 
duced on the screen and in the paper did not seem 
to him to include any in the nature of slag inclu- 
sions. This was one of the difficulties with which 
the user of steel castings had to contend. He would 
like to know if the methods described enabled them 
to be traced. In the winter of 1928-29, a symposium 
on steel castings had been held by the Scottish 
Branch of the Institute of British Foundrymen, 
and the Glasgow and West of Scotland Branch of the 
Institution of Mechanical Engineers. A joint 
committee had been formed to determine some 
findings relative to steel castings arising out of the 
discussions, and its report was a valuable document. 
In view of the developments now recorded in the 
X-ray examination of steel castings, he wondered 
whether some co-operative research, i.¢., by an 
association devoted to research of the kind just 
indicated, could not be done in the application of 
radiography to the foundry. The method of detec- 
tion of slag inclusion, for example, would be a 
useful piece of work. 

Mr. H. N. Gresley, speaking from the point of 
view of his own work, asked whether it would be 
possible to apply X-ray methods to ascertain the 
presence or absence of surface flaws or internal 
defects in locomotive axles of 7 in. or 8 in. in dia- 
meter. The examples shown in the paper were 
mostly castings of plate form or hollow forgings 
which were considerably thinner. Another applica- 
tion in railway work was the possible examination 
of tyres. He enquired whether it would be practic- 
able to rotate a tyre, backed by a sensitised film or 
paper round an X-ray tube so as to examine the 
whole periphery. The question of exposure entered 
here, for, if the process were a very long one, the neces- 
sary time and expense could hardly be afforded. 

Mr. R. W. Allen, said he thought the problem of 
defective steel was best tackled from the other end, 
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i.e., not to develop methods of finding flaws but 
for the steel makers to provide material free from 
them. He thought radiographic methods, consider- 
ing the technique necessary, were economically 
impracticable in the foundry in the present state 
of the engineering industry. The only hope was 
to develop a method which could be operated 
easily and cheaply. The paper had confirmed the 
already well-known fact that it was difficult to get 
sound steel castings, no matter of what shape, to 
comply with modern specifications and requirements. 
This pointed to a more extensive use of modern 
cast irons, e.g., pearlitic, which was to-day produced 
in such a way that cavities and draws were entirely 
eliminated. 

Mr. Pullin then replied to the discussion. Answer- 
ing Colonel Davidson’s query, he stated that 
conditions of case-hardening could not be detected 
by shadow photography but, together with heat 
treatment in general, might probably be successfully 
dealt with by X-ray spectrum analysis. Mr. 
Benson had asked for additional figures of costs. 
The most expensive factor was the film, but he had 
recently used, in some cases in which particularly 
fine detail had not been required, a sensitised paper, 
the cost of which was about 43d. to 53d. a square 
foot. The life of an X-ray tube was about 1,000 
hours, and the tube cost about 801. The life was 
long, because the average X-ray exposure for the 
work described in the paper, was, at most, only a 
few minutes, more generally, a few seconds. De- 
preciation was low and power consumption was 
negligible, for, although the voltage was high, the 
current used was rarely more than 10 milliamperes. 
As to the Metalix tube, this was a new tube 
having a lead-casing round it and so automatically 
protected. This type was at present used at Wool- 
wich for all radiographic work, though there were 
certain special jobs for which the Coolidge tube was 
more suitable. 

Continuing, Mr. Pullin said that what he had 
said in the paper about iron and steel castings was 
applicable to non-ferrous castings. It was, however, 
less practicable to penetrate a thick brass casting 
than a ferrous one. With a radiograph, porosity, 
cavities, and lack of homogeneity would show. 
Slag inclusions would show, as their density was very 
different from that of the material in which they were 
embedded. An inclusion was indicated in one of the 
illustrations he had given. The question regarding 
railway tyres was of interest. He had had to 
examine a tyre some years ago which had figured 
in a railway accident. The tyre was just over 4 in. 
thick and contained a cavity 4-in. diameter, which 
was clearly shown by X-rays. The suggested 
method of examination by rotating the tyre was 
ingenious, but he feared that to shorten the exposure 
to a sufficient degree to be useful would introduce 
difficulties owing to the very high potential neces- 
sary. Steel axles of the size mentioned could not 
be penetrated at all. He was afraid he had given 
Mr. Allen a wrong impression as to the difficulties 
of radiographic technique. He had only meant to 
bring out the fact that the operation meant rather 
more than putting the apparatus in front of a 
specimen and pulling over a switch. He hoped 
engineers would be interested in the process, for in 
spite of its not being so familiar as testing methods, 
microphotographic examination, and so forth, it 
was probable that, in some important cases at all 
events, it would be economically sound to employ it. 

The meeting concluded with an announcement 
from the Secretary that an extra general meeting 
would be held on Friday, January 2, 1931, when a 
paper entitled “* An Experimental Investigation into 
Induction Conditions, Distribution, and Turbulence 
in Petrol Engines,” would be presented by Dr. 8S. J. 
Davies. 


THE DerBy Society oF ENGINEERS.—We received 
recently a copy of the 1929-30 annual report and transac- 
tions of the Derby Society of Engineers. The report, 
which covers the 46th session of the Society, shows that 
the total membership is now 220. Eight meetings were 
held during the session, at which papers covering a very 
wide field were read. Synopses or notes of many of 
these, together with the discussions which took place 
subsequently, are given in the book. The balance sheet 
shows that the income of the Society, for the year ending 
March 31, 1930, was 171/., and that the expenditure for 
the same period was 161/. The honorary secretary of the 
Society is Mr. C. Carmichael, 45, Friargate, Derby. 





ENGINEERING MARKETS OF THE 
WORLD.—VIII. 
By A. J. LIvERSEDGE. 
Latin AMERICA. 

THE expression Latin America is conveniently 
applied to the great group of independent states, 
which, beginning with Mexico in North America, 
embrace the whole of Central and South America, 


TABLE XIX—Unrtep Kinapom AND UNITED STATES 








cover an area of 8,713,000 square miles, and have 
a population of probably not less than 115,000,000. 
The population of these states includes a consider- 
able number of Indians, and also a not unimportant 
element of mixed blood, Indian, African and 
European; but the dominant race is everywhere 
Spanish except in Brazil, where it is Portuguese. 
These states are all richly endowed with natural 








sources of wealth ; some more, of course, than others, 
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with the exception of the trifling British and Dutch | but there is none that is poor. 
These states are|states have not yet become obsessed, as have 
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Moreover, these 
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mala, Nicaragua, San Salvador, Costa Rica, Pana-| by the idea that they must manufacture what 
ma, Cuba, Haiti, Santo Domingo, Porto Rico, | they require for themselves. 
Venezuela, Colombia, Ecuador, Peru, Brazil, Bolivia, | have cotton factories and woollen mills, 
Chile, Argentina, Paraguay and Uruguay ; 


It is true that they 
and Chile 


they!is ‘said to possess over 7,000 * manufacturing 
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establishments,” but for the most part, these states 
have been content to concentrate, with advantage to 
themselves and with benefit to the trade of the world, 
upon their mines and oil fields, their almost illimi- 
table ranches, their corn and cane fields, and their 
forests. No iron is produced, or steel manufactured, 
on a commercial scale throughout the immense 
territory covered by these states. Hence, it is easy 
to understand that Latin America constitutes an 





In the accompanying Table XIX, the Ameri- 
can and United Kingdom exports are shown 
for the years 1927 and 1928, the latter being the 
latest year for which the figures are available. The 
corresponding figures for 1913 are also given where 
available. 

This table does not, of course, represent the entire 
market of Latin America. Also, the values are the 
values at the ports of shipment ; and to obtain the 





TABLE XIX (continued)—Untrep Kinepom anp UNITED States ENGINEERING Exports to LATIN AMERICA, 
£000’s OMITTED. 





























































































































| 
ae | 1913. ! 1927. | 1928. 
Electrical Apparatus :— £ Per cent. | £ Per cent. £ | Per cent. 
Argentina .. os << EE 386 77:2 655 33-0 915 | 40-4 
a es : U.S.A. 118 22-8 1,321 67-0 1,355 | 59-6 
Total 504 _ 1,976 — | 2,270 | - 
Brazil U.K. 259 29-3 156 ‘7S | 177 | 15-0 
eS U.S.A. 625 70°7 945 85-9 | 987 | 85-0 
Total .. 884 — 1,101 ~ 1,164 | — 
Chile U.K. 78 51:6 106 17-0 206 32-4 
ri U.S.A. 73 48-4 520 83-0 403 66-6 
Total .. 151 — 626 —_ 609 — 
Colombia U.K. oo _- 33 10-0 57 13-6 
_ U.S.A. 31 100-0 311 90-0 362 86-4 
Total .. 31 -- 344 oa 419 _— 
Mexico U.K. 7 2-0 107 10-8 62 7-0 
a U.S.A. 410 98-0 888 89-2 825 93-0 
Total 417 7 995 —_ 887 as 
Peru U.K. 10 11-4 24 14-0 20 15-9 
. U.S.A. 78 88-6 163 86-0 106 84-1 
Total 88 oe 187 = 126 — 
Uruguay U.K. — 25 15-9 18 11-2 
if U.S.A. 17 100-0 133 84-1 144 88- 
Total 17 — 158 — 162 
Venezuela .. U.K. — —_ | —_ | _ -—— 
7 U.S.A. 24 100-0 211 100-0 | 244 100-0 
Total .. 24 =-— - 211 -_ ff 244 mo 
The Rest Ae _— _— ” ae = | — — 
‘ U.S.A 593 100-0 1,084 100-0 || 1,002 100-0 
Total 593 -— tt ie ae 1,002 a 
All U.K. 740 27-4 | 1,106 16-5 | 1,455 21-2 
“ U.S.A. 1,969 72:6 5,576 83-5 5,428 78:8 
| |— Same —- 
Total—Latin America 2,709 _ ! 6,682 — 6,883 _ 
Totals of Above :— 1] = 
Tron and Steel « Uae 7,700 _— | 8,205 — 9,422 a 
Machinery .. se a fs 5,100 oes | 4,496 = 4,954 = 
Electrical : 740 = | 1,106 a 1,455 — 
Total U.K. 13,540 = | 13,807 — |___ 15,881 ean oe 
Iron and Steel U.S.A. | 7,506 Be 10,738 | | 10,366 ~~ | Se 
Machinery .. He ee os 6,193 _- 19,875 | 27,315 | - 
Electrical 22 ft) ] we | 88 5,576 | 5,428 “ss 
Total U.S.A. | 15,668 | 53°7 | 36,189 72-4 43,109 | 73-2 
ee U.K. | 13,540 46-3 13,807 27:6 15,831 26-8 
GRAND Torals .... | 29,208 an | 49,996 | = | 58,940 | = 








immense market for the engineering products with | values in America there must be added, say, 10 per 
which we are here concerned. cent. If to the amount so obtained there be added 
Moreover, the United Kingdom might quite | a further 15 per cent. to cover the exports by other 
properly put forward a sort of prescriptive claim to | countries, we shall probably have a very close 
a large share of the trade of Latin America. No/| approximation to the entire market in the com- 
country in the world has done more for the develop- | modities with which the Table is concerned. The 
ment of Latin America than the United Kingdom. | amounts would be, for 1927, 63,293,000/. and for 
Before the War we had much more capital invested | 1928, 74,558,000/., as the values of the iron and 
in Latin America than any other country, and even | steel, the machinery and the electrical apparatus 
now have probably more, notwithstanding the | imported by Latin America. 
activities of the United States in the meantime. | 
Actually, the claims of the United Kingdom on Latin | simple reason that the United Kingdom exports of 
America because of the services rendered by British | vehicles to Latin America are too insignificant to be 
enterprise and British capital are quite freely | worth while recording in the United Kingdom 
recognised ;_ if we lose our hold upon the markets | official returns, except in regard to railway material 
of Latin America it will not be for want of goodwill | shipped to the Argentine. The exports from the 
on the part of her people towards this country. | United States of motor vehicles to Latin America 
It will not be possible to analyse here this great | in 1927 amounted to 19,851,000/. in value, and in 
market in any detail, and the data are not available | 1928, to 27,128,000/., against which we have 
to permit the complete comparisons which have been | nothing to show according to our official returns. 
made in former articles of this series. In these | In 1928, the Argentine alone took motor vehicles, 
circumstances, the best view of the market will| parts and accessories from the States to the value of 
probably be obtained by setting out the exports| more than 9,600,000/.; Brazil took 5,686,0001., 
to Latin America from the United States and from | Mexico, 2,930,0001., Colombia, 1,680,000/., Cuba, 
the United Kingdom. These two countries have long | 1,548,000/.,Chile,1,181,000, and Uruguay,1,165,000/., 
had much the larger share of the trade of Latin | while every one of the remaining 14 states took some 
America, though Germany is now rapidly increas- | appreciable amount. The United Kingdom con- 
ing her proportion, while France, Belgium, the 
Netherlands and other countries, are also gaining 


ground, do we appear to be so completely cut out in 


The Table contains no account of vehicles, for the | 


respect of this important and growing industry. 
The Table gives the separate figures for the eight 
most important states of Latin America; the remain- 
ing 13 are grouped together under the title of The 
Rest. The percentages shown refer, as will be seen, 
to the totals of the United States and the United 
Kingdom figures. 

The most satisfactory part of the table is the 
first section dealing with iron and steel, and here, 
once more, we have to recognise the splendid fight 
which the iron and steel industry of this country 
is making to maintain its hold upon the markets 
overseas. It is true that we are now beaten in 
Latin America by the United States, but it is only 
by a small margin. In 1913, it will be seen, we had 
a trifle more than the States ; in 1928 our share was 
| only 47-5 per cent., the States having an advantage 
lof nearly 1,000,000/. In 1927, our total was 
only 8,200,000/., against the American total of 
| 10,738,000/. ; but there can be no question that we 
were then still feeling the effects of the labour 
troubles in this country in 1926. Having regard to 
| those troubles, our recovery in 1928, when our share 
went up from 43-4 per cent. to 47-5 per cent., was 
a considerable achievement. 

It will be seen from the Table that, in the Argen- 
tine, Brazil, Chile, and Uruguay, we have the larger 
share of the market ; in the Argentine and in Peru, 
much the larger share ; but in each case the United 
States is overhauling us and bringing down our 
percentages. We also hold our own in Colombia and 
in Peru, and have made a considerable gain-in The 
Rest, which is a distinctly encouraging feature, 
because there can hardly be any question that we 
have been liable, in the past, to neglect the smaller 
countries. 

The second section of the Table, in which the 
machinery exports to Latin America are set out, 
is nothing like so satisfactory as the first section. 
We are being badly beaten by the United States in 
the machinery markets of Latin America, in every 
state without exception. Moreover, the United 
Kingdom figures of this section of the Table include 
electrical machinery, which is not included in the 
United States’ figures. Nevertheless, our defeat 
seems complete ; it is, indeed, so overwhelming as 
to suggest that some occult influence has possessed 
our machinery builders which has prevented them 
from seeing the immense expansion which has been 
taking place in this market in Latin America since 
the war. In 1928, we actually sent to Latin America 
less machinery than we sent in 1913, although the 
demand for machinery out there had enormously 
increased in the meantime, as will be clear from an 
examination of the Table. In 1913, our exports of 
machinery to Latin America amounted to 5,100,000/., 
as against 6,193,000/. for the United States, the 
respective percentages being 45-2 and 54-8. In 
1928, the corresponding exports of the United King- 
dom amounted to no more than 4,954,000/., while 
the corresponding American exports had gone up to 
27,315,000. The United Kingdom percentage had 
thus dropped to 15-4-while the American had gone 
up to 84:6. As the prices of machinery were higher 
in 1928 than in 1913, it is obvious that the actual 
weight of machinery which we sent to Latin America 
in 1928 was much less than the corresponding weight 
in 1913. Thus, while we have failed to hold our 
own, the United States has more than quadrupled 
her market, her figures having risen from 6,193,0001. 
| to 27,315, 000/. 

It is difficult to imagine any adequate explanation 
for this extraordinary failure on the part of the 
United Kingdom. It will be seen that the failure 
has not been confined to any particular states ; 
it is found in every one. Even in the Argentine, 
where we have had peculiar advantages, our failure 
has been as pronounced as in any other state. 
While our share has dropped from 67-1 per cent. to 
18-6 per cent., our amount being no more than 
2,140,0001., as compared with 1,946,000/. in 1913, 
the United States has gained nearly 9,000,000I. 
We look in vain throughout this Table for a single 
redeeming feature. 

. It will be noted that Argentina is easily the 














largest user of machinery of Latin America, with 


tributions to that evidently immense trade, were| Brazil, second and Mexico third, Venezuela, 
not worth recording. Nowhere, not even in Canada, | Colombia and Chile coming next in order, though 
' some distance behind. 
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The third section of the table, where the electrical 
exports are shown, is not very much better than 
the second, if at all. The United States again has 
very much the best of it. There is, however, this 
to be said about this section of the Table. The 
American figures include much electrical machinery 
which, in the United Kingdom returns, is included 
under the heading machinery. This circumstance 
affects the values as shown, of course; but does not 
affect the relationships between the different years. 
It will also be noted that there are several blanks 
in the United Kingdom spaces, which means, for 
instance, that while the United States sent to the 
smaller states of Latin America electrical apparatus 
to the value of 1,084,000/. in 1927, and to the value 
of 1,002,0001. in 1928, the exports from the United 
Kingdom to those states, representing a large part 
of Latin America, were not of sufficient importance 
to be recorded in the United Kingdom returns. 

It will be seen from the Table that, in electrical 
apparatus, we begin, in 1913, rather low down, 
but we have since dropped a good deal lower. 
Our share in 1913 was 27-4 per cent., but in 1928 it 
had fallen to 21-2 per cent. Our amount had gone 
up from 740,0001. to 1,455,000/. but the American 
amount had gone up from 1,969,0001. to 5,428,0001., 
nearly treble. We may, however, find a little 
encouragement in the fact that the figures show a 
considerable gain for the United Kingdom in 1928, 
as compared with the figures of 1927. 

It will be noted that the Argentine is easily 
the largest consumer of electrical apparatus, Brazil 
coming next, with Mexico third. In 1913, we held 
an excellent position in the Argentine, and had the 
larger half of the trade of Chile also. Unfortunately, 
we have not been able to retain either. Still, it is 
encouraging to note that the improvement shown in 
the United Kingdom figures of this section is due 
to gains in the Argentine, Brazil, Chile, Colombia 
and Peru. Being thus a general improvement, and 
not due to accidental circumstances arising in a 
particular state, it is reasonable to expect that it 
will continue. 

The final section of the Table is not very agreeable 
to contemplate. It contains big figures, but they 
are not those of the United Kingdom. In 1913, 
there was not a very great disparity between the 
positions of the United States and of the United 
Kingdom. The United States had 53-7 per cent. 
of the trade, the value being 15,668,0001., as com- 
pared with 13,540,000/. for the United Kingdom, 
but this difference was not more than could be 
reasonably accounted for by the geographical 
advantage which the United States will always 
have, of course, over the United Kingdom in regard 
to Latin America. If we had only been able to 
hold the position we had in 1913, we should not 
have had much reason for dissatisfaction. We have, 
however, not held that position. Our total exports 
under the three headings of iron and steel, machinery 
and electrical apparatus, have increased only from 
13,540,000/. to 15,831,000/., a gain of only 17 per 
cent. The corresponding figures for the United 
States are an increase from  15,668,0001. to 
43,109,0001., a gain of 27,441,000/., or 176 per 
cent. 

These figures are deserving of careful study by 
all interested in the engineering industries of the 
United Kingdom ; they indicate an immense and 
a growing market which, in regard to some things 
in which we have been, and still are, specialists, 
we appear to be resigning to our great competitor 
on the other side of the Atlantic. 

In the next article we shall conclude this series 
with a brief review of the remaining markets of the 
world, and a summary of the whole. 


THE LATE LIEUT.-COLONEL 
SIR ARTHUR YORKE. 


WE regret to record the death of Lieut.-Col. Sir 
Arthur Yorke, C.B., which occurred in London on 
Wednesday, December 10, at the age of 81. Sir 
Arthur was for many years connected with the 
Railways Department of the Board of Trade, and 
will be remembered as a painstaking and careful 
investigator into the causes of the accidents, which 
occurred during his tenure of office. In paying 


our tribute to these qualities, which were of the 





highest value in the performance of his duties, it 
may also be recalled that he was inclined at times 
to advance conclusions from which we felt com- 
pelled to differ, sometimes owing to the suggestion 
that the railway companies should embark on ex- 
penditure, which could only be considered as quite 
unrelated to the possible benefits. Nevertheless, his 
reports are worthy of study owing to the way in 
which the evidence is marshalled, and to the 
clarity with which the deductions are stated. 

Horatio Arthur Yorke was born on June 3, 1848, 
and was educated at Cheam and Charterhouse, 
passing first into Sandhurst in 1865. In the follow- 
ing year he also passed first into the Royal Military 
Academy, Woolwich, and obtained the second 
commission in the Royal Engineers in 1869. He 
served with that Corps in the Afghan War of 1879- 
1880, and in the Nile Expedition of 1884-85, being 
mentioned in dispatches, and receiving a brevet 
majority as the result of his work in the latter 
campaign. . In 1891, he was appointed an Inspector 
of Railways by the Board of Trade, being promoted 
to Chief Inspector in 1900, a post he held for thirteen 
years. Sir Arthur was delegate to the International 
Railway Congresses at Washington in 1905, and at 
Berne in 1910, and to the International Navigation 
Congress at Philadelphia in 1912. At the time of 
his death he was a director of the Great Western 
Railway Company, and had also served on the 
Board of the Grand Trunk Railway of Canada. He 
was appointed a Companion of the Order of the 
Bath in 1904, and was knighted in 1913. 


THE LATE DR. H. BORNS. 


WE have this week to record the loss of an old and 
valued colleague and friend, who contributed to our 
columns for a period of over forty years. Henry 
Borns, Ph.D., who died early in the morning of Friday 
of last week, was never actually on the staff of this 
Journal, but had been closely associated with it since 
the early ’eighties. He concerned himself more par- 
ticularly with physical science and its applications, 
and with such aspects of chemistry as fall within our 
sphere. He was, for instance, in the habit of preparing 
reports for us of the meetings of the British Association, 
other than the Engineering Section, and in the course of 
this activity attended meetings of the Association in 
Australia and South Africa, and twice in Canada. He 
also did much work in connection with meetings of the 
Royal Institution. Dr. Borns had a remarkably 
detailed knowledge of a wide range of scientific subjects, 
and any appeal made to him in connection with, for 
instance, an obscure physical experiment or little- 
known physical instrument was usually rewarded with 
some helpful information. He also had a wide know- 
ledge of historical and other subjects outside the scien- 
tific sphere, and was acquainted with the literature of 





| at least three languages. 


Dr. Borns had been in somewhat indifferent health 
for a number of years, but seldom allowed this to 
interfere with his intellectual activities. He retained 
his quiet humour throughout—a humour which, at times, 
was somewhat ironic at his own expense. His last 
illness was a long and painful one. Born in 1855, he 
would have been 76 years of age on January 3 next. 
He was a member of various scientific societies con- 
cerned with his special interests, such as the Royal 
Institution and British Association, on both of which 
he was, or had been, a member of the general committee. 
He was made a Fellow of the Physical Society in 1895. 
He was widely known in scientific circles, where his 
knowledge and kindly personality will be keenly missed, 
as they will by the Journal for which he worked so 
faithfully and so long. 


MOLYBDENUM STEELS.—A_ useful little pamphlet, 
entitled Molybdenum in Steel and Iron, has recently been 
issued by Messrs. High Speed Steel Alloys, Limited, 
Ditton-road, Widnes, Lancs. As is fairly generally 
known, molybdenum promotes fine-grain structure, 
eliminates temper-brittleness, reduces the effect of 
mass and, in a word, imparts a large measure of per- 
manency to the physical properties of the steel, to which 
it is added. The pamphlet deals in great detail with the 
whole subject ; a large number of test results are quoted 
and diagrams given. The melting, casting, working, 
and heat treatment of steels containing molybdenum 
are also dealt with at some length. Not the least 
interesting section is that devoted to economic considera- 
tions. Taking as a basis the current price of molybdenum, 
namely, 50d. per lb., it is shown that the cost of the 
molybdenum addition, per ton of steel, is 9s. 9d. for each 
0-10 per cent. The pamphlet is well written ; the style 
is always clear and concise, and the case for molybdenum 
plainly stated. It is emphasised that while molybdenum 
will perform certain definite functions, it is not a cure 
for all the troubles incidental to steel. 


CAIRO MAIN DRAINAGE 
EXTENSIONS.* 
By A. 0. W. D. Payson, M.Inst.C.E. 


In the drainage system of Cairo, the original system 
of ventilation of the collector was a combination of 
open manhole-covers and_ ventilating-shafts. This 
system had to be suppressed because of nuisance, and 
was replaced by forced-draught ventilation. A 
Sirocco fan was installed in 1918, and examination 
of the collector showed that the concrete had been 
damaged by sewer gases. At the time, the damage 
was attributed to inadequate ventilation, and opinion 
inclined to the belief that no further attack would 
occur. Departmental inquiries and investigations were 
begun, and experimental renderings were applied to 
the damaged surfaces. Forced-draught ventilation 
was maintained continuously, and silt was removed 
regularly. In spite of these measures, deterioration 
still continued, and by the end of 1920 the damage 
had penetrated to a depth of 4 in., or nearly one- 
third of the thickness of the original arch. 

Mr. E. H. Lloyd, M.Inst.C.E., thereupon asked that 
a commission should be appointed to study and report 
on the damage. The Commission was appointed in 
December, 1920. The flow of sewage had, by this 
time, increased to such an extent that internal repairs 
were not possible. The Commission’s investigations 
and inquiries were directed to the prevention of further 
deterioration of the structure and its reconstruction in 
more durable form. Preservation of the structure was 
attempted by chemical treatment, removal of silt, 
and forced-draught ventilation accompanied by gas- 
determination tests. Their investigations led to no 
results, although the gas tests revealed only occasional 
traces of sulphuretted hydrogen. They then turned 
their attention to reconstruction. It was considered 
feasible to cut away the arch and to rebuild the top 
of the collector with a lining of blue pressed bricks. 
An attempt was made, late in 1923, to rebuild a short 
length as recommended. The rapid increase in the 
volume of sewage, silting, and other factors made 
enlargement no longer possible unless means were 
devised for stopping the flow of sewage. The opening 
of the collector created grave inconvenience due to 
obnoxious gases, and there was risk of asphyxiation of 
labourers. ; 

At this stage the Commission submitted a report 
from which the results and statements given above 
are abstracted, and came to an end. It was evident 
that extensions were urgent and necessary, and that 
any new works should be designed so as to provide for 
repairs to the collector and to deal with the increased 
unforeseen loads that had been placed upon the 
system. The intentions of the designer had been 
departed from in the original method of disposal of 
rain-water into the Nile. The next departure occurred 
in 1916, when low-lying areas in the city were covered 
with infiltration water owing to the high Nile flood. 
The Anti-Malarial Commission, becoming alarmed at 
the menace to the health of the city resulting from the 
spread of malignant malaria, decided to drain the 
water into the drainage-system. This was done by 
constructing special surface-water gullies with open 
brickwork to drain the water from below the surface 
of the land. The measure has proved successful, but 
it entails an unforeseen discharge which may reach a 
maximum of 30,000 cub. m. per diem during the peak 
period of a high Nile flood. : 

The new works comprised the construction of a new 
pumping-station, a 46-in. diameter rising main, and a 
new main collector and main sewers in the city. These, 
with all incidental works and the purchase of land, 
were estimated to cost £,800,000. The new pumping- 
station at Ameria covers an area of about 1,000 sq.m., 
and contains four sets of centrifugal sewage-pumps, 
with auxiliary machinery. The new 48-in. diameter 
rising main begins at Ameria and terminates 19,188 m. 
away on the Gebel El Asfar sewage-farm. It was 
constructed of cast-iron pipes manufactured in accord- 
ance with the British Standard specification. 

The new work comprises a grit and screening-chamber 
at Ameria and a blue-brick lined concrete collector, 
5,400 m. in length ; it is of horse-shoe section, ranging 
from 1-90 m. by 1-80 m. at the outfall to 1-60 m. by 
1-54 m. at its head. It is capable of a maximum 
discharge of 270,000 cub. m. per diem on its <4 
section. The new collector intercommunicates — 
the original system in Cairo, and is connected to the olc 
collector by two subsidiary sewers, each 1-20 m. - 
diameter, with special chambers which enable the 
sewage to be diverted. A main sewer 1s laid to — 
two new streets and incidentally to improve pe 
drainage of the eastern side of Cairo, by abolishing the 
compressed-air pumping of sewage over a present = 
of 1,000 acres and a further additional area of 
acres. 


* Abstract of paper read before the Institution of 
Civil Engineers, on Tuesday, December 2, 1930. 








+ See ENGINEERING, vol. cxxvii, page 734 (1929). 
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Consider a hot gas flowing through a tube and giving 
up heat to the tube wall. The heat units necessary to 
raise unit weight of gas through unit temperature rise 
are equal to the specific heat at constant pressure, 
Cy. If the specific volume of the gas is v, the volumetric 
heat is equal to 


LETTERS TO THE EDITOR. 
THE DIMENSIONS OF TEMPERA- 
TURE. 
To THE Epiror or ENGINEERING. Cy 
Srr,—You have, I notice, already dealt adequately ve 


Cyol. 





with Mr. Eagle’s letter of December 8, but, as an} Let W = weight of gas flowing per unit time. 

involuntary ‘third party ” in the discussion, perhaps A = cross-sectional area of tube. 

I may be allowed to add a few words with reference to V = yelocity of gas in tube 

the point at issue. ¢ = a linear dimension (say the tube perimeter). 
It is, of course, well known that there is some freedom K = thermal conductivity. 

of choice in regard to the dimensions of physical S = smi anes difference. 

quantities. This is subject,only to the natural restric- ont eee ‘ 

tion that, having exercised a particular option, we must | Then va Vxe 

be careful to stick to it, and not violate the underlying A 

assumptions at any stage. d V(Cvoi)l Wve Cp 1 
As regards temperature, we may regard it, for|*” 7" ee tae ae 

example, (1) as being a fundamental quantity; or wo 

(2) as having no dimensions at all; or (3) as heat =< “¥t 


divided by mass; or (4) as energy. We can proceed 
to build up a rational system of dimensions based on 
any one of these choices, in conjunction, of course, with 
length, mass, and time. These several systems will be 
different from one another, but each will be consistent 
dimensionally. 

Choice No. 1, which regards mass, length, time and 
temperature as the four fundamental quantities, is 
that adopted by Messrs. Eagle and Ferguson in their 
paper. It enjoys a practical advantage, in that the 
methods of dimensional analysis are able to show how 
temperature enters into problems of heat flow. 

If, on the other hand, we adopt choice No. 2, and 
select only three fundamental units, length, mass and 
time, suppressing the dimensions of temperature, the 
various physical quantities concerned have the dimen- 
sions which are correctly given in Kaye and Laby’s 
Tables, in which also the dimensions of temperature 
are clearly taken as zero in mass, length and time. 

Again, we may assign dimensions L?T-* to tempera- 
ture (choice No. 3), and obtain a third consistent set 
of dimensional quantities. Similarly, choice No. 4 
could be utilised in developing still another set. It is 
clear that, failing choice No. 1, it is not a question of 
No. 3 being our only choice, as Mr. Eagle would insist. 

To consider now the point originally raised in 
your editorial. Mathematically, an infinite number of 
dimensionless groupings can be constructed from the 
seven physical quantities concerned in the problem in 
question, but only three of them are independent. 
Whatever the particular three chosen, all the others 
can be derived from them algebraically. Thus, Messrs. 
Eagle and Ferguson are right in saying that there are 
only three such groupings, although they are guilty of 
an overstatement in restricting the choice to the 
particular three they select. They could, for example, 


have selected equally well the quantity os as one of 


K 
= ), the heat transfer is 


Thus, if (tog ic) is plotted against (10g V (Cvoi) 2 ) 

Cp 
AK 
independent of the velocity for given values of W and A. 
It is true that for a given wall temperature and a 
given gas the velocity varies with the temperature 
difference. On the other hand, for a given tempera- 
ture difference, the gas velocity increases with the wall 
temperature, and if the above conclusions are true, 
this increase in velocity would have no effect on the 
heat transfer, which seems rather absurd. 

This same problem of convection heat transfer was 
analysed with the aid of the principle of similarity by 
Lord Rayleigh, in Nature, vol. xv, page 66 (1915). In 
that instance, however, Rayleigh assumed an incompres- 
sible fluid, and the assumption of a ‘‘ volumetric heat ”’ 
was justified. I should be interested to know if the 
above conclusions are correct, or, if they are not, the 
correct method of attacking the problem. , 

I am, 
Yours very truly, 
ARTHUR WILLIAMS. 
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FROM TUBE TO WATER. 
To Tue Epiror or ENGINEERING. 
Str,—We have read with great interest the reprint 
in your columns of the paper entitled “‘ The Coefficients 
of Heat Transfer from Tube to Water,” read before 
the Institution of Mechanical Engineers by Mr. Albert 
Eagle and Mr. R. M. Ferguson, and note that Mr. 


the independent dimensionless groupings, and it is,| Kersey, speaking in the discussion on this paper at 
in fact, this quantity which the writer of your leading | Manchester, reported on page 708 of your last week’s 
article, by ignoring the dimensions of temperature, has | issue, drew attention to the definite recognition of an 
noticed to be a pure number. The problem of selecting | intermediate layer in oil cooling. The scraping devices 
the particular three groupings which are most con-| mentioned by this speaker, we presume, were those 
venient in analysing any given set of experimental | employed in the Stancliffe Rotor Heat Exchangers, 
results, is one which must be settled on grounds other which were illustrated and described in ENGINEERING, 
than dimensional theory. vol. exxviii, page 337 (1929). It has been found that 
heat-transfer difficulties with viscous fluids have been 
| entirely overcome by these heat exchangers. 
| In addition to the application of the scraping action 
employed in these heat exchangers for oil cooling, the 
principle is also being applied to the heating of oils, 
edible fats, &c.; and to many other problems in which 
the presence of a heat-transfer resisting film, or layer, 
gives rise to difficulties. 
Yours faithfully, 
R. JOHNSON, 
for the ALbwycH ENGINEERING ComPANyY, LiMiTED. 
Astor House, Aldwych, W.C.2. 








Yours faithfully, 
G. W. C. Kaye. 
13, Waldegrave Park, Strawberry Hill. 
December 15, 1930. 





THE CALCULATION OF CONVECTION 
HEAT TRANSFER. 


To THE Eprror or ENGINEERING. 
Str,—The paper on “ The Calculation of Convection 
Heat Transfer,” by Margaret Fishenden and 0. A. | 
Saunders, published in your issues of August 8 and 15 
last, pages 177 and 193 ante, is an extremely interest- 
ing discussion on the possibilities of analysis by dimen- | 
sional similarity. | 

There is one point in this connection which seems to 
merit further discussion. The specific heat per unit 
volume of fluid, is an easy quantity to determine for 
an incompressible fluid, but in the case of a gas there | 
are complications. There are some references to this | 
“ specific heat” in the Proceedings of the Institution 
of Mechanical Engineers, No. 2, 1929, in a paper on 
““ Research in Mechanical Engineering by Small-Scale 
Apparatus,” by F. C. Johansen, and in the ensuing 
discussion, Professor Gilbert Cook pointed out that the 
above-mentioned “ specific heat ” is really the ‘“ volu- 
metric heat,” and that it is necessary to use the latter in 
connection with the principle of similarity, as specific 
heat is merely a ratio. If, then, one is permitted to 
define volumetric heat as the number of heat units 
necessary to raise unit volume through unit temperature 
rise, some unusual results are arrived at in the case of a 
gas. 








HicH-PrREssuRE COMPOUND LOCOMOTIVE FOR THE 
DELAWARE AND Hupson RaAILRoAD: ErRratTuM.—By 
a reader’s error, which we regret, the name of the high- 

ressure locomotive for the Delaware and Hudson Rail- 
road, described in our issue of last week, was, on page 737 
ante, given as the ‘‘ James Archibald.” Locomotives on 
American railways are seldom designated by name. 
Among the recent exceptions to the rule are the three 
engines embodying departures from conventional prac- 
tice on the Delaware and Hudson Railroad. All three 
are named after men associated with the early days 
of the company. The first was named after Horatio 
Allen, who supervised in England the building of the 
Stourbridge “ Lion,”’ the first locomotive which actually 
ran on rails in the United States and is now in the Smith- 
sonian Institute. The second was named after John B. 
Jervis, the chief engineer of the railway company in those 
days, and designer of the famous engine “‘De Witt 
Clinton,’”’ on the Mohawk and Hudson Railroad, and 
the inventor of the 4-wheel bogie. The third engine was 
named after James Archbald (not Archibald) who was 
also associated with John B. Jervis in the early days of 
the company. 











NOTES ON NEW BOOKS. 

Tue tedium of a long railway journey is often re- 
lieved by the use of maps and guides, and a few persons 
find much interest in timing the trains by which 
they are travelling. For this purpose, much detailed 
and accurate information is required, and in Gradients 
of the Londan and North Eastern Railway, published 
by The Railway Publishing Company, Limited, at 
2s. net, ‘“‘ Voyageur’? has given a series of profiles, 
tables and notes of the various branches of that railway. 
The matter is divided into sections dealing first with 
the East Coast main line, King’s Cross to Edinburgh, 
and then, in turn, with the main and branch lines in 
the various sections of the system. There are some 
fifty profiles all drawn to the same scale, and the infor- 
mation given includes lists of stations with the dis- 
tances, positions of the principal viaducts, tunnels, 
water troughs, points where speed restrictions are 
necessary and the positions of the principal signal 
boxes. The profiles have, where possible, been made 
easier to read by the averaging of frequent short changes 
of gradient—where the successive lengths do not 
vary greatly in inclination—into one mean inclination 
for each series. Each profile and table of distances is 
accompanied by notes which include remarks on the 
locomotives employed and the loading of the trains. 





Granted that all theories have been foreshadowed 
before being definitely enunciated, we may accept 
Lothar Meyer, with his 16 columns of elements of 
1868, and Mendeleieff, with his 19 columns of 1869, 
as the originators of the periodic table. They arranged 
the elements in horizontal rows according to their 
atomic weights, now replaced by the ordinal numbers— 
the term atomic number is fortunately losing favour— 
and found certain periodicities in some properties 
so that their vertical groups represented the natural 
families of the elements. The periodic law developed, 
in spite of many difficulties, in so manifold a way that 
chemists and physicists feel, at present, pretty certain 
about the properties of the still unknown elements 
85 and 87. Yet there is no orthodox periodic table, 
not even an ideal one, and this can hardly be otherwise, 
since the multiplicity and variety of properties cannot 
be forced into one schedule. Thus, we have arrange- 
ments in long andsin short periods, each offering 
advantages for classification, and groups and sub- 
groups, and if many elements have boxes of their own 
in the table, iron, nickel and cobalt have to go into 
one box as a‘ triad, whilst manganese and chromium, 
very similar to the iron metals, have their separate 
compartments. Dealing in their volume Periodisches 
System, Geschichte und Theorie (Stuttgart: Ferdinand 
Enke; price 29 marks), with the historical deve- 
lopment of the theory, Dr. Eugen Rabinowitsch, 
of Géttingen, and Dr. Erich Thilo, of Berlin, have 
utilised 300 pages for their masterly exposition. It 
isa scholarly work, though the references to the litera- 
ture of the subject are scanty ; for example, we simply 
read, ‘‘ Kossel, 1919.’”’ The theory of the constitu- 
tion of the atom is mainly based upon spectroscopic 
evidence and quantum relations ; but wave mechanics 
are noticed, because they promise to account for 
difficulties in the valency theory of the atoms put in 
their combinations. One of the most interesting 
precursors of the periodic system, whom the authors 
have discovered, is almost forgotten, viz., J. Bernhard 
Hermann, who, writing under the name N. H. Marne, 
in 1786, on the number of elements, went back 
to Boyle’s definition of an element and pointed out 
that the elements should fall into a natural sequence of 
simple numerical relations. Readers will appreciate 
the precise definitions of the modern terms given, 
since these terms render the perusal of recent pape 
very difficult. pols. : 

There are few materials which have such a wide 
range of uses as Portland cement, whether as cement- 
mortar, as plain concrete, or reinforced concrete. 
The adaptability of this materialis well displayed in a 
book of nearly 600 pages, entitled Everyday Uses of 
Portland Cement, and published by the Cement Market- 
ing Company, Limited, at 10s. 6d. net, having more 
than 700 figures and plates. An introductory chap- 
ter gives an historical account of the development 
of Portland cement, followed by essays on materials, 
workmanship, surface treatment and practice, with 
details of form work, supplemented by chapters on 
many forms of structures and concrete products of 
various kinds. It makes an informing and attractive 
book, legitimately propagandist in its nature. The 
photographs reproduced show, in many cases, how the 
claims of the xsthetic sense may be met. Surface 
treatment, it may be said, has made great advances 
during the last few years, previous to which much 
criticism was heard of the unsatisfactory appearance 
of some concrete structures, which, when associated 
with crude structural lines, gave some rather deplor- 
able examples. Neither of these faults is, however, 
irremediable, as may be seen by examining the many 
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illustrations. A statement in the opening chapter 
that reinforced concrete in this country is but thirty 
years old, may be rendered more correct by doubling 
the time, the first house of this construction having 
been built in the mid ‘sixties of the last century. 





The rapid advance of physical chemistry tempts 
the lecturer to present his students with a survey of the 
present standpoint of thescience. Many of the theories 
prove in the end to have little of the apparently revolu- 
tionary character which first excited interest. To 
correct the perspective is one of the tasks of a writer 
of a modern text book. But we do not envy such an 
author’s task, and we sometimes feel doubtful of the 
class of readers to which such books will really appeal. 
Dr. Frederick Hurn Constable, M.A., author of A 
Condensed Outline of Modern Physical Chemistry 
(London: Ernest Benn, Limited; price 10s. 6d. net), 
is a Fellow of St. John’s College, Cambridge, and also, 
as is announced on the title page, a director of the 
Research Laboratories of Radiovisor Parent, Limited. 
He states that he has written for candidates who are 
reading chemistry up to the final stage of their university 
course, and that the whole ground is covered to include 
all fully-established recent developments. The qualifi- 
cation ‘ fully-established ”’ may explain the omission 
of all reference to wave and quantum mechanics, and 
doubtless Mr, Constable will know what the examiners 
willexpect. We are not sure, however, that the student 
will agree that the whole ground is covered, though he 
will certainly jappreciate the volume. Mr. Constable 
quotes Dalton without accentuating that all the atoms 
of Dalton’s elements were equal to one another and 
different from those of any other element ; and he states 
the laws of Proust and Richter that atoms combine in 
constant proportions. But he makes no mention of 
Proust’s enunciation of the classical idea that all the 
elements were built up of one primordial atom, nor 
does he point to the modern identification of this atom 
with the proton and the condensations of four protons 
and some electrons into one atom of helium. In fact, 
we do not find the word proton at all in the volume, 
although the recent work in the Cavendish laboratory 
on the constitution and breaking up of the atom is 
duly commented upon. Neither are the researches on 
positive ray analysis and mass spectra even mentioned, 
end there are no allusions to isofopes, though, again, 
radioactivity is explained. The periodic table of the 
book ends with iodine, without any hint as to its frag- 
mentary character. Persistent misprints, like Andrew 
(instead of Andrews), Chatalier (Chatelier), Plank 
(Planck), &c., are annoying, and the index is poor. But 
the clear exposition makes up for many of the omissions. 


The large number of small iron castings used, for 
instance, in the motor-car industry, has directed much 
attention to the possibilities of reducing cost and 
ensuring regular attainment of the desired properties. 
Thus moulding machines permitting rapid and accurate 
production of sand moulds have reached a high stage 
of development, but there remains the feeling that 
permanent moulds, especially if the use of sand can be 
entirely dispensed with, should give even better results. 
This question is carefully and thoroughly examined by 
Dr. Ing. Friedrich Janssen in his book Hisenguss in 
Dauerformen (Berlin: Julius Springer ; price 10.50 
marks). The author, apart from his personal experience 
in a Berlin foundry, draws on the results of two visits 
to the United States, in which he was able to observe 
the actual position with regard to the application of 
the different processes which have been introduced 
there from time to time, while there is a useful list 
of references to previous publications dealing with 
the subject. The processes are described and discussed 
in detail, being compared with those adopted in die- 
casting practice as employed with metals of lower 
melting points, the difficulties in applying which are 
dealt with. At the same time useful information 
from the experience with the latter, and also from that 
with the centrifugal casting process, is presented. 
Although the use of metal moulds might be expected 
to lead to the production of chilled and un-machinable 
castings, it is shown that this can be prevented by 
careful attention to such poirts as the temperatures 
both of the molten metal and of the mould, and the 
time elapsing before the casting is ejected from the 
latter. Even with the greatest care, however, there is 
always a risk that perhaps one casting per thousand 
may be hard. This may seem negligible, but the value 
of the type of casting in question is not such as permits 
of careful inspection, and the results of a casting of this 
nature passing into the machine shop are so far-reaching 
and expensive that annealing has been adopted as 
regular practice. This gives such improved qualities 
in regard to brittleness and speed of cutting that the 
castings may be compared to malleable castings, under 
suitable conditions. Metal cores such as are used in 


die-casting practice are inadmissible owing to their high 
chilling effect, sand cores being therefore necessary. 
The difficulty of fixing these in the metal moulds is 





THE MONOTRAC MOTOR CULTIVATOR. 

















considerable, and, especially where cores have to be 
employed, castings made in permanent moulds are 
more expensive than those made under mass production 
conditions with sand moulds. The main benefit from 
employing them is that the metal is sounder, being 
free from blow holes and sand inclusions. The author 
also deals with the use of casting machines, pointing 
out the need for control of the speed at which moulds 
are used, even when no attempt is made at automatic 
operation, in order to allow sufficient time for them to 
cool down, the results of experiments on the tempera- 
tures of moulds being given. Among the other items 
which.are considered are the design of the moulds, the 
materials of which they are formed, and the most suit- 
able composition of the molten metal. 





A book which is the joint production of an engineer, 
an architect, and a doctor of medicine is somewhat 
unusual. Cottage Hospitals (London: Ernest Benn, 
Limited ; 12s. 6d. net), recently issued, the authors of 
which are Messrs. Du-Plat-Taylor, Coleridge, and 
Abraham, would seem to justify such an alliance, 
dealing as it does with the threefold aspect of small 
hospital planning, equipment and administration. It 
is a book of about 100 pages, with numerous illustra- 
tions and plates, giving concisely much useful informa- 
tion for the guidance of local authorities and others 
interested in the establishment of such very useful 
places, now becoming, with the increase of highway 
traffic, the more necessary. The establishment of such 
hospitals is dealt with from the initial business of raising 
money for the building and its appliances, to economy 
in the kitchen when brought into use, giving details 
of expenditure under various heads. The essential 
requirements of good hospital design are treated, with 
particulars about the installation of X-ray apparatus, 
surgical equipment, and instruments, with useful lists. 
Sterilisers, refrigerators, heating and ventilation are also 
touched upon, with some reference to motor ambulances 
and cost of running. There is in this book no unnecessary 
verbiage, which enables the authors to give in compact 
form much information of direct use. 


THE INstTITUTION OF ELECTRICAL ENGINEERS.— 
The annual dinner of the North-Eastern centre of the 
Institution of Electrical Engineers will be held at the 
Grand Assembly Rooms, Barras-bridge, Newcastle-upon- 
Tyne, on Wednesday, January 21, at 7 for 7.30 p.m. 
Tickets and further particulars may be obtained from 
Mr. H. R. Viall, Carliol House, Newcastle-upon-Tyne. 





PHYSICAL AND OpTIcaAL SocreTIES’ EXHIBITION.— 
The twenty-first annual exhibition of the Physical and 
Optical Societies is to be held from January 6 to 8, 1931, 
at the Imperial College of Science, Imperial Institute- 
road, South Kensington, London, S.W.7. It will be 
open from 3 to 6 p.m., and from 7 to 10 p.m. Upwards 
of 80 firms have accepted the invitation to exhibit in 
the trade section. A group of research and experimental 
exhibits is also being arranged, and some interesting 
historical exhibits will be included. Two discourses, 
with experiments, will be given at 8 p.m., on the second 
and third days, namely, ‘ Searching for Minerals with 
Scientific Instruments,’’ by Mr. E. Lancaster-Jones, on 
January 7; and ‘‘ Physics of Sport,’’ by Professor Sir 
Gilbert Walker, F.R.S., on January 8. A section of the 
exhibition is again to be devoted to the work of appren- 
tices and learners in competition. As has been the case 
in previous years, admission tickets have been placed 
at the disposal of members of the leading technical 
institutions, and these may be obtained from the secre- 
taries of the respective institutions. Other persons may 
obtain tickets on application to the secretary of the 
Physical and Optical Societies, 1, Lowther-gardens, 
Exhibition-road, London, 8.W.7. Tickets are required 
only on January 6 and 7. Admission on the last day 
will be without ticket. 


THE MONOTRAC MOTOR 
CULTIVATOR. 


WHEN describing the recent International Agricul- 
tural Tractor Trials, on page 367 ante, et seq, we made 
a brief reference to the Monotrac motor cultivator, 
entered by Messrs. George Monro, Limited, Hertford- 
road, Waltham Cross, Hertfordshire. This machine, 
which is illustrated in the accompanying figure, is 
driven by a 3} h.p. engine, specially designed for the 
machine. The engine operates on the two-stroke 
cycle, and has a capacity of 370 c.c. It is mounted 
inside the cultivator wheel, and is actually suspended 
from the axle to ensure a low centre of gravity. The 
engine is air-cooled, the air being drawn in by the 
flywheel fan visible in the figure, and directed by vanes 
across the horizontal cylinder ribs. Petroil lubrication 
is employed, ignition is effected by a B.T.H. magneto, 
and a Villiers carburettor is fitted. The latter is 
controlled from the handle bars of the cultivator by 
Bowden wire. The air intake is fitted with an air 
filter, the air being first passed through canvas, and 
then through oiled wood shavings. The power is 
transmitted to the driving wheel through a dog clutch 
and totally enclosed gears. The clutch is operated 
from the cultivator handles by Bowden lever control 
and is made of steel. The gearing is dust-proof, the 
casing being packed with grease. 

The driving wheel is a pressed-steel disc, open on one 
side as shown in the figure. It is 22 in. in diameter and 
6 in. wide, and is fitted with V-shaped self-cleaning 
treads. The two steering handles are suitably shaped 
to enable the machine to be easily supported and 
guided. The handles are pivoted at the lower ends, 
and are coupled together by two link bars connected 
to a central member adjustable for length, so that 
the width between the handles can be varied 
between 14 in. and 30 in., to suit the convenience of 
the operator. The ability to adjust the width between 
the handles is an important feature when working 
in narrow rows of staked crops or bushes ; when it 
is undesirable to walk on the tilled soil, both handles 
can be turned to one side so that the operator need 
not walk directly behind the machine. The engine 
can be operated on either petrol or paraffin, and it will 
be noticed from the figure that two fuel tanks are 
provided. The larger tank has a capacity of one gallon, 
and the smaller a capacity of one quart ; when run- 
ning on paraffin, the smaller tank is filled with petrol 
for starting purposes. If petrol is used exclusively, 
the contents of the smaller tank constitute a reserve 
supply. The fuel consumption is about 1 gallon of 
either petrol or paraffin for six or eight hours’ work. 
The speed of the machine can be varied between one 
and three miles per hour. 

The cultivating tools can be fitted either to a drawbar 
variable in length according to the spacing of the rows, 
or to an adjustable cultivating frame, as shown in the 
figure. In each case the tool holder is attached to 
the machine at the base of the steering handles. The 
tools are bolted to the tool posts, the latter being held 
in position by clamps, so that the tools can be adjusted 
in any direction to suit the width and depth of cultiva- 
tion. The machine will cultivate between rows 
planted 12 in. apart and upwards, and will till from 
three to four acres of soil in eight hours, according to 
the condition of the soil. The depth of tillage can be 
varied between 1 in. and 6 in. By suitable fittings, the 
machine can be converted into a truck, or used as @ 
stationary unit for such purposes as driving a saw. 
A brief account of its performance in ordinary cultiva- 
tion work was given in connection with our description 
| of the tractor trials, already referred to. 
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X-RAYS IN ENGINEERING 
PRACTICE.* 
By V. E. Putin. 
F Ir is the author’s present intention to show that 
radiology has a very definite place; in engineering 
practice. At the same time, it is very desirable that the 
limits of usefulness of the method as a practical test 
should be carefully defined. The application of radio- 
logy to engineering may be divided into two parts: 
{1) the examination of castings, forgings, and so on 
by radiography to show flaws and lack of homogeneity 
in the structure; and (2) the X-ray spectroscopic 


investigation of metals to determine the fine structure 
as a result of 


and the modifications it undergoes 








high-tension transformer with its accessory apparatus), 
and a suitable stand or holder for the tube. X-rays, 
particularly high-power X-rays, are dangerous to the 
health of those employed in their vicinity, and pre- 
cautions are required to prevent their escape except in 
the direction desired. For this reason, the design of 
X-ray equipment is important, particularly for indus- 
trial work where the rays are in constant use. Design 
of X-ray equipment should always be in the hands of 
a specialist, and governed by the special requirements 
of the case. If the equipment is properly designed, 
there need be no apprehension whatever on the ground 
of danger. 

All materials absorb X-rays, and, generally, the denser 
the material the more difficult it is to penetrate. Thus 








Fig. 9. SEctTions oF CASTING. 


common engineering processes. The second of these 
applications involves a certain amount of theoretical 
treatment, and the paper will be confined to radio- 
graphy, as it is the author’s desire to present the subject 
broadly and unhampered by technical detail. 

_An X-ray tube may be compared to a lamp, for 
X-rays are a form of light differing from visible light 
only in having a wavelength some 10,000 times shorter. 
'hey have many of the properties of ordinary light, 
and affect a photographic plate in exactly the same 
way, but they differ from it in that they can penetrate 
opaque bodies. 
passing a high-tension discharge through an evacuated 
envelope containing positive and negative electrodes. 
he necessary equipment consists of an X-ray tube, 
a high-potential generator (usually an oil-immersed 





_* Paper read before the Institution of Mechanical 
Engineers, on Friday, December 12, 1930. Abridged. 











the beam, in encountering the atoms of the metal, 
suffers a change in character; this part is truly ab- 
sorbed. Another part is deflected hither and thither 
in the material, and is scattered exactly as visible light 
is scattered by fog. Some of this scattered radiation 
is, in turn, truly absorbed, and some of it emerges in all 
directions from the surfaces of the transmitting medium. 
This component plays a very important part in prac- 
tical radiography. The absorption of X-rays by a 
homogeneous material may be expressed by the familiar 
exponential equation Ig = Ipge-“¢, where e is the base 
of Naperian logarithms (e = 2-72), u is the coefficient 
of absorption of the material, and d its thickness. The 
coefficient “ is really the sum of two separate factors, 
the absorption due to scattering and the true absorption. 
Fig. 8. METHOD OF 
RADIOLOGICAL EXAMINATION. 
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Fie. 15. Contraction Cracks IN STEEL CASTING. 


|iron is more difficult than aluminium, brass is more 
| difficult than iron, and lead very difficult indeed. The 
| penetrating power of the rays depends upon the voltage 
| at which they are generated; whereas 40,000 volts 
| would permit a penetration of 4 in. of aluminium, it 
requires some 250,000 volts to penetrate 4 in. of steel. 
Therefore, any equipment designed to examine heavy 
engineering materials necessarily involves extremely 
high voltages. At the same time, the power is low, 
because the current consumption in an X-ray tube is 
very small, rarely exceeding 10 milliamperes for engi- 
neering work. The absorption of X-rays in materials 
and its corollary, X-ray penetration, is so important 
from the engineering point of view, that attention 
must be given to its consideration, so that a clear 
conception of the various factors involved may be 


obtained. 
An X-ray beam consists of many different wave- 





X-rays are produced artificially by | 


lengths. According to the impressed voltage, this band 
of wavelengths has a definite limit on the short-wave 
side; that is to say, it has a maximum penetrative 
value at any given voltage. If such a beam of X-rays 
is allowed to fall upon and penetrate a solid piece of 
steel, it undergoes certain modifications in the course of 
its transmission. Part of the beam, composed prin- 
cipally of the shortest of the waves, passes right through 
the material and emerges on the other side. Part of 





An X-ray picture produces no graphic representation 
but merely a series of varying densities or shadows 
due to the differential absorption suffered by the rays 
in their path through the specimen. If the rays are 
passed through a perfectly homogeneous medium, the 
photographic emulsion will all be affected to the same 
extent, and the result will be a perfectly uniform appear- 
ance. If there is a hole in the specimen, there will be 
less X-ray absorption at that place, and there will be 
a corresponding variation in the emergent beam of 
X-rays, and the result will be a shadow of increased 
blackening on the photographic plate. Referring again 
to scattered radiation: In addition to the incident 
beam, part of which emerges unchanged and un- 
deviated from the side of the specimen remote from the 
X-ray tube, and is really the image-forming component 
of the beam, there are scattered rays, which emerge 
from the surface at every conceivable angle. In 
quantity, these rays very much exceed the useful 
rays. They, too, are X-rays of comparable penetrating 
power to the primary beam, and they also affect the 
emulsion of the photographic plate. They produce 
a general fogging, which may do much to reduce 
contrast, and thus spoil the radiograph. As thicker 
metal specimens are dealt with, and consequently more 
penetrating radiation used, the amount of scattered 
radiation increases. Thus, unless its effects can be 
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limited, the fog produced by scatter may ultimately 
destroy all useful contrast. There are several ways of 
dealing with the matter ; a thin metallic screen may be 
interposed between the specimen and the plate, and so 
absorb a large amount of scatter, or a special piece of 
apparatus may be used, called a Potter Bucky grid, 


the photographic plate. In another part of the experi- 
ment, the rays penetrate the steel, and directly affect 
the emulsion ; here the scattered rays from the under 
surface of the steel also add their quota to the reduction 
of the emulsion. A round hole is the photographic 
effect due to the primary beam alone after penetrating 


which is so arranged that only the direct X-rays are | the steel, the exposure being four units. Three different 





Fia. 17. 


Fig. 22. 


allowed to pass, the other rays being cut off and 
absorbed by suitably placed absorbing slats. 

The important principle is that all radiation other 
than the main incident beam should be prevented, as 
far as is possible, from reaching the photographic 
emulsion. Lead, being a highly absorbing material, 
is usually employed when we wish to inhibit the 
passage of X-rays, whether for reasons of health or 
technique. It is usual to cover the specimen as com- 
pletely as possible in metallic lead, with the exception 
of the actual area under examination. In some cases, 
however, such perfect screening is not possible, and 
the closest practical approximation to it is then 
employed. 

A small experiment will show the magnitude of the 
phenomenon of scattered rays. A beam of X-rays is 
allowed to penetrate a slab of steel. In one part, the 
rays, after penetrating the steel, are made to pass 
through a small hole in a lead cylinder, and all the 
scattered rays are thus absorbed by the walls. Thus 
only the undeviated primary beam is allowed to reach 





STEREOSCOPIC RADIOGRAPHS OF FoRGED CYLINDER. 





Lt 5AM EMT 


CONTRACTION CRACKS IN STEEL CASTING. 


ON NER ihe 


areas of density are pro- 
duced by the primary 
beam plus the scatter 
from the specimen, hav- 
ing had one, two, and 
three units of exposure, 
respectively. The den- 
sity of the round spot is 
the same as that of the 
first area. Thus the scatter has three times the 
intensity of the primary beam alone. 

Another experiment illustrates the way in which the 
scatter persists and affects the film at comparatively 
large angles from the main beam of rays. Here again 
the emergent rays from the specimen are restricted 
by passing through small holes in a thick lead screen, 
and it is found that even at an angle of 60 deg., the 
scattered rays still have a photographic effect. The 
fog-producing effect of scatter is, therefore, both con- 
siderable and troublesome. 

Technique is thus very important if good and reliable 
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radiographs are to be obtained. There is, in fact, a 
danger that this valuable method of inspection may 
often be discredited owing to unskilful operators. It is 
to be hoped that, as radiographic inspection becomes 
more generally known, facilities for training operators 
will become available in this country as they are now in 
Germany and America. 

Engineers often ask whether X-rays may be"em- 
ployed to detect hair-line cracks, “ ghost” lines, 

















Fie. 18. Crack OPENED UP BY 
Hammer Biows. 





X-Ray EqQuIPMENT FOR THE EXAMINATION OF FUSES. 


‘‘ rokes,” and so on, this being a practical question 
of great importance to the profession. With regard 
to ghost lines and rokes, these two conditions do not 
occasion any appreciable change in density of the 
material, and therefore they do not produce an X-ray 
shadow. 

The question of the detection of cracks, on the 
other hand, is entirely a relative one. Cracks may 
be considered under the three following headings :— 
(1) Those with no appreciable depth and no appreci- 
able thickness (these would probably be called 
hair-line cracks); (2) those which have appreciable 
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depth, but are very fine indeed (these also may be 
called hair-line cracks); and (3) those which have 
appreciable depth and appreciable width. In order 
to study the radiographic significance of fine cracks, a 
specimen had to be artificially constructed so that a 
crack of known dimensions could be placed with its 
plane at a known angle to the X-ray beam in a definite 


depth. If a fine crack is directly in the plane of the 
rays it is comparatively easy to show it, but it remains 
to define the maximum angle to the plane of the 
rays that still allows the crack to show. The question 
of the depth or shallowness of a crack is relatively 
unimportant from this point of view. It is found 





that the deeper the crack the broader the band of 


a casting or a forging will exhibit a variety of grada- 
tions of shade, and possibly white patches of irregular 
shape. What do the marks mean, and how far do 
they go in enabling the engineer to reject or accept 
the specimen? The first procedure should be to 
compare the radiograph with the corresponding area 
on the specimen, and if the surface is irregular, as it 


probably will be, it may be possible to identify some 
|of the deeper surface irregularities with appropriate 
| shadows on the picture. (It may be noted, in general, 
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| that surface marks have quite a different characteristic 
| appearance from internal flaws, and an experienced 
| operator usually neglects surface markings almost 
| automatically.) Having done this, the rest of the 

marks must be considered. The first illustration 
| shows blow-holes in castings, i.e., voids due to gases 
'from the sand mould. Fig. 7, on page 785, is a 
|radiograph obtained from a T-ring showing a series 
‘of cavities. Fig. 8 is a diagram illustrating the 

manner in which the X-rays were passed through the 

specimen, and Fig. 9 shows photographs of the sections 
| cut after radiography. 

Another common type of flaw in castings is con- 
'traction cracks, draws, &c. These usually take 
| place at a later stage than those just mentioned, 
| and have a greater tendency to extend. Their presence 
|in a casting is always more or less ominous. Fig. 15 
shows radiographs from a casting for an hydraulic 
cylinder. Fig. 17, page 786, is a radiograph of the cracks 
|in an engine column. Fig. 18 is a photograph after 
| hammering to open thecrack. Another type of contrac- 
| tion crack is that where the defect is localised by sharply 
‘terminating brackets, and still another where localisa- 

tion is effected by a sharply terminating chill. The 
next example may be called intergranular cracking in 
|a steel casting. Many examples of this condition 
| would not be radiographically identifiable as cracking 
| at all, as the actual cracks would probably have smaller 
| dimensions than those definable as such in a radiograph. 
| Moreover, in such cases the radiograph would very 
|likely have a generally mottled appearance, which 
| might have value when considered as complementary 
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| to other metallurgical evidence. 


shadow on the radiograph. On the other hand, the | 
width of the crack and its angle to the plane of the | 
incident radiation are the determining factors in the | 
relative brightness of the radiographic image, which is | 
the really important factor. If a crack of width ¢| 
is at an angle 6, it reduces the effective thickness of 
the metal to be penetrated by an amount ¢ cosec @. | 
The ability to see a crack is determined by the amount | 
of the reduction in thickness caused by the crack in | 
the direction of the rays. The visibility depends upon | 
angular displacement for cracks of various widths in | 
increasing thickness of metal. The width of a crack 
is important in producing contrast in a radiograph. | 
Comparisons have been made of cracks varying from | 
+.0'59 in. in width to ;,45,5 in. and in depth from ¥-in. to 
}-in. In general, the result is that, for shallow cracks, 
visibility depends upon the total area of the crack. | 
The minimum area that can be detected radiographi- | 
cally is ;3,355 8q. in. in 1 in. of steel. This approximates | 
to a crack 7 in. deep and ;,,;5, in. in width, or, of | 
course, to a crack ¥ in. deep and 4,;45 in. wide. 

It follows from these experiments that very fine | 
cracks, even as fine as to warrant the appellation | 
‘* hair-cracks,”’ may be discernible by X-rays, a 
further, that the fundamental factor governing their | 
visibility is their width. The appearance of the} 
radiograph affords some sort of a guide as to the | 
depth of a crack ; but such an estimate is not reliable. 
If, however, a crack has really appreciable width and | 
depth, stereoscopic technique will yield the required | 
information. It will be observed that the experiments 
described depend for their significance upon the | 
contrasts that are discernible on a photographic film. | 
Indeed, the factor that is of primary importance in | 
all radiographic work is contrast in intensity. hag 
artificial cracks, in general, a shallow crack presents the 
radiographic appearance of a line, whereas a deep 





Forgings may sometimes be usefully examined by 
X-rays. Frequently the problem consists in finding 
the depth of a small surface crack, or other similar 
defect. In general, it may be dealt with on the lines of 
the experiments made in the investigation of artificial 
cracks, but occasionally the radiologist is faced with 
an expensive forging which may exhibit an extensive 
crack of appreciable width. He is required to state 
its depth and possible extent beyond its visible 
boundary. The method usually adopted is a stereo- 
scopic one. Fig. 22 is the radiograph which was 
obtained of a crack on the internal surface of a long 
forged-steel cylinder. Here the X-ray tube was 
moved through a distance of some inches, and a 
second radiograph obtained. By measuring the width 
of the X-ray shadow, a simple geometric calculation 
gave the depth of the crack. 

The penetrating power of the rays depends upon 
the voltage applied to the X-ray tube. While this is 
perfectly true, theoretical considerations suggest that 
the amount of scattered radiation will increase very 
rapidly at the same time; hence it may be supposed 
that a stage will be reached when the amount of 
scatter from the specimen will be so great that 
all useful contrast on the negative will be destryoed. 
It is probable that this condition of affairs may 
materialise at a voltage of something considerably 
over 300,000. 

On strictly theoretical grounds, it is possible to argue 
that it will occur at a lower voltage, and consequently 
that it is not very much good to aim at the penetra- 
tion of very thick masses of steel. An interesting 
experiment, however, was performed by the author, 
which showed very conclusively that, as voltages are 
increased up to 285,000, X-ray penetration does in fact 
usefully increase. It is probable that a voltage of 
300,000 will enable some 6 in. of steel to be penetrated, 
but so far this has not been realised in a practical 
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Fie. 32. X-Ray Examination oF AIRSHIP 
R10l. 





thickness of metal. The crack was formed by cutting 

a rod of 1-in. steel longitudinally and screwing the 

smooth faces together with a predetermined amount | 
of space separating them. The depth of the crack 

was governed by the diameter of the rod. The desired 

angle was obtained by twisting the rod. 

Fine cracks are the most difficult flaws to determine 
radiographically. They occur as a radiological pro- 
blem chiefly in forgings, and are usually visible on the 
surface. It is often desirable to ascertain their | 


crack of appreciable width (say +755 in.) presents the | manner. The maximum voltage at which it is possible 
appearance of a band. On the other hand, both a! to work consistently is 240,000 volts, giving a penetra- 
deep narrow crack and a comparatively wide shallow | tion of some 4 in. of steel. The desirability of examin- 
crack present a line appearance, which goes to show | ing thicker steel specimens is obvious, because the 
that, from the point of view of photographic contrast, | saving of labour on machining unsound material is 
it is the total area that avails to produce an image | very considerable when extremely heavy ingots are 
when radiographing fine cracks. While it certainly is | jnvolved. 
possible to show cracks of less than ;s'55 in. wide| The limiting factor, at present, in the X-ray penetra- 
radiographically, their appearance on the film depends tion of steel is the X-ray tube itself. Tubes to work 
upon the conditions being particularly favourable, and | at 300,000 voltage have been made, but they are not 
consequently their detection should not be relied | at present a practical proposition. Adequate protec- 
upon in practical work. The general purpose under- tion for the operator and his assistants is, of course, 
lying these experiments with artificial cracks was to| vital, and hitherto has imposed strict limitations on 
define the practical limits of fine radiography, and the | the adaptability of the equipment. Up till now, the 
results obtained go some way towards the desired end. X-ray tube has had to be enclosed in a heavy and 
There is, however, a great deal more to be done | cumbersome lead box, specially designed with regard 
experimentally in the investigation of irregular isolated | tothe stringent electrical conditions, and also fitted 
cracks and cavities of small dimensions. with carefully made diaphragms to allow for the 
The next question is the interpretation of radiographs | emergence of the rays. Radiography owes a great 
in mechanical engineering terms. A radiograph of | debt to Messrs. Philips, of Holland, for the introduction 
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of the “ Metalix ’’ X-ray tube, which is so constructed 
as to be self-protecting, and requires no heavy box. 
These tubes are made for voltages up to 240,000, and 
lend themselves remarkably well to metal radiography. 
Very similar tubes are made in England under the 
name of the ‘“ Protex ray ’’ tubes, although these are 
designed for very much lower voltages. 

As to the practical application of X-rays, a uni- 
versal routine of complete examination of castings 
and forgings is out of the question, by reason of its 
cost and the time involved in the operation, though 
information may often be obtained from a radiograph 
that is obtainable in no other way. There are cases 
where specifie knowledge as to the soundness of 
materials must be obtained, if possible, in spite 
of the somewhat heavy cost involved. High-grade 
castings where saving of weight is of the greatest 
importance, must be sound, and in such cases it may 
very well pay to X-ray the whole of every casting. 
In other cases only suspected areas or regions of severe 
stress may be selected for X-ray examination. An 
X-ray plant could very profitably be installed in every 
foundry of any size. Castings of new and complicated 
design very often give serious trouble in the first batches. 
Casting practice is not so perfect that the cause of 
failure can be detected at once, and valuable time is 
often wasted in rectifying faulty technique or design. 
If the first casting of a new design were X-rayed as 
a matter of course, the weak and faulty areas would 
immediately become apparent, and their detection 
would at once suggest the remedy. This is an 
important development in foundry practice, and one 
that will be universally adopted when X-rays become 
more familiar in the engineering world. Again, a| 
flaw may develop during machining operations, and | 
it may often be convenient and economical to ascer- 
tain its extent before proceeding with expensive work. 
Another application which is already in common use 
is the examination of assembled articles. Final 
assembly of such important items as fuses, &c., is 
now being checked by X-ray examination as a routine 
practice in the Government inspection departments. 

One of the most important questions in the use of 
X-rays is the cost. All heavy engineering X-ray 
work is photographic, as visual examination by means 
of a fluorescent screen is not often possible, and one 
of the chief items to consider is the cost of the film. 
This works out, when developed, at about 1s. 6d. 
per square foot. The capital cost of the equipment | 
may be anything from 500/. to 1,000/., depending upon | 
power and installation facilities. Depreciation is low, | 
and running costs for power and consumption almost | 
negligible. The cost of the film may be appreciably 
reduced by the use of specially made sensitised paper. 
This requires something like twice the exposure, but | 
by its use the cost is reduced to about 6d. per square | 
foot. | 

In welding, the application of X-rays may prove | 
to be of extreme value. X-rays may be used to| 
examine actual welds to detect bad metallic union, | 
blow-holes, &c., but their use thus will necessarily be | 
restricted to comparatively small specimens. It is at | 
present impracticable, for example, to use X-rays in | 
the examination of a long welded pipe-line. On the | 
other hand, the question of the X-ray examination of | 
welds in specific instances is worth consideration if the | 
importance of the work justifies it. Since X-rays 
form one of the most sensitive methods of detecting | 
change of inter-crystalline orientation and grain size | 
following heat-treatment or cold working,* this | 
particular technique has a definite application in the | 
investigation of welding. The condition of the metal | 
adjacent to a weld is an important factor in deter- | 
mining welding technique, and the spectrograms 
obtained by a system which the author has developed 
entirely at Woolwich afford valuable information 
concerning this matter. It would appear that the 
immediate value of X-ray research in welding is 
chiefly to be found in the use of spectrum analysis as 
an agent in the investigation and ultimate control of 
the welding process, though its value in the direct 
examination of welds in small articles such as aeroplane 
components is at present well established. The 
economic value of all forms of radiology in engineering 
depends largely upon the correct design of apparatus 
and technique, and it is strongly recommended that 
the advice of an expert should be sought in specific 
cases. 

The difference in the appearance of X-ray installa- 
tions designed for special purposes is illustrated by 
Figs. 29 and 31. These equipments were designed 
and made in the author’s laboratory for specific jobs. 
They are perfectly safe and capable of continuous 
operation. Fig. 32 illustrates the adaptability of 
X-ray examination. The steel joints in the ill-fated 
airship R 101 were examined by the author by means 
of special X-ray equipment which was operated at 
remote parts of the structure at heights of 60 ft. and 
80 ft. from the ground. This attests the meticulous 
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care observed by the authorities in applying every 
known method of test to the airship. 

The application of X-ray spectrum analysis to engi- 
neering problems is a matter upon which many mis- 
conceptions are current. It has a most valuable 
function, not only in engineering research but also in 
general practice. The paper, as alreadyf tated, deals 
only with ordinary radiography. X-ray examination 
has now established its place in modern engineering 
activity. Like many other innovations its value is 
by no means quickly appreciable, but an ever-growing 
demand for the development of this unique method of 
inspection may be predicted. To expect too much 
of the new science is to court disappointment, yet 
to submit our problems to experiment may be to learn 
even more than we anticipate. The thanks of the 
author are due to his colleagues, Mr. A. R. Great- 
batch and Mr. A. G. Warren, for their assistance in 
the preparation of the paper. 








THE COEFFICIENTS OF HEAT 
TRANSFER FROM TUBE TO WATER.* 
By AvBert Eac ez, B.Sc., and R. M. Fereuson, M.Sc. 

(Continued from page 693.) 


The Theory of Heat Transfer.—Heat transfer between 
a fluid and a metal surface takes place in the three 
classical forms of radiation, conduction, and convec- 
tion. The former exerts an important influence on the 


Fig.4. DIAGRAM OF THERMAL RESISTANCES. 
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flue side of a boiler, but is without appreciable influ- 
ence on the water side of either a boiler or a condenser 
tube. The latter case being the one under consideration 
in this paper, the effect of radiation is accordingly 
neglected. The other two forms of heat transfer, 


| namely, conduction and convection, cannot generally 


be separated. The latter can never exist without the 
former; and the former can only exist without the 
latter if the fluid is at perfect rest. Two kinds of con- 
vection may be distinguished. First, the natural 
convection caused entirely by change of density due 
to the temperature difference producing the heat-flow ; 
| and second, the forced convection due to an imposed 
| velocity, which is particularly pronounced when the 
| velocity is turbulent—the only case of engineering 
|importance. With the small-diameter tubes and the 
very moderate temperature drops and water tempera- 
tures of not above 160 deg. F. employed in the present 
experiments, the thermal effect of ‘natural’ con- 
vection must be negligible compared with that due to 
the imposed turbulence. 

Considering the heat transfer in a long tube of dia- 
meter d, at points sufficiently far from the entrance and 
from the commencement of heating not to be affected 
by any initial irregularities, and considering the dimen- 
sions of the physical properties of the fluid which can 
affect the heat transfer, it is pessible to show that the 
quantity of heat Q, gained or lost in unit time by a 
small area A of the tube wall, is given by 

s0 pws pvud 


=— A 3. * 
Q pv F{S. Cc? B } 


where p is the density of the fluid ; v its mean velocity ; 
8 its specific heat; @ the difference of temperature 
between the tube wall and the fluid (the latter being 


(1) 
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taken in any specified way); mu the viscosity, and c 
the thermal conductivity. This follows since = e 
pvud Q , ; 

a and ine are all the different independent quan- 
tities of zero dimensions which can be made out of the 
given variables. For a finite rate of heat-flow this 
equation cannot be further reduced; but for an in- 
finitesimal rate, Q and @ must both be infinitesimal 
and possess a ratio independent of the magnitude of 
either. Hence we have, in the limit, 

pv “) 


Hs 
O° ie 


apn ered ( 


since = must then occur as a simple multiplying 


factor in equation (1). 


But AO is now the coefficient at zero rate of heat- 


flow, ky say, so that, inverting the equation so as to 
make each side proportional to the thermal resistance, 


it becomes 
F(#* ped 
oS ) 


Bee 


ky ” 


( 


yd. 4 
p?¢ is known as Reynolds’ number : it 


The quantity 
is a measure of the turbulence and may conveniently 


be denoted by 7; while es is also a quantity of funda- 
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mental importance in heat transfer in moving fluids ; 
it is a measure of the departure of the fluid from the 
state of a perfect gas for thermal conductivity. 

Osborne Reynolds’ Theory of Heat Transfer and a 
Criticism.—Osborne Reynolds propounded, in 1874, 
a theory of the similarity of method of the transfer of 
heat and momentum in a turbulent fluid. Many 
attempts have since been made to make experimental 
work fit this theory, and, over a limited range of con- 
ditions of flow, it has provided some useful guidance 
for possible developments. But in its original form it 
breaks down except when applied to very high velo- 
cities. Assuming that the whole of the fluid in a tube 
is in a state of turbulent motion, then the rate at which 
momentum is being destroyed per unit length of the 
tube divided by the momentum per second passing any 
cross-section is 

Rad+}tr@pwv? (3) 


where R is the skin friction per unit area of tube wall. 
The heat transfer per unit length divided by the 
amount of heat flowing past any cross-section is 


wmdkO+4tard@pvs8 (4) 


where k is the coefficient of heat transfer and @ is the 
temperature difference. If, following Reynolds, these 
two ratios be assumed equal, then 


R k 


pr pvs 


(5) 


m4 a yd ‘ 
a isa function of °° only, which has been 
, a 
experimentally determined by Stanton and Pannell ; 
let it be denoted by Z. Inserting this value of R in 
equation (5) it may be written, assuming that the 
heat-flow rate is infinitesimal, 
ese 2 
k 2 
This result, however, needs modifying, since at the 
surface of the tube there is necessarily a film of fluid 
in which the flow is viscous, with the velocity falling 
to zero at the tube wall. Through this fiim heat must 
be driven by thermal conduction. If this film has a 


J is assumed small, and if the 


Now, 


(6) 


thickness f, where 
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velocity at the boundary of the film and the turbulent 
core is v, then, by the definition of viscosity, 


= 22 ee 
R= 77 ous poz 


The heat-flow through unit area of this film is Q = 8 


per unit time. But for small rates of heat flow 


=k, whence 


or 
pee a Be ae ae 


a very similar result to that in equation (6). But the 
velocity at the boundary of the film and core is not 
equal to the velocity of the core. Stanton, by direct 
measurement of the velocity distribution, has found, 
that the velocity at the boundary of the viscous flow 
film is not more than 0-4 of the axial velocity.* This 
can be allowed for if we suppose the film only has a 
fraction ¢ of its former thickness, so that the velocity 
at its boundary is only ¢ v and not v. In this case, the 
goa 
Z 

momentum of the core relative to the film boundary 
is now (1 — ¢) of its momentum relative to the tube 
wall, the ratio in equation (3) will now be replaced by 
Rad +42 d pv(1 — ¢) v, which will give, instead of 

pvs_(1—@?) 


equation (6), ey 7 


As - is the thermal resistance and thermal resistances 


thermal resistance of the film is only -; while, as the 


0 
in series are merely added, we get for the overall co- 
efficient from the tube wall to the fluid, 


pee ge, O- Of, &— 3) YS 

In equation (8), if ¢ is regarded as a disposable con" 
stant, it is, of course, possible to calculate it so as 
to make the formula agree with any experimental /,. 
Mr. H. M. Martin,f when reducing some tests by 
Webster, considered that @ was constant and had the 
value 0-55 for all conditions of flow. The authors find 
from their results that g varies from about 0-2 to 0:4, 
when calculated for the simplified conditions of a zero 
rate of heat-flow; while G. I. Taylor, who used the 
formula (8) for some tests, found it to vary from 0-29 
to 0-56 when using results for a finite rate of heat-flow. 
It seems obvious on consideration, apart from any 
question of heat transfer, that increasing vigorousness 
of turbulence must reduce the thickness of the viscous 
flow film to an ever smaller and smaller fraction of its 
theoretical value f, as given above. This again, is 
exactly what the present heat transfer results indicate. 
For a gas, o is nearly equal to unity, so that the value 
of » does not seriously affect the value of k, given by 
equation (8), which should then be approximately 
equal to Zpvs, a conclusion which is considerably at 
variance with such actual data as are known. 

It is evident that the theory by which equation (8) 
is derived must be inaccurate. One obvious point in 
which it is incomplete is the assumption that the total 
thermal resistance is made up of a viscous film and a 
turbulent core only, each strictly obeying their quite 
different laws. Physically, there cannot be this sharp 
boundary between the film and the mean motion of the 
turbulent core; there must be a region in which the 
resultant behaviour of the fluid is intermediate between 
viscous flow and turbulence. There is, however, a much 
more serious error in equation (8) than that just men- 
tioned, which only concerns the way in which k, varies 
as a function of ¢. As a function of 7, equation (8) is 
completely wrong except at extremely large values of r. 





mm : : . : v8 
The resistance of the core is given in (8) by ? —- 
0 
(1 — ¢)Z* which makes it, for a given value of Z, | 
; ; “ee ; : , 
independent of ¢, i.e., for “* . Now, viscosity seriously | 
F 


limits the degree of relative velocity which is possible | 
between neighbouring particles, and although the heat | 
equalisation is mainly brought about by the turbulent 
motion there must be a considerable transverse heat | 
interchange between neighbouring filaments by pure 
conduction. The greater the turbulence, taken as 
given by Reynolds’ number 7, the less the tempera- 
ture equalisation left to be effected by thermal con- 
duction, so that we should expect the above theory to 
be closely approximated to when 7 is large. As 9 is 
unknown, the test can only be applied when o = 1, in 
ei = ; The present 
experiments, when extrapolated” to r=o and to 
o = |, give a thermal resistance only 4 per cent. greater 


than this, while for a value of adn of 6,000 (i.e., at 
Bb 


which case equation (8) gives 





* Proc. Roy. Soc. Series A, 1911, vol. lxxxv, page 366. 
{+ ENGINEERING, vol. exvi, pages 1, 69, 131, 228 (1923). 
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about three times the lower critical velocity) the thermal 
resistance is over 40 per cent. greater. 

The Formula Suggested by Theoretical Considerations. 
—A very close qualitative agreement between such 
theory as is possible and the experimental results is 


afforded by the above considerations. The quantity o- 


0 
is a function of the two variables s and 7 only. Fora 
given value of r, the thermal resistances of the core and 
film have been seen above to be independent of ¢ and 
directly proportional to it, respectively. Now, the 
presence of some layer of intermediate behaviour 
between the film and core necessitates the variation of 
eo with o, for a constant value of 7, qualitatively as 
indicated in Fig. 4, which shows diagrammatically the 
three thermal resistances of the core, film, and inter- 
mediate layer. The latter must continuously increase 
with ¢ but less rapidly than g itself, like /c, so that 
the limiting slope of the curve is the slope correspond- 
ing to the film resistance. The equation of such a 
curve, for small values of +, can be represented by 


Oe. = A’ + B(e — 1)—~ C’te— P+ . (0) 
ko 
where A’, B’ and C’ are functions of 7, and where, for 
convenience, (since « can never be much less than 
unity for any substance) the series has been expanded 
in powers of (¢ —1). The quantities denoted by 
these three first terms are also indicated in Fig. 4. 
- ial ine a ' . Y ; 

If we write A’ = Zz y= Zz” C= z &e., this result 
may be written :— 

pvs 

ko 
where the theoretical considerations given above indi- 
cate that a, 6, y, should all be continually decreasing 
functions of 7, decreasing asymptotically to their 
unpredictable limiting values, save a for which the limit 
of unity has been predicted. The present results 
comply in a remarkable manner with all these pre- 
dictions. The range of ¢ covered by the experiments 
was limited between 2-99, its value for water at 140 
deg. F., to 10-6, its value at 40 deg. F. Within this 


limit it was found that the curves of ae = against o for 


= [a + B(o— 1) — y(o — 1)? Poe ize (10) 


0 
a constant r were all only slightly curved second 


degree parabolas, so that not more than the three | 


terms shown in equations (9) and (10) were required 
to represent the results accurately. 

For the purposes of British engineers it is convenient 
to take the water velocity V in feet per second and the 


pvD_ pd s9.48 
# H 


Further, p V will be taken as a single 


tube diameter D in inches. Hence 


X 2-54) =. 
variable and called the “‘ nominal velocity ” (since it is 
only water that the results are being applied to) and 
denoted by Vy. The coefficient of heat transfer in 
B.Th.U. per square foot per hour per deg. F. will be 
denoted by K, so that K, = (3,600 x 931 + 453-6) ky 
= 7,380 k,, where k, is the coefficient of heat transfer 
in calories per square centimetre per second per deg. C. 
Multiplying equation (9), for convenience, by 10,000, 
and putting s, the specific heat, equal to unity, we may 
write : 
: 
ee. A+ Bee = Ce 1%. aD 
Ko | 


The values of A, B and C in this equation are given in | 
Table II, on page 790, while the values of o for water | 
for use in this formula are given in Table III. Equation | 
(10) must be transposed from C.G.S. to British units if | 
it is desired to make it exhibit the true values of a, B | 
and y, when v and k, are expressed in British units as | 


V and Ky. We have, putting s = l, | 
7,380 : 
— 10,000 Vn + (0:0445 Ky) 


[ike : TX ‘ 
k = 30 48 pV x Ky | 


0 
0- 5. ; ‘ . 
so that if 2 = is denoted by ¢ we can write equation 
(10) thus : | 


se -{[a+ B(o— 1)—y(o—1)7]. (12) 
0 
The values of a, f and y are also given in 
Table II by the side of the corresponding values for 
A, Band C. The values of Z used in calculating ¢ were 
taken from Stanton and Pannell’s well-known diagram, 
and were taken as the ordinates midway between their | 
two limiting curves. The equations (11) and (12) with 
the values of the constants given by Table II must apply 
to all fluids if the specific heat s is restored on the left- 
hand side, and if it be remembered that the nominal | 
velocity V, must be interpreted as p V. Unfortunately, 
there do not seem to be many liquids for which the 
values of o are known with sufficient accuracy at present | 
to enable the results in Table II to be applied to them. 
Reduction of the Experimental Results to the Theoretical 
Form.—In order to bring the experimental results 
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into the form of equations (9) and (10), the values of 
K, from the completed diagrams of results for the four 
tubes were read off for all the different velocities at a 
temperature of 60 deg. F., and from these the values of 
—_ ” were then re-plotted on a single diagram against 
Va D. where D is the internal diameter. The diagram, 
Fig. 5, shows these points corresponding to the different 
tubes distinctively marked. Theoretically, all these 
points should lie on a single curve. It will be seen that 
while the results for the }4-in. and the }-in. tubes are 
practically on the mean curve, the values of Ky, for 
the 1}-in. tube were about 14 per cent. above the 
mean, and the values for the l-in. tube were about 
1} per cent. below the mean. The 1}-in. tube had been 
used as a converging tube, and the 1-in. tube as a diverg- 
ing tube. The known effects of the conicality had been 
corrected for. Nevertheless, some later check tests 
seemed to indicate that the conicality also exerted, 
besides these, some unknown influence on the coeffi- 
cients K. A 3-in. tube which had about the same coni- 
cality as the above l-in. and 1}-in. tubes was taken, 
and a few values for K were very carefully obtained, 
with the tube both converging and diverging. After 
correcting for the known effects of conicality there was 
a residual difference of from 2} to 3 per cent. which 
could not be accounted for except by supposing that the 
state of the turbulence was different in the two cases. 
It was noteworthy that higher values of K were obtained 
with the converging tube when the turbulence would 
be expected to be less. It might, perhaps, be suggested, 
though it may seem rather fanciful, that, in this case, 
turbulent vortices as they moved into the smaller 
diameter cut into the viscous film more than they would 
have done in a parallel tube and so increased the 
coefficients. However, this difference of 1} to 1} per 
cent. from the mean if applied to the l-in. and 1}-in. 
tube results in Fig. 5 brings them into exact agreement 
with the mean curve there drawn. 

Similar diagrams to Fig. 5 were drawn on separate 
sheets for each of the temperatures 40 deg., 60 deg., 
| 80 deg., 100 deg., 120 deg., and 140 deg. F. These 
| six curves were next transferred to a single large sheet, 


| where they were plotted against Vn 
Be 





2 as abscisse. The 


| values of ¢= fe for water for these six different 


temperatures were next calculated, using for this pur- 

pose the recent values of the thermal conductivity 

| obtained by Kaye and Higgins.* The values of o 

| adopted for the six different temperatures were :— 

| 40deg. 60 deg. 80 deg. 100 deg. 120 deg. 140 deg. F. 

| 10:60 7-60 5-73 4-49 3-62 2-99 
10,000 Vn 


The values of from the curves on this large 


0 
| sheet were next cross-plotted against o for various con- 


| stant values of te , when a set of very slightly curved 
| 
| lines was obtained which, within the region of ¢ between 


| 2-99 and 10-6, could not be distinguished from second- 
| degree parabolas, showing that the equations of the 


| 4 

| curves were of the form ——— = A+ B(c¢ — 1) 

| 0 

| — C(o — 1)?, where A, B and C were functions of Yee. 

| af 

| The values of the constants A, B, C for each of these 

parabolic curves were determined and plotted against 
n 


D F : 
log — These curves required practically no smooth- 


ing and the results are given by the columns for A, B 
and C in Table II. 

On dividing the coefficients A, B and C by §, i.e., by 
oon Pp” where R is Stanton and Pannell’s wall fric- 
tion in dynes per sq. cm., the values of a, 8 and y given 
in Table III, page 790, were obtained, which were all 
found to decrease asymptotically to their limiting values 
as theory indicated should be the case. For an infinite 
turbulence the results gave 

10,000 Vn 

we 
giving 1-040 ¢, when o = 1, whereas 1-00 ¢ might then 
have been expected. But since no values of ¢ less than 
2-99 were experimentally employed, ¢ =1 is an 
extrapolation. Moreover, the diagram in Fig. 4 indi- 


Vn 
cates that K 


[1-04 + 0-30 (o — 1) — 0-003 (a — 1)?] 


should decrease more rapidly than a 


0 
second degree parabola as ¢ decreases; so that it may well 
0:04 ¢ 


happen that some term like — ——,— could be added to 


equation (13) giving 
10,000 V 
7 ™ — [1-040 + 0:30(¢ — 1) — 0-003 (a — 1)? 
0 
~ 004071) ¢ 


No exception could be taken to this extra term for giv- 
ing an infinite result for « = 0 since o can never be 
much below unity for any substance. For air and the 





* Proc. Roy. Soc., Series A., 1928, vol. exvii, page 459. 
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ee 
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simple gases, its value is about 0-875. For values 
of o greater than 2-99, this extra term makes a differ- 
ence of less than } per cent., so could not be experi- | 
mentally detected. For convenience of use in the case | 
of water, the results embodied in Tables II and III 
have been combined so as to avoid the necessity of | 
having to determine o for water at the temperature | 
under consideration. The results are tabulated in 


Table IV and give directly the values of - for sixteen 
n 
different temperatures from 32 deg. F. to 320 deg. F. 


| 
| 
| 
| 
| 
| 
j 


against values of log Ve As the value of log z 


is given at the top of each column, all that is required | 
‘ wf : 
is to find log >’ which can be read off with sufficient 


accuracy from the back of a slide-rule. Those who | 
frequently want to use this table may find it conve- | 
nient to plot all these sixteen curves on a single sheet | 


Vv . Va D 
“y (not against log . - as here tabulated.) | 


against log 

| 

iaieaaliel Ky | 

From this chart, Ve for any water temperature and for | 
n 


V, 
any known value of log y —which can be taken from 


a slide-rule—can be read off at a glance. As }-in. 
tubes are the chief standard size of tubes adopted in | 
condensers, the values of K, for this tube are given 
directly in Table V. 

As an example of the use of Tables II, III and IV, | 
let them be checked against the sample experiment de- | 
tailed above which gave K, = 1,369 at 38-2 deg. F. | 
at the outlet thermocouple. From Table III, giving the | 


10-97 at 


= 1-795 and « 


properties of water, log a: 
pe 
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10,000 Vn __ 80,000 
Ko ~ Ko 


TaBLe III.—Properties of Water. 


= 16-6 + 





5:9, whence we get 











TABLE IT. 

toge™? | a | iB 100 ¢ 5=° ONS P B | 100y 
1-8 13-7 | 4-42 | 5-5 9-2 1-49 | 0:486 | 0-60 
1-9 | 13-85| 4-5 55 9°75 | 1-422 | 0-44: 57 
2-0 14-0 | 4-29 | 5-6 +35 1-350 
2-1 14-3 | 4:32 | 5-6; “0 1-288 
2:2 | 14-6 | 4-40 | 5-7 7 1-242 
2°3 15°1 | 4°51 | 5-8 “55 1-206 
2-4 15-7 | 4-64 | 5-9 “4 1-177 
2-5 | 16-5 | 4-78 | 5-9 3 1-154 | 2 
2-6 | 17:3 | 4-95 | 6-0 2 1-135 “§ 
2-7 | 18-1 | 6-13 | 6-0 | 16-2 | 1-119 “f 
2-8 | 19-0 | 5:34] 6-1 | ‘ls 1-106 § 
2-9 | 19-9 | 5-58 | 6-2 “1; 1-095 “3 
3-0 | 20-8 | 5-85 | 6-35 2 1-085 “ +3: 
3-1 | 21-8 | 6-14 | 6-5 “25 1-077 “f +32 
3-2 | 22-7 | 6-43 | 6-7 3 1-070 | 0-302 | 0-31 
3-3 | 23-7 | 6-72 | 6-9 3 1-064 | 0-302 | 0-31 
3-4 | 24-6 | 7-00 | 7-1 25 1-060 | 0-301 | 0-30 
83-6 | 26-4 | 7-55 | 7-5 25-0 1-053 | 0-301 | 0-30 
4:0 | 29-8 | 8-55 | 8-3 28-5 1-046 | 0-300 | 0-29 
oo — — — 38 1-040 | 0-300 | 0-29 


It is worth noting that if the values of ¢ are multiplied by 2: 
the results will give the number of diameters of length in which 
the loss of head is equa! to the velocity head. 


TABLE IV.—VAtLuvEs oF 


deg. F | 32 40 50 60 70 80 90 
log = 1-75 | 1-81 | 1-88 | 1-95 | 2-01 | 2-06 | 2-11 

log Yad | 

i 

1°8 175 196 221 247 274 300 326 
2-0 179 201 225 251 277 302 329 
2-2 173 194 218 243 268 293 317 
2-4 164 183 205 229 252 275 298 
2-6 151 | 169 190 212 233 255 275 
2°8 139 155 173 194 214 233 252 
3-0 | 126 141 158 177 195 212 230 | 
8-2 | 14 128 | 744); 161 178 193 209 
8-4 105 R17; i232 148 163 177 193 
3-6 97 108 22 137 152 165 179 
3-8 | 91 102 114 128 142 155 168 
4-0 | 86 | 96 108 121 134 147 159 


of Coefficients, Ky for a Standard }-in, 
Condenser Tube. 


Taste V.—Table 


Temperature, deg. F. 


Velocity, _ 
ft. per sec. | | | 
40 60 80 | 100 120 140 160 

1 ~~ — 301 853 398 434 469 
2 398 498 588 666 738 795 841 
3 593 720 837 941 | 1,032 | 1,112 | 1,172 
4 769 | 925 | 1,064 | 1,192 | 1,305 | 1,400 | 1,480 
5 933 | 1,114 | 1,282 | 1,430 | 1,563 | 1,675 | 1,768 
6 | 1,090 | 1,298 | 1,484 | 1,658 | 1,810 | 1,938 | 2,042 
7 | 1,242 | 1,470 | 1,684 | 1,874 | 2,047 | 2,190 | 2,308 
8 1,389 | 1,643 | 1,874 | 2,085 | 2,278 | 2,435 | 2,568 
9 1,532 | 1,807 | 2,060 | 2,290 | 2,500 | 2,677 | 2,825 
10 | 1,669 | 1,973 | 2,245 | 2,490 2,717 | 2,910 | 3,080 
ll | 1,804 | 2,128 | 2,420 2,690 2,931 | 3,140 | 3,330 
12 1,936 | 2,280 | 2,598 | 2,880 | 3,140 | 3,370 | 3,575 





38-2 deg. F. 
log+ 0-718, so that log 


Also we have V,D = 8 x 0-653 
“a? = 2-513. At this value of 











Temp. 1 _ 10,000 do (5. o )’ 
deg. F. log mn é 20 «de\\2-45+6 7 
32 1:75 100 70 
40 1-81 92 61 
50 1-88 84 52 

60 1:95 77 44 
70 2-01 71 375 
80 2-065 5: 66 32; 
90 2-115 5: 61 28 
100 | 2:16; 4: 57 24 
120 2-25 3-6 50 18 
140 2-33 2. 44 13 
160 2-40 QE 40 10 
180 2-46 2: 37 8 
200 2-515 1-8 34 6 
220 2-57 1-6: 31 5 
240 | 2-615 1- 28 4 
260 | 2-66 1-5 25 3 
280 | 2-69; 1- 22 25 
300 2-73 1- 20 2 
320 2-76 1: 17 15 
<o Vab 
>- AGAINST LOG ‘ 
Vn lied 
| | | | 
100 | 120 140 160 | 180 | 200 | 240 280 320 
| 2-16 | 2-25 | 2-33 | 2-40 | 2-46 | 2-51 | 2-61 | 2-69 | 2-76 
350 | 401 | 448 | 493 535 569 | 636/| 688 725 
354 | 402 | 448} 491 | 530) 563 | 626! 675 710 
342 | 388 | 431 472 509! 541! 600 | 645 | 679 
320 | 364 | 404 |) 442! 476) 505 | 560! 601 / 631 
296 | 336 372 | 406 437 512 | 550) 576 
271 | 307) 340 | 371 399 466 | 500 | 523 
248 | 280) 310) 339] 364 425 456 478 
226 | 255 | 283! 309); 332 389 | 417 | 437 
208 | 235; 261 | 285) 306 359 | 385 | 403 
193 | 219 | 243 | 266 | 286 | 335 | 359 | 377 
181 | 206 | 228/| 249/| 268 $15 | 337 354 
171 | 194] 215 | 236; 254 293 | 320) 336 





4-80 (9-97) — 5-9(0-997)? = 58-55; and so K, = 1,366 


|in excellent agreement with the above experiment. 
| Likewise, if curves are constructed from Table IV by 
_— , 
| plotting rid against log V, D for both 32 deg. F. and 
n 

Sas Ko 
40 deg. F., it is easy to read off vy. = 1594, for 

n 


| log V_ D = 0-718 at 32 deg. F., and = = 174 for the 
| n 


| same value at 40 deg. F. Interpolation between these 


Ko 


temperatures gives y, = 17 (barely) at 38-2 deg. F., 
j n 


| whence K, = 8 x 171 = 1,368, practically the same 
}as from Tables II and III. Z 
| between the values 1,389 and 1,643 given in Table V 
| for 40 deg. and 60 deg., respectively, at 8 ft. per second, 
| we get K, = 1,389 — 254 x 1-8 + 20 = 1,366. 


(T'o be continued.) 


Again, if we extrapolate 


yr 


7 | 
log Y"?» Tabie II gives A=16-6, B=4-80, and 100 C = 
Be 


PRIMITIVE CANTILEVER BRIDGE 
IN BRITISH COLUMBIA. 

Tue Government of British Columbia has recently 

called for tenders for a suspension bridge over the 
Bulkley River near the town of New Hazelton in the 
central part of the Province. The fact recalls the his- 
tory of a unique example of bridge construction which 
did service at the spot for something like fifty years. 
By the courtesy of the Government of the Province we 
reproduce annexed a photograph of this structure, 
which Dr. J. A. L. Waddell in his Bridge Engineering 
| described as a most creditable piece of work for entirely 
| uneducated men, the fact being that it was made by 
| aboriginal Indians. 
The clear span was 150 ft., and the pathway was 
| 6 ft. wide, the abutments being 100 ft. above the water- 
| level in the Creek below. It was originally a true canti- 
| lever, but was later strengthened with scrap telegraph 
| wire, until it was a mixture of the cantilever and sus- 
| pension types. It continued in use until 1904. The 
| bridge, constructed about 1856, across the Hegwilet 
| Canyon, was erected by the Indians to facilitate access 
'to the coast, for trading purposes, a fair being held 
| every year near the Hegwilet, attended by thousands 
of Indians from the interior and coast regions. The 
bridge was built to make it possible for the former to 
reach the fair while avoiding some 40 miles of dan- 
gerous waters. 

When the laying of a telegraph cable across the Atlan- 
tic first failed, the alternative was suggested of running 
a line across America, and by way of the Aleutian 
Islands, over to Siberia, and thence to Europe. This line 
had been carried a few miles beyond the Bulkley River 
when in 1866 the Atlantic cable was successfully laid. 
The result of this was that the overland route was 
abandoned. The working expedition dumped and 
| abandoned its stores and returned to civilisation. The 
natives promptly commandeered the supplies and 
employed some of the wire to strengthen their bridge, 
replacing their rawhide ropes and adding guys, &c., till 
it lost its true cantilever character as described above. 
It is stated that when first built the bridge was tested 
with a live load consisting of a party of heavily laden 
squaws. The new bridge will be of 460 ft. span, with 
16-ft. roadway, situated somewhat further up the 


gorge. 


| 


} 








Position oF Moror-Car TRADE IN NEW ZEALAND.— 
A confidential report on the market for motor-cars in 
New Zealand has been prepared by the Department of 
Overseas Trade, from information furnished by H.M. 
Trade Commissioner at Wellington. United Kingdom 
manufacturers who wish to receive a copy of this memo- 
randum should communicate with the Department at 
35, Old Queen-street, London, S.W.1, quoting Reference 
No. A.X. 10,445, 


British CHAMBER OF COMMERCE IN PORTUGAL.— 
The annual report, for the year ending December 31, 
1929, of the British Chamber of Commerce in Portugal, 
deals mainly with Government ordinances and decrees 
promulgated during 1929, and affecting the industries and 
commerce of Portugal. Brief reports on wine, cork, and 
olive-oil production and on the wheat harvest for 1929, 
are, however, also given. Some financial and commercial 
statistics are included and the book concludes with a 
list of members of the Chamber. The offices of the 


Chamber are at Rua Victor Cordon, 4, S/L, Lisbon. 
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NEW YORK ELECTRIC SUBWAY 
CONSTRUCTION METHODS—III. 
By Frank W. Skinner, M.Am.Soc.C.E. 


Wide Trench with Transverse Deck Girders sup- 
ported on Timber Towers at 60 ft. Centres.—Section 
4a of Route No. 78 of the new subway work is a 
double-deck structure 2,065 ft. long with four 
tracks on the upper level and three on the lower 
level. This section was built by the La Rocca 
Construction Corporation. It involved three lengths 
of single-track tunnel each about 200 ft. long, but 
the remainder was built by the open-trench method, 
the maximum width being 98 ft. and depth 68 ft. 
The material encountered was mostly rock, with 





5 in. by 12-in. longitudinal timbers at 24-in. centres 
covered by 5 in. by 12-in. random-length transverse 
deck timbers. Fig. 13 shows this arrangement 
very clearly. Subsequently the transverse girders 
were posted to the rock surface, and the trench was 
widened by extending the excavation transversely, 
the posts being cross-braced in both directions to 
make 20 ft. by 20-ft. towers, between which there 
was ample clearance for the operation of the steam 
shovels. This deck was very rigid, and gave great 
transverse strength to the platform and trench 
bracing, due to the rigid clamps and to transverse 
tie rods in the decking. 

When the original centre excavation was widened, 
the outer longitudinal joists were reinforced by 





me 
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Fie. 12. Supporting Roapway on 60-Ft. Cross Bras. 
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Fig. 13. Laying Temporary DrEok on STRINGERS AND JOISTS. 


a shallow earth covering, and the surface of the 
ground varied from El. 150 to 197, with ground- 
water level at El. 150. 

Operations were commenced by the excavation, 
on the centre line, of a trench 30 ft. to 40 ft. wide 
by means of two 1}-yard electric shovels, and with 
grab buckets operated by travelling cranes. After 
the excavation had been carried to a depth of 12 ft. 
the trench was spanned by 26-in. beams of joist 
section 60 ft. long. These were spaced 20 ft. apart 
and were supported on grillages in pockets at 





additional joists on the tcp, covering the splices 
and permitting the use of 60-ft. clear spans for 
excavation. The main posts were 50 ft. apart 
transversely and temporarily 60 ft. apart longitu- 
dinally during shovel operations. In the deep rock 
cut the posts supporting the long span girders 
were each made of four 12 in. by 12-in. timbers 
reinforced with a 2 in. by 12-in. piece on each side, 
together providing a 24 in. by 48-in. cross-section 
for posts of a maximum length of 64 ft. 

Very seamy and treacherous rock was encountered, 


the surface of the ground, as shown in Fig. 12,| resulting in the handling of the material, in the 
above, or by longitudinal timber bents. Seven deep and wide cut, being both dangerous and costly. 
lines of 24-in. longitudinal beams of joist section, |The rock was so unreliable that it was necessary 
60 ft. long, were supported on the top flanges | to underpin portions of its surface with concrete, 
of the transverse beams with joints staggered|and to excavate poor rock and put in concrete 


and butt welded. All bearings were securely | 


underpinning for many of the residential buildings 


clamped with vertical screw rods. The longitudinal | close to the excavation line. Conditions became 


beams carried on their lower flanges 8-in. transverse | 
floor beams, 30 in. apart. The latter supported | 


so threatening at one time that the Board of 
Transportation was anxious for the adjoining houses 





to be vacated. The contractor, however, was 
able to take steps which safeguarded them 
thoroughly, so that the tenants were not disturbed. 
No serious accidents occurred, and the work was 
carried forward with caution, the excavations 
extending not more than 15 or 20 ft. in advance of 
the permanent construction. In this way the sides 
of the trench were exposed no farther than the 
material was considered capable of resisting by arch 
action. Only one slip, about 120 ft. long, occurred, 
and although it destroyed several intermediate deck 
supports, the continuous longitudinal girders proved 
to have ample strength, and safely carried their 
loads over a clear 120-ft. span, or double the designed 
length. 

Deck Shores Initially Set at Subgrade. The Use 
of Belt Conveyors.—The Mason and Hangar Company, 
Inc., secured a contract for Section 1 of Route 
No. 101, which includes about 650 ft. of high-level 
double-track local line structure, and as much 
parallel and adjacent low-level double-track express 
line structure. The Underpinning and Foundation 
Company acted as sub-contractors for part of the 
work. The local tracks are below Church Street 
and underneath a single-track street railway line. 
The express tracks alongside, and 18 ft. to 25 ft. 
lower, are located in an area from which the 
buildings and their substructures had been removed 
to an elevation of about 10 ft. below the surface 
of the street. The work entailed the excavation of 
a local track trench about 22 ft. deep and from 
30 ft. to 40 ft. wide, and an adjacent express track 
trench 50 ft. wide and 55 ft. deep. The soil con- 
sisted of a few feet of surface fill overlying coarse 
sand down to a depth of about 40 ft. below the 
street, and below this was an unknown depth of 
very fine sand and silt, alternating in very thin 
layers with irregular deposits of clay from % in. to 
} in. in thickness, which acted like rubber blankets, 
making the drainage very difficult. The original 
elevation of ground water level was 25 ft. or 30 ft. 
below the street level. This necessitated through 
drainage in the case of the express trench, but the 
local trench was excavated in the dry without 
drainage. 

Excavation in the express trench was carried out 
by hand and with grab buckets, operated by cranes 
mounted on caterpillar tracks working in the street 
alongside the trench, where they loaded the spoil 
lorries. In this trench the work was done by mean 
of an inclined heading, on which a battery of about 
48 4-in. well points was located, coupled up, in 
sets of 12, to horizontal transverse headers running 
across the full width of the trench, and about 30 ft. 
apart. These well points were driven to an elevation 
about 5 ft. below subgrade, and were connected 
with a 6-in., electrically-driven centrifugal pump 
kept running day and night. Although this drew 
comparatively little water, it lowered the water 
level in the trench from 1 in. to 6 in. a day, according 
to the varying height. As excavation progressed, 
the rear header was moved to the front, and so on, 
for perhaps half a dozen or more changes. The 
express trench was excavated in the open, but the 
local trench was excavated entirely under the street 
decking, as shown in Fig. 14, page 792. The fill 
and sand were removed by hand in lifts 5 ft. or 6 ft. 
deep, the spoil being shovelled directly on to 
electrically driven belt conveyors, about 30 ft. long, 
set on the bottom of the lift across the trench, and 
discharging on to platforms in the express trench. 
From here it was reclaimed by clamshell buckets 
loading lorries in the street. 

On the assumption that no important obstructions 
would be encountered, excepting the street car 
tracks, one line of ducts adjacent to the kerb, and 
the usual gas and water mains, plans were made 
to support the street deck on seven longitudinal 
lines of vertical shores in the local and express 
trenches, and to brace the high level deck to simple 
timbering in the express trench. When excavation 
was commenced, however, it was found that the 
local trench was obstructed by a low bank of 
96 ducts, and by many steel pipe ducts, not in a 
regular bank, and merely covered by a wide steel 
plate about 6 in. below the surface of the pave- 
ment, thus making ordinary methods of excavation 
there impossible. The system of decking was there- 
fore revised. It is illustrated in Fig. 15. At night, 
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cross joists, carried in 
turn by the 24 in. lon- 
gitudinals. As soonas 
the excavation reached 
the bottom of the 96- 
duct bank, a solid floor 
of 6-in. by 12-in. lon- 
gitudinal timbers was 
placed under it, being 
supported on vertical 
shores in a fifth row of 
pits. The latter were 
also carried down to 
below subgrade and 
provided with concrete 
footings at the bottom. 
All of the vertical 
shores cleared the 
transverse bents of 
the subway framework, 


- and the longitudinal 


girders at the top of 
the new subway struc- 


depth of about 10 ft. | ture, which, after completion, was designed to 
carry directly all the duct banks. Before exca- 
vating the express trench, steel beams of 12-in. 
by 45-lb. section, about 46 ft. long, were driven 
5ft. apart on each side of the trench, virtually 
The outer flanges of these 
supported 5-ft. lengths of 2 in. by 8 in. square edge 
horizontal planks, which were set in position 


below the street level. 
This was down to the 
bottom of the 4-ft. by 
5-ft. group of ducts of 
96 long-distance tele- 
phone lines. The 6-in. 
by 12-in. longitudinal 





stringers were tempo- 
rarily posted down to 
the bottom of this; 


forming a row of piles. 


behind them as fast as the excavation proceeded, 
thus forming a temporary retaining wall, braced 


by the usual wales and transverse struts. 


After 


first lift of the excava-| excavation was completed, the 12-in. beams were 


tion on both sides of| permanently enclosed in 16-in. concrete walls, 
the 96-duct bank, and | on the top of which were built 3-ft. concrete walls 


from this level down, | flush with their inner faces. 


The latter work was 


to about 1 ft. below/ carried up to subgrade of the local tracks, and 
foundation level, four to the bottom of the general excavation on the 
rows of 3-ft. by 3-ft.| other side of the trench. This part is illustrated 


pits 20 ft. apart longi- | 
tudinally were driven | 


nent concrete footings 
were placed in the 
bottom of these pits, 
and on these were 


On these were carried | 


on the right of Fig. 14. 


The express trench was never covered until the 
and timbered. Perma-|new structure was completed and it was back 


filled ; 


both the excavation and the construction 


of the subway structure in it were wholly in the 
open. Materials were handled by caterpillar cranes 
operating on the deck over the local trench. Con- 
stood four rows of| crete was mixed at a central plant established 
12-in. by 12-in. vertical | by the contractor near the centre of the section. 
posts about 18 ft. long. | Here high level storage bins were installed, filled 


by a bucket elevator. 


The bins discharged direct 


two shallow longitudinal trenches were excavated, | 24-in. 130-Ib. longitudinal beams of joist section, to the mixer from which the concrete was delivered 


and in these 6 in. by 12 in. longitudinal stringers | 60 ft. long. 


Pairs of 12-in. 40-lb. joists, about 22 ft.| in buckets. 


The work was executed by a force 


were laid, supporting 6-in. 20-lb. transverse joists | long, were set on the top flanges of the 24-in. beams | of about 250 men working two 8-hour shifts. 
Figs. 20 and 21 on page 806, show this same spot 


about 25 ft. long and 2} ft. apart on centres, just | and just cleared the top of the low level duct bank | 
Longitudinal decking planks | 
were placed on the top of the 6-in. joists, hand 


clearing the ducts. 


and a water main alongside. 


|at dates about four months apart. The express 
The 6-in. by 12-in. stringers and the street railway | track subway is located on the right, and the local 


excavation being continued under them to a_ tracks were supported on pairs of 12-in. rolled steel | tracks are on the left under the Elevated Railroad. 
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CARRIED BY PILES. 


Conveyors will be noted in both views, those in the 
first, bringing local track spoil to the hoisting 
platform, while two in tandem in the other view are 
delivering spoil from the express track excavation. 

Excavation Under Decks Supported on Pre-driven 
Steel Piles.—Another interesting means adopted of 
maintaining the use of the streets during construction 
was adopted on Section 14, Route No. 8. This 
section comprised about 1,800 ft. of standard, 
single deck, three-track subway, including one 600-ft. 
station, the contract price being 3,150,000 dols. 
This subway is located on the centre line of Four- 
teenth-street, Manhattan, the width of which is 
so great that traffic could be diverted to one side 
of the street, while a longitudinal trench was excav- 
ated in the open over part of the width to a depth 
of about 10 ft., and decked over. Traffic was 
then diverted to this, while the excavation was 
commenced on the cther longitudinal trench which 
had a maximum depth of about 40 ft., and a total 
width of 45 to 50 ft., except at the station where 
it was 60 ft. wide. 

Operations were commenced by excavating longi- 
tudinal lines of 4 ft. by 4 ft. pits 10 ft. deep and 
1) ft. apart, 15 ft. on each side of the centre line of 
the street. A heavy 14-in. H-section beam about | 
45 ft. long was driven in each pit, forming a pile | 


Laying TEMpoRARY DECK ON LONGITUDINALS 





Fig. 19. 


sheeting. These features will be noted in Fig. 16. 


The wooden joists and planks of the street deck | in Fig. 17. 


were laid on the 10-in. joists and traffic diverted 
to that side of the street. This stage of the work 
is shown in Fig. 18, above. Excavation was then 
commenced in the same manner on the opposite 
side of the car tracks, and the second row of 30-in. 
beams was placed on the steel piles, their butt 
joints being electrically welded. In the lines of 
the transverse 10-in. joists small drifts were driven 
from the open excavation under the car tracks, and 
in each of these a 24-in. joist was set, 30 ft. long, 
with both ends engaging the webs of the two lines 
of 30-in. beams, and supported on their lower 
flanges over the H-beam centres. The cantilever 
ends of the transverse 10-in. joists were blocked up 
from the top flanges of the 24-in. joists as were the 
longitudinal 10-in. joists under the car tracks. 
The second car track was supported in the same 
way as the first, and the second half of the trench 
was decked over like the first half, traffic thus being 
restored on both sides of the street. 
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SHart ror 40-Ton ELEVATOR FOR 


Motor Lorrizs. 


the 15-in. members, the alternatives being shown 
The inner flanges of the 15-in. beams 
were braced by horizontal diagonal struts having 
Lolted connections to the 14-in. steel piles sup- 
porting the deck. 

In the upper lift of the excavation about a dozen 
electric conduits were encountered. These were 
carefully boxed and suspended from the deck 
girders. One 6-in. low pressure water main, and 
two 12-in. high-pressure water mains were supported 
on the 24-in. transverse beams, and a temporary 
line of steel pipes by-passed the flow of a 42-in. 
storm water sewer, while two temporary lines of 
8-in. steel pipes were laid, one on each side of 
the street, to carry the sanitary drainage until new 
twin concrete sewers were built after the completion 
of the subway. 

The upper 10 ft. of the excavation under the deck 
was made with grab buckets operated by cater- 
pillar track cranes in the street, hoisting through 
6 fit. by 8 ft. hatchways in the deck. The remainder 
of the excavation was made by steam shovels, the 


The 30-in. beams were braced to the sides of the | first of which was installed in a 40 ft. by 40-ft. 


trench with 10-in. x 10-in. struts in the planes of the | 


24-in. joists. The 14-in. piles were braced by three 
tiers of 12 in. by 12 in. and 14-in. by 14-in. hori- | 
zontal transverse struts, and by two tiers of 8 in. by | 


chamber, excavated to subgrade with grabs. 

A small chamber was excavated to subgrade by 
|grabs, and in this a one-yard petrol-driven full- 
circle shovel was installed. This was mounted on 


With the top cut off exactly 44 ft. below street | 8 in. longitudinal struts, besides five tiers of 10 in. | caterpillar tracks, and proceeded to excavate a 


level. Fig. 16 on page 792 shows a section with | 
one such vertical pile. 


by 10 in. and 12-in. by 12-in. struts to the sides 


|of the trench. Fig. 17 shows one arrangement of | 
|sides to the full trench width, after which the 


In the centre of the street there is a double | the splayed struts to the trench side. 
track street railway, on one side of which the first | 
trench section, about 20 ft. wide, was excavated to | joist section beams, shown in Fig. 17, was driven. | lift, and delivered to motor lorries in the trench. 


On each side of the trench a line of vertical 15-in. 


centre cut 16 ft. wide to a depth of 22 ft. below the 
surface. Subsequently it widened the cut on both 


remainder of the earth was excavated in a single 





1 » deme of 10 ft., and a line of 30-in. beams of joist | These were about 46 ft. long and 10 ft. apart. | | rose the intersecting streets were important 

ction 60 ft. to 70 ft. long, and could not be obstructed by 
‘{ the H-beams and bolted to them, as shown in | driven, yon “en een the inner flanges fr the 15-in. | ramps giving access to the trench, the contractor 
"ig. 16. Continuous 10-in. longitudinal joists| beams, and the faces of the 8-in. beams horizontal | excavated a 25 ft. by 30-ft. pit sheeted down to a 
were placed under each rail of the track nearest | 6-in. joists were set, with ends abutting against the | depth of 35 ft., and penetrating several feet into 

© open trench ; transverse 10-in. joists 16 ft. long | webs of the 15-in. beams. These 6-in. beams formed | the solid rock. This is shown in the view, Fig. 19. 
un id 10 ft. apart were set on the top flanges of the | wales engaging the inner faces of steel sheet piles,|In this a heavy steel framework was installed, 
30-in. beams, one end being machined to fit between | which were used in some cases, while in other cases | | extending 30 ft. above street level, where it carried 
the flanges of the track beams, and the other end | the trench was sheeted with horizontal 3-in. boards | a platform. On the latter a 100-h.p. electric hoist 
supported on timber sills adjacent to the trench| 10 ft. long, bearing against the outer flanges of! was installed operating the 25-ft. by 18-ft. platform 
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of an elevator of 40 tons capacity fitted with 27,000- 
Ib. of counterweights and provided with automatic 
rising gates for the protection of the shaft from street 
traffic when the platform was lowered. The plat- 
form was also equipped with four automatic safety 
clutches to grip the vertical guides and hold the 
platform in position if it should start to fall. This 
platform was capable of making a round trip in 
three minutes, raising and lowering the lorries 
which served the two steam shovels, each loaded 
lorry weighing 30 tons. 

Supplementing the elevator, another outlet 
was provided for the lorries at a point several 
hundred feet distant, where the contractor was 
able to secure an independent contract for the 
deep excavation of a 150-ft. by 200-ft. cellar adjacent 
to Fourteenth-street. Through this he provided a 
connection with the subway trench, the lorries 
entering and leaving the trench on a 15 per cent. 
ramp 200 ft. long. A track was formed on the 
ramp with a pair of 30-in. joists, with their webs 
horizontal. Over this ramp two one-yard shovels 
used for handling the spoil from the rock excavation 
were brought into the tunnel. 

At one end of the subway section, available space 
on an existing subway mezzanine floor was rented by 
the contractor for storage, &c., and here he installed 
an electrically driven air compressor, a machine 
shop with power driven tools, and all necessary 
equipment for repairs and minor plant construction. 
Besides this, four portable air compressors were 
installed on the job, each of 200 cub. ft. per minute 
capacity, besides three universal lorry mounted 
cranes, one tractor crane, and service lorry, five 
electric pumps of 3 in. to 6-in. diameter, and several 
electric and petrol hoists. The work was executed | 
by an average force of about 300 men working | 
two 8-hour shifts. 














BOILER FURNACE REFRACTORIES. | 


THE annual bill attributable to renewal of furnace | 
linings is appreciable, and it is not surprising that | 
investigations are constantly proceeding with the 
object of reducing it. The control of the wear of | 
furnace linings is difficult, and up till now satisfac- | 
tory control has hardly been attained. Practically | 
all refractories are mixtures of different substances, | 
for even those that consist predominantly of only | 
one substance and are known by its name contain 
impurities, of which quite small quantities will 
affect the behaviour of the material in the furnace. 
The first condition, therefore, of uniform control is 
to be assured of invariable composition, and this 
in itself is difficult enough. Chemical composition 
is, however, only one of many factors. The physical 
structure of the material, its porosity, and its heat 
conductivity are some of its intrinsic qualities that 
affect its behaviour, and in addition to these come 
extrinsic agencies that affect it, such as the tempera- 
ture to which it is subjected, the nature of the ashes 
that come in contact with it, and in many cases 
also the furnace gases. This is a formidable body 
of variables to control, and the task is the more 
difficult because even now much is still unknown 





as to the treatment by which the utmost resistance | sity of Illinois. 


and the effects that varying thickness of fuel bed 
may produce on the brick in the settings, the effi- 
ciency of combustion, and the temperatures of the 
resultant superheated steam. It raises also the 
question of how it may be possible by increasing the 
amount of excess air to reduce the severity of the 
temperature to which the refractory settings are 
exposed, and modify the reducing atmosphere 
which usually adds to their liability to attack, 
without decreasing the efficiency of the plant, the 
loss in boiler efficiency being offset by the gain 
through higher superheat. The analysis of the 
observations described in the paper is of interest in 
respect to the question of the control of the circum- 
stances of refractory surfaces in so far as it illustrates 
in an unexpected way the wide range within which 
these circumstances may vary. A more general 
interest, however, attaches to two other papers, 
which deal with the sort of results to be expected 
from the systematic application of summary tests 
by which the resistance of a refractory to given 
conditions may be predicted. 

One of these papers, contributed by Mr. T. A. 
Klinefelter and Mr. E. P. Rexford, describes the 
results of an investigation on “ Action of Slags on 
Firebrick and Boiler Furnace Settings,” carried 
out for the Committee by the Columbus (Ohio) 
branch of the U.S. Bureau of Standards. 
work was in continuation of a study of the con- 
stituents of coal ash and its combinations with 
refractories, in the course of which it was found 
that the phases and conditions present at any 
temperature could be exhibited only if the slag 
was quenched from that temperature. The obser- 
vations so made served to suggest that all reactions 
between slag and refractory could be separated into 
three stages or ranges, occurring at successively 
higher temperatures. The products of these ranges 
may be differentiated from each other by the extent 
to which the slag is saturated with the solid phase 
derived from its own components, as it is at the 
lower range, or has been able to combine with the 
brick components at the expense of corroding the 
brick, as it does in the upper range. The intermediate 
or critical range is that at which the original 
slag has become mostly liquid but as yet has not | 
had much effect on the brick. A laboratory method | 
was worked out by which small samples of slag or 
of sintered coal-ash and coal can be subjected to 
furnace temperatures for from four to twenty-four 
hours and then quenched, enabling the resulting 
product to be immediately examined. By thus 
determining for a given ash the temperature of the 
three ranges, the critical temperature is established, 
below which the slag and refractory will have the 


circumstances. 


The | 
| 12th inst., before the North-East Coast Institution 


which, contrary to usual experience, was only slight, 
and of different coal-ash slags at that temperature 
on a variety of refractory bricks, and of variations 
in furnace temperature. Another series gave for a 
variety of slags the effect of variations in method 
of manufacture, fineness of grind, temperature of 
firing after manufacture, before use, and materials. 
The paper does not, indeed, seem to record how 
the multifarious results thus obtained from a run 
of 24 hours or so in the laboratory furnace agreed 
with the results obtained in practice, but it is 
scarcely likely that they would have been presented 
in the paper under notice if there had been any 
serious disconformity. It would be of interest to 
know the results of applying the method to British 
materials and conditions. If they are as definite 
as the American results, it will remain to be seen 
whether manufacturers of refractories, suppliers of 
coal, and owners of boilers will be prepared to do 
their several parts in applying the method to 
reducing the present wear on the furnaces. 

There is perhaps ground for doubting whether, 
in spite of the important British investigations into 
refractories that have been made in recent years, the 
necessity for expediting research into the various 
problems relating to these materials is fully appre- 





ciated. As Mr. W. J. Rees remarked in his paper on 
‘“* Refractories for Boiler Furnaces,” read on the 


of Engineers and Shipbuilders, British investigators 
are now in the forefront of those who are studying 
the subject, and the British Refractories Research 
Association is attacking some of the fundamental 
problems of which the solution should point the way 
to prolong the life of these materials in practice. Mr. 
Rees suggests that it would be to the direct interest 
of engineers to provide funds that would permit 
the work to be applied intensively to the special 
problems met with in steam-raising apparatus. 
The progress that is being made in general knowledge 
of the subject lends support to the belief that such 
an effort might be expected to lead to results of 
importance commensurate with its cost. 











SOFT SOLDERS AND SOLDERED 
JOINTS. 


Ir is not always realised that of all the common 


_alloys engineers must buy, solders are by far the 


most costly, and until recently it was no exagge- 
ration to say that all too little work had been 
done to obtain an accurate knowledge of their 
properties. Of late years, however, much has 
been done to fill this gap in knowledge, and in 
particular the British Non-Ferrous Metals Re- 


‘least interaction possible in the thermo-chemical | search Association instituted in 1922 a compre- 
The results of a number of these hensive investigation into the jointing of metals. 


observations were compared with those obtained | This investigation, which was planned and started 
under service conditions, and showed good general |in that year by Mr. S. J. Nightingale, included not 


agreement. 


The other paper, which is by Professor R. K.| and some aspects of autogenous fusion. 


| only soft solders, but also brazing, silver soldering, 
The bulk 


Hursh, on “ Comparative Resistance of Refractories | of the experimental work, however, was done on 
to Coal-Ash Slags,” describes results obtained in | soft solders, partly because soft solder, while easier 
an investigation conducted for the Committee by | to work than hard solder, could serve equally well 
the Engineering Experiment Station of the Univer- | for the determination of principles common to both, 


of the material can be obtained, and sometimes even | larly clear account of the processes by which the 


as to the circumstances by which it is affected. 


| slagging of refractories by coal ash in boiler furnaces 


Among the interesting communications sub- | takes place, and of the parts played by their several 


mitted at the recent meeting of the American 
Society of Mechanical Engineers were some papers 
contributed by the Special Research Committee 
on Boiler Furnace Refractories, which exhibit 
not only the difficulties of dealing satisfactorily 
with these materials, but also the vigorous efforts 
that are being made to overcome them. In one 
of these papers, dealing with “‘ Furnace Gas Com- 
positions and Temperatures in Underfeed-Stoker- 
Fired Boilers, and Their Effect on Boiler Settings,” 
Messrs. Albert E. Pasini and Edward M. Sarrai 
investigate a notable difference between the be- 
haviour of the refractories involved in two boiler 
furnaces which in all material respects were iden- 
tical in design and construction, and were supposed 
to be operated similarly. The account the authors 
give of their comprehensive experiments shows the 
wide variations, which, in underfeed stoker-fired 
installations, may be found in the furnace-gas 





compositions directly over the fire along the wall, 


factors. The test applied in these observations 
consisted in measuring on test bricks arranged as 
the lining of a rotary furnace the combined extent 
of corrosion and erosion produced by the slag under 
investigation when fed into the furnace as a powder 
at a uniform rate under controlled temperature 
and atmospheric conditions.* In this way a number 
of different bricks were tested with different slags 
at various temperatures, the measure of the 
depth of corrosion and erosion being taken. The 
method gives a peculiarly elastic and rapid means 
of ascertaining the action of any slag from a coal- 
ash on any variety of firebrick under any conditions 
of temperature and atmosphere. 

The experiments described in the paper show the 
application of the method to determine the effect 
on corrosion and erosion caused by variations in 
reducing power of furnace gases at 2,900 deg. F., 





* See ENGINEERING, vol. cxxvii, page 313, and vol. 
cxxviii, page 168 (1929). 


Incidentally this gives a particu- but also because in its application to soldered joints 


it presented an almost untouched field. By the 
courtesy of Dr. R. H. Hutton, the Association’s 
Director of Research, we are able to give an account 
of the report on soft solders and soldered joints 
which was lately issued to the members of the 
Association. An edition intended for use by practi- 
cal men has also been prepared. 

The base of all soft solders is a series of alloys 
of lead and tin. The freezing points of these metals 
when pure and molten are, respectively, 327 deg. C. 
and 232 deg. C., and the minimum freezing point 
‘of any of their alloys is 183 deg. C. At this tem- 
| perature the eutectic alloy of about 63 per cent. 
tin: 37 per cent. lead, passes directly from the 
liquid to the solid condition, while the other alloys, 
which begin to freeze at higher temperatures in 
proportion to their composition, pass gradually 
from the liquid to the solid state by freezing out 
solid particles of alloy containing lead or tin as the 
case may be in excess of the eutectic ratio, until 
solidification is complete at the eutectic temperature. 
In the solidification of any of the alloys except the 
‘eutectic, there is therefore a plastic range during 
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which the metal is easy to manipulate, and, as Mr. 
Nightingale points out, plumbers and other crafts- 
men who use solders have shown an extraordinary 
acumen in selecting from the infinite number of 
possible alloys of lead and tin, those few that were 
best suited to their purpose, and became what he 
calls the hereditary solders. 

Long ago, however, it was found that the pro- 
perties of solders could be modified by the addition 
of small quantities of antimony. Whether the 
modification was beneficial or mischievous appeared 
to turn very closely on the percentage used, but 
for the last half century almost all soft solders have 
contained some of it. In 1925, the British Engineer- 
ing Standards Association standardised nine different 








mony to the pure tin at once doubles the tensile 
strength, and of 6 per cent. nearly trebles it, the 
slackening in the effect of the antimony as the per- 
centage increases appearing from independent 
results to be due to the tin approaching saturation 
with antimony, which in these alloys is reached 
at lower percentages as the lead contents increase. 
The elongations, shown by the dotted curve, exhibit 
a very different direction and effect of the alloying 
process to that shown on tensile strength. Atten- 
tion is called to the remarkable properties, both in 
tensile strength and elongation, shown by the lead- 
rich alloys containing 75 per cent. eutectic, which 
average 3 tons per square inch tensile strength and 
40 per cent. elongation. A slight inflection will be 





which is practically a straight line, gives similar 
information for the alloys of tin and antimony up to 
7 per cent. A comparison of this curve, in which 
the strength increases rapidly and continuously 
with each addition of antimony, with those of the 
four standard solders shows more strikingly the 
effect of increasing lead in reducing the influence of 
antimony on the strength of the alloy. In these 
alloys the maximum antimony-tin ratios are 
respectively about 1-5, 6, 6, and 5-7, and the per- 
centages of lead about 66, 50, 40 and 30. 

Figs. 4 and 5 deal, similarly to Figs. 1 and 2, with 
the Izod impact strength and Brinell hardness, and 
Fig. 6 with the electrical resistivity and conductivity. 
The curves by which the physical properties of these 
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grades of solder for as many different kinds of work, | 
ranging from those, such as steel tube joints, that | 
required a low melting point and used slightly | 
more tin than corresponded with the eutectic | 
composition, down to dipping baths, containing 
less than some 30 per cent. of tin. In each of these 
alloys antimony was either prescribed or permitted, 
and it is with these alloys that the present report 
deals. In an introductory chapter, after showing 
the equilibrium diagram of the binary (lead and 
tin) and ternary (lead, tin and antimony) alloys 
in question, and pointing out their consequences, 
it indicates the position of the standard solders in 
the range of possible alloys, and reproduces the 
analytical limits for each grade defined in the 
1925 specification. The grades which throughout 
the report are used generally for illustrating the 
application of the results obtained are the four 
known as A to D, with minimum tin contents 
ranging from 64 per cent. to 29 per cent. and 
minimum antimony from 0 per cent. to 2-50 per 
cent. 

A first consequence of the introduction of 
antimony is to reduce the quantity of tin contained 
in the eutectic alloy, roughly by 2 per cent. for 
every 1 per cent. of antimony added, an appreciable 
economic advantage. The full benefit of the addi- 
tion of the antimony, however, can be obtained 
only if the alloy is used with due regard to the 
modified physical properties which the addition 
produces. Fig. 1 shows the effect on tensile strength 
and percentage elongation. In this figure and in 
many others throughout the report, the properties 
exhibited are plotted as ordinates on a base repre- 
senting the percentage of eutectic in the alloy, 
the balance consisting of tin in one-half of the 
diagram and of lead in the other half. The pro- 
portion of antimony, varying from 0 per cent. to 
6 per cent., is indicated on the curve, and the 
position of the four first grades of the standard 
solders is also shown. In respect to tensile strength, 
it will be seen from the lowest curve that the ulti- 
mate strength of each pure metal is about 1 ton per 
square inch, rising rapidly as it is alloyed with 
the other to a maximum of 3-6 tons per square 
inch. Antimony is soluble in tin, but not to any 
notable extent in lead, and the effect of its addition 
to the alloys, as seen in the two upper curves, 
which correspond respectively to 3 per cent. and 
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Fig.3. THE EFFECT OF THE ANTIMONY 
CONTENT UPON THE SHEAR 
STRENGTH OF THE LEAD-TIN- 
ANTIMONY SOLDERS. 
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|seen in the tensile-test curve in the lead-rich 
jregion, and similar irregularities are shown in the 
'same region on the corresponding curves for shear 
‘strength and Brinell hardness. These are ascribed 
'to segregation, which is particularly liable to occur 
lin a region in which, as happens in the lead-rich 
' region, solidification extends over a wide range of 
| temperature, and involves the precipitation of par- 
ticles much heavier than the molten mass. In the 
‘middle of that region, for instance, the plastic 
range, over which solidification extends, is more 
than 90 deg. C., and while the temperature is 
falling to that extent solid particles are being formed 
in the liquid metal nearly half as dense again as the 
liquid in which they appear. 

| he effect of alloying and of the addition of 
/antimony on the shear strength is shown in Fig. 2, 
| where the smaller effect of the antimony in the lead- 
‘rich alloy, which was seen in Fig. 1, is still more 
marked. This effect is shown in Fig. 3, in its relation 


6 per cent. of antimony, is to increase the strength | to the standard alloys A to D. In this figure the 


gradually on the lead side, but immediately on the 
tin side. Thus the addition of 3 per cent. of anti- 


shear strength of each of these solders is plotted 


against the antimony-tin ratios, and a fifth curve, 


Fig4. 
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1ZOD IMPACT STRENGTH OF 
THE LEAD-TIN- ANTIMONY SOLDERS. 
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alloys are illustrated, run with so much regularity 
as to exhibit a particularly clear picture of the 
consequences that result from the alloying pro- 
cesses. In the report itself the detail of this picture 
is sharpened by numerical tables, which are con- 
venient where exact figures are required for any 
special purpose. The general impression derived 
from the curve, however, is sufficiently interesting. 
It exhibits, for instance, very strikingly the fallacy 
of a common belief that lead in solder serves no 
function but to reduce the melting point. As the 
curves show, it makes a profound difference to 
the tensile and shear strength and the Brinell 
hardness of the alloy. The report points out a 
number of the conclusions to be derived from the 
data embodied in the curves, and incidentally adds 
the observation that an alloy of 46 per cent. of tin 
and 54 per cent. of lead gives not only nearly 
as good elongation as pure tin, but also shows less 
reduction in area. So far as concerns the use of 
antimony it appears to be desirable for most 
purposes up to the limit (6 per cent.) to which 
it can dissolve in tin in solid solution, except where 
impact strength is of particular importance, when 
it should not be present in excess of 3 per cent. of 
the tin. 

It was thought desirable that the test pieces 
should be cast, as conforming with the condition in 
which soldervis generally used, and, to avoid the 
strain and distortion almost invariably produced in 
machining metals of the kind in question, it was 
decided to die-cast the test pieces, which was done 
quite successfully. The considerable segregation 
to which these alloys are liable make vertically cast 
test pieces quite unsuitable. Satisfactory results 
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TESTS OF SOFT SOLDERS AND 











































































Fig.5. BRINELL HARONESS OF THE 
LEAD-TIN-ANTIMONY SOLDERS. 
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Fig.7. CAST IRON MOULD FOR CASTING Fug.8. CIRCULAR TYPE SHEAR TEST PIECE 


TEST PIECES IN THE SOLDER ALLOYS. 
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were obtained with tensile test pieces cast in the 
mould shown in Fig. 7. The exact nature of the 


the die-cast test-piece (cross-hatched) assembled 
under load in the shearing jig. A spherical convex 
top to the shearing plug, operated by a concave 
cap, served to assure axial loading. 


A complementary set of tests to those made relat- | 


ing to the stress of solders in shear had reference to 
the shear stress necessary to break solder joints. For 
these tests a plug and ring joint was designed, shown 
assembled in the soldering jig in Figs. 9 to 12, and 
enabled control to be exercised over the variables 
affecting the strength of the joints, including time of 
contact with molten solder, soldering temperature, 
thickness and constitution of the joint, materials 
joined, flux, and resistance to bending stresses at 
high temperatures. The general arrangement will 
be evident from the figures. The thickness of the 
joints was adjusted by means of feeler gauges 
between the plug and the ring. The plug and ring 
of the materials to be joined were each 1 in. long, 
with a } in. joint. Tests were made on the jointing 
of copper, brass, and mild steel. A joint was made 
after having been placed in an electric resistance 
furnace, and arrangements were provided to ensure 
adequate fluxing of the joint and tinning of the 
surfaces. After cooling, the shear test was made 
under arrangements similar to those used in the 
shear test of the solder casting. Tests made to 
ascertain the effect of varying the quantity of 
solder used, and the time of contact of the molten 
solder with the joint members (the latter ranging 
from 5 minutes to 40 minuves), gave inconclusive 
results, but it did not appear that for a given tem- 
perature anything was gained by using more solder 
than was required for filling the joint, nor that the 
maximum strength of joint occurred where the maxi- 
mum time of contact with the molten solder was 
allowed. From the latter result it was inferred that 


the strength of the joint could not have been depen- 
dent on interpenetration or inter-alloying between 
the solder and the metals joined. With the various 
metals, and also with two different solders, the 
maximum strength was obtained at a soldering 
temperature of about 280 deg. C. 


As the result of a 


shearing test will be clear from Fig. 8, which shows | 
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| variety of tests made with joints of different thick- 
nesses between 0-001 in. and 0-006 in., and tem- 
peratures between 215 deg. and 500 deg. C., some 
‘relation seemed to exist between soldering tempera- 
ture and optimum thickness of joint. Figures were 
obtained for maximum joint strength in shear when 
soldering temperatures were plotted against joint 
thickness, which are represented in Fig. 13, together 
with a plot of the calculated values derived from an 
empirical equation which they appeared to fit very 
closely. That the constant of the 
| shown, which is the curve representing the equation, 
is the same for all solders seems probable, though 
not certain. There is reason to think that it 
depends in some measure on the flux used. The 
joint on copper has a shear strength of 3-5 tons per 
square inch when soldered at 300 deg. C. and at a 
thickness of 0-003 in. 

To ascertain the effect of the constitution of the 
solder on the strength of the joints, test joints were 
made with solder varying in constitution over the 





SOLDERED JOINTS. 


Fig.6. ELECTRICAL RESISTIVITY & CONDUCTIVITY OF THE LEAD- 
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PLUG & RING JOINT. 
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average strengths were generally lower with anti- 
monial solder, but the maximum strengths were 
obtained from antimonial solder with upwards of 
70 per cent. eutectic. It will be observed that 


|the strength of the joints made between steel was 


hyperbola | 


midway between that of copper and brass joints. 
At low soldering temperatures and on very thin 
joints poor results were obtained. These have been 
referred to the relatively high melting point of the 
flux (chloride of zinc), which melts at 262 deg. C. 
A flux consisting of eutectic proportions of zinc 
chloride and ammonium chloride melts, on the 


‘other hand, at 179 deg. C., and Fig. 18 shows the 


whole useful range of alloys, with and without | 
additions of antimony, and between each of the | 


three metals used in the investigation. 
were made at the temperature and thickness pre- 
viously ascertained to be the best. The results 


These joints | 


remarkable results at low soldering temperatures of 
substituting the eutectic flux. From these experi- 
ments, which were made on solder joints of 0-001 in. 
thick between brass surfaces, it will be seen that the 
use of the eutectic flux does not alter the maximum 
strength of the joints, nor the temperature (about 


300 deg. C.) at which it is obtained, but it enabled 


obtained are plotted in Figs. 14 to 17, the bottom | ; 
|those temperatures is either solid or too viscous 


curve being that of Fig. 2, amended in scale. It will 


be seen that within the range of composition of the | 
ordinary solders, the strength of the copper joint | 


was much the same as that of the solder of which 


joints to be made of serviceable strength at lower 
temperatures, when with zinc chloride, which at 


to run in a thin joint, the joint strength becomes 
valueless for practical purposes. The application of 
the eutectic flux to soft soldering is not very general. 


they were made, and the strength of the brass and | but as the report points out, it has been universal in 
mild steel joints from 10 to 20 per cent. less than| the galvanising industry for generations. 

that of the solder itself. The maximum shear | 
strength of binary solder and of all alloys between |is required of more than ordinary strength at 
the maximum value and that of the tin end of the | elevated temperatures, the low melting point of the 
system, is increased by the addition of antimony, eutectic alloy of lead and tin (183 deg. C.) excludes 


so far as concerns copper joints. 


Brass joints give | its use. 


Where, as often happens in practice, a soft solder 


By a series of experiments in the appara- 


practically the same results, whether antimony is | tus shown in Fig. 19, it was shown that much better 


present in the solder or not. 


With steel joints the results, plotted in Fig. 20, could be obtained up to 

















DEc. 26, 1930.] 


TESTS OF 


Fig.J3. RELATION BETWEEN JOINT 
THICKNESS AND SOLDERING 
TEMPERATURE FOR MAXIMUM 
JOINT STRENGTH, 


‘ SolderingTemperature °C. 





QO 002 004 006 008 ‘010 O12 
(2107.K) Joint Thickness. 


“ENGINEERING” 


th, 
Ao Tra: 


Tons per Sg 
Sy 


Shear Stre: 





400 


300 
Soldering Temperature °C. 
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90 deg. C. from pure tin, and above that temperature 
from tin alloyed with 6 per cent. of antimony. 
In this apparatus the joint is tested in an oil bath 
heated by a bunsen flame, the temperature being 
controlled accurately by a thermometer near the 
joint. 


Other parts of the report discuss the metallurgy | tion, had installed three new machines as an 


of solder joints in the light of results obtained 
during these investigations or found in published 


data. It is concluded that the strength of a soldered | 


joint depends far more on the perfection of the 


adhesion between the solder and the surfaces joined | 
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siderable number of experiments on the corrosion of 
| antimony-tin-lead-solders. This serves to indicate 
| more fully than previous data have done, the extent 
| to which the several solders are attacked by a large 
| number of corrosives. A remarkable result is that 
| in these experiments distilled water, of which the 
| action on tin or on the standard alloys A to D was 
nil or negligible, had a well marked action on pure 
lead ; about the same as that, in fact, as that of 
hydrochloric acid. 
| A final chapter gives a number of practical con- 
| siderations regarding the choice of solders for various 
| purposes and other practical questions, including 
the tinning of cast iron, the efficiency of which is 
| essential to the adhesion of Babbitt alloys to cast- 
| iron bearings. 
| 
ILLUMINATION AS A FACTOR IN 
PRODUCTION. 


| Att illuminating engineers know that good lighting, 
| whether natural or artificial, increases the output of a 
|factory, improves the quality of the product, and 
| reduces the number of accidents. Manufacturers, who 
| have taken the trouble to accept the advice of experts 
| * . . . . . 
| on the planning of their lighting installations, are also 
aware of these facts, but there still remain others who 
consider that the first, at least, of these objects can be 
obtained by other means. For instance, in the course 
of a survey made to determine the effect of better 
lighting in fine metal-working shops, Mr. Russell J. 
Waldo, of Medina, New York, found that one 
| works manager, who wished to increase his produc- 
alter- 
| native to modernising his lighting installation. These 
machines were, however, placed in a dark corner, with 
‘the result that it was the waste rather than the pro- 
duction that was increased. The next step was gradually 
to increase the candle-power of the lamps and to adjust 
the light distribution, so as to prevent shadows falling 








than on the inherent strength of any interstitial alloys | on the work ; the ultimate effect of these changes being 


that may beformed. It is remarked, moreover, that 
in general the strength of a joint, as measured 
by its resistance to shearing, is about equal to the 
shear strength of the solder of which it is made. 
Another important conclusion is that it has not been 
possible to improve the strength of joints appreci- 
ably by any practicable heat treatment. 





that the production was increased by 22 per cent. 
In this connection it is important to note that it is 
sometimes the quality rather than the quantity of the 
illumination which requires attention, for the survey 
showed that less light would have been as, or more, 
effective in at least a dozen cases, owing to the pre- 
sence of glare. 

Dealing with certain definite results, given by Mr. 


A chapter is devoted to an account of a con- | Waldo, it may first be mentioned that nearly 250 
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works managers agreed that good lighting assisted 
the employees, as well as shortening the time required 
to perform a particular task. The reduction under 
the latter heading varied from 27 per cent. for rough- 
finishing work on castings, to 32 per cent. for fine- 
finishing, and to as much as 67 per cent. in the polishing 
rooms. Good lighting is, in fact, especially essential 
in the latter, in order that the best finishes may be 
obtained, and the figures given are, obviously, sufficient 
to justify any expense that may be incurred in moderni- 
sation, 

Considerable loss, both in production and wages, 
may be due to what Mr. Waldo calls “* shadow-dodging.”’ 
For instance, 200-watt lamps placed at 20-ft. centres 
were used for lighting a grinding, polishing and buffing 
room, but it was found that the finish obtained was not 
up to standard. The number of lighting points was 
therefore increased by nearly 100 per cent., with the 
result that the rejects decreased by over 20 per cent., 
owing to the elimination of the shadows, which had 
previously been common, even on the operator’s side 
of the wheel. The same state of things may also be 
the cause of accidents. In fact, no less than 176 
mishaps were recorded, owing to operators coming 
into contact with the moving parts of another machine 
or with a truck, while stepping backwards or sideways 
to avoid a shadow. Such conditions cannot, of course, 
be entirely overcome by localised fittings, the only 
safe method of eliminating them being to use general 
illumination of sufficient intensity to ensure that all 
parts of the work and machines are properly lighted, 
with the addition of supplementary units in special 
cases. On this basis, Mr. Waldo estimates that 293 
out of the 487 installations he examined were inade- 
quate. 

To secure proper illumination means that attention 
must also be paid to the natural lighting of the fac- 
tories. In many cases the latter requires supplementing 
on dull days, while those parts of the shops away from 
the windows may require to be lighted artificially, 
even on the brightest days, if the best results are to 
be obtained. 








BritisH Moror VEHICLES IN EayptT.—Statistics 
regarding the countries of origin of the motor vehicles 
registered in Egypt on June 30, 1930, are contained in a 
recent issue of the Monthly Journal of the British Chamber 
of Commerce of Egypt. Out of the 17,462 privately- 
owned cars, 11 per cent. only are of British manufacture ; 
of the 7,021 taxicabs only 1 per cent. were British. The 
percentage of British-made vehicles in the lorry and 
omnibus sections were, respectively, 10 and 7. Out of a 
total of 29,329 registered motor vehicles of all classes, 
only 2,516, or about 9 per cent., were of British manu- 
facture. Unfortunately, the figures for motor cycles are 
not given. 


HiGH-TENSION REVERSING CONTACTOR FOR MINING 
Worxk.—Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, have recently 
shipped a large reversing contactor to South Africa for 
use on an electrically-driven winding engine. This 
contactor will be connected to a 2,200-volt circuit and is 
rated at 400 amperes, but as the system is exposed to 
heavy surges the insulation has been designed to with- 
stand 30,000 volts. Both the fixed and moving contacts 
are, therefore, carried on micanite-covered shoe bars, 
on which ample surface clearance has been allowed. 
Each set of three moving contacts is operated by a 
three-phase magnet, the forward and reverse set being 
electrically and mechanically interlocked so that the 
are on the set that is opening is completely ruptured 
before the other set is closed. The are chutes are fitted 
with laminated-iron cheeks, tapering ribs being used to 
distribute the flux over the whole area, so as to secure 
a long and effective blow-out. The length of wind 
performed by the engine to which this contactor will be 
fitted is 3,150 ft., the peak load ‘on acceleration being 
2,500 h.p. and the winding time 86 seconds with a normal 
load of 5 tons. 
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HIGH-PRESSURE COMPOUND LOCOMOTIVE ;: DELAWARE AND HUDSON RAILROAD. 














Fie. 29. 500-Ls. PressurE WaTER-TUBE FIREBOX BOILER. 


HIGH-PRESSURE COMPOUND LOCO- 
MOTIVE FOR THE DELAWARE AND 


HUDSON RAILROAD. 
(Concluded from page 738.) 

Tue boiler of the high-pressure locomotive, James 
Archbald, of the Delaware and Hudson Railroad, is 
well shown in the photograph reproduced in Fig. 29, 
above. We give drawings of this part of the machine 
in Figs. 30 to 62, Plate LIV, which accompanies our 
issue of this week, further views being reproduced in 
Figs. 63 to 66 on page 799. The boiler isa combination 
of water and fire-tube sections. The fire-box consists 
essentially of two end-headers connected by four large 
drums, the latter being coupled in pairs on each side 
of the centre line, by slightly inclined water-tubes. | 
Ahead of the firebox is a barrel much of the conventional | 
type, containing ordinary heating surface tubes, and 
flues accommodating the superheater. 

A longitudinal section of the boiler is given in Fig. 30, 
Plate LIV, while Fig. 31 is an outside elevation at the 
back end. Fig. 32 is a section through the firebox, 
and Fig. 33 a section showing the front header, and 
the barrel tube plate in elevation. Fig. 34 is a section 
further along the barrel through the front portion of 
the steam drums, while Fig. 35 shows the auxiliary 
header connecting the latter to the barrel. Fig. 36 
shows, on the left, a half elevation of the front tube 
plate, and, on the right, a section through the smokebox. | 
Accompanying these drawings are Figs. 37 to 42, and 
various small details illustrating minor features of the 
construction. 

Dealing with the back header, this is composed 
of two plates, a backhead §-in. thick, and an inside 
}-in. plate, both with outside flanges facing, forming a | 
single riveted lap joint. The water space is 9-in. 
The bottom is closed by a steel casting 4-in. deep. 
The steam and water drums are continued right through 
the header, the plates of which are flanged outwards 
to. provide for the riveted joints. Openings 8-in. | 
long by 3$ in. wide are cut in the drums inside the 
header, there being six in each steam drum and eight 
in each water drum. The fire door opening, 36 in. | 
wide by 124 in. high, consists of a ring 1} in. thick, 
passing through two openings in the header plates, 
both flanged towards the rear, the inner plate being | 
also dished inwards to provide flexibility, a very desir- 
able feature in this part in order to secure a good life 
for the plate and joint. These joints are sealed by | 
welding. The front header likewise provides a 9-in. | 
water leg. The throat plate being 3-in. thick and the | 
tube plate -in. thick, the outside flanged joint being | 
similar to that of the rear header. In the centre, | 
hoth plates of the front header are flanged forwards, 
the inside one to take the dished circular tube plate, | 
and the outer one to provide the usual throat-sheet | 
riveted connection to the barrel. The connections | 
with the drums are by means of flanges pressed out- | 
wards, as in the back header. As in the back header, | 





communication is made with the interior of the drums | 


| 799. 


| flanged plate as shown in Figs. 29, 30, 35 and 65. 


was also called for. Steam is drawn from the front 
sections of the steam drums by a branched pipe 
which is visible in Figs. 10 and 11, Plate XLIX 
ante, the main limb of which runs forward to the 
flat superheater header in the smoke-box. This 
header accounts for the large opening cut in the 
top of the smoke-box. The steam drums are fitted 
with low water alarms. The width of the firebox is 
10 ft. 9} in. The grate area is 81-9 sq. ft. 

The high and low pressure cylinders are illustrated 
by means of Figs. 43 to 62, on Plate LIV, Figs. 43 to 52 
relating to the high-pressure and the remainder to the 
low pressure side. In the first part of this article a 
description of the cast steel front frame and the saddle 
casting were given. The cylinders are steel castings 
which are bolted on to the outside of the frame casting. 
The main drawings of the high pressure cylinder are 
Figs. 47, 48 and 49, the first being an outside elevation 
and the others longitudinal and cross-sections, respec- 
tively. Fig. 52 is an elevation of the inside face and 
Fig. 50 a longitudinal section looking towards the inside 
flange, &c. The steam pipe connection is shown at the 
top of Figs. 47, 48 and 49, and is in communication with 
the central cavity in Figs. 44 and 45. The latter show 
the exhaust passages leading from the ends of the 


by 8 in. by 34 in. openings in the latter, six being pro- 
vided in the steam drums and 14 in each water drum. 
Flexible staybolts are used in positions shown in Fig. 33 
by double circles. 

The two bottom drums are | ft. 8} in. in inside dia- 
meter, the plates being }{-in. thick, and the material 
low-carbon nickel steel. The drums are centred 
8 ft. 2} in. apart. They are 15 ft. 8 in. overall, the 
length between inner plates of the headers being 12 ft. 
74% in. The drum ends are dished inwards, and 
manholes are provided at both extremities. Bosses 
are built up, by welding, on the dished ends, to form 
seats for the manhole cover cross-bars. The steam 
drums are centred 5 ft. 0} in. apart, and 7 ft. 0} in. 
above the centre line of the water drums. The steam 
drums are in two sections, the back pair, of low-carbon 
nickel steel, having an internal diameter of 2 ft. 5 in. 
and length of 12 ft. 7} in. ; and the front pair, of silicon- 
manganese steel, an internal diameter of 2 ft. 348in. 
and length of 13 ft. and 12 ft. 7 in. for the right- and 
left-hand drums, respectively. The front and rear 
sections of these drums are joined together by a circum- 
ferential lap joint close to the point where they pass 
through the front header. The back drum head is a 
plain dished plate, the front being finished with a 
manhole as shown in Fig. 14, Plate L ante. The sides | steam chest to the elbow on the right of Fig. 50, shown 
of the firebox are each composed of 143 2}-in. tubes, | also in Figs. 46 and 51. The cylinder walls are 1}-in. 
staggered in 28 rows at 5-in. longitudinal spacing of | thick, the ruling thickness for ribs, &c., being 1 in. 
centres. Those next to the fire are of Allegheny heat- | The cylinder is bored to 22 in., and is bushed with a 





| resisting steel, the others being of cold-drawn seamless | }-in. liner of Hunt-Spiller gun-iron. The valve bushing 


steel. The roof is supported on six 3-in. tubes, sloping |is 3-in. thick, and 12-in. in internal diameter. Fig. 43 


upwards from the back to the front header. There are, | shows the ribs supporting the bridges of the steam 
further, six arch tubes extending from low down in the ports, shaped to conform to the direction required by 
front header, by way of a curve, to a level above the | the steam flow. : 

fire door. These features are shown in Fig. 64, page| The low pressure cylinder is connected with the 
The sides of the firebox are encased with plating | receiver through the large flanged opening, 9 in. in 
on a skeleton framework as shown in Fig. 63, on the | diameter, at the top, shown in Fig. 54, 58, &c. This 
same page, a series of doors being provided for the | communicates direct with the centre portion of the 
removal of ash, &c., as shown. | steam chest, as shown in Fig. 62. This suffices for 

The barrel is 5 ft. 6 in. inside diameter. It is of | either compound or simple working, since the inter- 
two courses, the front one extending forward of the | cepting valve admits steam into the receiver, when 
saddle casting in the lower part only. The rings are | necessary. The exhaust passes from the ends of the 
of plate 1,4 in. and 14 in. thick. The tube plates are | steam chest to a central rectangular opening shown in 
15 ft. apart, and are drilled for 155 2-in. and 52 54-in. Fig. 58, communicating with an elbow passage in the 
tubes. The front ends of the steam drums are con- | frame casting, whence a pipe runs forward under the 
nected to the barrel by a saddle-shaped header of | smoke box. Apart from the fact that the low-pressure 
: cylinder walls are 2 in. thick only, other remarks made 
above apply similarly to this casting. The liner internal 
diameter is 35} in., and the valve bushing internal 
diameter, 14 in. The small flanged exhaust connection 
shown in Figs. 54, 58, &c., supplies steam to the feed- 
water heater, which is of the Dabeg type. The small 
flanged openings seen in end view in Figs. 59 and 61, 
outside and between the valve and cylinder walls, and 
outside the casting in Fig. 60, are provided for drifting 
valves. 

As stated in one previous article we are indebted to 
the courtesy of Mr. G. S. Edmonds, Superintendent of 
Motive Power, for the matter on which this description 
is based. 


This is designed on lines similar to the fire-box headers, 
the steam drums and boiler barrel plating being cut 
away inside it to provide connecting openings. The 
shell plates and butt straps of the barrel are of silica- 
manganese steel; for the rest of the boiler material, 
low carbon nickel steel has been employed. All tubes 
in the barrel are of hot-finished seamless nickel steel ; 
they are beaded over and welded in the firebox tube 
plate, but simply beaded over at the smoke-box tube 
plate. The large tubes are of material possessing an 
elastic limit of 40,000 lb. per square inch and tensile 
strength of 60,000 Ib., and were tested to 1,500 1b. per 
square inch hydraulically. For the 2-in. tubes 60,000 lb. 




















799 


ENGINEERING. 





DEC. 26, 1930.] 

















‘ONINVUYT GNV SHHGNITAQ “99 “DIY ‘amTIOg{4O SHIavVaH ANV SHOU AWLVM ‘Cg ‘Ol 




















*XOGRULY AO UOISHINT ‘FQ ‘OL ‘ONISVO XOERTUIY “EO “OLA 

















# (‘abog spsoddg vas ‘uoudrsoseg wy) 


‘dVOUTIVY NOSGOH GNV AYVMVIAG + FAILONOOOT GNNOdWOO WHOASSaud-HYIH 











800 


ENGINEERING. 





[DECc. 26, 1930. 











LABOUR NOTES. 


THE text of the Government’s Trade Disputes and 
Trade Unions (Amendment) Bill was issued on Friday 
last. For the strike clause in the existing Act, the 
following is substituted :—‘‘ Any strike or lock-out 
of which the primary object is an object other than 
that of furthering purposes connected with the employ- 
ment or non-employment, or the terms of the employ- 
ment, or with the conditions of labour of any person 
(whether or not employed in the trade or industry in 
which the strike or lock-out takes place) shall be illegal, 
and it shall be illegal to commence, or continue, or to 
apply any sums in furtherance or support of, any such 
illegal strike or lock-out.” 

Clause 3 of the existing Act declares it to be unlawful 
for one or more persons to attend at or near a house or 
place where a person resides or works. In the amend- 
ing Bill that provision—whose object is, of course, to 
prevent intimidation—is retained, but in section 2 of 
the Clause the expression “‘ to intimidate” is inter- 
preted to mean “‘ to cause to any person a reasonable 
apprehension of ‘ personal’ injury to him or to any 
member of his family or to any of his dependents or of 
violence or damage to his or their property.” The 
following words are deleted : ‘ The expression ‘ injury ’ 
includes injury to a person in respect of his business, 
occupation, employment or other source of income 
and includes any actionable wrong.” 


The right to belong to a trade union is restored to 
civil servants, and the old procedure in connection with 
the political levy is reverted to, under the amending 
measure, and trade unionists who do not desire to pay 
the levy will have to ** contract out.” 

In November, the home branch membership of the 
Amalgamated Engineering Union increased from 
194,161 to 194,543, and the Colonial branch member- 
ship decreased from 26,687 to 26,443. The number 
of members in receipt of sick benefit increased from 
4,995 to 5,188, and the number in receipt of super- 
annuation benefit from 10,951 to 11,121. The number 
of members in receipt of donation benefit increased 
from 25,589 to 28,291, and the total number of un- 
employed members from 32,353 to 35,707. 

During the month of November, the average numbers 
of persons on the registers of Employment Exchanges 
in Great Britain were 1,632,398 wholly unemployed, 
538,419 temporarily stopped, and 103,521 normally 
in casual employment, making a total of 2,274,338. Of 
these 1,526,265 were men aged 21 and over; 124,042 
men aged 18 to 20; 60,930 boys aged 14 to 17; 
437,412 women aged 21 and over; 74,772 women aged 
18 to 20; and 50,917 girls aged 14 to 17. 

The Ministry of Labour Gazette states that employ- 
ment continued to decline in November. Among 
workpeople insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 19-1 at 
November 24, 1930, as compared with 18-7 at October 
27, 1930, and 10-9 at November 25, 1929. For males 
alone the percentage at November 24, 1930, was 19-8, 
and for females 17-2. At October 27, 1930, the corres- 
ponding percentages were 19-4 and 16-8. It is esti- 
mated that on November 24, 1930, there were approxi- 
mately 9,501,200 insured persons aged between 16 and 
64, in work in Great Britain. This was 32,000 less than 
a month before, and 718,200 less than a year before. 

At November 24, 1930, there were 1,659,867 persons 
on the Registers of Employment Exchanges in Great 
Britain who were out of a situation. This was 108,772 
more than a month before and 712,050 more than a 
year before. The total on November 24, 1930, included 
1,214,464 men, 48,562 boys, 357,469 women, and 
39,372 girls. It was made up approximately of 
1,156,830 insured persons who had paid at least 30 
contributions during the preceding two years, and there- 
fore satisfied the full contribution condition for the 
receipt of unemployment benefit; 419,670 insured 
persons who had paid less than 30 contributions during 
the preceding two vears ; and 832,370 uninsured persons. 
The claimants for benefit, numbering 1,515,950, 
included 256,304 men, 6,149 boys, 45,672 women, 
and 2,976 girls who had been on the Register for less 
than one month. 





At the same date there were on the registers in 
Great Britain 342,578 men, 10,688 boys, 158,015 
women, and 10,024 girls, who were on short time or 
were otherwise suspended from work on the definite 
understanding that they were shortly to return to their 

- former employment. The total of 521,305 was 60,309 
less than a month before, but 260,430 more than a year 
before. Of workers who normally seek a livelihood 
by means of jobs of short duration, there were on the 
registers 102,434 men, 271 boys, 2,556 women, and 


27 girls; these are employed in dock, harbour, river 
and canal service. The total of 105,288 was 496 more 
than a month before and 28,522 more than a year 
before. 





There was a further seasonal increase in the numbers 
unemployed in the building industry, in public works 
contracting, brick, tile, cement and artificial stone 
manufacture, in the clothing trades, and in shipping 
service. Unemployment also increased in the mining 
| industries (other than coal mining) in the pottery, glass, 
iron and steel (other than pig iron), engineering, ship- 
building and ship repairing, and boot and shoe 
industries, and in the silk and artificial silk, linen, lace 
and carpet trades. There was, however, some improve- 
ment in coal mining and in the cotton and jute 
industries. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during November resulted in a decrease of 4,5001. in 
the weekly full-time wages of 102,000 workpeople, 
and in an increase of 2,2501. in those of 47,000 work- 
people. Among those whose wages were reduced 
were workpeople employed in steel melting shops and 
rolling mills in various districts in England and Scotland, 
the reduction amounting generally to about 1 per cent. 
on current rates. Other workpeople affected by reduc- 
tions included iron miners and blast furnace workers 
in Cumberland and in North Lincolnshire, certain 
classes of wool textile operatives in the West of England, 
and workpeople employed in the general waste reclama- 
tion trade. There were increases in the wages of coal 
miners in Warwickshire, tinplate workers in South 
Wales and Monmouthshire, and commercial road 
transport workers at certain towns in Lancashire. 
During the eleven completed months of 1930 there 
have been total net increases of 56,800]. per week in 
the wages of 740,000 workpeople, and net decreases of 
115,600. per week in those of 1,100,000 workpeople. 





The number of trade disputes, involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in November, was 27. In addition, 14 disputes which 
began before November were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in November (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 8,800, and the aggregate 
duration of all disputes during November was about 
64,000 working days. ion 

Under an agreement between the Italian Confedera- 
tion of Industry and the Italian Confederation of 
Industrial Workers, the total remuneration of manual 
workers was to be reduced as from December 1, 1930, 
by 8 per cent. This reduction did not apply to men 
over 18 who were earning a total daily wage of less 
than 12 lire in towns with more than 200,000 inhabi- 
tants, or less than 8 lire in other places, or to workers 
employed for not more than three days a week. The 
organisation concerned might, however, investigate 
the position of each individual. The agreement 
does not affect the negotiations at present being carried 
on for the conclusion of special collective agreements. 
Where workers have already accepted reductions of 
wages, the reductions prescribed in the agreement apply 
only to the extent of the difference. From December 1, 
1930, the pay of salaried employees and workers was 
to be reduced by 8 per cent., where the earnings were 
between 300 and 1,000 lire a month, and by 10 per 
cent. for those above 1,000 lire a month. The pay 
of the salaried employee or worker in question may 
not in any instance fall below 300 lire a month in 
consequence of the prescribed. reduction. 





At a national conference of district officers of the 
German Factory Workers’ Union, the representative 
of the chemical industry workers’ group stated that the 
amount of wages, as the result of rationalisation and 
the decrease in the number of workers employed, had 
been considerably reduced, although the quantity 
produced had remained stationary, or in some cases 
even increased. In the past two years, the number of 
workers engaged in the dyes industry had decreased by 
25,000, whereas the quantity produced had, generally 
speaking, remained the same. In the case of a number 
of products, the quantity produced had even increased. 
In the principal factory of the Continental Rubber 
Company, of Hanover, the number of workers employed 
had declined, from approximately 14,000 in the year 
1927, to 5,800 in the autumn of 1930. The subsidiary 
companies of the Continental combine, ‘ Peters 
Union” (Frankfurt-on-Maine), ‘Titan’ (Walters- 
hausen), and ‘* Mittelland ’” (Hanover), which formerly 
employed 2,000 workers, have now been closed down. 
Even in the case of the ‘“* Excelsior ’» Company, another 
large subsidiary organisation of the Continental combine, 











the number of workers engaged had very greatly 
decreased without any decline in the production of the 
combine as a whole, as compared with the year 1925. 





The weekly organ of the International Labour Office 
states that an Institute of Scientific Management was 
recently established in China, on the proposal of 
Mr. H. H. Kung, Minister of Commerce and Labour. 
The Institute will be governed by a managing com- 
mittee of 15 members, with Mr. Kung as chairman. 
Eight technical committees have been established by 
the Institute and will deal, respectively, with under- 
takings, staff, finance, accounting, general management, 
industrial management, marketing and _ enterprise. 
Most of the members of the Institute are large industria- 
lists of Shanghai. Its objects are to study the principles 
of scientific management, to increase efficiency in 
industry and commerce, and to develop the earning 
capacity of the people. Its method of working will 
be to collect materials relating to scientific management 
and the rationalisation of industries, and to discuss, 
formulate, and put into practice, new methods for the 
improvement of commercial and industrial administra- 
tion. 





The steps officially taken in Soviet Russia to stabilise 
employment are described in a recent issue of Industrial 
and Labour Information. Certain special measures 
concern engineers and technical workers. The chief 
cause of the movement of these workers is stated to be a 
desire to leave productive undertakings for posts in the 
central administrative offices, the management of 
trusts, &c. For this reason, an Order of May 13, 1930, 
prescribed that the salaries of engineers and technicians 
in any given area should be higher in industrial under- 
takings than in administrative departments. Engineers 
who change their employment must wait for a year 
before receiving a higher salary than that which they 
had in their previous post, with the exception of 
engineers transferred from an administrative depart- 
ment to an industrial undertaking, or promoted by order 
of the superior authorities, or those engaged in certain 
distant regions enumerated in a special Order. On the 
other hand, engineers who remain in the same under- 
takings are entitled to increments of 10 per cent. for a 
period of three years’ service, dating from May 1, 1930. 
and 5 per cent. for each further period of two years. 
The Order also authorises undertakings to conclude 
contracts of service for a period of three years with all 
their engineers ; formerly this was permitted only in the 
case of certain categories of specialists. 





It is considered very important that engineers should 
also undertake not to leave their employment until the 
Five-Year Plan has been carried out. Several con- 
gresses and meetings of engineers have unanimously 
approved this principle, and have demanded that all 
engineers should give such an undertaking. Every 
engineer is also required to agree to a transfer to any 
other post if the needs of the economic system require it. 
For this purpose a standard form of contract has been 
drafted by the Central Office of the Trade Union 
Sections of Engineers and Technicians (V.M.B.I.T.). 
The ‘‘ Young Specialists,” at a meeting in Moscow in 
the month of September, resolved to give a lead in this 
movement and to persuade all the engineers in the 
country to agree. An order of the Communist Party of 
October 20, however, authorises the Labour Commis- 
sariats of the Soviet Union and of the Federated States, 
to transfer engineers and technicians, and even skilled 
workers who are already in employment, according 
to the requirements of the economic system. 





Mention is also made of the step taken by the news- 
paper Za Industrializaciu, which proposed that all 
newspapers should cease to publish advertisements for 
engineers, because such advertisements merely helped 
to encourage the movement of these workers. The 
organisations of engineers in Moscow and in the Ukraine 
supported this proposal, and certain journals also 
adopted it, but [zvestia (the official Government organ) 
continues to publish such advertisements. 





In reply to a delegation from the General Confedera- 
tion of Labour concerning the unemployment which 
is beginning to be felt in various centres in France, Mr. 
Pierre Laval, Minister of Labour, stated that he had 
already issued instructions for the necessary measures 
to be taken immediately. With regard to foreign 
labour in particular, orders had been given to reduce 
to the strict minimum the normal influx of such workers. 
The Minister also stated that steps would be taken 
to prevent the departure of aliens from their own country 
and their crossing the French frontier in too great num- 
bers, under the pretext that they were not intending to 
work in France, or concealing their intention to do so, 
since such workers often endeavoured to find employ- 
ment after they had been admitted to the country, 
generally in occupations or districts which were already 
overcrowded. 
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SAFETY IN MINES RESEARCH | 
BOARD. | 

Tue Eighth Annual Report* of the Safety in Mines 
Research Board, recently published, provides ample | 
evidence of the valuable work being carried out by 
this organisation, Many of the investigations, which | 
cover a wide range of subjects, must be of interest to 
every mining engineer, and the information obtained is 
of such importance that it cannot fail to be recognised 
by all concerned with the technical side of the coal 
industry. 

Researches on the ignition of coal-dust have brought 
out further useful information on this important 
subject. A simple laboratory test has been devised 
for comparing the explosibility of the dusts of different 
kinds of coal, contiie an approximate comparison 
to be made between them. Experiments made in 
recent years have shown that the statutory regulations | 
of 1920 for stone-dusting collieries do not provide for 
the addition of sufficient stone dust in the case of the 
more explosive coal dusts, and the Board has taken 
every opportunity to bring these results to the notice 
of those most concerned. The ratio of incombustible 
matter to coal dust necessary for safety when there 
are various absolute amounts of coal dust present 
has been determined. As is known, the effect of 
timber sets in a gallery is liable to increase very greatly 
the violence of a coal-dust explosion where no incom- 
bustible dust has been added. A study has therefore 
been made of the effect of obstructions on the explosion 
of mixtures of coal and inert dust. The result of 
these experiments, up till the present, would suggest 
that obstructions, such as timber sets, do not have the 
effect of increasing the chances of an explosion being 
initiated, and consequently there is no need to increase 
the proportion of stone dust in timbered roads. 

Researches on the ignition of firedamp and the 
conditions under which firedamp may become ignited 
by the frictional heat of hard rock striking or rubbing 
against metal or rock have been described in sepa- 
rate papers. Since these conditions must occasionally 
arise in practice, the matter is, obviously, of sufficient 
importance for the attention of engineers and mining 
men in general. Firedamp explosions have been 
attributed in the past to the sparks produced by a 
hand pick striking against hard rock. However, until 
recently, attempts which have been made in several 
countries to reproduce the conditions had always failed. 
During the year under review, the Safety in Mines 
Research Board were at last successful in obtaining | 
ignitions, and it is possible to give a brief description 
of the necessary circumstances. ‘‘ A short stroke of 
a 10-lb. or 15-lb. pick, hand-operated, on a very hard 
sandstone may ignite firedamp; not, however, when | 
bright showers of long sparks are produced, but when | 
a glancing blow produces a yellow flash with a small 
group of sparks which move slowly behind the pick- 
point, between it and the rock. Some _ half-dozen 
sliding blows in succession on a suitable rock will 
ignite the gas. It would appear wise, therefore, to 
instruct a man engaged in ripping a roof not to aim 
blows in rapid succession on the same spot, if the 
rock is hard. If he takes this precaution, then, so far 
as our experience goes, he avoids danger of firing by 
his pick an unsuspected accumulation of gas.” 

An interesting discovery mentioned in the previous 
year’s report was that traces of nitrogen peroxide 
lower the ignition temperature of methane by some 
100 deg. C. Professor H. B. Dixon, who made this 
discovery, has now found that small amounts of carbon 
dioxide have the opposite effect, though not so marked. 
This may lead to important developments, suggesting 
as it does that some more powerful agent might be 
discovered which would increase the temperature of | 
ignition considerably—say enough to make a solid 
explosive incapable of igniting firedamp in any circum- | 
stances. It was noticed, some years ago, that a trace 
of iodine made ethane difficult to ignite, and recently 
Professor Dixon has found the same substance to have 
a similar effect on methane. The extent and possi- 
bility of practical application of these observations are 
being investigated. 

Electrical researches have so far been confined to 
ascertaining the conditions in which electricity may be 
safely used in mines. Recently, a fresh problem has 
been tackled, and an attempt made to design a cable 
which, if accidentally cut, will not ignite firedamp. 
Tests in the laboratory with this cable have shown it | 
to accomplish this purpose, and a section has accor- 
dingly been put in use in a mine to test its practical 
utility. Research has also been made in connection 
with the stresses arising in small casings when arcing 
occurs or fuse-links are blown after firedamp has 
found its way into the casing. Although manometers 
are available for following the course of pressure 
changes, the records given by them when the pressure 
changes are as rapid as those at the beginning or end of | 








a period of arcing are unsatisfactory, and are liable to 
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| period. 


be false. During the year under review, a new mano- 
meter has been designed which will meet such condi- 
tions by providing negligible inertia in the moving 
parts, and can thus measure any sudden pressure pulse 
that may occur at the beginning or end of the arcing 
With the arrangements of casing in use, th> 
main danger is not the bursting of the case by an 


‘explosion of firedamp on blowing a fuse, but failure of 


the insulation of the casing, which, it may be noted, 
can easily be caused by particles of metal projected by 


| the blown fuse on to the interior wall of the casing ; 


the latter should therefore be kept clean. Confirma- 


| tion was also obtained in these experiments of an 
| observation made previously, that the duration of 
|arcing is shortened when an explosive mixture is 


present. This gives rise to the suggestion that arcing 
might be rendered less dangerous if it took place in 
some gas other than air; thus, some solid material 
might be found for packing round the fuse link, which, 
when arcing took place, would liberate a gas possessing 
the desired properties. This proposition is being 
investigated. 

In connection with falls of ground, special research 
work has been continued under Professor S. M. Dixon 
at the Imperial College of Science and Technology, in 
conjunction with experiments underground. In two 
collieries, investigations of the loads on the roof supports 
at the face have been carried out with the aid of special 
props fitted with dynamometers; three such props 
were set in the Deep Soft Seam at Lowmoor Colliery, 
Nottinghamshire. A hand-got longwall face advancing 
to the dip (1 in 12) at a depth of 660 yards was the 
place selected ; the face was supported by Butterley 
steel props with timber plugs set under stout timber 
lids 13 in. by 6 in. by 4 in. thick, the dynamometer 
being fitted with similar plugs and lids. Observations, 
which were made over a period of 77 days, showed that 
the load on the props seldom exceeded 20 tons. Similar 
tests in the six-foot seam at Llanbradach Colliery and 
at a number of different faces, at some of which the 
roof was supported by steel props and at others by 
timber, showed that the load seldom exceeded 25 tons, 
the depth in this case being about 730 yards. 

Investigations in connection with wire ropes have 
been continued under Professor 8S. M. Dixon at the 
Imperial College of Science and Technology. As a 
preliminary to a study of the relation between the 
microstructure and the mechanical properties of hard- 
drawn steel wire, the microstructure of small rods 
cooled at various rates has been investigated, and 
extended beyond the results already communicated 
in a report to the Iron and Steel Institute in May, 
1929, to include the entire range of steels commonly 


|used for the manufacture of high-quality rope wire. 


The aim of this research is to ascertain the most 
suitable heat treatment for steel rods which are to be 
used for wire drawing. An attempt has been made 
to enable a clearer conception of the nature of the 
changes produced in steel wires by the cold-drawing 
process, to correlate the a of hard-drawn steel 
wire with those of wire of similar chemical composition 
which has been hardened by heating it to a high 
temperature and quenching in water, oil, or molten 
lead. The effect of tempering was used as a basis of 
comparison. It was intended to use the tensile stress 
as a measure of the changes caused by tempering. 


| Although this was satisfactory in the case of the 


hard-drawn wire, difficulty was found in obtaining 
consistent results with the quenched wire, because of 
the lack of ductility of this material. Tests are now 


| being made with a view to using the hardness of the 


material instead of the tensile strength as a measure 
of the changes which tempering produces. 

The deterioration of winding ropes in service is kept 
under special observation by the Safety in Mines 
Research Board, through an arrangement described in 
an earlier report by which pieces cut off ropes when 
recapping is done are sent to the Board for examina- 
tion. With a view to obtaining as much information 
as possible from these samples, arrangements are being 
made to carry out detailed examinations and tests of 


| other portions of the ropes after their removal from ser- 


vice. By this means, further data will become available 
with regard to the distribution of deterioration along 
the entire rope. Sometimes the portion of rope lying 
on the pulley when the cage is at bank shows greater 
deterioration than the portion adjacent to the capel ; 
sometimes the weakest portion is near the middle of 
the rope, or on the pulley when the cage is being lifted 
off the pit bottom. Investigations are being made 
into the causes for deterioration at certain parts of the 
rope. 

| number of the breakages of winding ropes which 
took place during the year demonstrate the importance 
of careful examination of wire ropes. One rope was 
allowed to remain in use even though it showed severe 
corrosion and several broken wires; another showed a 
severe reduction in diameter, yet both were retained 
in service until they broke. Conversely, another rope, 
which had been in excellent condition, fractured a few 
hours after the discovery of two broken wires. 








THE OPENING-OUT OF COFTON 
TUNNEL.* 
By R. T. McCatium, O.B.E., M.Inst.C.E. 


TueE objects of the works described were the removal 
of an old and small double main-line tunnel, known 
as Cofton Tunnel, on the London, Midland and Scottish 
Railway, 440 yards long, and making the open cutting 
so formed wide enough to take two additional lines on 
its eastern side. The method adopted for felling the 
tunnel was to construct a temporary diversion for the 
main lines on the eastern side of the cutting about 3 ft. 
above springing-level of the arch, and so have full 
possession of the existing lines to drop the arch as 
convenient. The excavation over the tunnel was 
begun in March, 1926, and it soon became evident that 
the ground was folded and much faulted, and large 
cavities associated with faults were found over the 
tunnel. A remarkable feature of several of the faults 
was the flat angle of their planes, and as these were 
also slicken sided, a tendency for the material to slip 
off them soon became manifest. One of these slips 
occurred at a point about half-way along the tunnel on 
the new west slope, and, in November, 1926, when the 
level of the excavation was 12 ft. above the tunnel- 
arch, a mass of about 5,000 cub. yards suddenly slid 
down a fault-plane into the open cutting. 

At this time, there was a continuous exposure of the 
strata along the length of the tunnel, except for about 
80 yards at the north end, and it was desirable to 
know if there was further faulting in this hidden 
length. It was deduced that there was faulting in 
the hidden length with a total throw greater than 
that of any of the faults already exposed, and it was 
decided to construct a retaining-wall in trench at the 
back of the tunnel along its west side, at first, so as to 
cover the fault on which the big slip had occurred and 
another fault, to the north, on which a further similar 
slip was threatening, and then subsequently to extend 
it to the north face of the tunnel, making a length of 
302 yards. This work was completed by the end of 
1927. 

Meanwhile, during the spring and early summer 
of 1927, serious troubles were also being experienced 
in the east slope of the cutting, with slips associated 
with the faults, and this slope was, in consequence, 
flattened throughout to a uniform slope that was 
flatter than the slope of the faults. This work was 
completed down to 12 ft. above the tunnel-arch by 
the end of July, 1927, and, at this level, the new slope 
remained stable, but when a cut along the toe was 
taken out below this level, the slope broke in three 
areas. 

The diversion scheme for removing the tunnel had 
now to be abandoned, and in its place the scheme for 
dropping the arch in short lengths during periods of 
possession of the-main lines in their existing position 
had to be adopted. The date fixed for felling the first 
length of arch was Sunday, May 13, 1928, and, in the 
preceding week, a length of 410 ft. of bared arch at 
the north end was divided by narrow chases into 
eight sections and prepared for demolition. On Friday. 
May 11, the southernmost section, No, 8, which con- 
tained the cast-iron curb forming the eye of one of the 
shafts, suddenly collapsed, killing four men, and, on 
the following morning, the No. 5 length, which also 
contained the eye of a shaft, began to fail, and was 
immediately demolished. As a consequence, the 
remaining length of tunnel-arch then bared, approxi- 
mately 265 yards, was felled forthwith, the main lines 
being reopened for traffic on the following Tuesday. 

Work was then resumed on the western slope along 
the length of 140 yards of arch still to be bared, In 
this slope there were three areas, associated with 
faults, of which the stability was doubtful, and they 
were accordingly being lightened. Early in June, 1928. 
one of these areas definitely broke, and the retaining- 
wall was therefore extended to the south face of the 
tunnel, The remaining 140 yards of tunnel-arch was 
then bared, and its demolition was carried out in one 
operation, The remaining works carried out to finish 
the cutting included the treatment of the slips in the 
east slope. 

In conclusion, it is shown that the construction of 
the tunnel was apparently not originally contemplated, 
and that it was, in fact, not started until serious slipping 
in the slopes of the open cutting had occurred at each 
end of the faulted zone. 








BRIQUETTING PLant aT Y4LLOURN.—The extensions 
in hand at Yallourn include the installation of six driers, 
two triple briquetting presses and three twin presses 
capable of adding to the present output about 700 tons 
of briquettes per diem. The full capacity will then be 
1,200 tons per diem, and this is expected to be reach 
at the close of this year. The Commission has lately 
reduced the price of the product in anticipation of lower 
costs of production, 


* Abstract of paper read before the Institution of 
Civil Engineers, on Tuesday, December 16, 1930, 
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MACHINE. 


MECHANIOAL sifting is a process which is becoming 


ROTARY SIFTING 


increasingly employed in many industries as the 
necessity for a more uniform product to meet the 
growing demands of an exacting public becomes more 
apparent. Not only food materials, such as flour, 
cocoa, sugar, &c., are required to be smoother, but 
such diverse materials as cork, mica, mineral and 
organic colours, soap powders, cement, silica, ebonite, 
refractory earths, &c., have to be supplied in a more 
highly divided and unvarying condition. A gravity 
process of separation by passing the material through 
sieves is naturally a comparatively slow one, quite 
apart from the delays occasioned by the periodic 
freeing of the sieves from the intercepted coarser 
material. The rotary sifting machine illustrated by 
Figs. 1 to 4, on this page, is designed to speed up the 
process of sifting by a rapid sweeping action of the 
material across the screen cloths, which motion also 
automatically cleans them, while the oversize material 
is discharged from the machine immediately it fails to 
pass the cloths. The machine, which is known as the 
Blutergess high-speec turbine sifting machine, is of 
French origin, and is sold in Great Britain and the 
Colonies by Messrs. The 8.0.8. Patents Company, 156, 
Charing Cross-road, London, W.C.2. We understand 
that this firm is acquiring manufacturing rights for 
this country, and expects to commence production at 
no distant date. 

The general construction of the machine is that of 
two vertical concentric cylinders inside which revolves 
a structure, the duplex turbine, with curved radiating 
blades, something like those of a centrifugal pump, 


the interspaces of the blades being provided with | 


helical passages through waich the unsievéd material 
is discharged on to cloths stretched over the framework 
of the inner cylinder. The unsieved material is 
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of a casting at the centre of the upper of the two 
turbines. From this it enters the radiating passages 
between the blades, as will be evident in Fig. 2. The 
inner ends of these passages are, of course, all at the 
same height, but the outer ends are at different levels, 
as is clear from Figs. 1 and 4. The helices are all, 
therefore, of differing pitch. 

The object of the differing heights of the outlet ends 
is to ensure that the area of the cloth is fully and evenly 
swept over at a constant angle by the material dis- 
charged from them. The position of the cloths relative 
to the discharge outlet is seen in Fig. 1. The material 
is not, as will be gathered from the curvature of the 
vanes, thrown on to the cloths in a radial direction, but 


follow, the first being that, owing to the material 
impinging on the cloths obliquely, the interstices in 
them are virtually smaller than they actually measure, 
and a coarser cloth can be used without affecting the 
fineness of the sifting. The second is that the sweeping 
action automatically cleans the cloths. The sifted 
material, after passing the cloths, falls down the 
annular space between them and the casing, and out 
at the bottom of the machine, which is quite open, 


| 


machine. The over-size, and that portion of the 
material entrained with it which has not passed through 
the upper cloth, is directed inwards by a cone and passes 
jinto the lower turbine, where the sifting process is 
| repeated against the lower cloth. The oversize finally 
| falls into a conical receptacle in the bottom casting of 
| the machine, and is swept out through a chute, seen in 
| Figs. 2 and 3, by vanes attached to the spindle. 

The total area of the cloths is 6-66 sq. ft. They are 
metallic, phosphor bronze, brass, steel, or other wire 
| appropriate to the particular material dealt with being 
jemployed. They are carried on semi-cylindrical frames 





is trailed across them. From this, two advantages | 








with a fineness of 200; ebonite, 5 cwt. per*hour, 160 
fineness; starch, 4 cwt. per hour, 70 fineness; cork 
35 cub. ft. per hour, 40 fineness. 

The method of driving will be clear from the figures. 
The turbines are rotated at a speed of 550 r.p.m., 
and a maximum of 1-5 h.p. is required. The belt drive 
is preferred, since it allows slipping to occur if a lump 
of material should get between the distributing disc and 
the receiving cone. The machine is fitted with a fast- 
and-loose pulley with striking gear, and any type of 
motive power may be used. As shown in Fig. 2, the 
spindle is mounted on ball bearings at both the top and 
bottom ends. These are protected by a dust-tight gland. 
The driving and idler pulleys also run on ball bearings. 
Lubrication is by grease cups. The total weight of the 
machine is 44 cwt. 

THE LISTER AIRLESS-INJECTION 
ENGINE. 


We have repeatedly discussed the relative advantages 
of high-speed airless-injection engines operating on the 
direct-injection and dual chamber systems, and it may 
be recalled that one of the objections to the latter 


and below which suitable receivers may be placed as| arrangement is that, as usually constructed, some 
desired, or a connection may be made to a bagging | auxiliary starting device to supply heat during the first 


few revolutions is necessary. Messrs. R. A. Lister and 
Company, Limited, of Dursley, Gloucestershire, have 
recently developed an airless-injection engine operating 
on the dual-chamber system in which the starting 
difficulty is ingeniously overcome by varying the com- 
pression, and in reporting on its performance, Mr. H.R. 
Ricardo states that it will start quite easily by hand 
in the coldest weather, on any ordinary Diesel oil. 
while the running is at all times as smooth as that of a 
good petrol engine. 

The engine is built in two ranges, embodying low and 
high-speed models, respectively. All the units have a 


delivered to the turbine from a receiving cone in the | held in place by spring strips and thumb-screws, and | cylinder bore of 44 in. and a piston stroke of 5} in., 
top casting of the casing which forms the outer cylinder. | can therefore be readily fixed in position or changed as| and operate on the four-stroke cycle. As they only 
A reference to Fig. 1 will make these points clear, as | required. For this purpose, the outer casing is formed | differ in minor details, it will be sufficient to describe 


well as the method of operation. At the top of the 
machine is seen the conical hopper into which the 
material is filled by hand. The bottom of the hopper 
is closed in by a vibrating tray which ensures even 
distribution, while an adjustable sliding door just 
above the tray regulates the amount of feed. The 
material falls on a disc attached to the turbine spindle, 
from which it is thrown off on to the sides of the,receiving 


| with a large hinged door. The vertical position and 
| small area of the cloths, together with the absence of 
| cleaning brushes, reduce the wear of the cloths to a 
|minimum. A fineness equivalent to 300 mesh can be 
obtained. The output depends, of course, on the kind 


| of material being treated, and naturally varies to some 


| extent according to its moisture content, and so forth. 
| Typical average figures, however, are: lead oxide, 


cone, and thence slides down on to the conical surface | 10 cwt. per hour and zinc oxide, 4 cwt. per hour, both 











the single-cylinder high-speed model, which develops 
9 b.h.p. at 1,000 r.p.m., and is illustrated in Figs. 1 to 4, 
on the opposite page. It will be seen that the cylinder 
block is formed in one piece with the crankcase. The 
cylinder water jacket is fitted with a renewable close- 
grained iron liner. The latter is cast centrifugally, mach- 
ined all over, and ground and honed internally. This 
liner makes a metal-to-metal joint at the top of the block. 
At its lower end, three grooves are turned, and rubber 
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rings are fitted to the two upper grooves. These form 
the lower joint between the cylinder liner and the block, 
and allow for the expansion of the former. The cooling 
water circulates around the intervening space, and in the 
event of water leaking past the two rings, it would, of 
course, ultimately enter the crankcase. To guard against 
this, a small tell-tale hole is provided at the back of the 
crankcase, at the level of the middle groove in the liner. 
Consequently, if any water should pass the top ring, it 
is kept from the crankcase by the lower ring, but 
is visible immediately at the tell-tale hole referred 
‘o. Experience has indicated that leaks seldom, if 
ever, occur. At the same time, the consequences of 
such an event would be serious, and it is on this account 
that the safeguard is provided. 

_The piston is of aluminium alloy, with three pressure 
tings and one scraper ring. The gudgeon pin is of the 
full-floating type, tubular, of case-hardened steel, and 
is retained in position by spring clips. The connecting 
rod is a steel forging with a big-end diameter of 3 in. 
Both end bushes are of bronze alloy, the big end bush 
being lined with white metal. The crankshaft is of 
high-grade carbon steel. 


The detachable cylinder head, shown in Figs. 1 and 3, 
carries the injector nozzle, in addition to the valves 
and rockers, and is of cast iron. The tappets are 
forgings, case-hardened and ground. The push rods 
are tubular, and fitted with hardened ends, the valve 
adjustment being effected by set screws on the rockers. 
The complete valve mechanism is enclosed, access to the 
rockers being obtained by removing the cylinder-head 
cover. Two inspection doors are provided in the com- 
bined cylinder block and crankcase, one on each side 
of the latter. By removing the door on the camshaft 
side, immediate access is obtained to the camshaft, 
tappets, big-end bearing and centrifugal governor. 
This same door also incorporates the lubricating-oil 
filler and dip stick, together with the exhaust-valve 
lifting device. This latter consists of a rod with a 
chamfered end which, when pressed in, is pushed 
under the mushroom-shaped cam follower, lifting it, 
and thus partially lifting the exhaust valve off its 
seat. At each end of the crankcase, detachable 
housings carry the main bearirgs, which are of phos- 
phor-bronze, white-metal lined. The camshaft is driven 
| from the crankshaft by a pair of gear wheels at the 
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flywheel end, as shown in Fig. 1. The gear wheel on 
the camshaft also carries the governor weights, the 
mechanism being totally enclosed, but accessible 
through the main inspection door. The end of the 
camshaft remote from the flywheel carries a bevel pinion 
engaging with a corresponding pinion on the fuel-pump 
shaft, as shown in Fig. 2. The pump is driven through 
a vernier coupling. The wheel on the camshaft also 
drives the gear-type oil pump at the bottom of the 
crankcase through a vertical shaft, as shown in the 
same figure. 

As shown in Figs. 3 and 4, the main combustion 
chamber is connected by a small orifice to an auxiliary 
chamber. By rotating the handwheel, shown on the right 
in Fig. 4, the valve is moved forward until it closes 
this orifice at the extreme end of its movement. The 
decrease in clearance volume thus effected is sufficient to 
raise the compression pressure from the normal running 
ratio of 15 to 1 to the special starting ratio of 19 to 1. 
Consequently, in order to start the engine, the hand- 
wheel is screwed in, raising the compression pressure 
from the normal 450 Ib. per square inch to the starting 
pressure of 600 Ib. per square inch. The exhaust valve 
lifter having been put in the “in” position, the 
engine is swung a few revolutions by hand, the exhaust 
lifter released, when the engine immediately fires. As 





| 804 


ENGINEERING. 





[DEc. 26, 1930. 











soon as the speed has reached normal, the handwheel 
is screwed out, lowering the compression pressure to the 
working figure. It may be mentioned that, apart from 
the moment of starting, the engine will run with a 
perfectly clear exhaust. 

The fuel pump is of the Bosch type, which has 
previously been described in our columns. The 
governor weights operate on to a collar, which is con- 
nected to a horizontal rod parallel with the camshaft. 
This rod projects through the crankcase at the forward 
end, where it presses on to a hardened pin, carried on 
a bell-crank lever. The latter is mounted on ball 
bearings, and carries a handle for manual control. The 
other arm of the bell-crank lever is connected to a 
transverse rod, which is, in turn, connected through a 
universal joint to the governor rod on the fuel-injection 
pump, as shown in Fig. 3. The injector nozzle consists 
of two parts, the nozzle proper and nozzle holder, 
which can be rapidly dismantled whenever cleaning is 
necessary. The nozzle valve is kept on its seat by means 
of a spring, the tension of which can be adjusted from 
outside the holder. This spring, which controls the in- 
jection pressure, is set at the works, in the case of the 
high-speed engines, to 2,000 lb. per square inch, and 
even when cleaning, it is unnecessary to tamper with 
this setting. In case an alteration should be made, 
however, a gauge is supplied with each engine, which 
ensures the original pressure being attained. Any 
slight leakage which occurs accumulates in the nozzle 
holder and is led away into the inlet port, whence 
the surplus oil is taken into the engine. The lower 
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end of the injector makes a joint with the cylinder 
head through a copper washer, whilst the top end has 
a rubber joint, the circulating water cooling the injector 
barrel. 

Lubrication is by a combination of splash and force 
feed. The oil pump draws lubricating oil from the 
bottom of the crankcase through the usual filter. From 
the pump, oil is conveyed at a pressure of 8 1b. to 10 Ib. 
per square inch, through an external copper pipe, to 
the gear-box casing at the end of thecamshaft. From 
here it is conveyed to the forward main bearing and 
also to the camshatt bearing, and finally through the 
hollow camshaft to the rear main bearing, rear cam- 
shaft bearing, and big end. The oil mist from the 
crankcase lubricates the cams, tappets and governor 
gear, and also rises up to the overhead valve gear. As 
an additional precaution, a greaser is fitted to lubricate 
the overhead valve rockers. The only other point call- 
ing for independent lubrication is the injection pump, 
which is provided with a small spring-cap oil cup. 

The engine will operate on any of the usual fuels 
without any alteration, sc that, when tested at the works 
on one brand of fuel, it will function successfully even 
though the fuel employed is changed by the user. 
Figs. 5 and 6, on page 803, are indicator diagrams 
taken when the engine was developing 8 b.h.p. and 
9 b.h.p., respectively. Torque-speed and b.h.p.-speed 
curves for the two-cylinder and four-cylinder engines 
are shown in Figs. 7 and 8, respectively. The consump- 
tion is guaranteed not to exceed 0-45 pint per brake- 
horse-power-hour in the case of the one-cylinder 
and two-cylinder engines, and 0-43 pint per brake 
horse-power-hour in the case of the four-cylinder 
engines. Reference to the consumption curves shown 


in Fig. 9, however, will show that, under favourable 
conditions, consumptions as low as 6:44 pint, 0-4] 
»int, and 0-40 pint per brake horse-power-hour may 
c obtained from the one-cylinder, two-cylinder, and 
four-cylinder models, respectively. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possession and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steam Crane.—The supply of a 10-ton steam travelling 
crane. The South African Railways and Harbours 
Board, Johannesburg; February 9, 1931. (Ref. No. 
A.X. 10,656.) 


Tramear Gear Wheels.—The supply of 24 cast-steel 
tramway-car gear wheels. The City of Johannesburg ; 
January 24, 1931. (Ref. No. A.X. 10,661.) 


Sewage Pumps.—The supply and delivery of two elec- 
trically-driven, direct-coupled, vertical-spindle unchok- 
able centrifugal pumps, capable of delivering 170 gals. 
per minute of sewage sludge (95 per cent. moisture), 
through a 6-in. rising main approximately 530 ft. long, 
against a total head, including friction, of 50 ft. The 
static head is 48 ft. The City of Johannesburg ; January 
24,1931. (Ref. No. A.X. 10,665.) 


Sewage Tanks.—The supply of sewage sludge digestion 
tanks, from 40 ft. to 45 ft. high and 25 ft. in diameter, 
together with gas holder, gas boilers, and sludge heaters. 
The City of Johannesburg; January 24, 1931. (Ref. 
No. A.X. 10,667.) 


BOOKS RECEIVED. 

Department of Overseas Trade, Economic Conditions in 
Uruguay, August, 1930. Report. By R. KerrH 
Jopson. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Bulletin de V Association Technique Maritime et Aéro- 
nautique. No. 34 Session 1930. Paris: Association 
Technique Maritime et Aéronautique. 

Department of Scientific and Industrial Research. Sum- 
mary of Progress of the Geological Survey of Great 
Britain and the Museum of Practical Geology for the 
Year 1929. Part IIT. London: His Majesty's 
Stationery Office. [Price 2s. 6d. net. ] 

Design of Steel Structures. By Leonarp C. URQUHART 
and CHARLES E, O’RourkKe. London: McGraw-Hill 
Publishing Company, Limited. [Price 25s. net.] 

Vortrage aus dem Gebiete der Aerodynamik und ver- 
wandter Gebiete (Aachen, 1929). Edited by A. GrutEs, 
L. Horr and Tu. v. KAnMAN. Berlin: Julius Springer. 
{Price 18 -50 marks. } 

United States Bureau of Standards. Miscellaneous Pub- 
lication No. 110. Standards and Specifications for 
Non-metallic Minerals and their Products. Prepared by 
Joun Q. CANNon, JR. Washington: Government 
Printing Office. [Price 2 -75 dollars. ] 

Do. X. Das Grésste Flugschi ff Der Welt. By Dr. CLauptus 
DorNIER and Dr. E. TitcenKamp. Ziirich: Orell 
Fiissli. [Price 3 francs or 2:40 marks. } 

Account Rendered 1900-1930. By Ernest J. P. Benn. 
London: Ernest Benn, Limited. [Price 6s. net. ] 

The South American Handbook, 1931. London: Trade 
and Travel Publications, Limited. [Price 2s. 6d. net.] 

American Railway Signalling. Principles and Practice. 
Chapter 1X. Rectifiers, including Fundamental Theory 
of Alternating Currents. Chapter XVIII. — Llectro- 
Pneumatic Interlocking. New York: American Rail- 
way Association. 

London and Southampton Shipping Who’s Who, 1930. 
Liverpool Shipping Who's Who, 1930. Liverpool : 
The Journal of Commerce. [Price 2s. each. ] 

Calcutta University Readership Lectures. Lectures on the 
Ancient System of Irrigation in Bengal and its Applica- 
tion to Modern Problems. By Str W1LLIAM WILLCOcKs. 
Calcutta: University of Calcutta. 

Specifications in Detail. By Frank W. Macey. Fourth 
edition, revised and enlarged by D. BRooxeE and J. W. 
SUMMERFIELD, London: Crosby Lockwood and Son. 
{Price 36s. net. ] 

The Fundamental Theory of Electrical Engineering. By 
ArtHUR L. ALBERT, London: Ginn and Company. 
[Price 15s. net. ] 

Compressed-Air Plant. The Production, Transmission 
and Use of Compressed Air. By Ropert Petwe. 
Fifth edition. New York: John Wiley and Sons, Inc. 
London: Chapman and Hall, Limited. [Price 
37s. 6d. net. ] 

An Introduction to Structural Theory and Design. Theory. 
By HALE SUTHERLAND and Henry LAKE Bowman. 
New York: John Wiley and Sons, Inc. London 
Chapman and Hall, Limited. [Price 17s. 6d. net.] 

Canada. Department of the Interior, Dominion Water 
Power and Reclamation Service. Water Resources 
Paper No. 61. Surface Water Supply of Canada, 
Pacific Drainage. British Columbia and Yukon 
Territory. Climatic Year 1927-1928. Ottawa : 
Dominion Water Power and Hydrometric Service. 

Afrikaans: Self-Taught by the Natural Method, with 
Phonetic Pronunciation. By the late LEonaRD W. Van 
Os. Edited by H. J. L. Van Os, London: E, Marl- 
borough and Company, Limited. [Price 3s. net.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 211. The Torsional Effect of Transverse 
Bending Loads on Channel Beams. By F. B. SreeLey 
and OrHERs. [Price 35 cents.] No. 212. Stresses Due 
to the Pressure of One Elastic Solid upon Another. A 
Report of an Investigation. By H. R. THomas and 
V. A. Horerscx. Urbana, Il.: University of Illinois. 
[Price 50 cents. ] 

Transactions of the American Society of Civil Engineers. 
Vol. 94. 1930. New York: Offices of the Society. 





[Price 12 dollars. } 





LAUNCHES AND TRIAL TRIPS. 


* OLLANTA.’’—Twin-screw passenger and _ cargo 
steamer, for service on Lake Titicaca, South America, 
Completed, then dismantled and, on December 1, was 
being placed on board M.S. La Paz for shipment to 
Mollendo, Peru. Main dimensions: 265 ft. by 35 ft. 6 in. 
by 14 ft. Built by Messrs. Earle’s Shipbuilding and 
Engineering Company, Limited, Hull, for Messrs. Peru- 
vian Corporation, Limited. 


“Pan AruBaA.”—Single-screw oil-tank motorship ; 
six-cylinder, two-stroke, Wallsend-Sulzer Diesel engine, 
supplied by Messrs. Wallsend Slipway and Engineering 
Company, Limited. Launch, December 5. Main dimen- 
sions, 483 ft. by 65 ft. 6 in. by 36 ft. 9in. Built by Messrs, 
Swan, Hunter, and Wigham Richardson, Limited, Wall- 
send-on-Tyne. 


** RaB.”’—Single-screw passenger, mail, and cargo 
steamer for service on the Dalmatian coast ; triple-expan- 
sion engine. Launch, December 6. Main dimensions, 
length, 144 ft., beam 24 ft. 6 in. Built by Messrs. J. 
Samuel White and Company, Limited, East Cowes, Isle- 
of-Wight, for Messrs. Jadranska Plovidba d/d, Susak, 
Yugoslavia. 


‘* CAPULET.”’—Single-screw oil-tank motorship ; eight- 
cylinder, four-stroke, single-acting Burmeister and Wain 
type Diesel engine supplied by Messrs. J. G. Kincaid and 
Company, Limited, Greenock. Launch, December 8. 
Main dimensions, length 460 ft., breadth 59 ft. 6 in., 
deadweight carrying capacity, 11,000 tons. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend, for Messrs. C. T. Bowring and Company, 
Limited, Liverpool. 


** AGUILA.”’—Twin-screw cargo motorship; engines 
constructed by Messrs. Atlas Diesel Company, Stockholm. 
Launch, December 9. Main dimension; 260 ft. by 
42 ft. by 12 ft. 6 in. Built to the order of Messrs. The 
Forestal Land, Timber and Railways Company, Limited, 
for service on the South American coast and in the River 
Plate, by Messrs. Henry Robb, Limited, Leith. 


‘** ATRE.”’—Single-screw cargo steamer; triple-expan- 
sion engine. Launch, December 9. Main dimensions, 
240 ft. by 34 ft. by 16 ft. 4 in. Built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for the Goole 
and Continental services of the London, Midland and 
Scottish Railway Company. 


“ J. H, FisHer.”—Steam pilot cutter for service on the 
Humber ; triple-expansion engines. Launch, December 
9. Main dimensions, 140 ft. by 26 ft. by 13 ft. Built 
for Messrs. Humber Pilots’ Steam Cutter Company, 
Limited, Hull, by Messrs. Earle’s Shipbuilding and 
Engineering Company, Limited, Hull. 


‘** LAGANBANK.”’—Twin-screw cargo motorship ; eight- 
cylinder Harland-B. and W. engines. Trial trip, 
December 11. Main dimensions: 425 ft. by 57 ft. by 
38 ft. 7in. Built by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs..Andrew Weir and Company, London. 


‘* \THELBEACH.”’—Single-screw tank  motorship; 
single-acting four-cycle Diesel engine, built by Messrs. 
J. G. Kincaid and Company, Limited, Greenock. 
Trial trip, December 16. Main dimensions, 425 ft. by 
55 ft. 9in. by 32ft.3in. Constructed by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for Messrs. 
United Molasses Company, Limited, London. 


‘* APPALACHEE.”—Single-screw oil-tank motorship ; 
opposed-piston oil engine supplied by Messrs. W. Doxford 
and Sons, Limited, Sunderland. Trial trip, December !6. 
Deadweight-carrying capacity, 12,300 tons. Built by 
Messrs. Palmers Shipbuilding and Iron Company, 
Limited, Jarrow, for Messrs. Anglo-American il 
Company, Limited, London. 


“ WittiaM STRACHAN.”’’—Single-screw oil-tank motor- 
ship ; five-cylinder, single-acting, Workman Clark Sulzer- 
type Diesel engine. Trial trip, December 17. Main dimen- 
sions, 422 ft. by 55 ft. 3 in. by 33 ft. 6 in. Built and 
engined by Messrs. Workman Clark (1928), Limited, 
Belfast, for Messrs. Oppen and Sorensen’s Tankrederi 
A/S., Oslo, Norway. 


“ Somat.”—Single-screw cargo steamer, quadruple- 
expansion engine and low-pressure Bauer-Wach exhaust 
turbine supplied by Messrs. J. G. Kincaid and Company, 
Limited, Greenock. Trial trip, December 18. Main 
dimensions, 458 ft. by 60 ft. 6 in. by 40 ft. 9 in. Built 
by Messrs. Harland and Wolff, Limited, Govan, for 
Messrs. The Peninsular and Oriental Steam Navigation 
Company, London. 


‘** DaLEWooD.’’—Single-screw coal-carrying steamer; 
triple-expansion engine supplied by Messrs. North- 
Eastern aes Engineering Company, Limited, Sunder- 
land. Launch, December 18. Deadweight carrying 
capacity, 4,200 tons. Built by Messrs. S. P. Austin and 
Son, Limited, Wear Dock Yard, Sunderland, for Messrs. 
W. France Fenwick and Company, Limited, London. 


“Sao Mieuen.’’—Single-serew passenger and cargo 
steamer; triple-expansion engine. Launch, December 
18, Main dimensions, 290 ft. by 42 ft. by 19 ft. 11 in. 
Built by Messrs. Swan, Hunter, and Wigham Richardson. 
Limited, Sunderland, for Messrs. Companhia de Nave- 
gacao * Carregadores Agoreanos,”’ Ponta Delgada, Azores. 


‘“* Karansa.”—Twin-screw cargo and passenger steamer 
for service between India and the East Coast of Africa : 
single-reduction geared turbines. Launch, December 18. 
Main dimensions, 470 ft. by 64 ft. by 41 ft. Built b; 
Messrs. Alexander Stephen and Sons, Limited, Govan. 
Glasgow, for Messrs. British India Steam Navigatio' 
Company, Limited, London. 
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NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Coal Trade.—In view of the festive season and the 
fact that the mines will be stopped for the remainder of 
the week and shipment suspended on Friday and Satur- 
day, business has been confined to oddments for the com- 
pletion of cargoes and bunkers of ships in dock or those 
likely to start loading next week. Though most of 
the collieries were fairly well placed for orders, owing to 
the desire of shippers to get boats away before the holi- 
days, no real pressure has existed, and exporters have been 
able to obtain their needs of either large or small coal at 
the schedule minimum prices, based on 20s. for best 
Admiralty large and 13s. 6d. for best bunker smalls. 
Sized products, however, owing to the lessened make, 
caused by the curtailed production of large resulting 
from the general lack of demand, were scarce, and com- 
manded from 6d. to 2s. per ton over the schedule prices, 
dry beans being in especially short supply. The uncer- 
tainty as to whether there will be a stoppage of work at 
the beginning of the New Year still makes it impossible 
to negotiate contracts for shipment ahead, and with the 
Egyptian State Railways wanting prices for 155,000 
tons of large by the end of the year, the position of 
exporters and colliery owners, who usually quote for this 
order, is very difficult in spite of the fact that there are 
still considerable stocks of coal on the railway sidings 
and on the docks. The position is rendered more difficult 
by the reduction which is to take place in output in the 





‘and will probably have to be drawn upon again after the | 
| holidays. No. 1 grade of Cleveland is 66s.; No. 3, 
| g.m.b., 63s. 6d. ; 


tirst quarter of next year, factors which make it harder | 


than usual to gauge the probable trend of events. 


Need of New Industries.—Speaking to members of the | 


Cardiff Coal and Shipping Exchange on the annual visit 
of the Lord Mayor (Alderman Snook), the President of 
the Cardiff Chamber of Commerce, Mr. John Powell, 
said that in the past, Cardiff had depended too much on 
coal and shipping. It was true that they had had many 
chances of getting new industries to Cardiff but these 
opportunities had been missed. What a comfort such 
additional industries would be to the district if they 
had them to-day. No one realised this more clearly than 
the Lord Mayor. The Lord Mayor said that prosperity 
would not be restored by hoping or trusting to proverbial 
luck. They had to think hard and work hard and make 
temporary sacrifices all round and forgo many desirable 
things. What was needed was an all-round sense of 
emergency such as was developed in the war, and with it 
a united effort to win through. 


MARKETS FOR HOLLOW WARE IN AFrica.—Confidential 
reports on the markets for galvanised hollow ware in the 
French zone of Morocco and for wrought enamelled 
hollow ware in South Africa have been prepared by the 
Department of Overseas Trade. Interested United 
Kingdom firms can obtain copies of these reports on 
application to the Department, at 35, Old Queen-street, 
London, S.W.1, quoting Reference No. A.X. 10,631, in the 
case of Morocco, and A.X. 10,613 in that of South 
Africa. 

HEAT AND CoRROSION-RESISTING NrmoL Cast [ron.— 
An interesting account of a new heat and corrosion- 
resisting cast iron is contained in the current issue of 
The Nickel Bulletin, published monthly by The Bureau of 
Information on Nickel, The Mond Nickel Company, 
Limited, Imperial Chemical House, Millbank, London, 
S.W.1. The material is a composite alloy, known as 
Nimol, and contains about 75 per cent. of ordinary cast 
iron, 4 per cent. of chromium, and the balance, Monel 
metal. It is stated that its coefficient of expansion is 
practically identical with that of cast iron ; furthermore, 
it is claimed to be stronger and tougher than cast iron, 
to withstand the destructive effects of temperature up 
to 600 deg. C., and not to suffer from growth at high 
temperatures. Tests carried out and quoted in the 
Bulletin show the material to be much more resistant 
to attack by sulphuric acid and the atmosphere than is 
ordinary cast iron. 





A.E.C. Mopets ror OvERSsEAS.-—British commercial 
vehicles enjoy a high reputation abroad, a fact that is 
reflected in the sales of several of our leading makes. 
There is no doubt, however, that with suitable adver- 
tising, combined with adequate after-sales service, the 
position could be further improved, and steps are being 
taken in these directions by Messrs. The Associated 
Equipment Company, Limited, of Southall, Middlesex, in 
particular. The firm recently gave a demonstration at 
their works of the models more particularly suited to 
overseas service, the chassis shown comprising the 
Ranger, Mercury, and Majestic models, with a new front- 
wheel drive four-tonner. To distinguish the overseas 
models, the names given are preceded by the word 
Aclo, which is the trade mark under which all A.E.C. 
products are marketed in South America and Germany. 
The first three of these models are well known in England. 
The front-wheel drive chassis is constructed by Messrs. 
Four-Wheel Drive Motors, Limited, of 50, Charing Cross, 
3.W.1, an associated company of the A.E.C., and will, in 
future, replace the well-known F.W.D. chassis. It is now 
fitted with an A.E.C. 65-h.p. four-cylinder engine, and the 
distinctive radiator of the same firm, and also differs 
from earlier F.W.D. models in that the front-wheel drive 
is only in operation on the lower gears. The main gear 
box is a four-speed unit, and behind this is an auxiliary 
four-speed box, so that eight forward — are available. 
The front-wheel drive is engaged with the lower gear in 
the auxiliary box, but is inoperative on the higher gear. 
The advantage of this arrangement is that all the bene- 
tits of four-wheel drive are available on the lower gears, 
while on the higher gears the chassis becomes a normal 
model capable of high speeds on good roads, and with 
steering unaffected by front-wheel drive. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

Production of Ironstone and Pig Iron.—It is estimated 
that 2,200,000 tons of ironstone have been won from the 
Cleveland mines this year as compared with an output 
of 2,673,900 tons in 1929. At present only seven ironstone | 
mines, which employ 3,100 men, are working in the | 
Cleveland district. The make of pig iron in this area | 
during 1930 is estimated at 1,875,000 tons, as compared | 
with a production of 2,347,000 tons in 1929. Of the | 
92 blast-furnaces on the North-East Coast only 25 are 
now blowing, seven of which are making Cleveland pig, | 
eight producing hematite, and ten manufacturing other | 
kinds of iron. | 

The Cleveland Iron Trade.—As is usual at this season, | 
transactions have shrunk to very small dimensions. 
With consuming plant closed for the holidays, home deli- 
veries have all but ceased, and obstacles to export trade 
almost prohibit business with firms abroad. Ironmasters 
adhere to their fixed minimum figures for home trade, | 
though customers are able to buy iron from other produc- | 
ing areas at comparatively cheap rates, and declare that | 
quotations for Cleveland qualities will have to be reduced. | 
Stocks are increasing just now, but they are not large, | 


No. 4 foundry, 62s. 6d.; and No. 4) 
forge, 62s. } 

Hematite.—Sales of East Coast hematite have also 
fallen away. Overseas trade is virtually at a standstill 
and for the time being home demand is trifling. Stocks | 
are heavy and are being added to, but increase will | 
doubtless be checked with the turn of the year. Ordinary | 
qualities are 70s., and No. 1 kind is 70s. 6d. 

Foreign Ore.—There is nothing doing in foreign ore. | 
Makers have large quantities to accept against old 
contracts and are not likely to come on the market for | 


some time. Nominally, best rubio is 16s. 6d. c.i.f. Tees. | 


Blast-Furnace Coke.—Demand for Durham blast- 
furnace coke shows some improvement, but supplies 
are very ample, and average blast-furnace qualities keep | 
at 17s. delivered to local users. } 

Manufactured Iron and Steel.—Orders for nearly all | 
descriptions of manufactured iron and steel, as well as 
for semi-finished commodities, are urgently needed, 
but recognised quotations are upheld. Common iron 
bars are 101. 15s. ; best bars, 111. 5s.; double best bars, | 
11l. 158. ; treble best bars, 12/7. 5s. ; iron rivets, 11/. 5s. ; | 
packing (parallel), 8/.; packing (tapered), 101. ; steel | 
billets (soft), 6l. 5s. ; steel billets (medium), 7/. 12s. 6d. ; | 
steel billets (hard), 8/. 2s. 6d. ; steel rivets, 11/. 5s. ; steel | 
ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel joists, | 
81. 10s.; heavy sections of steel rails, 82. 10s. for parcels 
of 500 tons and over, and 9/. for smaller lots ; fish plates, | 
127. 10s.; black sheets (No. 24 gauge), 8/. 12s. 6d. ; 
and galvanised corrugated sheets (No. 24 gauge), 110. 5s. 

Scrap.—Scrap is almost unsaleable. Borings are 30s. ; | 
turnings, 35s.; light iron scrap, 40s.; heavy cast iron, 
50s.; heavy machinery metal, 52s. 6d.; and heavy | 
steel scrap, 45s. | 


| 
Royat MeErTeorotocicaL Society.—The Buchan 
Prize of the Royal Meteorological Society, for 1931, has | 
been awarded to Dr. C. E. P. Brooks for papers con- | 
tributed to the Quarterly Journal and Memoirs of the | 
Society during the years 1925-29. 





PreRsoNAL.—Mr. G. H. Harrison, ‘‘ Hazelmere,’’ Knoll 
Avenue, Swansea, has been appointed agent for the 
South Wales district of Messrs. The Power Plant Com- 
pany, Limited, West Drayton, Middlesex.—An arrange- 
ment has been made between Messrs. Edgar Allen and | 
Company, Limited, Imperial Steel Works, Sheffield, and 
Messrs. Allis-Chalmers Manufacturing Company, Mil- 
waukee, U.S.A., under which the former will manufacture, 
at Sheffield, and sell in certain parts of the British Empire 
and Asia, various types of Allis-Chalmers crushing and 
grinding machinery. The arrangement does not apply 
to Canada, and the sales organisation of the Allis-Chalmers 
Company in London, Paris and South Africa will not be 
affected.—In consequence of expansions at the Greenwich | 
Works, S.E.10, of Messrs. Fry’s (London), Limited, and 
consequent encroachment on warehouse space, the head 
office and warehouse of the firm will, in future, be com- | 
bined at 24-25, King-street, Minories, London, E.1. 





TractoR MANUFACTURE IN Russi4.—According to 
the current issue of the Bank for Russian Trade Review, 
a large factory for the manufacture of agricultural tractors 
was completed at Stalingrad in June last. The designs 
for the buildings were prepared by American architects, 
and about 90 per cent. of the equipment was ordered 
from the United States. The work of constructing the 
factory was carried out in one year, and the first tractor 
was produced on June 17. It is estimated that about | 
3,000 tractors would have been completed by October 1], | 
and it is intended to produce 30,000 tractors in the 
year 1930-31 by working in two shifts. The total cost | 
of constructing the plant is given as about 7,600,000/. 
Another tractor factory is under construction in the | 
Urals at Cheliabinsk, and this is expected to be completed 
by December, 1931. The annual output of the Chelia- 
binsk works is estimated at 50,000 caterpillar-type 
tractors of 50-60 h.p., and a third plant, in Kharkor, 
which is to be completed in the summer of 1931, is 
expected to have an annual output of 50,000 tractors 
of -an international type. The Putilov Works, in 
Leningrad, is now being extended with a view to increas- | 
ing the output of tractors to 25,000 in 1930-31 and to 
35,000 in 1931-32. 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 2, 6 p.m., Storey’s-gate, S.W.1. “ An Experi- 
mental Investigation into Induction Conditions, Distri- 
bution, and Turbulence in Petrol Engines,” by Dr. S. J. 
Davies. 

JUNIoR INSTITUTION OF ENGINEERS.—Friday, January 
2, 7.30 p.m., 39, .Victoria-street, S.W.1. “ Weighing 
Machinery,” by Mr. W. A. Benton. 








CATALOGUES. 


Gas Works Plant.—The: Skoda Company, Prague, 
Czechoslovakia, describe in a pamphlet a gas holder of 
700,000 cub. ft. capacity, complete municipal gas plants, 
gas-producer plants, water-gas plants and blowing, wash- 
ing, &c., machines for dealing with gas. All these are the 
products of the company’s works. 

Pig-Iron.—Messrs. Dorman, Long and Company, 
Limited, Middlesbrough, have issued a list of their pig- 
irons with figures of the analysis of each brand covering 
some 25 varieties. The company with its four associates 
now controls 37 blast furnaces, capable of producing 
1,500,000 tons per annum from their own supplies of 
raw materials. 

Concrete Piles.—An illustrated description of the 
Vibro process of forming concrete piles is given in a 
pamphlet received from Messrs. The British Steel Piling 
Company, Limited, 54a, Parliament-street, London, 
S8.W.1. A long list of contracts successfully carried out 
in this country and in France, Belgium, Egypt, India, 
and other countries is added. 

Electric Cables—A catalogue of 660-volt electric 


| cables with paper insulation is to hand from Messrs. The 


Liverpool Electric Cable Company, Limited, Linacre- 
lane, Bootle, Liverpool. The cables are made in single, 


' concentric, and two, three, and four-core types. Precise. 


particulars of the dimensions, of conductor, insulation, 
lead covering, &c., and weight per 1,000 yards are 
given. 

Automatic Boiler Control—-The Hagan system for 
automatically controlling steam boilers is described in a 
catalogue to hand from Messrs. James Gordon and Com- 

any, Limited, Windsor House, Kingsway, London, 
W.C.2. Main and secondary regulators are applied to. 
adjust the rate of combustion in accordance with the 
load on the engines. The apparatus is illustrated and 
specimen graphy from indicators are given. 

Ships and Vehicles.—We have received a very interest - 
ing pamphlet giving a pictorial review of the activities 
of Messrs. John I. Thornycroft and Company, Limited, 
Smith-square, London, 8.W.1. The products of the 
company illustrated include boats, yachts, ships, boilers, 
engines and road vehicles, such as coaches, omnibuses, 
vans, and heavy lorries. The firm now has extensive 
works at Southampton, Hampton, Reading, Basingstoke, 
and elsewhere. 

Heavy Mill Work.—We have received an interesting 
pamphlet from Messrs. Fried. Krupp, Grusonwerk A.G., 
Magdeburg, Germany, illustrating many of their machines 
for stone-crushing, cement making, ore dressing and 
smelting, metal extrusion, and also cranes, sluice gates, 
iron and steel castings, kc. The pamphlet is published in 
commemoration of. the seventy-fifth anniversary-of the 
founding of the firm by Herman Gruson and contains an 
interesting historical preface. The text is in English. 

Coke Ovens.—The Becker coke oven is briefly described 
and very fully illustrated in a new catalogue to hand 
from Messrs. The Woodall-Duckham Vertical Retort 
and Oven Construction Company (1920), Limited, 
Allington House, Victoria-street, London, 8.W.1. The 
plant is extensive, comprising cooling, cleaning, coke- 
quenching, and coal-blending apparatus, with the 
necessary pipe and valve systems and conveying machi- 
nery. Nearly 5,000 plants are now in operation with a 


| capacity of 36,000,000 tons of coal per annum. 


Flue-Gas Purifier —Messrs. Alfred Herbert, Limited, 
Coventry, have sent us a catalogue of Modave’s patent 
apparatus for removing dust and sulphur from flue gases 
in order to prevent pollution of the atmosphere. Rows of 
vertical tubes with water flowing down the outside 
surfaces are placed in the path of the smoke on its way 
from the furnace to the chimney. The water supply is 
regulated by a ball cock and the foul water is led away 
by overflow from a trough into which the bottom ends 


| of the tubes dip. 


Electrical Instruments.—Messrs. Cambridge Instrument 
Company, Limited, 45, Grosvenor-place, London, S.W.1, 
have issued a new catalogue of alternating-current 
instruments for high frequencies. These include a large 
number of instruments and accessory apparatus under 
the general headings of inductance standards, resistances, 
condensers, sources, galvanometers, and various meters 
including the Campbell frequency meter. The use of the 
catalogue instruments is explained in an accompanying 
pamphlet on methods of measuring inductance, capaci- 
tance and resistance. 


Valves, &c.—Messrs. Alley and MacLellan, Limited, 
Worcester, have issued a complete catalogue of valves 
and accessories for generating stations and power plants 
with illustrations, dimensions, and prices for each type. 
All the usual steam valves, such as stop, check, safety, 
isolating, reducing, surplus, &c., are shown, with tables 
of standard sizes for each. There are also pressure and 
water gauges and special items such as foot valves, 
penstocks, float valves, self-cleaning screens for water 
supply, pipe connections, valve-operating gears, gland 
packings, and spare parts. The catalogue is well 
arranged and extends to 250 pages. 
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ELECTRIC SUBWAYS. 


CONSTRUCTION METHODS ON THE NEW YORK 


(For Description, sce Page 791.) 

















EXCAVATION FOR TRACKS ON Two LEVELs. 


Fig. 


Tae Lieut Atioys “ Y " and ‘‘ R.R.’’—A publication, 
issued recently by The Bureau of Information on Nickel, 
Imperial Chemical House, Millbank, London, 8.W.1, 
contains much valuable information regarding the 
composition, physical and mechanical properties, heat- 
treatment, working properties and applications of some 
light aluminium alloys containing nickel. The alloys 
dealt with are the Y-alloy and the R.R. group of alloys. 
It will be recalled that the nominal percentage com- 
position of Y-alloy is copper 4, nickel 2, magnesium 
1-5, and the remainder aluminium. The R.R. series are 
complex aluminium alloys containing copper, nickel, 
magnesium, iron, titanium, end silicon. Copies of the 
publication may be obtained from the Bureau, at the 
address given above. 

ARCHITECTURAL USEs OF “ STAYBRITE *’ STEEL,—From 
a very attractive brochure recently prepared by Messrs. 
Thos. Firth & Sons, Limited, Norfolk Works, Sheffield, 
it appears that architects and art-metal workers are now 
making good use of the valuable properties of Staybrite 
steel, for which many applications have, of course, been 
found by engineers. The brochure contains numerous 
collotype reproductions of photographs of entrance doors 
and gates, shop fronts and counters, kitchen and canteen 
equipment, fireplaces, ornamental screens, panels, &c., 
carried out in this material, including many attractive 
designs which clearly illustrate its decorative possibilities. 
Some information is also given on the use of Staybrite 
steel bars for the reinforcement of concrete and other 
structures, in which the increased durability obtained is 
sufficient to justify the additional first cost. Except for 
cutlery, the domestic applications of Stainless and Stay- 
brite steels do not, however, appear to have been developed 
to the extent which might have been anticipated, since 
innumerable domestic fittings and utensils usually made 
of ordinary iron and steel or non-ferrous metals, could 
with advantage be made of the newer material. If such 
articles were readily obtainable at attractive prices, 
their sale, we have no doubt, would be of sufficient 
magnitude to be useful to the steel industry and would 
certainly benefit the public. ; 

















CONVEYORS FOR TRANSPORTING SPOIL. 
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the possible permutations and combinations of out- 
look which exist have by no means been exhausted, 
who consider that combination should not be confined 
to the generation of power, but that those whose 
primary business is to supply electricity, and those 
7 whose first requirement: is process steam, should 

| join together forttheir mutual advantage. All these 
| points of view, and many others of secondary import - 
ance, are discussed in a series of papers, which, 
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His contention was that competition rather than 
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antagonism existed between public and private 
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supplies, though purists might object that these 
‘are two epithets for the same thing. The advan- 
tages of taking a supply from the grid were, he 
pointed out, obvious, though they were still not 
.| great enough to induce some large power users, 
such as collieries, to forgo the use of their own 
| plant. It is difficult to cavil at the reasons. given 
GENERATION. |for the latter policy. For, while as regards 
WHILE it is axiomatic that power to an increas- | steam consumption ‘ and _boiler-house_ efficiency, 
ing extent is a primary need of industry, a cursory the capital station is definitely superior to the 
consideration of the subject discloses considerable colliery plant in pounds, shillings and pence, the 
difference of opinion about the form in which that latter possesses the advantage that it can burn a 
power should be supplied and whence it should be grade of coal which it does not pay to transport, 
obtained. At one end of the scale is the schoc] | and thus keep its fuel costs very low. The result 
which holds that it is most economical, from every | is that, while at Barton the fuel costs with coal at 
aspect, to draw it, in the form of electricity, from | 148. 3d. per ton, are 0- 106d. per kw.-hour generated 
a public network, while at the other are those, at colliery power stations, where coal is only 5s. 9d. 
probably diminishing rapidly in numbers and in- and 5s. 4d. per ton respectively they do not exceed 
| fluence, but still existent, who prefer to use their 9°079d. and 0-077d., the latter figure including the 
own prime movers and connect them mechanically ' cost of pulverisation. Further, even were the cost 
to their plant and machinery. of transport less, it would be uneconomical for the 
Others, while erecting their own plant, employ it public generating station to burn such fuel, owing 
to generate electricity, the reasons for this policy to the way the coal clauses are drawn, and 
being variously given as cheapness, complicated | to the impossibility of following the load fluctua- 
tariffs, the autocracy of the supply undertakings | tions sufficiently closely. Mr. David’s conclusion 
and the need for process steam. The advocates of is that colliery stations, equipped with modern plant 
the public generation of electricity can also be sub- and using cheap fuel of which 25,000,000 tons are 
divided into those who pin their faith to a few | 4vailable in one form or another for such purposes, 
large power stations, those who consider that | Can produce electricity more cheaply than the 
these power stations should be supplemented by some | capital station. They should therefore be used to 
form of peak load plant, such as internal-combustion | Supply power to the grid. On the other hand, 
engines or steam accumulators, and finally, those | Private stations using high-grade fuel or equipped 
who believe that it is still economical to erect | With inefficient plant should be shut down or 
stations of moderate capacity near the centre of | employed only at times of peak load, the basic 
the load or on the coalfields. Again, there are | consumption of the factory involved being obtained 
those who urge that in a country like this, where | from the public supply. 
coal is practically the only primary form of fuel, | In dealing with power supply as a whole, this 
it should not be used directly, but should first be | is certainly one of the many matters that must be 
converted into its solid, liquid and gaseous deriva- ' considered. And it may be pointed out that 
tives, and only the latter employed under boilers, | powers to co-operate on these lines are already 
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in internal-combustion engines, in gas producers Such 
co-operation is, however, a matter of negotiation, 


while the concentration of the generation of public 





and for heating furnaces. These, in turn, link up 


| given by the Electricity (Supply) Act, 1926. 


with those who argue in favour of co-operation 
between the coke-oven, metallurgical, electrical and | electrical requirements in a limited number of 


-| gas industries for the use of waste heat, with, as | stations can be effected compulsorily by the same 
Sons | corollary, the establishment of a “ gas-grid”| measure. Partly, no doubt, for this reason, and 


for distributing coke-oven gas for trade and/| partly because the Central Electricity Board have 
domestic purposes, in conjunction with existing | regarded the latter reorganisation as their primary 





gas works. Finally, there are others, though all | duty, little has been done in the way Mr. David 
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suggests. We hope, however, that this will soon 
cease to be true. 

A wider field of inquiry is opened, and the 
problem we are considering is thereby complicated, 
by a paper on “ Stationary High-Powered Internal- 
Combustion Engines for Electric Generation,” 
which was also read before the Institute of Fuel by 
Mr. E. Gercke. The title is a little misleading. 
For, stated briefly, the author’s argument is that, 
while capital stations, in which steam turbines are 
installed, should be used to supply the base load, 
the peaks should be carried by plants equipped 
with internal-combustion engines, situated as near 
as possible to the centre of consumption. This 
has, of course, been suggested before, but we believe 
that, for various reasons, the chances of its general 
adoption in this country are somewhat remote. 
Mr. Gercke goes further, however, and holds with 
Mr. David that our fuel resources should be utilised 
as a whole on co-operative lines. He suggests, in 
fact, that not only collieries, but . metallurgical 
works, should be linked up with the grid, so that 
power can both be supplied to, and drawn from, the 
latter as circumstances dictate. The same indus- 
tries should also co-operate with collieries and with 
coke-oven plants in the exchange of low and high- 
grade gas, so that the latter can be stored for supply 
to a ‘ gas-grid” at times of peak load. Within 
this diversified power unit, coal and gas-fired boilers, 
steam turbines, and gas and oil engines, working on 
coal-tar oil, should all be used in the most economic 
way in the cause of the highest overall efficiency. 

The papers we have so far discussed all relate 
to the use of fuel in the raw or semi-raw state. 
While, therefore, they hold out suggestions of further 
important economies in that field, the arguments 
advanced may not appeal to that class of in- 
dustrial consumer, whose need is process steam 
rather than electricity or gas. Such a consumer 
may, in fact, argue that for his purposes electricity 
is a bye-product, which he can obtain most cheaply 
by passing live-steam through a turbine before it 
goes to the process mains, and, if he holds modern 
views, he will support his argument by pointing out 
that the advantages obtainable in this way are 
much increased by the use of extra high-pressure 
steam. In fact, it appears from a paper on “ Engi- 
neering Aspects of Interchange of Power with 
Industrial Plants,”’ which was read by Mr. B. F. 
Wood, before a recent meeting of the American 
Society of Mechanical Engineers, that that policy 
has already been largely followed in the United 
States, in spite of the existence of an impressive 
system of main transmission lines. For in an area 
covering 1,500,000 sq. miles with a population of 
98,000,000, and an interconnected generating plant 
capacity of 20,000,000 kw., no less than 200 indus- 
trial concerns have installed their own stations 





during the last few years, and have equipped them 
with boilers working at pressures of 300 Ib. per | 
square inch and upwards, the aggregate output of | 
two-thirds of these stations amounting to nearly | 
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de Nemours and Company, who have a factory in 
the neighbourhood, in which large quantities of both 
electricity and steam are consumed. The two supply 
companies require an aggregate of 400,000,000 to 
600,000,000 kw.-h. per annum for their own purposes, 
while the steam demand of the factory is 200,000 
to 400,000 lb. per hour at a pressure of 180 lb. per 
square inch. To meet these conditions, six boilers 
have been installed, two of which are placed at the 
disposal of each of the three partners. The pairs of 
boilers belonging to the two power companies each 
supply a 58,000 kw. compound turbine, while those | 
belonging to the industrial concern supply a12,500- | 
kw. set, which is identical with the high-pressure 
portions of the other two units. The exhaust from | 
the smaller set, which at full load amounts to | 
530,000 Ib. per hour, is passed to evaporators, in | 
which 400,000 Ib. of steam at a pressure of 180 Ib. | 
per square inch are generated for process purposes. | 
The du Pont Company is entitled by agreement 
to all the electricity that is generated by the, 
steam which passes through its own turbine, | 
and if that electricity is in excess of its require- | 
ments, it is supplied to the systems of the other 
two companies and credit given for it. On' 
the other hand, it may draw on those systems 
if its electrical requirements at any time are greater | 
than can be met by its own turbine, paying for this 
consumption at an agreed rate. Similarly, if one 
of the sets owned by the supply undertakings is not , 
fully loaded, it may be used up to its capacity by 
the other, on payment of the correct proportion of 
the total running costs and without, therefore, | 
increasing the latter’s share of the capital charges. | 
An incentive to keep the station at all times as, 
nearly fully loaded as possible is thus provided. 
The foregoing examination shows that, while 
there is still considerable individuality of outlook, 
yet there is growing up a realisation of the fact that 
power supply and utilisation, for whatever purpose, 
is one problem, and must be so investigated and 
solved. In making that investigation every possi 
bility must be explored, not with the object of 
adopting every suggestion that is made, for some of | 
these will soon be found to be outside the range of | 
practical politics, nor with attention confined to the’ 
needs of a particular industry, but with the idea 
of discovering, if that be possible, how our fuel 
resources, considered as a whole, can best be used 
to strengthen the commercial fabric of the nation. 
From this point of view the papers we have quoted | 
should be exceedingly useful in clearing the air ; 
and it may be suggested that the Institute of Fuel 
would be doing good work in considering further 
aspects of this wide and complicated problem. This 
is not a matter for Governments or Royal Com- 
missions, but for careful examination by technical 
men, until such time as the constituent warp and 
woof can be drawn together into a living fabric. 











GERMAN ECONOMIC PROGRESS. 





[DEc. 26, 1930. 


1931. It is questionable whether even this provi- 
sion will be sufficient to place the funds in a sound 
position. It is based on the assumption of an 
average of 1,600,000 persons unemployed, but in the 
first three months of the present year, the average 
number receiving unemployment and emergency 
relief was over 2,500,000, with over 3,000,000 un- 
employed applicants for work, while during the last 
few weeks it has been announced that in Novem- 
ber the number of unemployed was 3,700,000. 
Part of this figure is due, no doubt, to economies 
effected by rationalisation, which has thrown out 
of work many people whom the state of trade has 
prevented from obtaining re-employment. Generally 
speaking, however, the excessive unemployment 
must be attributed directly to the state of trade, 
and unless it improves greatly, further assistance 
will have to be given to the insurance funds. How 
hard the times have been may be seen in the state- 
ment that, in January of 1930, with favourable 
weather conditions, only 45 per cent. of trade 
union workers in the building trades were in full 
employment, not for lack of work for the others, 
but because their employers could not finance it. 

A marked feature of the years 1926 and 1927 
was the vigorous demands of the home market. 
These slackened to some extent in 1928, and in the 
period under notice were very much worse in all 
except a very few industries. In part, no doubt, 
the decline was due to the completion of what may 
be called reconstruction work in the technical 
equipment of factories, to which an important part 
of the demand in previous years had certainly been 
due. To that extent, indeed, the demand in those 
years was rather on capital than on trading account, 
and represented expectations of business rather 
than fresh business already acquired by the country. 
Whatever the cause of falling-off in business, there is 
no doubt as to its reaction upon Germany’s industry. 


|The manufacturing energy for which the home 


market had ceased to find employment was applied 
to the export trade, and immediately, and in most 
branches, exports showed large increases, which 
were the more remarkable because they were made 
in depressed and inactive markets. As a whole, 
German imports decreased and exports increased. 
over the corresponding figures for 1928, though the 
exports for the year themselves, under the influence 
of the slackening of home trade already apparent, 
had shown an enormous increase over the figures of 
1927. For the first time in recent years there was 
a substantial surplus of exports over imports, which 
was the more valuable because about three-fourths 
of the German exports consisted of finished articles, 
in which the proportion of labour employed is much 
greater than that on raw and half-finished material, 
which constitute the bulk of German imports. 
The courses of imports and exports in all German 
industries were seen in particular in Anglo-German 
trade. Both imports into Germany from Great 
Britain and exports to Great Britain from Germany 
showed, in 1929, a slight decrease from the figures of 


500,000 kw. This movement is definitely ascribed AmonGa the admirable reports on economic condi- 
to the advent of higher steam pressures, which have | tions in foreign countries which are published | 
rendered it possible for some or all of the power | periodically by the Department of Overseas Trade, 
requirements of a factory to be obtained from steam, | none is more informative than that issued on 
which can subsequently be supplied at moderate | Germany, and the report on the conditions ob- 
pressures for process purposes. The demands for | taining in that country up till July last, which the 
steam and power in a given factory are, however, | Department has recently compiled (H.M. Stationery 
seldom coincident, and there are, therefore, definite | Office, price 4s, 6d. net), appears to be larger and 
advantages in the co-operation of such a factory with | more explicit even than its predecessors. 

the public electricity supply for the interchange of! [pn the period with which it deals, covering the 
electricity and steam. This co-operation has taken | year 1929 and the first half of 1930, Germany 
several forms, one of the most interesting of which | Was suffering from the severe depression found in | 
is the building of jointly-owned stations, an arrange-| most other countries. Perhaps the best overall | 


1913 ; but the decrease in the value of British exports 
to Germany during the last three years has been 
accompanied by an equally steady increase in the 
value of German exports to this country, leaving 
the balance in Germany’s favour more than twice 
as large as it was three years ago, in spite of 
falling prices. From the point of view of a British 
trader, a melancholy, if instructive, interest may 


| be found in the fact that this renascence of German 


industry, which in respect of exports continued to 
be vigorous right through the severe depression of 
the period covered by this report, started in the 
second half of 1926, as the direct consequence of the 


ment which, it is argued, has the advantage of 
reducing the aggregate capital expenditure to a 
minimum, since such items as railway sidings and 
coal handling plant need not be duplicated, while 
such spare plant as may be required is equally at 
the disposal of both parties. 

The adoption of this policy in a particular case 
has led to the construction of the Deepwater station 
on the New Jersey side of the Delaware River just 
opposite Wilmington. This station, of which 


mention was made in our last issue, is jointly owned 
by the American Gas and Electric Company and the 
United Gas Improvement Company, but a portion 


evidence of that condition is to be found in the political strike inflicted upon British industry during 
figures of unemployment, which are the more | that year. 

significant, because of the activity of the Govern-| The remarkable reaction of German manufac- 
ment in promoting various forms of productive | turers against depressing conditions is seen very 
relief works. In spite of these works, and of! notably in the engineering and allied trades. The 
financial measures by which the Post Office and the | production of pig iron in 1929 was nearly a sixth 
Railway Company were enabled to accelerate works | larger than in 1928, and though some part of this 


that otherwise would have been spread over a| 
number of years, the expenditure on the employ- | 
ment insurance schemes was much greater than | 
the income of the funds, During the present year, | 
in fact, a Bill has had to be introduced to = 


may be explained by a lock-out in the Ruhr at 
the end of 1928, the 1929 figures were substantially 


| greater than those of 1927, which itself had been a 


very active year. In ingot steel, on the other 
hand, the 1929 output, though better than that of 
1928, was not equal to that of 1927, and in the 





of the plant has been allocated to the E. I. du Pont 


crease, by a third, the contributions to the unemploy- . 
ment insurance fund for the period ending March 31, | aggregate product of rolling mills, each suceessive 
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year showed a decline, which was continued in 
the first five months of 1930 by decreases in all 
three branches of from about 20 per cent. to 35 
per cent., as against the corresponding period of 
the previous year. The volume of exports, on 
the other hand, showed almost without exception, 
an increase in each period, extending to the first 
five months of 1930, as compared with the corre- 
sponding period of 1929. Thus, in 1929, the volume 
of exports of iron and iron products as a whole, 
for example, was about a sixth higher than 1928, 
and in the first part of 1930, was fractionally higher 
still. The exports of pig iron in 1929 were about 
half as large again as in 1928, though they showed 
a falling-off in 1930. Both lines of steel, again, 
showed substantial increases in 1929, and, with the 
exception of wire and tubes, increased still further 
in 1930. In small steel manufactured articles, such 
as fine cutlery, pins, and a variety of other articles, 
the figures for 1929 showed, almost without excep- 
tion, advances over those of 1928, and with tools and 
similar articles the advance, which has proceeded 
without interruption since 1923, brought the exports 
up to half as much again as they were in 1913. The 
exports in 1929 of textile machinery were 30 per 
cent. more than in 1928, agricultural machinery 
40 per cent., and machine tools (with a total of 
107,000 metric tons), 20 per cent., all following 
on substantial advances in previous years. The 
exports of electrical machinery were, in value, 
18 per cent. greater than in 1928, as against an 
average of 10 per cent. for all German exports, 
and double the amount for 1913. The chemical 
industry reached nearly the same percentage of the 
world’s total exports, as it had in 1913. 

These results are the more striking because of the 
unfavourable conditions of cost and selling price 
under which they were obtained. It is clear that 
throughout the engineering and allied industries 
prices had to be cut very closely. For tools, for 
instance, they appear to have been only about 
half as large again as in 1913, and in the engineering 
industries generally the cost of materials is said 
to have increased to about that extent. The 
increase of other elements of cost, which in the 
aggregate must have been much more important 
for the products in question, has on the other hand, 
been far greater. Taxes are three times as high 
as they were, interest and depreciation twice as 
great, and wages and similar expenses are 75 
per cent. higher than in 1913. The cost of raw 
materials for the engineering industry procured from 
iron and steel works was 24s. a ton above the world’s 
market price, as compared with a difference of 
4s. 6d. a ton before the war. Even after deducting 
rebates on supplies for machinery made for export, 
the price of iron and steel was still about 6s. a 
ton above the world’s price. It may well be that, 
as has been alleged on good authority, much or 
even most of this recent trade has left little or no 
direct profit. It may, however, have served its 
purpose in making up some of the leeway in the 
re-establishment of German machinery on foreign 
markets. At present, German exports of machinery 
constitute about 23 per cent. of the total world 
exports, but in 1913 they stood at the still more 
formidable figure of 29 per cent. German policy 
has traditionally given full weight to indirect 
advantages, and seems not to have changed in 
this respect. With all the hardness of the times, 
the number of motor-cars registered in the country 
in 1929 was a third more than in 1928, and the 
number of motor lorries 20 per cent. more. The 
use of electricity in agriculture appears to be more 
‘han half as large again as it was in 1925, supply- 
ing over three-fourths of 2,000,000 farms of nine 
acres or more with an average of over 15 kw.-hr. 
per acre, in addition to considerable supplies to 
smaller farms. In every direction German plans 
appear to have been made with an eye as much 
to the future as to the present, and to have gone 
far to fulfil their purpose. 








KENCARDINE BripGe.—The Parliamentary plans for 
the new bridge at Kincardine have now been deposited. 
This structure, which has been designed by Sir Alexander 
Gibb and Partners, will cross the Forth, and is a steel 
bridge having 14 approach spans with an opening swing- 
bridge giving two clear openings of 100 ft. each. The 
total cost will be in neighbourhood of 300,000/. 


NOTES. 


Pusiic Works In New Sovutn WALES. 


THE multifarious nature of the duties of the 
Director of Public Works of New South Wales may 
be judged from the fact that his Department 
comprises branches covering water supply and, 
sewerage ; harbours, roads and bridges; electrical 
engineering ; the Sydney harbour bridge; public 
buildings ; the testing and inspection of materials, 
surveying; and the Government Dockyard at 
Newcastle. The Department, in fact, is responsible 
for the whole of the public works carried out in 
New South Wales, with the exception of the water 
supply and sewerage systems of Sydney and New- 
castle. In the former city, these are controlled 
by the Metropolitan Water, Sewerage and Drainage 
Board, and in the latter, by the Hunter District 
Water Supply and Sewerage Board. The Director 
of Public Works, in his Report for the year end- 
ing June 30, 1929, which has recently come to 
hand, stated that, during that year, water supply 
schemes were carried out in 25 towns, and similar , 
works were in progress in 18 towns. At the end of 
the year, public water-supply schemes were in 
operation in 76 towns, the capital cost of these 
totalling 3,224,725/. In addition, 13 towns had 
then been sewered and storm-water channels 
constructed in 16 towns. Generally speaking, the 
water supplies provided proved adequate during the 
drier portions of the year, and the imposition of 
restrictions was necessary in only three cases. 
During times of drought, on the other hand, it 
has been found necessary to convey water by train 
to some of the towns not yet possessing reticulated 
systems. A number of improvement works at 
various harbours in New South Wales were either 
completed or continued during the year under 
review ; jetties, breakwaters and training walls 
were constructed at Byron Bay, Coff’s Harbour, 
Macleay River, Cape Hawke, and other places. 
In the report before us, several pages and diagrams 
are devoted to the construction of Sydney harbour 
bridge, as, however, the progress made with this 
structure has formed the subject of recent articles in 
the columns of ENGINEERING, the matter need not 
be again referred to here. Some 4,138,000 tons 
of spoil were raised by dredging from harbours and 
bars at the entrances of rivers. In the highways 
section, nearly 97,000/. was expended on new 
roads, while bridge repairs and maintenance 
absorbed 46,000/. Much progress was made in the 
electrical engineering branch of the Department. 
Several large electricity supply schemes were 
authorised, and a number of others were investigated 


Stream gauging and survey work, in connection 
with several important hydro-electric schemes, were 
actively continued throughout the year. The policy 
of adapting the plant at Walsh Island Dockyard, 
Newcastle, for various engineering requirements has 
continued to be a decided success. During the 
year, the establishment maintained a regular output, 
the steel railway coach industry, in particular, 
proving a profitable undertaking. Steel coaches, 
to the number of 161, were manufactured entirely 
at Walsh Island during the year under consideration. 
The contract was secured by open competitive | 
tenders; moreover, all the coaches were manu- | 
factured at a profit to the State, and a delivery of one 
coach a day was maintained so long as was required. 
Good progress was also made with the building of a 
15,000-ton floating dock, which is under construc- 
tion at Walsh Island. Other work carried out 
included the manufacture of steel and iron pipes, 
steel colliery skips, and barges. 


Tue Port orf SHANGHAI. ~ 


The City of Shanghai stands on the Whangpoo , 
River, which flows into the Yangtze-Kiang at its | 
estuary. The old city is some 14 miles from the | 
mouth of the Whangpoo, but the modern harbour | 
stretches along the bank of that river, between the 
old town and the Yangtze, for a distance of more | 
than 9 miles. Prior to 1905, the Whangpoo was | 
an irregular and rapidly deteriorating creek which | 
had an inner bar at Woosung, near its mouth, giving | 
a navigable depth of only 10 ft. at lowest low water. 





The Whangpoo River Conservancy, however, was 


and submitted to the Public Works Committee. | 


formed in 1905 and regulation operations were put 
in hand at once, with the result that, after a few 
years’ work, the channel was greatly improved 
throughout its length. The present Whangpoo 
Conservancy Board was. established in 1912 to 
succeed the older body, and, like its predecessor, 
was constituted as the result of an agreement made 
between the Chinese Government and the Ministers 
of the Treaty Powers in Peking. <A report recently 
issued by the Board and entitled The Port of Shang- 
hai, shows that the Whangpoo, at the present time, 


{as the result of continued effort, has a minimum 


navigable depth of 26 ft. at extraordinarily low 


| water. Moreover, as the neap tide rises at least 


6 ft., a through high-water depth of at least 32 ft. 
is available every day throughout the year. One of 
the principal concerns of the Board, from the point 
of view of harbour development, is the approach 
to the Whangpoo in the Yangtze. <A bar exists in 
the estuary of the Yangtze at the extremity of 
the South Channel of the river, at a spot known as 


| Fairy Flats, some 30 miles from the mouth of the 


Whangpoo. The depths on this bar are less than 
those obtaining in the Whangpoo itself, being only 
18 ft. at lowest low water and 28 ft. at mean ordinary 
neap high water. Delays to shipping occur at the 
present time, and the increasing draught of vessels 
renders a solution imperative. A committee of con- 
sulting engineers, appointed in 1921, recommended 
that dredging operations should immediately be 
undertaken in order to provide a channel, through 
the Fairy Flats, 600 ft. in width at the bottom and 
providing for the passage, at ordinary neap high 
water, of ships drawing 33 ft. The matter is still 
under consideration, at the present time, as is also 
the question of the further deepening of the Whang- 
poo and the provision of increased and improved 
facilities. The delay in putting into effect the 
recommendations of the Committee is largely due to 
the political troubles of recent years. By way of 
conclusion, a few figures giving an indication of the 
extent of the trade of Shanghai will not be without 
interest. The number of vessels coming under the 
jurisdiction of the Maritime Customs, which entered 
and cleared the Port during 1928 was 22,268, 
aggregating 34,586,406 net tons. In addition, 
inland steamers and junks, totalling about 5,000,000 
tons, utilised the Port during the same year. Of the 
tonnage of vessels visiting Shanghai in 1928, 32 per 
cent. flew the British flag, 27 per cent. the Japanese, 
and 15 per cent. the United States. Shanghai 
is the great entrepét for the whole of Northern 
China, the Port yielding as much as 41 per cent. of 
the total Chinese Customs revenue. The principal 
imports are cotton goods, metals and minerals, 
chemicals, coal, machinery, timber, and manu- 
factured goods in general. The chief exports are 
Chinese cotton and cotton goods, hides, silk, fibres, 
foodstuffs, tea and wool. 








ENGINEERING MARKETS OF THE 
WORLD.— IX. 


By A. J. LiversepGe. 
EUROPE. 


CoNTINENTAL Europe consists to-day of 23 inde- 
pendent states, counting Danzig with Poland, and 
not including such principalities as San Marino 
or Liechtenstein. It has a population of a little 
more than 400,000,000. It cannot be said to be 
particularly endowed with natural sources of wealth, 


| although it contains two rich oil-fields. Neither is 


the soil of Europe particularly fertile, except here 
and there in places bordering on the Mediterranean. 
Indeed, as a continent, it is probably the poorest 
in respect to natural sources of wealth of any of the 
continental areas of the world, but its population 
includes some of the most virile and vigorous, the 
most industrious and most thrifty, peoples of the 
earth. More manufacturing industries are con- 
tained within the boundaries of Europe than in 
any other political or geographical unit of the 
world. Hence, it is easy to understand that Europe 
provides an immense market for the engineering 
productions with which we are here concerned. 

It will not be possible to set out this market here in 
any considerable detail, but we may conveniently 
regard the Continent as a unit, when its market will 
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be approximately represented by the exports to 
Europe of two countries, the United Kingdom and 
the United States of America, with some small con- 
tributions from Canada, the Irish Free State, 
British India and Japan. So regarded, the Conti- 
nental European market as a whole, and some of its 
more important features, are set out in Table XX 
on this and the opposite pages. 


The values of this Table are the declared values | 


at the ports of shipment, and to obtain the values 
at the ports of discharge it will be necessary to add, 
say 10 per cent. to the figures of the Table.. It will 
be seen from the Table that the aggregate value of 
the United Kingdom and United States’ exports 
to Continental Europe in 1928 amounted to nearly 
91,000,0001. If we add 9,000,0001. for freight and 
charges, and another 5,000,000/. to cover the exports 
from all other countries, we shall have a total 
of 105,000,0001. The value of the inter-continental 
trade in our four classes of commodities was 
probably not less than the declared value of the 
imports, and we may, therefore, conclude that the 
total value of the international trade, with which we 
are here concerned, for the continent of Europe for 
1928 was not less than 210,000,000/. No allow- 
ance is here made for the high duties which are 
imposed by continental countries, with the excep- 
tion of the Netherlands, upon practically all 
commodities coming under our four headings. 

The Table contains a number of remarkable and 
interesting features. In the first section, the figures 
are given for each country that in any one of the 
three years took from the United Kingdom more 
than 500,0001. in iron and steel and their general 
manufactures. Hardware, cutlery and tools are not 
included in these figures. Once again we have an 
illustration of the vigour and determination of the 
iron and steel trade of this country. In this group 
we hold our own in our competition with America. 
That is, however, all that can be said of the position 
disclosed. The declared value of our exports in 
1928 was substantially the same as the correspond- 
ing figure for 1913. It is clear, therefore, that we 
are sending less iron and steel to-day to the Conti- 
nent than we sent in 1913, though, indeed, it is a 
remarkable thing that we are able to hold so much 
of this trade having regard to the competition of 
the continent itself. The aggregate of the exports 
of iron and steel from the two countries for 1928 was 
14,279,0001., as compared with 14,828,000. for 
1913. 

A still closer coincidence in the figures of the Table 
appears in the section dealing with machinery. It 
will be seen that the declared value of the United 
Kingdom exports of machinery to the Continent for 
1913 was 14,098,0001. ; the corresponding figure for 
the United States was 14,024,000/. In this section 
of the Table, the figures are given for every country 
of Europe that took in any of the three years, 
machinery from the United Kingdom to the value 
of 1,000,000/. Here, unfortunately, we cannot be 
said to have held our own, as compared with 1913. 
It is true that our declared value has increased 
from 14,098,000/. to 16,294,000/., but the figures 
for the United States show a still larger advance. 
Starting level in 1913, as we have seen, the United 
States has gained upon us to the extent of nearly 
2,000,0001., and our share of the total has dropped 
from 51 per cent. to 47 per cent. 

The figures given in this section of the Table relat- 
ing to Russia will probably come as a surprise to 
many readers. In iron and steel, it will be noted 
that our exports to Russia had dropped from 
1,001,0001. for 1913 to 274,0001. “or 1928, while the 
corresponding American figures were not of impor- 
tance. In regard to machinery, the situation is 
very different ; our declared value has fallen from 
3,947,000/. for 1913 to 1,701,0001. for 1928. The 
corresponding American figure for 1928 is no less 
than 3,334,000/., while her figure for 1927 was 
2,589,0001. as against 1,850,0001. for the United 
Kingdom. Thus the severe ban which America has 
placed upon her diplomatic relations with Russia 
has been no bar to her trade in machinery with that 
country. It is fair to say, however, that America 


has not sought the trade. It is Russia that has been 
the supplicant, and as she had proffered the money, 
there was little choice left for America. The trade 
has been chiefly in agricultural and mining machin- 


| 
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ery, with some appreciable amount of textile 
machinery. 

The section of the Table dealing with electrical 
apparatus does not provide a very brilliant showing 
for the United Kingdom, but it has its encouraging 
features. Also, we have to remember here that the 
American figures include electrical machinery, 
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to 6,810,0001. for 1928, an increase of 266 per cent., 
but the American figures reveal the astonishing 
advance of from 1,665,0001. in 1913 to 29,813,0001. 
for 1928, a gain of 28,148,000I., or 1,690 per cent. 
Starting behind us in 1913, America has passed us 
almost out of sight, as one might say. 

Owing chiefly to her enormous advance in connec- 


TABLE XX.—ENGINEERING ExPorRTs FROM THE UNITED KINGDOM AND THE UNITED STATES OF AMERICA TO 
THE CONTINENT oF Europe, £000’s OmrrTep. 
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which comes under the head of machinery simply in 
the United Kingdom figures. The transfer of this 
machinery to the general machinery section would 
improve our position under the heading of electrical 
apparatus, but it would, of course, make our position 
under the heading of machinery worse. As it is, 
it will be seen that we have distinctly improved 
our position as compared with 1913. In the latter 
year, our share of the total was only 28 per cent., but 
for 1928 our share was 37 per cent. Our amount 
was 1,863,000I., the American figure being 3,097,0001. 

In vehicles, we are again out of it. It is true that 
our figures represent a gain from 1,861,000. in 1913 





tion with vehicles, America now leads easily in the 
aggregate of our four classes of commodities, as 
will be seen from the concluding section of the Table. 
In 1913, the aggregate exports of the two countries 
to Continental Europe amounted to 47,330,000. 
of which our share was 27,977,0001., or 59-5 per ¢ent. 
In 1928, the aggregate had grown to the enormous 
total of 90,775,0001., but of that aggregate our share 
was only 36,241,0001., or 40 per cent. We have gained 
8,264,0001. while America has gained 35,18/,000/. 
Omitting vehicles, our gain has been 3,314,0001., 
but the American gain has been 7,033,000/., ar more 
than twice that of the United Kingdom. 

















7 DEC. 26, 1930.] 


ENGINEERING. 


81II 











OTHER MaRKETs. 

We have not here exhausted the engineering 
markets of the world. There remain a number of 
scattered markets in the French, Italian, Dutch and 
Portuguese colonial possessions, all of which are 
taking commodities under all our four headings. 
There is also Egypt, and the two great markets of 





considerable advantage in Japan. The aggregate 
exports of the two countries to China in 1928 
amounted to 4,832,0001., to which total America 
contributed 2,800,000/., and the United Kingdom 
2,032,000/. The corresponding aggregate for Japan 
in 1928 was 15,650,000, towards which the United 
Kingdom contributed only 5,380,000/., the American 


TABLE XX (continued)—ENGINEERING Exports FROM THE UNITED KINGDOM AND THE UNITED STATES OF 
AMERICA TO THE CONTINENT OF EvRoPE, £000’s OmrIrTED. 
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the Far East, China and Japan. In Egypt, we hold 
the better position. In 1928, the United States 
sent commodities to Egypt under our four headings 
to the value of 796,000/., but the United Kingdom 
sent 2,050,000/. In China and in Japan, the United 
States of America has an advantage over the 





United Kingdom; not much in the former, but a 


contribution thus being 10,270,000/. The position 
thus disclosed, is, perhaps, a little surprising having 
regard to the close political relations which have now 
obtained for so many years between Japan and 
the United Kingdom. We have also in the Far East 
a very keen competition to meet both from Germany 
and from Belgium, and, in a lesser degree, from 


other European countries and also from Canada. 
We are thus beaten in the Far East as we are in 
nearly every other great market for the engineering 
commodities with which we are here concerned, 
and in bringing this survey, which has necessarily 
been of a cursory character in many parts, to a close, 
we have to leave it with the general impression that 
we are losing ground nearly everywhere. With the 
causes of this unhappy state of affairs we have not 
been concerned, except that it has been shown that 
hostile tariffs are not the explanation, however 
restrictive these tariffs may be, and a source of 
inconvenience to international trade. We shall 
not, indeed, find any adequate explanation of our 
diminished and declining trade in any foreign 
conditions ; we have to look for any such explana- 
tion at home. 


NOTES ON NEW BOOKS. 


** MopERN parachutists all declare that the breathing 
|fs not affected, neither is the sensation terrible. On 
| the contrary, it is pleasant, for there is no apparent 
falling speed until the ground is close.” This state- 
ment appears in a book by Mr. Charles Dixon, entitled 
Parachuting, and published by Messrs. Sampson Low, 
| Marston and Company, Limited, London. Apparently 
| the first 100 ft. of the descent are the worst, because the 
parachutist falls about that distance in the 1} seconds 
it takes for the canopy to open. Thereafter, according 
to the author of this compendious text-Look for 
candidates for the Caterpillar Club (this being the 
name given to persons who have saved their lives by 
the agency of a parachute), “once the silk canopy 
has unfolded itself and gently eased the parachutist’s 
fall, he has a wonderful voyage to earth, slow, steady 
and comfortable, in a soothing silence, with the world 
stretched wide and far below, its colours slowly deepen- 
ing, and life beginning to show as he descends.” Most 
readers will cheerfully take the poetic experience for 
granted. In this book, Mr. Dixon has reviewed the 
history of the parachute, chronicled the hairbreadth 
escapes which have been made with its help, and 
| summarised the advantages of existing and projected 
types. During the ten years in which the United 
| States air services have used their present type of 
| parachute, 240 pilots have to thank the inventors for 
| their lives, and, in the last five years, forty British 
'Service pilots owe their lives to the parachute. The 
utility of the parachute, however, is more limited for 
| civil air travel. Unquestionably, it must be regarded 
as an indispensable safeguard in emergency—a lifebelt 
of the air—but two factors make it a device on which 
little reliance can be placed. One is the difficulty of 
persuading air passengers to take the hazardous leap 
into space, and the natural disinclination of air tran- 
sport companies to draw attention to the dangers of air 
travel by emphasising the use of the parachute. A 
further difficulty is that the time taken to evacuate 
|nearly a score of possibly panic-stricken passengers 
| from a large modern aeroplane, in most emergencies, 
| would give scant grace for the hindmost; and this 
in spite of the American experiment in which fifteen 
men escaped in 1] seconds. The drastic proposal of 
an Italian for dropping the whole floor of the fuselage, 
complete with passengers, is unlikely to inspire confi- 
|} dence. Commercial air transport, we feel, must con- 
‘tinue its quest for mechanical infallibility, but the 
parachute is indispensable for the military pilot and 
the private aeroplane owner. Thirty-four excellent 
photographs add greatly to the interest of this book, 
the price of which is 12s. 6d. net. 














Mr. H. Stringer, the author of China; A New Aspect, 
published by Messrs. H. F. and G. Witherby, London 
(price 12s. 6d. net), was formerly in the Chinese Railway 
service, and the greater part of the text is descriptive 
| of the past and present state of, and policy in regard to, 
|the railway systems of that country. There are 

chapters on the spheres of influence and the interests 
| and policy of the European powers, Russia and Japan, 
and a great deal of information is given to the reader, 
although certain of the author’s opinions may not meet 
with general acceptance. For example, we can hardly 
| agree with the author that the interests of Russia 
,and Germany in China have been eliminated by the 
| War. In many places, the author allows his picturesque 
| pen to take control. This is especially the case in the 
| chapters on War, Chinese War, Psychology and Chinese 
| Superstition, which make interesting reading. 





| The advances which have taken place of recent 
| years in the use of steam at pressures and temperatures 
;much higher than those formerly employed, have 
| directed attention to the importance of points which 
were liable to be overlooked. A book in which these 
subjects have been given special attention is the 
third edition of Professor Ir. F. K. Th. van Iterson’s 
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Stoomleidingen, Stoomdrukreduceertoestellen Condens- 
waterafvoerinrichtingen (Deventer: A. 
price 2.60 florins). Both in the introduction and in the 
concluding paragraphs, the object of this book is stated 
to be to show how, by careful attention to details, both 
steam losses and costs of upkeep can be much reduced 
compared with what frequently obtains. Leaks, which, 
apart from actual direct waste of steam, have a jbad 
effect on the personnel, giving rise to further neglect and 
losses, do not necessarily accompany high pressures and 
temperatures, but can be avoided by suitable layout and 
construction. A number of the Dutch standard tables 
for pipes and flanges relate to those for steam at 


A. Kluwer, | 


| lucid and comprehensive manner, so far as this is pos- 
sible in one volume of 428 pages. The author deals, 
in three sections, with the general principles, explained 
chiefly by text and graphs with a minimum of mathe- 
matics ; with practical considerations, giving chapters 
on furnaces and fuels, boilers, draught, feedwater 
and pre-heating, fuel storage and ash disposal, the 
advantages of high pressures, heat storage and auto- 
matic regulating ; and with the more general boiler- 
house practice and troubles. The notes on the phy- 
|sical and chemical instruments used in the boiler 

house are necessarily brief; but the name index might 
| be more complete. As regards powdered fuel, a good 





455 lb. per square inch at a temperature of 750 deg. F. | deal of original research work has been done in Germany, 
It is pointed out that joint failure is largely due to | particularly on lignites, but Mr. Praetorius thinks 
unequal stressing of bolts from the expansion and | that the initially rapid progress in powdered-fuel in- 
bending of pipes, the bolts provided by the standards | stallations is meeting with a temporary check, while 


of different countries not being sufficient to meet this 
condition. It is recommended that they should have 
a tensile strength 30 per cent. greater than that of the 
pipe. The use of nickel-steel bolts is advised, either 
with the body reduced to the diameter at the bottom of 
the threads, or, preferably, with a continuous thread and 
a nut at each end. Other types of joint are illustrated, 


including those with welded sockets and sleeves, and | 


also a number of expansion devices. For the latter, a 
preference, based on 25 i 

for pipes with loose flanges, allowing, with suitable 
bends, slight relative rotation of the pipe ends. Par- 


ticulars are given of insulation, including the measure- 


ment of heat loss in situ, by means of Dr. Schmidt's | 


25 years experience, is expressed | 


he regards the combinatior of ordinary grates, as a main 
source of heat, with auxiliary powdered-fuel appliances 
as decidedly promising. This combination has two 
aims: a regular admixture of a fifth or less of powdered 
| fuel to the coal on the grate may facilitate and promote 
the general combustion, and it may help to raise the 
| temperature quickly when the need arises. The addi- 
tional powdered fuel may be blown into the coal or 
into the space above it, and reduction to a high degree 
of fineness is not required, especially in the former 
case. The book, we should mention, forms the eighth 
of the series of monographs on Warmelehre und 
W drmewirtschaft, edited by Professor H. Pfiitzner. 





meter utilising the temperature gradient through a | 


rubber band clamped round the outside of the pipe. 
In view of the emphasis placed on the loss of heat per 
metre length of a steam main, rather than on that per 
square metre of the exposed surface, it is somewhat 
surprising, and also inconvenient, to find the latter 
employed in a useful table giving the loss of heat from 
pipes up to 10 in. bore with steam up to 213 lb. per 
square inch pressure at 750 deg. F., both bare and 
insulated in various ways. The chapters dealing with 
the dimensions of steam mains and their arrangement 
to ensure continuous service, valves, steam dryers, 
reducing valves and steam traps, all contain much 
information which is presented in a manner likely to 
cause careful thought. 


Barlow's Tables have, for well over a century, been a 


main stand-by of all engaged in heavy numerical 
computations. A new edition, entirely reset, has now 


been issued by Messrs. E. and F. Spon, Limited, | 


57, Haymarket, 8.W.1, at the price of 7s. 6d. 
net. The original preface of Peter Barlow is re- 
printed, in which, after pointing out that he could 
not, in the nature of things, expect any adequate 
remuneration for his labours, he adds that neither can 
he expect much in the way of mathematical reputation, 
since the only qualities required were a certain ‘‘ mode- 
rate skill in computation and a persevering industry and 
attention, which are not precisely the qualifications 
a mathematician is most anxious to be thought to 
possess.” This plaint recalls the story of the bishop 
who was hurt by an article which credited him ‘“ with 
great piety and some learning.’’ The original tables 
were revised in 1840, under the direction of de Morgan, 
who, in his preface, complimented the printer of the 
original edition on the relative accuracy of his work. 
De Morgan’s edition was stereotyped, and its pages 
are familiar to many. The plates, after some ninety 
years’ use, were, however, beginning to show wear, 
and, at the same time, the increasing demand for the 
tables has made it possible for the publishers to face 
the expense of resetting the work. In the new edition, 
for which Mr. L. J. Comrie of the Nautical Almanack 
Office, is responsible, some tables omitted in de Morgan’s 
edition are restored, whilst the square and cube roots 
have been cut down to eight significant figures. This 
has made it possible to add a column giving the 


square root of ten times the argument, so that | 


the square root of any four-figure number can be 
obtained at once from the tables. Interpolation is, 
moreover, facilitated by printing the first differences as 
subscripts. In its new form, this most valuable collec- 
tion will not only maintain, but enhance, the popu- 
larity of the earlier editions. 


With the possible exception of automobile machinery, 
probably no branch of engineering technology owes so 
much to recent research as steam generation and dis- 
tribution. The developments in high-pressure boilers, 
powdered fuel. and the adaptation of steam plants to 
fluctuating demands, have, indeed, been too rapid for 
the general literature, and the textbooks of a decade 
or two ago no longer form an adequate basis for the 
studies of the engineering student or the power-station 
engineer. In his Warmewirtschaft im Kesselhaus ( Dresden 
and Leipzig: Theodor Steinkopff, price 30 marks), Mr. 
Ernst Pretorius, a Berlin engineer, makes a praise- 
worthy attempt to present the actual standpoint of 


the problems of heat economy in the boiler-house in a 


It is a common observation that the reverberations 
in an empty house disappear when the house is 
furnished. So, in large buildings the reverberations 
jare reduced when curtains, tapestries and similar 
|materials are installed in sufficient amounts. The 
|following quotation from the researches of Lord 
| Rayleigh emphasises these conclusions, ‘‘In large 
spaces, bounded by non-porous walls, roof and floor, 
and with few windows, a prolonged resonance seems 
| inevitable. The mitigating influence of thick carpets 
| in such cases is well known. The application of similar 
| material to the walls and roof appears to offer the 
| best chance of further improvement.” The great 
progress which has been made within recent years in 
| the correcting of the acoustic defects of public buildings 
jand in the sound proofing of rooms have been dealt 
| with in various textbooks and in the publications of 
the Department of Scientific and Industrial Research, 
and no engineer who has to deal with the construction 
of buildings can afford to ignore the modern develop- 
ments in the acoustic design of new buildings. A 
further contribution to the study of the subject is 
made by Professor F. R. Watson, Professor of Experi- 
mental Physics at the University of Illinois, in the 
second edition of a volume entitled Acoustics of Build- 
ings, published by Messrs. John Wiley and Sons, Inc., 
New York, and Messrs. Chapman and Hall, Ltd., 
London, at the price of 15s. The book deals in detail 
with the conditions for perfect acoustics, the advantage 
of acoustic design, the behaviour of sound waves in 
rooms, the acoustic design of auditoriums, and general 
considerations for sound proofing in rooms. The 
opening chapter deals, in an elementary manner, with 
the theoretical aspects of the generation, propagation 
and transmission of sound, the main purpose being 
to impart knowledge of principles. With this 
preliminary, the acoustics of auditoriums are discussed, 
attention being drawn to the conditions for perfect 
acoustics to Sabine’s researches on the correction of 
reverberation in auditoriums, and to factors in acoustic 
design with illustrative cases of acoustic correction. 
Sound proofing in rooms is next considered, together 
with methods used for minimising vibrations, reduction 
of street noises and the control of vibrational waves. 
The details of the acoustic design of a variety of 
famous American auditoriums and theatres are 
illustrated, while a satisfactory number of references to 
original researches on acoustics is given. The book is 
| written in a manner likely to be of direct appeal and 
| practical value, and will serve as a basis for acquiring 
| further knowledge. It will certainly interest 
| architectural and constructional engineers. 





It is only about seventy years since the first attempt 
| was made to standardise the products of industry, but 
| since then there has been continuous effort in this direc- 
| tion, and in other directions also, hardly to be classed as 
| industrial. Conspicuous, though not the first amongst 
| the nations, has been the United States of America 
in formulating methods and developing specifications, 
with a view to ensure reliability and the elimination of 
wastage and overlapping in the conduct of manufac- 
turing activity. The Standards Year Book, 1930, the 
fourth of the series, now issued by the U.S. Bureau 
of Standards (Washington: Government Printing 
Office, price 75 cents, net), gives an account of the 
work undertaken by the Bureau, in its endeavour to 
achieve order from the chaos of conflicting practice 
and interests. An opening essay indicates the some- 
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what ambitious objects of this body, which is intended 
to simplify production and demand in a great variety 
of products, so numerous that it is hopeless, in a short 
notice, to give any better idea of its extent than by 
saying that the items dealt with will number some hun- 
dreds. Whether it is a system of accounts, seed analysis, 
barges, or lamp-wicks, little seems to be overlooked. 
It may be said, however, that, the development of 
electric energy being considered as the very rock-bottom 
of many industries, this subject has much attention 
given to all details favouring economic production. 
and accounts for a great deal of the effort devoted to 
furthering the objects of the Bureau. The numerous 
agencies of the United States, of which there are some 
400, are brought into alliance with the central authority, 
and some account of the work done during the year is 
given in this book, which should be of interest to those 
bodies and individuals engaged in similar work. May 
we be permitted to hope that this devotion to orderliness 
in the industries of the United States may in time 
extend to other national interests ? 5 

Under the title of Finfstellige Funktionentafeln. 
Messrs. Julius Springer, Berlin, have published (price 
28 marks) a set of mathematical tables compiled by Pro- 
fessor Keiichi Hayashi, of the Imperial University. 
Japan. In spite of the title, however, many of the table= 
give values to more than five figures. ‘The tables start 
with the circular functions for angles expressed in 
circular measure, the logarithm of the argument being 
also given on the same page, whilst another column 
gives the corresponding angle in degrees, minutes and 
seconds. The values of the exponential are given on 
the opposite page, whilst additional columns give the 
inverse circular functions. The table runs from 
xv = 0-01 up to z= 10. Another table gives circular 
and exponential functions for smaller intervals of the 
argument ranging from x = 0-0001 up to x = 0-0100. 
A table which should prove particularly useful to 
compilers of Fourier’s series, gives the values of sin @ 
and cos 7@ for all values of x from 1 to 8. Other 
tables which will prove useful in obtaining numerical 
results from the solutions of certain differential equa- 
tions give values of sinhasina, sinhxcos x, cosh x 
sin a, and cosh x cos 2. These are tabulated to eight 
significant figures. There are five figures of the Bessel 
functions, J(z), J,(x), ¥,(x) and Yj,(x), and also 
of the functions Jy(z), J_4(x), J;(z), and J_;(z). 
Another five-figure table is devoted to Bessel func- 
tions with an imaginary argument, and there are also 
tables of Legendre functions, elliptic functions, and 
the Gamma function. The book has 176 pages, which 
are excellently printed and will undoubtedly prove 
highly useful to all who have calculations to make. An- 
other set of tables by the same author, and issued by the 
same publisher, at the price of 26 marks, gives still 
more extensive tables of the Bessel functions, the 
Theta functions, the elliptic integrals, and Legendre’s 
functions up to P, (cos @). This volume has a larger 
page than the work noted above, the typography is 
again excellent, and the set will be equally valuable to 
calculators. 








Some twenty years since, there appeared the first 
issue of Mansfield Merriman’s American Civil Engineer’s 
Pocket Bool:. Now, as a fifth edition, it is again offered by 
Messrs. John Wiley and Sons, Inc., New York, and 
Messrs. Chapman and Hall. Limited, London, at 40s. 
net. The present issue is more properly described as a 
handbook, and is, indeed, quite a good handful, having 
well over 2,000 pages—perhaps 1,500,000 words. 
There are 20 contributors specialising in the various 
branches of civil engineering work, that is, exclusive 
of work on the mechanical side, though including 
a section on electrical engineering. The present edi- 
tion has been revised and brought up to date, and 
fresh matter has been introduced with many new 
illustrations, the entire work having been re-set. It 
is essentially a book of reference; indeed, for con- 
tinuous reading it would, with its necessarily small 
print, be somewhat trying to tired eyes, though the 
tabulated matter, of which there is much, is well 
displaved. Fach section contains a great amount of 
useful information, which appears to be well up to 
recent practice ; a feature of importance. In addition 
to sections on various branches of the civil engineer's 
work which one expects to find in such a book, there 
are sections on mathematics and mechanics, chemistry, 
physics, meteorology, irrigation, sewerage and sewage 
disposal. Though not, of course, pretending to supersede 
special works on the various branches of engineering 
dealt with, yet, it is probable, a sufficient solution of 
many difficulties may be at once found in this collection, 
rendering further inquiry unnecessary in many cases. 
As this volume is a product of the United States, by 
writers practising in America, it represents more par- 
ticularly American usage, but uent reference is 
made to what is done in other parts of the world. 
The complete book is somewhat cumbersome, but it 
; can be obtained as two separate volumes, each of which 
includes the index of the whole work. 
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potential employment it may, in fact, be said that as 
regards hydro-electric resources, Canada is better off 


HYDRO-ELECTRIC PROGRESS IN 
CANADA. 
than any other country. 


Statistics, which have recently been issued by| A short time ago we called attention to the progress 
the Minister of the Interior, show that the develop- | being made by the Ontario Hydro Electric Power Com- 
ment of the hydro-electric resources of the Dominion | mission ; apart from their work, the resources of Ontario 
of Canada is taking place at an increasingly rapid | are being developed by the Abitibi Power and Paper 
rate. On June 30 last, installations with an aggregate | Company, who are building a 275,000 h.p. station on 
capacity of 1,680,000 h.p. were under construction, | the river of that name. In Quebec it will be possible to 
and, as many of these represent the initial stages | obtain another 2,000,000 h.p. from the St. Lawrence. 








only of larger developments, it is estimated that 
about 2,000,000 h.p. will have been added to the 
horse-power in operation, when they have reached their 
ultimate designed capacity. | 
The rate of progress is well illustrated by the upper | 
inset diagram reproduced above. As will be seen, | 
in 1910 less than 1,000,000 h.p. had been developed, | 
and this amount had approximately trebled by 1922. | 
In the eight years since then the latter figure has, how- | 
ever, been doubled, with the result that at present the | 
total horse-power installed amounts to some 5,700,000. | 
This is expected to have increased to 6,075,000 h.p. | 
by the close of the present year. As will be seen | 
by the lower diagram, however, the horse-power which 
has been utilised still remains but a small proportion 
of that potentially available. The province of Quebec, 
for instance, is alone capable of contributing some 
8,500,000 h.p. at ordinary minimum flow, while Ontario 
can supply over 5,000,000 h.p., Manitoba more than 
3,000,000 h.p., and British Columbia nearly 2,000,000 
h.p. From the economic point of view the location 
of water power in relation to the place of its probable 
utilisation is as important as its availability. In this 
respect Canada is also fortunate, as will be gathered 
from the map above. The sources of supply are distri- 
buted from coast to coast, and ample power is avail- 
able within easy transmission distance of practically all 
the large cities. Moreover, in districts where the water 
power is small, such as the southern portions of Alberta 
and in Saskatchewan, there are large deposits of coal, 
so that the position could hardly be more favourable. 
It may be added that while approximately 60 per 
cent. of the total resources are situated in Ontario 
and Quebec, over 80 per cent. of the manufacturing 
industries are also concentrated in those provinces. 
This is emphasised by the information given in the 
map, which shows the positions both of the developed 
and undeveloped sites, as well of the capacities of the 
sites, which yet remained to be utilised. These lie 
principally in the northern parts of Quebec, Ontario 
and the Western Provinces, though there are also a 
number of sites in Northern Manitoba, Saskatchewan 
and Alberta, which are practically untouched, and 
the outlook in British Columbia is also exceedingly 
favourable. Both in actual development and in 








Part of this will be brought into use when the 
station at Beauharnois is completed. This station 
is designed to utilise a fall of 80 ft. between the 
St. Francis and St. Louis lakes, and will have an initial 
capacity of 200,000 h.p. The first hydro-electric station 
in Saskatchewan has been recently completed. This is 
situated at Island Falls on the Churchill River, and 
has an initial capacity of 42,000 h.p., the ultimate 
capacity being double that amount. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 


On November 12, the Society of Glass Technology 
held a joint meeting with the Ceramic Society, at 
Stoke-on-Trent, at which four papers were presented, 
of which we give abstracts below. 

The Structure of Glasses: The Evidence of X-Ray 
Diffraction, by J. T. Randall, H. P. Rooksby and 
B. S. Cooper. This paper dealt with a number of 
clear glasses showing no visual signs of devitrification, 
which had been examined by means of X-rays, for 
evidence of incipient crystallinity. The general 
conclusion was that many glasses do consist of extremely 
small crystals, the order of size being 10-® to 10-7 cm. 
Vitreous and amorphous silica consisted largely of 
cristobalite crystallites of size about 1-5 to 2-0 x 
10-7 cm. The distribution of particle size was not simple. 
The crystallites probably consisted of at least two 
groups, one having a much larger average size than 
the other. Wollastonite glass in all probability consisted 
of crystallites of pseudo-wollastonite, the hexagonal 
crystal formed at high temperature, and of the same 
order in size as the vitreous silica crystallite. Sodium 
borate glass consisted of small crystallites of Na,B,0,. 

A commercial hard glass, containing 70 per cent. 
SiO, and 17 per cent. B,0;, was found to contain a 
large proportion of the silica as cristobalite crystallites. 
The presence of cristobalite crystallites in a glass 
depended upon the nature of the oxides other than silica, 
rather than on the proportion of silica present. One 
glass of percentage composition 70 SiQ,, 17 Na,O, 
5CaO, 4MgO, gave an X-ray pattern quite different. 
The oxides of boron and aluminium did not appear to 





IN CANADA. 


combine with silica, whereas the oxides of the strongly- 
electro-positive elements calcium and sodium did, 
thereby destroying the silica lattice. Strained and 
unstrained glasses gave identical patterns. The authors 
regarded the term ‘* amorphous ”’ as having little mean- 
ing. Amorphous bodies and glasses were both really 
crystalline. 

A Method for the Measurement of Plasticity of 
Clays, and Some Applications, by E. J. C. Bowmaker. 
This paper concerned experiments in which the method 
of Dr. K. Pfefferkorn was slightly modified, and applied 
to the determination of the plasticity of many and varied 
samples of clay. 

The plasticity of a clay paste was described as the 
ability of the particles to slide over one another, or 
the inverse of the shearing stress set up. The relation- 
ship between the ‘‘ deformed height,” and the grams 
of water used in mixing the 100 grams of clay, was 
shown graphically, the former units being ordinates. 
The curves obtained were to all intents and purposes 
straight lines. There was considerable variation in 
the slope in some cases; the mean distances of the 
curves from the X-axis differed. Denoting the 
intersection of a curve with the lower X-axis by R, 
and that of the curve with the upper X-axis by r, the 
plasticity was expressed by P= R (R —1r). By the 
application of this formula to the results on the de- 
formation of plaster cylinders of various clays and 
mixtures, values of P were obtained generally in the 
order which practical experience indicated. Hence 
the method would seem to be worthy of more exten- 
sive use in investigating the property of plasticity. 

Specifications for Tank Blocks, by W. J. Rees. 
In this paper Mr. Rees examined the Provisional 
Specification for Glassworks Refractories, as prepared 
in 1919 by the Refractories Committee of the Society 
of Glass Technology, in the light of the greater amount 
of useful data and experience now available. With 
regard to tank blocks, the experimental and practical 
evidence of the last ten years had probably shown that 
the recommendation to use aluminous clays had been a 
sound one. In general, the experience under the inten- 
sive modern methods of glass production in tank 
furnaces, had confirmed the advantage of the use of 
clays of high alumina content. Possible exceptions 
might arise in tanks melting glasses zich in boric acid. 
The successful application of refractories prepared 
from natural sillimanite, cyanite, or andalusite, or 
synthetic mullite emphasised the effect of ‘‘ mullite ” 
content in promoting chemical resistance. The 
recommendations and suggestions appended to the 
Specifications had been very helpful, in that they had 
aroused much criticism and discussion. The sugges- 
tions with regard to the methods of use of tank blocks 
had been largely adopted by glass manufacturers. 
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Notes on the Casting of Refractories, by W. 
Emery. In this paper, consideration was given to 
two main classes of slip, namely, (1) those containing 
fairly high proportion of large grained non-plastics, 
such as were used often for the making of gas retorts, 
and (2) those in which the non-plastics were in moder- 
ately fine grains. Experiments undertaken by the 
author to explore the possibility of casting horizontal 
fireclay gas retorts were described, the work embracing 
both the laboratory and the works sections. The 
effects of various deflocculants on the suspending power 
of the slip, and modifications of the blunging process 
were tested. Soda silicate 100 deg. T, and soda car- 
bonate were used as liquifying agents in the laboratory 
tests and later, a mixture of these two materials in the 
ratio of 2:1 was used as deflocculant in the large 
scale work. Finally, retorts measuring 5 ft. by 
2 ft. 4 in. by 2 ft. were cast, dried, and burned satis- 
factorily. Tests made in different laboratories on 
portions cut from a specimen showed a maximum 
variation of 0-8 per cent. in porosity, and a maximum 
difference of 0-03 per cent. in the after-contraction. 
This experimental work showed that, using alkaline 
deflocculants only, it would be possible to produce 
goods in many respects superior to those obtained from 
the same mixes, hand moulded; and that when the 
upper limit of grog content possible with plastic 
pressing was reached, the casting process enabled 
further additions of non-plastics to be incorporated, 
and, if need be, they could be of much larger size. 
The author was assured that for certain designs of 
saggars used in the sanitary trade, casting was cheapest. 
The process also found use in the production of sup- 
porting slabs, and certain intricate sections of com- 
bustion zones of tunnel kilns. 








THE EFFICIENCY OF LIGHT 
WELLS. 

In buildings covering a large area internal wells 
have to be formed to assist the natural lighting. So 
much of the site as has to be devoted to this purpose 
is lost for the purpose of building, and the sacrifice is 
the greater with tall buildings, such as are necessary 
when ground space is dear, not only because the loss 
of floor space is proportionate to the height, but 
also because the dimensions of wells have to be greater 
in order to give sufficient light on the lower floors. 
Designers up till now have had little exact information 
to guide them in proportioning light wells so as to 
give adequate light with the least possible sacrifice 
of ground, and the Illumination Research Committee 
of the Department of Scientific and Industrial Research 
has accordingly caused a large number of experimental 
determinations to be carried out on the subject. An 
account of these is given in a recently published paper 
by Mr. H. F. Meacock and Mr. G. E. V. Lambert.* 

The amount of daylight reaching any point in a 
building does not depend on the dimensions of the 
building, and of the bodies by which light is admited 
or obstructed, but on their relative proportions. The 
present investigation was accordingly made on small- 
scale models of wells of various proportions, on which 
determinations were made of the daylight factors at 
a number of points on the sides of the well. As 
explained in a previous paper,t the daylight factor 
at a point within a building is the percentage which the 
illumination at that point is of the unobstructed 
illumination received simultaneously outside the 
building—in the present observations, received on a 
horizontal surface at the mouth of the well. The 
brightness of the well wall relatively to that of the 
sky, on which depends the illumination of a room 
which receives its light from it, is equal to its 
daylight factor multiplied by the reflection factor 
(ratio of light received to light reflected) of its surface. 
A method, based on one shown in the previous 
paper, is described, by which the illumination at 
any point in a room, lighted by a well of given 
dimensions and with walls of a given reflection 
factor, can be calculated from the results given 
in the paper in respect to the illumination of the 
well walls. The results themselves relate to the illu- 
mination, expressed as daylight factors, of the walls 
of the wells themselves. 

The models of wells on which the studies were 
made had ratios of length to breadth ranging from 10 
to 0-5, and of depth to breadth of from 10 to 3. The 
bottom of the well was in all cases covered with black 
velvet, and the walls were covered with a matt-white 
paint. of which the reflection factor was modified by 
the addition of a matt-black paint, so as to give reflection 
factors varying from 80 to 24-6 per cent., with a 
surface as nearly as possible giving perfect diffusion. 





* Illumination Research: Technical Paper No. 11. 
H.M. Stationery Office. [Price 9d. net.] 
+ Illumination Research: Technical Paper No. 


Penetration of Daylight and Sunlight into Buildings. 
H.M. Stationery Office. 


(Price ls. net.] 
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A special series was made with white glazed tiles. 
The measurements were made at short intervals 
down the wall along the centre line of the length of the 
opening. The models were arranged in a large 
whitened room, so illuminated as to give a nearly 
uniform brightness at the opening of the wells, serv- 
ing as an artificial sky. 

Among the large number of numerical results ob- 
tained, one series of curves, made for wells of different 
reflection factors, shows for different lengths of well 
opening the variations of the daylight factor with 
depth of well. A second series shows, also for wells 
of given reflection factors, how at each depth the 
daylight factor increases with increased length of 
opening, indicating for each depth a length of 
opening at which practically the maximum light 
is admitted. With a reflection factor of 63:5 per 
cent., for instance, the light admitted through an 
opening about six times as long as the breadth is not 
increased appreciably by increasing the length. A 
third series shows for various depths how sharply the 
daylight factor is affected by variation of the reflection 
factor, especially at relatively large depths. The 
observations with glazed jtiles gave results similar 
to those obtained from matt surfaces of about the 
same reflection factor, at least for all daylight factors 
above 2 per cent. It is intended to check these results 
by comparison with those obtained from full-size 
light wells—and the rooms lit by them, though there is 
no reason to expect any practical disconformity. 
It must be borne in mind, however, that in the smoky 
air of towns reflection factors are not easily maintained 
at their original efficiency. 





to be enamelled or plated generally arrive from the 
lathes or presses covered with a film of oil, while parts 


numerous practical methods of doing this. 


the temperature is too low, the removal of the oil will 
be incomplete, while if it is too high, there is a risk of 
oxidation. For cleaning generally, steel or brass wire 
brushes moistened in weak acids or soap solutions are 
often employed, as also are steam jets. These methods 
are both laborious and unsatisfactory if the encrusta- 
tion has gone too far. The use of chemical cleaners, 
such as petrol, benzine, carbon tetrachloride, and trich- 
lorethylene, is more effective, but the two first are 
highly inflammable and the other two give off fumes, 
which are dangerous to health. Caustic soda and certain 
organic solvents, though free from these disadvantages, 
are unpleasant to use and are deleterious both to the 
skin and eyes. 

All these drawbacks are, it is claimed, overcome by 
the use of the emulsion degreaser, which is being 
marketed by Messrs. Henkel und Cie, G.m.b.H., of 
Diisseldorf, Germany, under the name of P;. This 
consists of a mixture of water-glass and tri-sodium 
phosphate in the form of a finely divided powder. 
Experiments in Germany during the war showed 
that water-glass had good cleaning properties, and it 
has since been used in practice, both alone and mixed 
with strong caustic soda or caustic potash liquor. 
One of the disadvantages of these preparations is, 
however, that they are in liquid form, while they 
also possess the corrosive properties already mentioned. 
The use of tri-sodium phosphate not only overcomes 
this latter defect, but causes an emulsion to be formed 
with the grease and oil when the latter come in contact 
with P, in an aqueous solution. As, in addition to the 
phosphate, Ps only contains a silicate with a low alkali 
content, there is, it is claimed, no harmful effect on 
the skin or eyes, and, even when used in open vats, no 
deleterious vapour is given off, and there is no risk of 
fire. It is found that the best results are obtained 
when the solution is at a temperature of about 80 to 
90 deg. C. (176 to 194 deg. F.), and the concentration 
is from 3 to 4 per cent. Under these conditions, the 
dirt as well as the oil and grease are removed. Light 
films of oil and dirt can, however, be eliminated by a 
1 to 2 per cent. solution. In practice, the solution is 
placed in a suitably heated vat and is kept in motion by 
agitators, as it is found that the emulsifying effect is 
thereby increased. Another important advantage 
claimed for this material is that, unlike caustic soda, it 
can be used for cleaning such metals as aluminium 
and its alloys, as well as tin, zinc and brass, and can 
also be employed for treating wood, leather and tex- 
tiles. The washing leaves the metal covered with a 
film which is resistant to oxygen. 





According to a report made by Dr. Hermann Stad- 


DE-GREASING BY EMULSIFICATION. | 


linger, there is a definite relationship between the 
emulsifying effect of P, and the nature of the oil 
or grease deposit. This was determined by exposing 
iron sheets, which had been previously cleaned and 
then covered with a film of oil, to the atmosphere 
for a week and subsequently placing them in a boiling 
P, solution. It was found that the films were re- 
moved in the following times: Linseed oil and tallow, 
6 minutes; mineral oil, 12 minutes; train oil, 13 
minutes; soya bean oil, 23 minutes; olive oil, 25 
minutes; colza oil, 25 minutes; animal grease, 35 
minutes; and Stauffer grease, 120 minutes. These 
are average times and; in practice, the actual period 
required may vary within wide limits. Under certain 
conditions, some of the saponifiable oils and greases 
may take even longer to remove and this, in Dr. 
Stadlinger’s opinion, seems to prove that the action of 
P, depends on emulsification rather than on saponifi- 
cation. 


THE ROYAL 
SOCIETY. 


TuHE usual monthly meeting of the Royal Meteoro- 
logical Society was held on December 17, in the 
Society’s rooms, South Kensington, Mr. R. G. K. 
Lempfert, C.B.E., M.A., President, being in the chair. 
The following papers were read and discussed :— 

Heavy Falls of Rain in Short Periods of Two Hours 
or Less, by John Glasspoole, M.Sc., Ph.D. The 
paper stated that a knowledge of the frequency of 
occurrence of unusually heavy rains was of considerable 
practical importance, especially in the design of sewers 
for the discharge of flood water. Schemes for the 
| disposal of flood water were costly, and the engineer 
had to balance probability delicately against possibility, 





An important secondary operation in many metal and to seek the solution which would give a reasonable 
working processes is the removal of adherent layers of | degree of immunity from flooding at a reasonable cost. 
oil, grease and dirt. For instance, articles which have |The paper gave details of intense falls in 10, 15, 30 


| and 60 minutes, as recorded in 7 years at 14 stations 
| distributed over the British Isles. This was a more 


sent in for repair are similarly more or less coated with | detailed examination than has been carried out pre- 
dirt and grease, which is often both thick and hard. In| viously. The paper showed, for example, that at 
both cases, these deposits must be cleaned off before | Camden Square (London), 0-16 in. or more had fallen 
further work can be done. As is well-known, there are | in 10 minutes on 22 occasions in 7 years, and that, 
Before | on the average of the 14 stations, 0-80in. or more had 
enamelling or pickling takes place, the work may be | occurred in an hour once in 7 years. It was often 
heated. This must be done carefully, however, for, if | Teasonable to provide for all except the two or three 


highest storms during 7 years, and details were therefore 
given of the heaviest, second heaviest and third heaviest 
rains in specified times at each station. 

The Factors Affecting Visibility at Valentia Obser- 
vatory, by M. T. Spence, B.Sc. This paper analysed, 
by means of frequency tables, the relationship at 
Valentia between visibility and (a) cumulus cloud; 
(6) wind force; and (c) humidity. It was found that 
visibility was better when there was cumulus cloud 
|in the sky than when there was not, that visibility 
| deteriorated with increasing wind force and improved 
with decreasing relative humidity down to compara- 
tively low values of humidity. The relationship 
between visibility and cumulus cloud was regarded as 
showing that visibility at Valentia was generally 
better in air of polar origin than in air of equatorial 
origin. Further support for this view was derived 
from a paper by Dines and Mulholland, in which it 
was shown that northerly winds gave generally better 
visibility than southerly winds at Valentia. The 
deterioration of visibility with increasing wind force 
was not due to the stronger winds being land winds, 
nor to their being more humid than the lighter winds. 
It was concluded, therefore, that sea spray, the amount 
of which varied with wind force, gave rise to the 
greater obscurity with strong winds. It was suggested 
that improving visibility with drier air at comparatively 
low values of relative humidity might be associated 
with slow evaporation from the hygroscopic nuclei. 








Factory Etecrrirication.—Mr. J. W. Crampton, 
73, Queen Victoria-street, London, E.C.4, has issued a 
useful little booklet which he desires to bring to the 
attention of firms who are intending to change over 
their factories from mechanical to electrical driving. 
This emphasises the need, in the case of new works, of 
obtaining full information as to the tariffs available 
before the site is actually selected. It also gives some 
hints, which are more generally applicable, on the relative 
advantages of the alternatives which will probably be 
offered. In this connection, he makes a praiseworthy 
attempt to explain the inwardness of power factor, with 
what, we hope, will be successful results. Further, he 
stresses the fact that attention must be given to certain 
points in the supply undertaking’s contract, and the 
advisability of designing the installation both to suit the 
consumer’s requirements and the tariff under which he 
pays for his energy, and does not forget the importance 
of close collaboration between the factory owner, the con- 
sulting engineer, the architect, and the contractors from 
theearliest stages. The first of these parties will do well 
to ponder many of the points that Mr. Crampton mentions. 
for by so doing he may save himself both anxiety and 
expense. 
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THE SANGAMO ELECTRICITY 
METER. 


THE integrating meter, which, in one form or another, 
is to be found on all premises where electricity is 
used, is a device which the average consumer is apt 
to take very much for granted, unless he has reason 
to believe that it is registering more energy than has 
actually been used. To the supply engineer, on the 
other hand, this instrument represents capital which, 
in the case of a large undertaking, may amount to 
several thousand pounds, and he is, therefore, not 
unnaturally concerned that it shall be robust, require 
little maintenance, and have a long and accurate life. 
While, therefore, no revolutionary changes have taken 
place for many years in the general design of these 
instruments, their accuracy has been increased and 
great improvements in detail, especially in appearance, 
size and easy assembly and dismantling, have been 
made. As regards the first point, Mr. E. Fawsett 
recently stated that the average registration of the 
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moving parts and adjustments, the arrangement of 
which will be clear from the drawing reproduced in 
Fig. 2, are mounted on a grid, A, which, with the cast- 
iron enamelled base to which it is secured, forms a con- 
tinuous shield round the magnetic circuit. This grid 
can be removed by loosening three cheese-headed 
screws, 80 that access can be obtained to the electro- 
magnetic structure; it can also be replaced without 
disturbing the adjustment or calibration of the meter. 
The permanent magnets, which are of a modified horse- 
shoe type to ensure that the disc, B, moves in a narrow 
air gap, are made from special steel alloy, and are aged 
in a strong field to ensure permanence. They are 
secured in place by screws and plates of nickelled brass. 
The shunt, or voltage, element of the motor is built 
up of silicon-steel stampings, which are assembled in 
jigs and riveted hydraulically to prevent burring. The 
shunt coil is wound with enamelled copper wire, each 
layer being insulated from the next by paraffin wax 
paper, while the completed coil is wound with tape 
and impregnated with varnish. This coil can be 
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alternating-current single-phase meters in the North- 
East Coast area was 100-6 per cent., 100-8 per cent. 
and 101 per cent. after nine, twelve and fifteen years, 
respectively, 100 per cent. being taken as the correct 
figure. These excellent results are being maintained 
by the use of higher quality alloys for the magnets, 
thus resulting in greater permanency, while bearing 
faults, which account for about 35 per cent. of the 
total failures, are being dealt with by the use of cupped 
jewels and steel balls, the reduction of the bearing 
surfaces, and by special attention to methods for exclud- 
ing dirt and providing proper lubrication. As regards the 
other points, mass-production methods of manufacture 
have led to greater compactness in design, and have also 
rendered it possible for the finished instrument to be 
built up of a number of constituent parts which can 
easily be assembled and dismantled without any tool 
more complicated than a screw driver. In addition, 
the first and maintenance costs have been reduced, and 
the manufacturer is prepared to provide what is con- 
veniently known as “ service,” in case of need. 

These statements may be illustrated by referring to 
one of the meters manufactured by Messrs. British 
Sangamo Company, Limited, Cambridge Arterial-road, 
Enfield, Middlesex, and then by saying something at to 
the way in which these instruments are produced. For 
the former purpose, we may select the single-phase 
meter, which is made in sizes capable of carrying 
currents from 2$ amperes to 10,000 amperes at 
pressures up to 260 volts, and frequencies between 
40 and 100. It is, therefore, of a type which is likely 
to have a wide, if not a preponderating, application 
in future. This meter, which is illustrated in Fig. 1, 
is made in two sizes, the overall dimensions being 
8-2 in. by 5-94 in. by 5-25 in. deep in each case, with 
a slightly larger terminal box when the rating is 
between 25 amperes and 100 amperes. Above the 
latter loading, current transformers are, of course, 
used. The net weight of the 24-amperes to 50-amperes 
sizes is 83 lb., and of the 75 ampere to 100-amperes 
sizes 8} lb. The meter operates on the induction 
principle, and is, in effect, a split-phase motor driving an 
eddy-current generator, the parts being dimensioned 
so that the speed of a disc is directly proportional 
to the power passing through the circuit. All the 
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disconnected for testing purposes by loosening a 
screw a few turns, and is placed in position on the 
core before the riveting is effected. The series yoke 
and coils are produced in a similar way, the latter 
being kept in position by clips. 

As shown in Fig. 2, the brake disc B is carried on 
a collar C which is secured to a vertical Duralumin 
spindle D by a grub screw. This spindle is provided 
with a removable lower pivot, E, 0-05 in. in diameter, 
which is supported in a cup-shaped artificial sapphire. 
This sapphire is carefully tested for thickness before 
insertion, to obviate subsequent adjustment, and has 
been found more stable than a natural stone. This 
jewel is fixed in the lower bearing, F, the position of 
which is adjustable with respect to the main grid. The 
upper pivot, G, is 0-019 in. in diameter, and runs in an 
upper bearing, H, which is similarly adjustable by a 
screw. Moreover, when this screw is removed the 
rotor can be taken out without disturbing any other 
part. Both pivots are provided with caps, which 
retain the oil and prevent the entrance of dust. The 
revolutions of the disc, which, of course, depend on the 
energy passing, are transmitted by a worm J to the 
counting train, which is accurately locked in position 
and can be engaged or disengaged simply by operating 
two small levers. The terminals, which are of brass 
moulded into bakelite sheaths, are fixed by a grub 
screw from the back of the base, so that they are 
easily replaceable. They are enclosed in a separate 
box, the door of which is secured by two screws and 
is arranged so that it can be sealed. The cover is 
either of dull black enamelled pressed aluminium or 
moulded glass, and is secured to brass fixing stems 
by nuts, the joint between the cover and the base 
being made by a cork gasket. These stems are, in 
turn, screwed into the base. The meter is provided 
with a handle, so that when it is being carried the 
movemez.t is relieved of weight. This handle folds 
back under the meter when the latter is fixed in 

sition. 

The full-load speed of this meter is 25 r.p.m., the 
torque being then 45 mm.-gm. The rotor weighs 15 gm. 
The shunt loss at 200 volts and 50 periods is 1-2 watt, 
and the series loss with a 5 ampere coil 0-3 watt, 
while the magnetising current at 200 volts is 0-017 


ampere. The starting current is guaranteed to be 0-5 
per cent. of the full-load current, and the accuracy to be 
within + 2 per cent. from 125 per cent. to 5 per cent. 
load at all power factors from 0-5 lagging to 0-5 
leading. Voltage and frequency variations of + 10 
per cent. are stated not to affect the accuracy by more 
than + 0-2 per cent. and + 1 per cent., respectively. 
It may be added that the meter complies fully with the 
British Standard Specification for this class of instru- 
ment, as well as with the Board of Trade Regulations, 
and that it has been approved by the Electricity 
Commissioners. 

Turning to the factory in which these meters are 
produced, Messrs. British Sangamo Company, Limited, 
have recently secured 10 acres of ground on the new 
Cambridge Arterial Road at Enfield, on which premises 
with 34,000 sq. ft. of floor space have been erected. 
These consist of a two-storey building which is roughly 
U shaped in plan, the ground floor housing the machine 
and tool rooms, paint shop, stores, shipping department, 
and sub-station, while on the first floor are the offices, 
light machine room, assembly department and _ test 
rooms. The necessary castings, a proportion of the 





stampings, and some of the tools are obtained from 
specialist firms, so that the space occupied for these 
purposes is small compared with the total output 
of the factory. The main machine shop is equipped 
with a number of light drilling machines, and also con- 
tains two quadruple-head drilling and tapping machines 
manufactured by Messrs. Hey Engineering Company, 
of London, which enable 25 operations to be effected 
on the base of the meter at one set up, the total time 
taken for these operations being only 15 seconds. One 
of these machines is illustrated in Fig. 4, on page 816. 
| The four heads are each fitted with independent gear- 
| ing and mechanism for controlling the feed speed and 
|the limits of travel in both directions. They are 
| driven by one motor. The normal procedure is to 
| drill holes in the base on one machine and tap them on 
| the second, after which only one further operation, viz., 
| that of drilling the fairly large holes for the terminal 
posts, is necessary on the base of the meter. Mention 
may also be made of the automatic lathes which are 
| used for cutting the spindles for the gear wheels of the 
|counter trains. Although a high degree of accuracy 
| is required, it has been possible to form the pivot 
| points, collar and taper from the bar at a high 
| speed, after which polishing is effected at a speed 
| of 20,000 r.p.m. Subsequently, each wheel is indivi- 
| dually fitted to its spindle, being drilled to the exact 
| size on an automatic machine. A view of the gear 
| cutting and other small machinery used for making 
the parts of the trains, is given in Fig. 3. It may 
be added that these trains are entirely manufactured 
at Enfield. The pivots are ground on special machines 
and are afterwards carefully cleaned with wood pith 
to remove all the dust, while the joints are examined 
microscopically with a magnification of 62 diameters, 
both before and after they have been mounted. In an 
annexe to the main machine shop are three bakelite 
presses, two of which are heated by gas, while on the 
third the heating is effected electrically. 

As already mentioned, an important factor in the 
production of meters is the ageing of the magnets. At 
Enfield, these are magnetised up to saturation by an 
| electro-magnet, which is supplied from a_ battery 

with a current up to 14,000 amperes, the operation 
consisting in placing the yoke over a copper’bar and 
then closing the circuit by a keeper. The required 
| strength is adjusted by linking the magnet with the 
| secondary of a current transformer, the current in 
| which can be varied, and is measured by the effect 
| produced when a specially constructed coil cuts the 
|lines of force. This coil is mounted on the end of a 
| pivoted arm and drops from a given height at a 
constant speed into the magnet gap. The current 
| induced is measured on a mirror galvanometer, and the 
|operator can thus gauge the adjustments that are 
| necessary to give the requisite degree of magnetisation. 
Ageing is effected after the meter has been assembled 
by placing the magnets in a three-phase rotating field, 
which is controlled by a reactor so as to obtain a wide 
and even distribution of the flux. 

As regards the important process of testing, all the 
alternating-current meters made at Enfield are first 
flash tested at 2,000 volts and are then quarter-phased, 
after which they are examined for creep at no load. 
They are next tested on load against a master meter. 
This is effected by a stroboscope, the discs of both 
meters being marked with a large number of shallow 
radial slots which are illuminated by a lamp. When 
the two discs are running at the same speed, these slots 
appear stationary, but if the meter under test is slow 
they appear to move backwards. In that case, the 
magnet of the meter on test is weakened until exact 
correspondence between the two meters is obtained. 
Subsequently, the meter is run for 24 hours on full 
load to test the accuracy of the counting trains. The 
master meter is checked frequently against a wattmeter 
which, in turn, is calibrated by standard instruments 
every three months. The same master meter can be 




















used for all currents between 2} and 100 amperes by 
the employment of suitable transformers, while the 
necessary alterations in voltage and frequency are 
effected by adjustments in the generator room. The 


method employed for this purpose is to use a series | 


of alternating-current motors which are coupled to 
alternating-current generators, the latter, in turn, 
supplying current at the various voltages and fre- 
quencies required. 

To ensure an ordered and even flow of work through 
the factory, each part, after machining, winding or 
intermediate assembly, is returned to the progress 
stores, whence it is again issued for further treatment. 
Considerable space for the storage of the finished instru- 
ments is also provided, since it has been found that the 
demand for meters is seasonal, the highest demand 
being experienced in the early autumn, and that it is 
therefore economical from every point of view to pro- 
duce for stock during a portion of the year. This 
procedure naturally increases the promptness with 
which delivery can be effected. It may also be men- 
tioned that considerable attention has been paid to the 
natural and artificial lighting of the factory, that all 
the shops are provided with dust-proof floors, and that 
special care has been taken to prevent any penetration 
of dust into the meters during the process of manufac- 
ture. 








ROAD TRAFFIC IN THE UNITED 
STATES. 


Durine the Annual Conference on Highway Engi- 
neering held at the University of Michigan last year, 
the question of co-ordination in transportation was 
one of the subjects brought prominently before the 
notice of the Conference. 

In this year’s Conference, held at the University of 
Michigan in the spring, Professor H. C. Sadler returned 
again to the subject, and laid stress on the increase 
in business following on each new form, improvement 
or added facility for transportation, particularly if it 
could be made use of as a new feeder or adjunct to 
existing forms. He was opposed to the development of 
each form or type of transportation as a distinct unit 
in itself, withont relation to the general system of 
transportation, and his argument lost none of its 
force through our knowledge of the past history of 
transport in this country. 

In the United States, the problem of co-ordination 
of the different types of transport has already evolved 
the system of road-vehicle terminals, upon which 
subject a paper was contributed to the Conference. 
The origin of these terminals is said to have been due 
to farmers who had produce to be sold in the market, 
and who, finding their products were not enough to 
form a full load, called on other farmers who could 
make up a load. After the produce had been sold, 
different goods were brought back from the city as a 
return load. 

At the present time, besides the smaller systems, 
there are five terminals of this type operating on a 
large scale, with modern equipment and _ facilities. 
The Central Union Truck Terminal of Indianapolis, 
established in 1925, is said to be the most important. 
It has its main terminal in Indianapolis, and has 12 
rural and local distributing terminals in the State of 
Indiana. It operates 17 main motor-vehicle routes. 
serving 160 cities and towns, with 65 lorries. Four 
terminals alone are operating no less than 104 lorry 
routes over seven States, and covering at least 500 
cities and towns; one of the terminals, it may be 
mentioned, handles 3,500 tons of freight daily. 

The terminals serve as depots, in which the opera- 
tion of route carriers are centralised and concentrated, 
and they serve as clearing houses for interchanging 
freight among the carriers. A development of the 
system is in the co-ordination of the service with ware- 
housing, with the railways, and with steamship facili- 
ties. Thirteen of the railways have already contracted 
with the road transport operators for the combined 
railway and road service terminals for inter-railway 
terminal transport and general distribution. It may 
he questioned whether there are not districts in Great 
Britain, which are not too well supplied with railway 
communications, in which some such system of road 
transport terminals would not be to the advantage 
of the market gardener and farmer. 

In the discussion following a paper upon uniform 
traffic signs, signals and markers, the general practice, 
stated to be the best in the installation of Stop and Go 
signals, was to have kerb installations on each of the 
four corners of the road intersections. 
practice is to use four lights where traffic is heavy 
and two where the traffic is not so heavy, with the light 
on the far intersection. The lights should not be 
placed on a pedestal in the middle of the street in 
towns, but the overhead installation of Stop and 
Go lights seems to be the most practical in rural 
districts. The general practice adopted for the rela- 
tive position of the lights is red at the bottom, where it 
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Fic. 3. Grar-Cuttine SHop. 











Fic. 4. QuapRuPLE-HEAD DRILLING AND TapPIna MACHINE. 


can be more readily seen, amber in the middle, and 
green at the top. The flashing beacon is recommend d 
for certain types of road intersections, especially 
where there are hills approaching intersections. The 
flashing beacon will then warn motorists even when 
some distance away. 








Tue LErrzic SprinG Farr, 1931.—The General Samples 
Fair of the Leipzig Spring Fair, 1931, will be held from 
March 1 to March 7, 1931, while the Engineering, Tech- 
nical and Building Fair will take place from March 1 to 
March 11. In addition to the Japanese national exhibit 

| at the Fair, the Norwegian Government has decided to 
support an exhibition of its national products at Leipzig, 


BRITISH PRODUCTION OF P1G-IRON AND STEEL. 
The monthly memorandum of the National Federation of 
Iron and Steel Manufacturers, Caxton House, Tothill- 


| street, London, S.W.1, shows that the number of blast 


furnaces in operation fell by four during November. and 
at the end of the month was 92. The production of pig- 
iron during November was 384,100 tons, compared with 
415,000 tons in October, and 631,400 tons in November, 
1929. The November output of steel ingots and castings 
amounted to 433,700 tons, compared with 512,500 tons 
in October, and 815,000 tons in November, 1929. 


Royat Gotp MEDAL FoR ARCHITECTURE.—The Royal 
‘Gold Medal of the Royal Institute of British Architects 
| has been awarded to Sir Edwin Cooper. The Medal 
will be presented on March 2, 1931. 

a 

| AGRICULTURE AS A Basic INpustry.—In proposing 
| the toast of ‘‘ British Industry ” at the annual dinner 
of Messrs. R. A. Lister and Company, Limited, of 
Dursley, held on December 9 last, the Minister of 
Labour, Miss Margaret Bondfield, said that the agri- 
cultural industry represented about one-sixth of the 
total industries of this country. It employed about 
; 1,250,000 people, but the number should be still greater. 
| In all great countries where agriculture was prosperous, 
| it acted as a kind of shock absorber during periods of 


| bad trade, and it was necessary to start with this great 
| 
| 


| 
| 


industry in order to build up others on a firm founda- 
tion. She congratulated Messrs. Lister on their excellent 
record in a period of acute depression. In replying to 
| the toast, the Chairman of the Company, Mr. C. Percy 
| Lister, referred to the alliance that the firm had recently 
| effected with Messrs, Ruston and Hornsby, Limited, of 
| Lincoln, and mentioned that the beneficial effects of 
this alliance were already being felt. The vast organisa- 
tion overseas of both firms was now at the disposal of 
each, and they were looking forward to important 
| developments in their export trade, which would increase 
employment at home. 
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THE THIN-WALLED BLAST- 
FURNACES OF THE PRAGUE 
IRONWORKS COMPANY.* 

By Dr. J. SarEx. 

THE data existing in the literature on thin-walled 
blast-furnaces installed at Ria in Spain, and on Burgers- 
type furnaces used in Germany, do not give an altogether 
favourable picture of the results obtained in their 
operation, indicating but few of their advantages. In 
spite of that, thin-walled furnaces have recently been 
introduced in America, while in Europe, owing to the 
opinion still extant that such furnaces require a high 
consumption of coke, they have not become very 
popular. It is therefore worthy of note that four 
years ago the Prague Ironworks Company decided to 
install thin-walled furnaces, and now that the fifth 
furnace of that type is being built, it may be said 
that the considerations forming the basis for that 
decision have been fully confirmed by the experiences 
gained with these furnaces during the last four years. 

The successful results obtained may be emphasised 
by the fact that with the type of charge commonly 
used at the company’s plants, which is quite different 
from the normal charges usually met with at other 
works, thin-walled furnaces offer a ready means of 
control that was not available with the thick-walled 
blast-furnaces formerly used. This kind of charge, 
depending upon the properties and availability of the 
ores at the company’s disposal, causes serious difficul- 
ties during smelting, which account for many of the 
troubles and interruptions in operation experienced 
prior to the introduction of thin-walled furnaces. The 
troubles and failures in operation, however, emphasised 
the necessity for seeking their causes, and thus instigated 
careful studies of the blast-furnace process. These 
efforts resulted in the discovery of the causes of the 
troubles, which were eliminated as far as_ possible. 
Thus, the difficulties encountered in treating the ores 
occurring in Czechoslovakia were materially reduced, 
and in this the introduction of the thin-walled blast- 
furnace played an important part. 

It would be useless to mention the considerations 
which led to the decision to introduce the thin-walled 
furnace, without explaining the causes of the troubles 
involved in treating the lean and acid ores, and the 
manner of their elimination. In order to throw light 
upon these points it will be necessary to give some 
data concerning the properties of the ores used by 
the company, the production schedule at its two blast- 
furnace plants, as well as a study of the blast-furnace 
process. The Prague Ironworks Company owns three 
large ore deposits situated near Nucice, Krusna Hora, 
and Zdice. The ores mined there are smelted at two 
blast-furnace plants, one at Kraluv Dvur, near Beroun, 
and the other at Kladno Ironworks. 

The ores mined near Nucice are relatively rich, and 
are used at the Kladno works to produce Thomas pig- 
iron only. On the other hand, the ores from Krusna 
Hora and from Zdice are the principal components in 
burdening the Kraluv Dvur blast-furnaces producing 
various grades of pig, the analyses of which are given 
below. The charge in common use at Kladno is charac- 
terised by its richness, and its composition is subject to 
practically no changes. This explains why, in the days 
before the installation of thin-walled furnaces, the 
operating difficulties depending on the properties of 
the charge used did not occur in the same degree at 
Kladno as at Kraluv Dvur, where different kinds of pig 
were produced in short campaigns, and the respective 
charges consisted now of local ores, now of foreign rich 
ores, and sometimes of a mixture of both. The plant 
at Kraluy Dvur has usually two blast-furnaces in 
operation ; one is designed especially for the production 
ot cold, or low-silicon, pig-irons, the other for the 
manufacture of hot, or high-silicon, grades of pig. 
The same kind of iron, however, is often produced in 
both furnaces, or different grades in the same furnace, 
as the case may be. 

The foreign ores used at the Kraluv Dvur plant are 
chiefly the following: Ljubje ore, Vares ore, Gonzen 
ore, Greek ores, Spanish ores, &c. Other materials used 
are briquettes, roasted pyrites, scale, open-hearth 
slags, tap cinder, &c. The characteristics of these 
materials are sufficiently well known, and therefore 
only data relating to the ores occurring in Czechoslo- 
vakia will be given below :— 

Zdice Ore.—Chamoisite, as roasted : 





Analysis. 
Per cent. Per cent. 
Fe 37 to 39 CaO ... 3to4d 
PS. 1-1 MgO ... About 2 
Mn 0-1 Ss : 0-3 
SiO, 19 to 21 co, About 1 to 1-5 
Al,O, oe) eee 


The amount of limestone required in Thomas pig pro- 
duction is 52 kg. per 100 kg. of ore. The ore is com- 





* Paper read before the Iron and Steel Institute, 
at Prague, Czechoslovakia, on Monday, September 15, 
1930. Abridged. 














paratively well classified into two grades: Coarse 
grade of 15-mm. mesh, and fine grade of 5-mm. to 
15-mm. mesh ; it is fairly porous. One cubic metre of 
heaped coarse ore weighs about 1,300 kg., the fine ore 
weighing about 1,500 kg. 

Krusna Hora Ore.—Impure hematite, raw : 


Analysis. 
Per cent. Per cent. 
ee 36 to 38 CaO o«« Bites 
) re 0-55 MgO desnton 
Mn 0-10 ee «. O-4 
SiO, 19 to 20 co, ae, oe) 
Al,O, 10 ,, 12. Moisture ... 2, 4 


The consumption of limestone in Thomas pig produc- 
tion is about 53 kg. per 100 kg. of ore. The ore is 
comparatively dense and fairly coarse. One cubic 
metre of heaped ore weighs about 1,600 kg. The same 
ore in the roasted state contains as much as 39 to 42 
per cent. of iron; one cubic metre of the heaped 
material weighs about 1,500 kg. 

It will be seen from the above that the ores are acid 
and lean; they require, therefore, much limestone, 
and a large quantity of slag results from the process. 
On the other hand, the ore mines being situated near 
the works, the ores are transported by ropeways direct 
to the blast-furnace plant, while their high content of 
phosphorus results in a considerable yield of basic slag 
fertiliser. Again, large amounts of basic additions 
are required, but limestone of a very good quality is 
supplied from the company’s own quarry at Hostim. 
The analysis of the limestone is as follows :— 

Per cent. 

0-3 

E.... x 0-04 53-5 
SiO,... 0-7 1-0 
The resulting slag is sold in the form of slag sand to a 

cement plant situated near the blast-furnace plant. 

The situation at the Kladno blast-furnace plant is 
still more advantageous in that they have a relatively 
rich ore from Nucice at their disposal, which has, when 
roasted, a composition similar to that of Zdice ore, 
but contains 40 to 42 per cent. of iron and only 16 to 
18 per cent. of silica. The analyses of the various 
grades of pig-iron produced at Kraluv Dvur are as 
follows :— 


Per cent. 


0-1 yi 


CaO 


Fe 











TaBLe I 
|. @*. |. te ee oe 
Grade. | Per cent. | Per cent. | Per cent. Per cent. 
| 
Special open- | 
hearth | About 1-5 0-2 About 1-5 | 0-01 to 0-03 

Open-hearth | About 1-2 0-5 | About 1-3| 0-01 ,, 0-03 
Foundry -5to4 | 1-1to1-3 0-8 | 0-01 ,, 0-06 
Hematite .| 2t02°5 | 0-15 | 1-2 | 0-01 ,, 0-03 
Thomas ., About0-6, 2-0 | 0-2to 0-8) 0-01 ,, 0-05 


When producing low-phosphorus pig-irons the foreign 
ores are chiefly used, and since the various grades of 
pig are manufactured at Kraluv Dvur in short cam- 
paigns, opportunities are afforded for observing what 
influence is exerted upon the furnace working by 
charges differing considerably from each other, and for 
comparing the results obtained in the operation of the 
blast-furnaces producing various grades of pig from 
different types of charges. 

This variety of charges and of working conditions 
served as an ample and sound basis for the study of 
the blast-furnace process, which led to many valuable 
experiences and observations, and resulted in the 
decision to introduce the thin-walled furnace. This 
study is not yet completed, but it has already offered 
a full explanation of the causes of the troubles involved 
in treating the lean and acid ores. The results of this 
study were systematically worked out into a theory 
of the blast-furnace working, put forward in a thesis* by 
the present author in 1925. At that time certain 
topics were discussed in the literature of the subject, 
which could be explained by the aid of this theory, 
and a number of data justifying it have since steadily 
accumulated in metallurgical literature. 

With the old working procedure, when a low blast 
volume was used, the furnaces at Kraluv Dvur worked 
with great difficulty and irregularity, and yielded in 
fact a low output; scaffolding frequently took place, 
yet no striking deterioration of the shaft lining could 
be observed. Matters were changed as soon as large 
and powerful blowers were installed. Some of the 
rebuilt furnaces showed, after a certain period of time, 
a fairly high rate of working and a reasonable output 
with an increased coke consumption. Soon, however, 
it was observed that the lining of the shaft melted 
away and was destroyed, thus leading to a severe 
deformation of the furnace lines, which manifested 
itself in a rapid increase of the consumption of coke, 
frequent scaffolding, irregular building-up of deposits, 
&e. This striking turn in the working of some blast- 
furnaces, as well as the constant observation of various 
phenomena encountered in their operation, which 








* Dissertation presented at the School of Mines, 
Pribram. 


' could not always be explained upon the basis of the 
| data available in published records, made obvious the 
| necessity for forming some definite idea of the working 
| of the furnace, which may serve as a basis for explaining 
| the advantages offered by thin-walled furnaces. 

It is therefore necessary to present, at least briefly, 
|some points of the theory of blast-furnace working— 
| namely, those bearing on such operating conditions as 
| resulted in a successful control of the furnaces at the 
| company’s plants. 
| Blast-Furnace Working.—A detailed analysis of 
| various local conditions is not an object of the present 
| paper, but still it may be briefly stated that size, 
| composition, reducibility, fusibility, richness, and the 
| volume-weight ratio of the charge, and the composition, 
| size, physical strength, volume-weight, &c., of the coke, 
| have a great influence upon blast-furnace working. 
| Since, however, the external conditions are changeable, 
|a blast-furnace must necessarily be adapted to meet 
| these changes, which can be done by means of internal 
| changes relating to conditions of operation. In order 
| that the latter changes may be rational, it is necessary 
'to know the influence exerted by the conditions of 
| operation upon the furnace working, as well as their 
| mutual relation, for these factors are closely dependent 

upon each other. In order to throw light on their 
influence, they may be examined separately in such a 
manner that one only of these internal factors is 
| changed, while the other conditions, external as well 
| as internal, remain unchanged, thus making it possible 
| to consider the influence of such a change upon the 
| blast-furnace working. These influences are discussed 
| generally below. 

| <A substantial increase of the blast will result in a 
higher rate of melting and an increased velocity of 
air flow between the lumps of coke, so that on the one 
hand the centre of maximum temperature will be 
shifted upwards to higher positions above the tuyere 
level, while on the other hand the combustion zone 
itself will be enlarged. The higher situation of the 
combustion zone will lead to a decreased resistance 
of the charge in the bosh relative to the descending 
stock. Jammed and clinkered stock in the bosh is 
melted away under the influence of the heat, and the 
gas, finding an easier way at the peripheral parts of 
the charge, tends to break through those parts on its 
way upwards. The temperature in the vicinity of the 
bosh walls increases, leading thus to earlier melting, 
and the passage of the gas between the lumps of coke 
remaining is rendered easier on account of the motion 
of the latter. This results in a decreased gas flow 
through the centre of the furnace, the stock situated 
there comes down in a less prepared condition, and 
the dead cone formed between the tuyeres in the 
middle of the furnace grows into a column containing 
still unmelted pieces of ore. This column grows dense 
and, being impenetrable to gas and slag, is washed by 
the slag dissolving the ore remnants. 

On further growth of the cone, the ore portions may 
even come into contact with the ore bath. These 
reactions, accompanied naturally by reduction, result 
in the consumption of a certain amount of heat, which 
accounts for a further growth of the cone in the direc- 
tion of its diameter as well. The unprepared and 
relatively cold column is, of course, partly crushed by 
the weight of the charge, and parts of it, being irre- 
gularly broken off, appear from time to time in the 
form of dark pieces in front of the tuyeres. Further 
growth of the column prevents the slag from finding 
its way to the cinder notch through the dead cone 
and at the periphery below the tuyeres, which results 
in the slag appearing in front of them; the tuyeres 
begin to “ play”’ (spielen) or to become choked with 
slag. The combustion zone is reduced to a narrow 
circular ring at the periphery of the hearth and bosh, 
so that the iron flowing down through this annular 
zone, and being whirled around with the slag by the 
blast current, has not sufficient time to separate and 
begins to appear in the slag, at first in small and then 
in greater proportions. Such conditions in the hearth 
also affect the quality of the iron, which in part 
traverses the long distance through the oxidising 
atmosphere of the combustion zone, and in part is 
reduced in the dead centre of the hearth, where the 
metal is still further cooled, so that for the purpose 
of the necessary new reduction of the oxidised iron 
but little heat is found in the positions below the tuyere 
level. The iron produced is poor in silicon, cold, and 
rich in sulphur gained from the dead cone, where no 
desulphurisation occurs, but where the sulphur can 
dissolve in the iron. 

If the blast be materially decreased, this results in 
a lower rate of melting, the centre of maximum tem- 
perature being lowered to positions closer to the tuyere, 
and the extent of the oxidising zone at the tuyere being 
decreased. The melting zone is shifted to lower posi- 
tions, the path of the pasty stock from the bosh grows 
longer, and its resistance to the gas flow in the peri- 
pheral parts of the furnace increases. The gas finds 
its way more easily in the middle and prepares better 
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the central portions of the stock, which are thus melted 
at relatively high positions, and this results in a further 
increase of the gas flow through the middle of the 
furnace. The size of the dead cone is reduced. 
It consists now only of highly heated coke, through 
which the slag and iron easily penetrate. The tuyeres 
are clean. The oxidising zone in front of the tuyeres 
is short. The reoxidation of iron decreases. The 
quality of the iron produced is abnormally good. 

A similar influence is exerted by the temperature 
of the blast. The air supplied forms a certain zone 
at the tuyere in which combustion takes place. The 
zones thus formed at the individual tuyeres are 
connected into an annular zone of maximum tempera- 
ture, from which the gas, on its way upwards, spreads 
over the whole cross-section of the furnace. 

If the blast temperature be materially increased, 
this results in a higher velocity of combustion, the 
coke entering the combustion zone at a higher tem- 
perature. Combustion progresses more _ intensely, 
being confined in a smaller space. The annular 
zone of maximum temperature becomes shorter, the 
resistance to the gas flow at the periphery increases, 
and the gas tends rather to break through the middle 
of the furnace. If the temperature of the blast is too 
high, the individual combustion spaces do not form a 
continuous combustion zone, and in the vicinity of the 
tuyeres scaffolds are easily formed, so that consi- 
derable difficulties in introducing the blast into the 
furnace are encountered ; the quality of the iron and 
slag is, however, materially improved. 

If the temperature of the blast be decreased, the 
result is a lower velocity of combustion, the reaction 
going on at a lower temperature; the combustion 
space is increased, and forms a larger and longer annular 
zone, the stock situated at the periphery of the bosh 
offers a lower resistance to the gas current, and the 
gas penetrates more easily at the periphery of the fur- 
nace than through the middle. The influence of the 
volume, temperature, and moisture of the blast is 
naturally felt more in the lower part of the furnace, 
but after a certain period of time it will be manifest 
in the upper part as well. 

The number of tuyeres will not be discussed because 
of the brevity of the present paper; besides, the thin- 
walled furnaces of the Prague Ironworks Company 
have the same number of tuyeres as the old ones. The 
position of the tuyeres, that is, the ratio of the distance 
between their front ends to the hearth diameter, 
is an important means of regulating the furnace 
working. When the tuyeres are properly inserted 
in the furnace, the annular combustion zone formed 
is of such a size and diameter that the stock from the 
whole cross-section of the furnace enters it, the burden 
melts and the coke burns there, and the gas flows 
uniformly therefrom and spreads over the whole 
cross-section. If the tuyeres are inserted far into the 
furnace, the diameter of the annular combustion zone 
is reduced, the gas flows more intensely through the 
middle of the furnace, while the stock at the walls 
descends more and more slowly, until it hangs. Should 
the tuyeres be pulled out of the furnace, growth of the 
dead cone in front of the tuyeres takes place, or 
it may even be transformed into a dead column. 
The size of the tuyere opening defines how many pieces 
of coke and how many free spaces between them will 
be encountered by the current of air on entering the 
furnace ; moreover, it determines the velocity of the 
blast. 

If the opening is large, the air enters the furnace at 
a low velocity. In the immediate vicinity of the tuyere 
it comes into contact with a large area of coke, as well 
as with a large free space between the lumps of coke, 
thus entering into reaction with the coke in the vicinity 
of the tuyere. This results in a shortening of the 


combustion space vertically and its lengthening in a} 
horizontal direction, so that the gas finds its way more | 


easily through the middle of the furnace. In the case 
where the opening is small, the air enters the furnace 
at a high velocity, impinges vigorously against a small 
area of coke, with which it enters into reaction, and, 
flowing at first through a small free space between 
the lumps of coke, it causes the combustion space 
to extend to the bosh, so that the gas meets with less 
resistance, at the wall of the bosh and its flow through 
the middle of the furnace decreases. The influence 
of the size of the tuyere openings is not so important 
in practice as that of the tuyere position, but still 
when using “insertions” for all the tuyeres it may 
also come into consideration. 

Blast-Furnace Lines.—The most suitable figures 
for the furnace height, for the ratio of the throat area 
to the belly area or shaft angle, as well as for the 
bosh angle, are known from plant experience, and 
are observed in building furnaces in order to ensure 
that the gas flowing up from the circular zone near 
the tuyeres shall encounter approximately the same 
resistance, and therefore shall ascend comparatively 
uniformly over the whole cross-section of the furnace. 
Since, however, the charge usually consists of several 
grades of ore, or of several grades of coke and lime- 





stone, as the case may be, the various influences of the 
individual components, the properties of which differ 
but little from each other generally, counter-balance 
each other, and the blast-furnace section is therefore, 
with certain exceptions, on the whole the same. 

It is difficult to express numerically the ratio of 
the volume of heaped coke to the volume of the plastic 
softened mass. To get an idea of the gas permeability 
of the burden it would be necessary to estimate the 
volume that would be occupied by the softened burden 
together with the coke. Having appreciated what 
fundamental conception is concerned here, it is possible 
to express roughly the ratio mentioned by comparing 


the volume of heaped ores-plus-limestone with that | 


of heaped coke. With the ores commonly used it is 
possible to express this ratio in weight units by figures 
which give the ‘‘ bearing value”’ of the coke. These 
figures represent the weight of ores plus fluxes charged 
into the furnace per 100 kg. of coke, and they are more 
easily obtained in everyday practice. This ratio 
depends, of course, on the properties of the burden 
and of the kind of iron produced, as well as on the 
quality and properties of the coke used. Some examples 
that may be of interest are given below :— 

Bearing Value of Coke in producing 

Thomas Pig. 
In Weight Units. In Volume Units. 


Swedish self-fluxing ore About 180 About 0-25 
Self-fluxing Minette ore » 280 ~ OOP 
Roasted Bohemian ores » 285 ~~ ed 


While 1 cub. m. of heaped coke will bear about 
0-25 cub. m. of Swedish ore, so that even in the softened 
state there will remain enough free spaces between 
the lumps of coke, it is found that with the roasted 


Bohemian ores this ratio is very unsuitable, and the | 


gases pass through such a dense burden in the bosh only 
with great difficulty. 

With rich and self-fluxing ores the bearing value of 
coke is low, and therefore the permeability of the 
burden is high, whereas with lean and acid ores the 
bearing value of coke is high. The same is the case 
with various grades of pig produced from the same 
ores. The “hot” (high-silicon) pig irons require a 
lower bearing value of coke than the “cold” (low- 
silicon) irons, which are characterised by a lower 
permeability of the charge. In producing the high- 
silicon pig irons the various temperature zones are, 
of course, shifted upwards, which leads to changes in 
the position of the melting zone, so that in practice the 
influence of the bearing value of the coke does not mani- 
fest itself in quite the same manner as in the production 
of the same grade of pig from various ores. 

That ratio is considerably changed by iron additions, 
because iron has practically no plastic stage, on account 
of which the bearing value of the coke in weight units 
may be immensely increased with lean and acid burdens. 
By this means such figures for the bearing value of the 
coke may be attained that otherwise, without iron 
additions, would render the operation of the furnace 
impossible, because the coke added for melting the iron 
increases the permeability of the charge at high 
temperatures. On the other hand, with rich burdens 
and low coke-bearing values, the influence of iron 
additions is not so pronouncedly favourable, as it 
makes the burden too permeable to gas and may 
thus have a detrimental effect on the furnace working. 

The amount of the burden charged per 100 kg. of 
coke, or the permeability of the burden, is an important 
factor in furnace working, and influences therefore the 
furnace lines ; for, if the furnace is to work economically, 
its lines must be adapted to the permeability of the 
burden. With low bearing values of coke, furnace 
lines characterised by a relatively small ratio of the 
belly to throat areas, or, in general, narrower furnaces, 
are more suitable. With high bearing values of coke, 
furnaces with a relatively large ratio of belly to throat 
areas, or, in general, wider furnaces, where a more 
uniform flow of gas is attained, have proved to be 
successful. The latter furnaces are advantageously 
used for the production of cold (low-silicon) grades 
of pig, since in this production a small dead cone 
formed in the hearth centre has no detrimental influence 
on the quality of the product. The hot, or high- 
silicon, pig irons are profitably produced in the former 
furnaces, in which the silicon content and the proper 
grain of the product are not attained at the cost of an 
excessive coke consumption. Unsuitable furnace 
lines can, of course, be partly compensated for by a 
change of other production factors, so that it is possible 
to produce cold irons in a narrow furnace and 
vice versa. These measures, however, will never lead 
to such optimum conditions and results as would a 
furnace having suitable lines. 

The furnace lines are, of course, the least changeable 
operating factor in practice. Unless they change of 
their own accord, as they often do, they cannot be 
changed for years, and the only thing possible is to 
compensate their defects. When rebuilding a furnace. 
however, correctly designed lines are an important con- 
dition of good furnace working. The influences of 
the operating factors as briefly described above are 


interdependent in the sense that they partially supple- 
ment or neutralise each other ; that is, if, in a furnace 
operating successfully, a change of one of these factors 
takes place, the optimum of the furnace working is 
immediately lowered, and it is necessary to raise the 
optimum and thus regain the economy of operation 
by an appropriate change of the other factors. For 
instance, if a hot iron were made in a furnace, 
the lines of which were specially designed for cold 
grades of pig, then the lines would not meet the require- 
ments and would be changed in comparison with 
those required. To attain economical working it 
would not be sufficient merely to change the method 
of charging, but it would also be necessary to readjust 
| the position of the tuyeres, the volume of the blast, &c. 
| These changes, as well as their extent, cannot, of coures, 
be described in general terms, because too many 
interdependent factors are involved. It is, however, 
possible to follow these conditions in practice. 

The internal operating factors exert a deciding in- 
fluence on the furnace working no less than that of the 
external, local factors, which are not discussed in 
this paper. The resultant of all these factors, which 
either supplement or neutralise each other, deter- 
mines which of the various modes of furnace working, 
which range from completely internal (central) to 
completely external (peripheral) manners of running, 
will take place. These extreme conditions of furnace 
working are but rarely met with in a pronounced 
degree. The normal run usually deviates from the 
| optimum condition towards either the internal or the 
|external mode. Very often such a run is @ com- 








|bination of both these extreme types imperfectly 
| developed. 


** Internal’? Running of the Furnace.—Owing to a 
| change of certain factors, the furnace working becomes 
|modified. The blast pressure rises continually and 
| is irregular, the furnace admits the blast with difficulty, 
‘the amount of gas leaving the furnace decreases, the 
| gas is clean, more dense, and contains a higher per- 
| centage of carbon dioxide than usual. The output of 
|the furnace decreases, but the temperature of the 
'slag and iron produced increases, while that of the 
|gases at the throat remains practically unchanged. 
| The tuyeres are clear and clean, but the movement of 
| stock in front of them is slow. By means of a bar it is 
| possible to detect that the combustion zone is well 
developed with its focus far enough from the tuyere, 
'and the stock at the hearth middle is relatively 
hot and very soft. If the blast is suddenly reduced 
the burden drops but little, or sometimes not at all. 
|That condition of difficult furnace working lasts for 
| various periods of time, even for weeks, with repeated 
fluctuations towards better or worse running. UI- 
timately, however, the furnace run changes from bad 
to worse, the burden can be dropped only with the 
| greatest difficulty, and it is often necessary to cut 
| off the blast even at the hot-blast stove. The amount 
|of throat gas is small; on dropping the burden, 
| however, there is enough gas, but its quantity rapidly 
decreases, and the blast pressure rapidly rises until 
the next dropping of the burden takes place. The 
diagram of the blast pressure reveals, therefore, sharp 
peaks. The output is small, but the slag and iron 
produced are hot in spite of a low consumption of 
coke. The tuyeres though clean are dead; the 
stock at the hearth middle is very soft and hot. The 
dropping of the burden becomes still more and more 
difficult, the throat gas contains less carbon dioxide, 
but the throat temperature begins to increase. By 
boring the furnace at various points it can be detected 
that the stock at the walls is hanging, and only that at 
the middle of the furnace moves downwards with 
difficulty. 

The next stage is characterised by a frequent stirring 
of the stock ; the blast pressure is lower; the furnace 
readily admits the blast; scaffolding no longer taking 
place, the furnace runs of its own accord, without 
the necessity for dropping the burden; the quantity 
of throat gas increases, the gas has a low content of 
carbon dioxide, is rich in dust, and is very hot. The 
tuyeres are clean, the stock before them moves quickly, 
but the iron produced is cold and contains much sulphur 
and the slag is alternately hot and cold. In this, 
period an increased consumption of coke raises the 
temperature of the iron produced but little ; owing to 
enormous losses in the form of flue-dust, the coke 
consumption is too high in proportion to the iron 
output. The iron produced has a higher content of 
sulphur, which, however, undergoes no great fluctua- 
tions. The furnace cannot stand the original volume 
of blast, since the stirring takes place continually ; on 
decreasing the blast, the stirring occurs again within a 
short time. The operation of the furnace in this 
condition is no longer possible. The typically inter- 
nal mode of running of the furnace has been reached. 

At first the pressure of the blast begins to rise, the 
passage of the gases at the walls is difficult, and the 
stock situated there moves downwards more and more 
slowly, and finally hangs. At the same time more 
gas goes through the middle of the furnace and the 
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stock situated there is well heated and reduced, so 
that the dead cone between the tuyeres is decreased. 
This mode of running in a slightly developed form is 
therefore advantageous for the production of hot 
pig irons. 

At the beginning, when the whole of the charges 
reach the hearth, some parts of the new charges are 
retarded in their downward movement and tend to 
hang; the gas from the full charges passes up through 
these descending decreased charges, which are thus 
perfectly heated and reduced. The iron produced is 
fairly hot, and the consumption of coke is low. Since, 
moreover, the furnace requires a small volume of 
blast, the percentage of carbon dioxide in the throat 
gas is high, the gas is clean and passes slowly through 
the top part of the furnace, which is still in the normal 
condition. 

Owing to the accumulation of the hanging stock at 
the periphery, a chimney is gradually formed in the 
centre of the furnace, through which the gas flows 
in an ever-decreasing area, and the throat temperature 
rises. The percentage of carbon dioxide in the throat 
gas becomes lower on account of the insufficient 
reduction of the burden. This condition progresses 
until the fresh burdens remain for but a short time in 
contact with the hot gas, which is not cooled and 
contains much dust when leaving the furnace. The 
chimney formed in the furnace is enlarged in the 
lower part of the shaft, due to the influence of the heat 
from the tuyeres. The burden descends through the 
chimney rapidly, and is reduced to a very small 
extent, the limestone remaining uncalcined. It 
therefore preserves its solid state and offers a low 
resistance to the gas flow. As soon as it reaches the 
neighbourhood of the bosh, in the enlarged part of 
the chimney, but not before, the burden melts, the 
limestone is calcined and enters into reaction with the 
melted ores, and a considerable increase of the con- 
sumption of coke takes place. The iron resulting 
from this unprepared mixture is of course of an inferior 
quality; it is, in fact, an imperfectly smelted pig 
showing constantly a somewhat increased proportion 
of sulphur. The furnace runs of its own accord, 
stirring taking place frequently, and the stock below 
the throat moves rapidly downwards through a 
funnel, rolls, becomes abraded and crushed, and the 
current of the hot and rapidly ascending gas carries 
away a large amount of dust from the furnace. These 
conditions are depicted in Fig. 7. 

This ideal instance of internal running of the 
furnace is never realised completely in normal practice, 
partly because certain rational measures, such as the 
opening of the emergency tuyers, lowering the blast 
temperature, boring holes in the belly, &c., may have 
already been taken when the working of the furnace 
became difficult, and partly owing to the fact that 
all the factors involved do not usually act in the same 
sense, but some of them partly neutralise the influence 
of the others. The result is that in actual practice 
various combinations of internal running, made 
manifest by a low economy of operation, take place. 

A sudden hanging of the charge cannot, of course, 
be considered as a symptom of a changed mode of 
working. Such a casual accumulation of the stock in 
the form of a scaffold may occur in the lower part of 
the furnace—then the furnace ceases to admit the 
blast, and the stock no longer melts—or in its upper 
part, where the gas continues to pass freely for a 
long time through the solid burden, so that the stock 
melts, but the furnace admits no new charges. If 
such scaffolding is frequently repeated, however, it is 
of course an indication that it is not a simple matter 
of chance. Much the same is the case with stirring, 
which may eventually be caused, once in a while, by a 
casual accumulation of the stock, but which cannot 
be treated as simply accidental if it takes place re- 

atedly. 

** External”? Running of the Furnace.—This mode of 
running occurs, in actual practice, more frequently 
and regularly than the internal manner of working 
but again rarely in a fully developed stage. Various 
combinations of it, however, are frequently met with. 

Owing to a change of certain factors acting in the 
same sense, the furnace, previously working well, 
begins to show irregularities in the blast pressure, 
which alternately drops and rises at varying intervals. 
During the high-pressure periods, the quantity of the 
throat gas is relatively small, its temperature is normal, 
the gas is clean and has a reasonable composition. 
The tuyeres are clean, and the stock in front of them 
moves fairly rapidly. Some difficulty is encountered in 
dropping the burden, but the iron produced is com- 
paratively hot and contains little sulphur, and the 
slag is fairly hot. When the pressure becomes low the 
furnace readily admits the blast, there is much throat 
gas, contaminated sometimes with flue-dust, the 
analysis shows less carbon dioxide, the furnace runs 
of its own accord without the necessity for dropping 
the burden, the lumps of coke dance in jront of the 


tuyeres, and dark pieces of stock appear in front of | 


some of them ; the tuyeres begin to “play” and 





become choked with slag. The tuyere zone, as 
detected by a bar, is short and imperfectly developed, 
the stock in the middle of the hearth is dense and hard, | 
and sometimes a dense black slag sticks to the bar. 
The slag when tapped, which frequently changes, 
varying from a fairly hot to a perfectly cold dark 
product, contains many drops of iron, and the iron 
produced contains much sulphur, though at the same 
time it is often relatively hot. , 
This fluctuating mode of working lasts for different 
periods. Sometimes it progresses very rapidly, and 


| 





(2240. 


“ENGINEERING” 


continuously changes for the worse, the periods of | 
low blast pressure occurring more frequently. Stirring | 
takes place very rarely. The throat gas is poor in| 
carbon dioxide and rich in flue-dust. The tuyeres | 
and cinder notches are burned away byiron. The iron 
produced contains much sulphur, even if the amount | 
of coke is materially increased. Owing to great | 
losses in the slag, the amount of iron produced is| 
small. The tap hole freezes. Stock sticks to the| 
hearth walls. Alkalis appear eventually at the tap | 
hole. 

The last stage of this mode of running, which, 
mode affects adversely the consumption of coke and | 
has a very detrimental effect upon the lining of the | 
belly, occurs chiefly with charges showing a high coke 
bearing value. The pressure of the blast increases ; 
the furnace opposes the admission of new charges 
and finally admits them no longer. In the course of 
further operation, when the furnace admits the blast 








| stock from the dead cone. 


| destroys the cinder notch. 
‘and under the full pressure of the blast as well, 


and produces throat gas, a large cavity is formed in 
the furnace, normally in the lower part of the shaft. 
The dome of this cavity is sometimes broken away 
during a shorter or longer stoppage of the furnace, 
and then the furnace runs on in the manner described 
above, until the formation of a new cavity takes 
place. It may happen, however, that even during a 
long stoppage of the furnace the cavity is not destroyed, 
and it is necessary to break the dome by using ex- 
plosives. ‘Then again the furnace works on until a 
new cavity is formed. In short, the operation of the 
furnace in this condition is no longer possible. The 
external running has reached its maximum, 

Due to the influence of a certain combination of 
some of the factors, the furnace begins to deviate 
from the normal course of working towards external 
running. The gas flow occurs irregularly at the 
periphery and in the middle, between the tuyeres, the 
dead cone grows in the direction of both its width 
and height, thus forming a dead column which 
melts away at its bottom and constantly grows at its 
top. The tuyeres zone is shortened horizontally. 
The slag flows around the tuyeres and is cold and 
black, since it dissolves much insufficiently-prepared 
The iron produced at 
high temperatures in the positions above the tuyeres 
passes down through the lengthened combustion zone, 
where the metal is partly oxidised ; some of the iron is 
derived from melted stock of the dead cone; thus a 
mixture is formed in the furnace, consisting partly of 
the comparatively hot iron which is cooled by the 
reactions in the hearth and partly of the iron produced 
by these reactions, which is rich in unremoved sulphur. 

The irregularity of the charges, and of the heat and 
chemical conditions in the furnace, as well as the 
effect of clinkering, melting, &c., may eventually 
result in crushing the dead column. The furnace 
working is then improved, the slag becomes hotter, and 
iron poorer in sulphur. The influence of the external 
and of the operating factors does, however, lead again 


_to the formation of the column in the centre of the 
| furnace. 


Under such alternating conditions, the 
hearth is filled up with deposits, offering thus less 
and less room for the slag and the melted iron, and 
these deposits contain not only the cooled metal of an 
inferior quality, but also the iron poor in carbon and 


| silicon, as well as the black, cold slag, rich in ferrous 


oxide. The slag when tapped contains much iron that 
On dropping the burden, 


the slag envelops the tuyeres, enters them, or burns 
them away, as the case may The gas ascend- 
ing from the tuyeres through a narrow annular zone 
passes close to the furnace walls at many points, thus 
causing the destruction of the lining, chiefly in the 
shaft. 

On coming into contact with the descending burden, 
the gas ascending through the peripheral parts of the 
furnace does not melt the burden uniformly through- 
out the whole periphery ; but at those places where 
the gas flow is less intense, the heat transmitted is 
sufficient to cause clinkering of the stock, after which 
the gas avoids the stock, and such portions of the 
burden hang and offer a support for the stock situated 
above them, which no longer moves and, being heated 
by the gases flowing around it, clinkers and sticks 
together. Thus, deposits of hanging clinkered coarse 
stock are formed, in irregular sectors of the periphery, 
on the walls of the furnace, beginning from the upper 
part of the bosh, and the gas, avoiding such portions 
of stock, flows more intensely to the centre of the 
lower part of the shaft, where the unclinkered stock 
offers less resistance to the gas current. Owing to the 
irregular passage of the gas, however, these portions 
of the stock become also clinkered and stick to the 
previous deposits, so that the gas is driven farther 
to the centre. This condition progresses until but a 
narrow gas passage is left in the centre of the furnace, 
through which the burden descends into a space 
encircled by the hanging clinkered stock. 

In the downward movement of the burden through 


| this passage, the stock becomes so distributed that 


coarse portions get to the peripheral parts of the space, 
while fine portions are concentrated in the middle. 
Such a distribution of the stock causes, of course, a 
further change in the furnace working for the worse, 
until a dome is formed in the comparatively small 
free passage, through which the burden moves into the 
space formed. At first, the gas flows easily through 
this space, so that the furnace readily admits the 
blast, the stock melts, and a cavity forms in the space 
below the dome. After long heating, however, the 
dome becomes sometimes less permeable to the gas, 
and then the furnaces ceases to admit the blast. 
Fig. 8 represents these conditions. 

The extreme stage of the external working of 
the furnace in such a developed form is, of course, an 
exception in actual practice, and may be very rarely 
met with, for the same reasons as applied to the 
completely internal mode of running. Various com- 
binations of external running in a more or less 
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pronounced degree, however, occur frequently in blast- 
furnace practice, since an increase of production 
is attained by using a large volume of blast, which 
makes the furnace incline towards the external manner 
of working. Also the properties of the charge do 
not make it always possible to attain the final stage 
of external running; charges showing a small coke 
bearing value will hardly permit the formation of a 
cavity. 


The Advantages of Thin-Walled Furnaces.—The 


theory of the blast-furnace working outlined above | 


gives a review of the difficulties which are encountered 
by works producing cold grades of pig from lean 
and acid ores, these difficulties originating from a low 
permeability of the stock in the lower portions of the 
furnaces. That  blast-furnaces continually exhibit 
hanging, sticking, and scaffolding, resulting in interrup- 
tions of operation and an increase of coke consumption, 
may be ascribed to the effect of this low permeability. 
Hence, the only thing to be done is to adjust the operat- 
ing factors so that the furnaces have a slight inclination 
towards the external mode of running, which is not 
difficult to arrange on the basis of the theory discussed 
above. This theory becomes consequently a valuable 
guide in the operation of blast-furnaces, which gives 
information on the mode of furnace working, and so 
prevents many an interruption in their operation. It 


explains at the same time why, on installing big blowers, | 


some furnaces have changed their mode of running, 
these being furnaces in which some change gave rise to 
a tendency towards external running. Since, how- 
ever, in practice the furnace working shows continual 
fluctuations, such furnaces work within limits defined 
by regular working on the one side and a sufficiently 
pronounced external mode of running on the other. 
Such a state of working requires constant careful 
attention to the furnace, it being then possible to pre- 
vent an increase of coke consumption ; the destruction 
of the furnace lining, however, cannot be prevented. 
Lack of uniformity of stock and other chance condi- 
tions continually and repeatedly cause some portions 
at the periphery of the furnace to run more externally 
than is necessary, the result being the destruction of the 


furnace lining, mainly at the belly and at the bottom | 


of the shaft. Since these irregularities take place 
alternatingly at various places at the periphery, it is 
not long before the furnace lining in the lower portions 
of the shaft is irregularly melted off to a skin only 
a few centimetres thick, which then holds out relatively 
well. The furnace, of course, changes its lines entirely 
and the possibility of very irregular working, scaffold- 
ing, and melting off at new places is given full play ; 
in short, such a furnace, abnormally and irregularly 
widened in the lower part of the shaft, with the bosh 


considerably enlarged owing to the melting off of the | 


lining, and with the belly considerably increased in 
diameter and raised above its normal position, can 
be operated with great difficulty only, and becomes 
a unit consuming an unnecessarily great amount of 
coke, which cannot work economically. It is conse- 
quently worth while to rebuild such furnaces after 
but a few years’ run; the only profit is the decrease 


of the difficulties and interruptions in operation, there | 
being no saving in expense, since the saving in fuel | 


consumption is balanced by the cost of rebuilding. 


The difficulties of operation mentioned manifested | 


themselves strongly at Kraluv Dvur, where the furnaces 
designed for smelting Thomas pig from native ores 
are frequently required to produce hot grades of pig 
in short campaigns from rich burdens with foreign 
ores, and the furnaces with lines designed for hot 
grades of pig must often be used for smelting Thomas 
pig. With the design and operating factors adjusted 
for the production of Thomas pig, the furnace suffered 
considerably when producing hot pig, its run being 
normally a rather well-developed external one, 
especially when it was not worth while to change all 
the operating conditions for the short duration of the 
campaign. Similarly, the furnace designed for hot 
grades of pig when employed for the production of 
cold pig had to be artificially brought to a condition 


inclining towards external running, and then became | 


damaged. The! result was that the blast-furnace 
walls were melted off and irregular deposits were 
formed on them within a shovt period of time, the 
furnace offering thus no longer making good control 
possible and becoming costly in operation. 
Observations made at Kladno and at Kraluv Dvur, 
that the furnace lining only a few centimetres thick, 
which was the case at the places where it was melted 
off, would last well for a comparatively long time, led 


to the consideration of means of utilising this fact. | 


Since the thick lining melted off at the inner surface 
because it was not sufficiently cooled, whereas the thin 
lining cooled by air proved to be successful, it was easy 
to conceive the idea of building thin-walled furnaces. 
The chief argument against this idea, which was 
supported by published data on Burgers furnaces, 
was the fear of increased fuel consumption. Since, 
however, furnaces with melted-off linings and irregular 
deposits on the walls, being uncontrollable, worked 
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on a higher coke consumption than sound furnaces 
| maintaining their original lines, which could not last 
| long, and since, besides, there were many failures in 
|operation, it was expected that the introduction of 
thin-walled furnaces might lead even to some lowering 
|of the coke consumption in comparison with that in 
| furnaces of the old type, and certainly would result in 
| a decrease of failures in operation. Moreover, the not 
very satisfactory experiences of former times with 
| cooling plates, installed in the furnace bosh, led to 
| the introduction of armoured water-cooled thin-walied 
|furnaces. The first was installed four years ago at 
| Kladno, and now the Prague Ironworks Company is 
already building its fifth furnace of this type, a section 
of which is reproduced on Fig. 9, on page 819. Experi- 
ence gained during these four years has fully justified 
the expectations. The furnaces preserve practically 
constantly their original lines, the lining does not melt 
away for long periods of time, troubles in operation 
{are decreased, and the consumption of coke is not 
increased, but is even lowered. 

| The linings of two of such furnaces were examined, 
|one at Kladno after two years of operation, and the 


| 





| out after 18 months of operation, and in the discharged 
| furnace it was detected by boring that the lining was 
| worn uniformly, less in the middle part of the shaft 
and more in the belly. The original thickness of the 
lining of the latter furnace was 250 mm. (9-8 in.), and 
after 18 months of operation the lining was 180 mm. to 
| 200 mm. ( 7 in. to 7-9 in.) thick in the middle of the 
| shaft, and 120 mm. to 140 mm. (4-7 in. to 5-5 in.) in 

the belly. Now, when equilibrium between the heating 


| 
| 
| 





other at Kraluv Dvur, where the furnace was blown | 


© 
“~ 


and cooling has been reached, this thickness will 
probably remain unchanged for a very long period, 
undergoing only mechanical wear. 

The consumption of coke during the last four years 
of operation at Kladno and at Kraluv Dvur was 
compared with that of former days on the basis of 
diagrams plotted from data obtained with charges of 
various richness, consisting of similar ores, and other- 
wise smelted under the same conditions, and it was 
observed that the average coke consumption was lower 
in thin-walled furnaces than in furnaces of the older 
type. Due to the fact that the lines of the thin- 
walled furnaces remain practically unchanged for long 
periods, the furnaces are always under control, and 
therefore failures in their operation occur less fre- 
quently, and the operation itself is rendered less 
difficult. Of course, thin walls do not prevent the 
possibility of the building-up of deposits; such 
deposits, however, do not occur so readily, and may 
be comparatively easily removed, owing to the ease 
of control of the furnace. The only disadvantage of 
these water-cooled furnaces which may be mentioned 
is an increased consumption of cooling water. Their 
construction itself is not more expensive than that 
of the furnaces of the older type. The lining being 
only 150 mm. to 250 mm. (5-9 in. to 9-8 in.) thick, 





| the saving on the cost of the fireclay bricks is equal 
to the extra cost of armouring the furnace. Moreover, 


| when it is appreciated that the erection of a heavy 
| supporting structure is not required for new furnaces 
| the great advantages which the Prague Ironworks 
|Company derives from these thin-walled furnaces 
| become even more obvious. 
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THE comparatively limited speed range of simple 
hand tachometers of the indicating centrifugal type 
has rendered it necessary, when a wide range has to be 
covered, to fit the instrument with a three-speed or 
four-speed gear; even so, two or three instruments 
have usually been required to cover the speed range 
met with in a modern engineering works. It may, 
therefore, be of interest to mention that a hand tacho- 
meter capable of covering the unusually wide speed 
range from 25 r.p.m. to 30,000 r.p.m. by means of a 
six-speed gear has recently been put on the market in 
this country by Messrs. Geo. Thomas and Company, 
Limited, Parsonage-lane, (60), Deansgate, Manchester. 

From the photograph of the instrument reproduced 
in Fig. 1, opposite, it will be seen that the dial has two 
scales, graduated from 25 to 100, and from 75 to 300, 
respectively, and, according to the gear ratio in use, the 
reading of one of these scales gives the speed either 
directly or when multiplied by 10 or 100. The gear is 
changed by pressing the end of the driving spindle of 
the instrument against the end of the shaft of which 
the speed is to be measured, but before any change can 
be made the button on the top of the gear-box must be 
depressed, and when the button is released the gear is 
locked. A white strip moving under a celluloid window 
fitted in the top of the gear-box, and having raised figures 
on each side, enables the speed range in use to be seen at 
aglance. It will be seen in Fig. 1, for instance, that the 
white strip is coincident with the figures 25-100, thus 
indicating that the inner of the two scales on the dial 
must be used and that the readings are direct. If the 
white strip were at the other end of the celluloid window, 
coincident with the numbers 1,500-30,000, the outer 
dial scale would be used and the readings would be 
multiplied by 100. In connection with the operation of 
gear changing, it may perhaps be pointed out that the 
tendency is always for the driving spindle to move out- 
wards under the action of a spring when the button on 
the gear-box is depressed, and thus for the gear to change 
to a higher reduction ratio. There is thus no likelihood 
of the indicating mechanism being damaged by the 
inadvertent use of a low-speed range with a high-speed 
shaft. 

The indicating and speed-changing mechanism are 
clearly shown in Fig. 2, which is reproduced from a 
photograph of the instrument with the outer cover and 
inner casing removed. The indicating mechanism is 
of the form usually employed in these instruments, and 
consists of a heavy ring pivoted on to a spindle, its plane 
being set at an angle of about 45 deg. with the spindle 
axis when at rest. As the shaft rotates, the ring will 
tend to turn by centrifugal force against the action of 
a spiral spring, so that its plane will be more nearly 
at right angles to the spindle. The ring is connected by 
a link, visible in Fig. 2, to a plunger moving along the 
axis of the spindle, which is hollow, and the plunger is 
connected by another link to a toothed quadrant, which 
engages with a pinion on the spindle carrying the indi- 
cating pointer. The latter will then rotate as the heavy 
ring turns on its pivots under the action of centrifugal 
force, taking up a position in which the force is balanced 
by the action of the spring. 

The spindle carrying the heavy ring rotates at about 
the same speed as the driving spindle for the speed 
range 750 r.p.m. to 3,000 r.p.m., and for other speed 
ranges is geared up or down by pushing in the driving 
spindle or allowing it to move outwards, as already 
explained. The effect of moving the driving spindle 
inwards or outwards is to bring a pinion on this spindle 
into engagement with any one of the four gearwheels on 
an intermediate spindle, these wheels being arranged in 
pairs with smaller wheels between them and gearing 
with similar wheels, also arranged in pairs, on a second 
intermediate spindle, as clearly shown in Fig. 2. The 
pairs of wheels are, in each case, a running fit, on the 
intermediate spindles, so that the speed of rotation of 
each pair increases from left to right. The spindle 
carrying the heavy ring is driven from a pinion which, 
for the first four speeds, remains in constant engagement 
with the second of the larger gear wheels on the first 
intermediate spindle, while for the first speed the 
pinion on the driving spindle engages with the larger 
gear wheel on the extreme right of the first intermediate 
spindle. The next three speeds are obtained by engag- 
ing the driving-spindle pinion successively with the 
other three gear wheels on the first intermediate shaft, 
after which two additional speeds are obtained by slid- 
ing the frame in which the two intermediate spindles 
are mounted so that the pinion on the driven spindle 
engages successively with the third and fourth gear 
wheels on the first intermediate shaft. The greatest 
speed increase is obtained with the frame in the 
position shown in Fig. 2, in which one of the two rods 
on which the frame slides is clearly visible. For the 
next two speed ranges, the frame moves to the right in 
two stages, after which it remains in contact with the 
end plate of the instrument while the driving spindle 
moves to the right in three stages for the three remaining 
speed ranges. ; 
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The instrument is supplied in a case with three 
different forms of tips for the driving spindle, and also 
with a disc which can be fitted to the driving spindle 
for measuring circumferential speeds, surface speeds 
of belts, &c. The readings, it is stated, are accurate to 
within 0-5 per cent., and are unaffected by temperature 
variations, magnetic fields, or other extraneous effects. 
The instrument weighs only } Ib. and can be held in one 
hand, the button controlling the speed range being 
operated by the thumb. It can be held in any position 
so long as the axis of the driving spindle is in line with 
that of the shaft of which the speed is being measured, 
but a small spirit level is fitted, as shown in Fig. 1, to 
facilitate alignment in the case of horizontal shafts. 








THE COEFFICIENTS OF HEAT 
TRANSFER FROM TUBE TO WATER.* 
By AvBert Eacte, B.Sc., and R. M. Ferauson,)M.Sc. 

(Concluded from page 790.) 


The Irregular Behaviour of K near the Entrance.—As 
previously mentioned, the values of K are irregular near 
the entrance of the tube and near the commencement. 
of the heated portion. There is the well-known extra 
turbulence at entrance which must increase the values 
of K in any case when the heated portion extends to 
the entrance. But there is a much more important 
purely thermal effect to be considered. The water 
temperature at any point has been taken as the 
temperature corresponding to the heat given to the 
water up to that point. Now, a given mean tempera- 
ture defined in this way may coexist with various 
temperature distributions over the cross-section. As 
the heat-flow rate into the tube is determined by the 
product of the thermal conductivity of the water at 
the tube wall and the temperature gradient at that 
point, this means that various heat-flow rates, and, 
therefore, values of K, can be obtained when both 
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the tube and the water have prescribed temperatures. 
At a cross-section only an infinitesimal distance past 
the point at which the heat-flow commenced and when, 


therefore, only an infinitesimal amount of heat has | 


been given to the water, the water temperature must 
still be uniform all over the cross-section, and hence, if 
the tube temperature is a finite amount above the water 
temperature, there must be an infinite temperature 
gradient into the water at the tube wall, and, therefore, 
an infinite rate of heat-flow into the water. Physically, 
of course, this means that at an infinitesimal distance 


past the point at which the heat-flow commenced it is | 
impossible for the tube to be at a finite amount above | 
the water temperature, as the infinitesimal temperature | 


difference which is alone possible will establish a finite 
rate of heat-flow. In either way, it will be seen that 
the initial value of K at the point of commencement 
of heating must be infinite. 

As the water proceeds along the tube, points near | 
the axis will fall more and more to an amount (not very | 
large) below the mean water temperature, while points | 
near (but not at) the tube wall will rise more and more | 
above this mean temperature. Since the water tem- | 
perature at the wall is equal to the tube temperature, | 
this means that the temperature gradient into the water | 


must diminish to some limiting value as heat is added | 


to the water. That is, it means that K must diminish 
from its initial value of infinity to some limiting value 
as we proceed along the tube. It is of some engineer- 
ing interest to estimate the magnitude of this ‘‘ com- 
mencement of heating effect.” If it is assumed that 
the film thickness is small compared with the tube 
diameter, and that the thermal resistances of the film 
and core are in the ratio Bo: (a — B), we may take, 
as a reasonable guess for the temperature 6, at a 
distance r from the axis, 

* Report Ref. H/T16 received from the British Elec- 
trical and Allied Industries Research Association, an 
read as a paper before the Institution of Mechanical Engi- 
neers, on Friday, November 21, 1930. 
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where the temperatures at the axis and the tube wall 
have been taken as zero and dy, respectively. This 
expression gives the required fraction of the total 
temperature drop across the core, and intentionally 
makes the temperature gradient infinite at the junction 
of the film and core to agree with the gradient through 
the film which must be taken as infinite if its thickness 
is neglected. A simple integration will show that this 
law of distribution is impossible till an amount of heat 
at least equal to 

ardps 
~ 120 Na— B+ 
has been put into the water per unit length of tube. 
Now, the heat flowing into the water per unit length per 
second is tdk@,,. Taking & as approximately equal 


pve fat B(e—1)), is 
= {ax Fo \ thi 


| quantity isd pvsZ0y + {a+ 8(¢—1)}. Dividing the 
|expression (15) by this we get eS - 
required to add the heat considered. In this time the 


: (a — B) 
a distance of “Tz 


= 8 N, where N is the number of diameters 


(15) 





| to ky and as given by 


‘as the time 





liquid flows diameters down the 


As : 


| tube. 7 
| in which the loss of head is equal to the velocity head, 
| this distance is %(a — 8)N diameters. As (a — 8) is 
|about 0-7 to 0-9 this can be taken as roughly 4N 
| diameters, that is, as about 16 diameters in common 
|condenser practice. This may be taken as affording 
|an ample and satisfactory explanation of the value of 
Ky given in the typical test detailed above being 3 per 
cent. greater for the inlet thermocouple, which was 
| only 20-6 diameters from the commencement of heat- 
‘ing, than it was for the outlet thermocouple which was 
94 diameters away, when limiting conditions had been 
attained to a very high degree of accuracy. 
| Inone experiment, a thermocouple was soldered on the 
| tube only ‘in. from the commencement of the heated 
‘portion. This thermocouple gave values of K about 
50 per cent. greater than those derived from the outlet 
thermocouple, which is in good qualitative agreement 
with an initial infinite value. Thus, in condenser 
practice, using the values of K given in this paper, 
| one should consider that the effective length of a con- 
‘denser tube is something like #(a — 8)N diameters 
| greater than its actual length. As this estimate was 
founded upon guesswork, an allowance of 16 diameters 
|is probably quite near enough. 
The Coefficients for a Finite Rate of Heat-Flow.—The 
| dimensional formula (1), page 788 ante, is not of much 
| use for finite rates of heat-flow, for the quantities p, 8, u 
and c change with temperature for all fluids, so that all 
that can be said for such rates of heat-flow is that the 
equation will hold provided that the values of p, s, u 
and c are for some temperature probably intermediate 
between the highest and the lowest temperatures in 
| the fluid. If p, 8, # and ¢ were all constant, so that S r 
| were constant, it would follow that H was strictly pro- 
portional to 6, so that there would be no difference 
between K for an infinitesimal or a finite rate of heat- 
| flow. Hence, by the principle of small variations, we 
must have Ky for a small finite rate of heat-flow 
given by 


" - fA, dp, r2ds  Asdp 
ee {? d0° sd0' 2 dO 
_ Ag de ' 
+ ohn (16) 


| which has been written in such a form that the \’s are 
| dimensionless functions of « and t. For water below 
| 140 deg. F., the first two terms may be considered 
negligible. A useful semi-theoretical expression may 


be found for Ky — Ky when Yad is great. Neglecting 


the y term in (12), page 789 ante, as being small, we have, 


10,000 V 
"= {fa + Blo — 1)}. 


Ky 


As . = is great, a and B may be considered as having 
| their limiting values, that is, as constants. Remember- 
ing that ¢ has been found to be a function of the tube 
wall temperature only, (i.e., independent of H) it 
follows that Ky, for the same tube-wall temperature, 
can only differ from K, due to the change ins. Now, 
Bo is proportional to the thermal resistance of the film, 
| and if ¢ varies throughout the film, the second approxi- 
| mation to the resistance would take fo, where @ is the 
mean value of o throughout the film. But ¢ =o — 


d P 7 
4 q | 67 approximately, where 6; is the drop of tempera- 





ture through the film. Now 
coi 
bee Bio — 1) 
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where 6 is the temperature difference between the tube | tunction of VaD_ Testing the results from the four 
and water. Hence the thermal resistance of the film | 
is changed in the ratio | different tubes showed that the points obtained 


Bo dc for each tube lay very near a single curve. These 
Bo to B {o- 3 a+B(e—1)d0 6 } curves for the four tubes are also shown in Fig. 6, 
and are labelled ‘“‘ multiplying factors.” Calling any 
Bo : de . of these factors My, then equation (18) may be written 
ee Pee ee ee | tt 

But as the film resistance is only a fraction 8 ¢ + 
(a + 8 o—1) of the total, the total thermal resistance - 10,000 da H 19 

is changed in the ratio (: Be id 3) 10,000 (19) 
P:2 -4{— Bo }rs doo The values of K, — Ky 
a+ B(e—1)J o dé calculated in this way are 
This ratio is the ratio of Kj : Ky, whence quite within the limits of ex- 
Ke? ix. Bo “roe ee perimental error. The correct 
> = { — } (5 j )o. form of the expression for 
Ky a+ B(o — 1) 26 #0 K, — Ku must be very compli- 
Aso) = ee and as the left-hand side is equal to ol re a 
(Ky — Ku) Ku, we get finally coldest water obtainable K,— Ky 
3 : Bo ivi aids _.. was not proportional to H, 
Ko — Ku { Fez (% a *)H - (17) |the value of K_ for the 
: : 12,000 heat-flow rate being 
_It must be remembered that equation (17) gives the detectably different from the 
difference between Ky and K, for the same tube wall! wean of the 4,000 and 20,000 
temperature and not for the same water temperature. heat-flow rates; but the de- 
For the same tube wall temperature Ky <K, while lwiation from tbe mean “was 
for the same water temperature Ky > Ky. The! jess than the experimental errors 
fraction |to which the actual magni- 


2 


{ es ae r may bowiiten ( a | tudes of all three values were 
a+ B(¢ — 1) ; (5 aoe ) — | >| subject. From a practical point 


B 


and it is seen from Fig. 6 that the ratio - is remarkably 


kK ~Ke = My (sass) 


3,200 


S 


: 


3 


|of view, too much has prob- 
|ably been made of the differ- 
|ence between Ky and Ky when 
| the heat-flow rate is not over 
. 20,000 B.Th.U. per square foot 
4 per cent. from the value 2-45 for the range of YaD| per hour, since the difference 
# |is only a small fraction of K, in 
from 200 to infinity. With water at a temperature /any case. Asa simple practical 
of 70 deg. F., or upwards, this means that VaD need | rule, applicable except to water 
only exceed 2-0 for this approximation to hold. Hence | below 70 deg. F., and to veloci- 
we may write equation (17) | ties not below 5 ft. per second, 
: . o 2/—10.000 dc\ H |it is suggested that, where 
Ky — Ku = (sag -—;) (= 9¢6 a ‘) 10,000 (18) | something a little more accurate 
| than K, is required, the value of 
10,000 de K, corresponding to the tempera- 40° 60° 

> ae ture midway between the tube 

ii and the water should be used. 

a 2 /10,000 de | For instance, suppose the water er 

- (5-3 = -) ( “— 4) was at 80 deg. F. and K, for the velocity in question 
‘ was 1,600, then the temperature drop from tube to 
for water are tabulated in the last two columns of | water for a heat-flow rate of 20,000 would be 12-5 
Table IIT, page 790 ante, so that the use of equation (18) | deg. F., so that, instead of using the value of K, at 
is a very simple matter. Unfortunately this theory | 80 deg. F., the value of K, at 86-2 deg. F., which is 
has severe limitations. the mean of the tube and water temperatures, should be 
It has been assumed that a and f have ceased | used. It will be found that K, — Ku, for the same tube 
f be | temperature, continuously increases, and at an increas- 
|ing rate, as the temperature diminishes, and finally 
VnD _ 5.g 5,| becomes rather large. But if instead of comparing Ky 
Bay |and Ky for the same tube temperatures they are com- 
pared for the same water temperatures, no such con- 
; | tinuous increase takes place. In this case, Ky — Kg, 
expression (18) is only sensibly true for Vn D > 600. | which is then the positive quantity, is comparatively 
| small for all temperatures, as is seen from the curves 
Much difficulty was found in trying to formulate any | for Ky and Koo.999 for a 3-in. tube in Fig. 2, page 692 
statement on the behaviour of Ky — Ky for values of | ante, and from the similar results for a 1-in. tube in 
Van Fig. 7, in which the K, curves have been constructed 
a from the above tables just as were the corresponding 
(18) by an empirical factor which was assumed to be a | curves in Fig. 2. For moderate velocities, this value of 


: 


7% r. 
constant, and that 3 — 1 only differs by less than 
& 


K-B.Th.U. per Sq. Foot per Hour per Deg. Fah" 
= ~ 
5 S 


» 
Ss 
=) 


The functions 


; Vn D . . 
to vary with —"— which Table II shows cannot 
considered true below about log 


YeD . 600. Experimentally it also appears that the 
iL 


D Jess than 600 till we tried multiplying equation 





THE END OF THE ONE HUNDRED AND THIRTIETH 


Ky — K, appears to.increase to a maximum with rising 
temperature and then to decrease again, though with 
velocities of about 10 ft. per second or over it appears 
to decrease continuously with rising temperature. 
Tabulated values for Ko, — Kp are given below in 
Table VI. They may be applied, without appreciable 
error, both to a #-in. and to a 1-in. tube. 


Fitg.7. DEDUCED VALUE OF K 


FOR A 1-INCH DIA. TUBE. 
72 


Figures denote Normal Velocity— Feet per Second. 


80° 100° 140° 
Temperature — Fahrenhet. 


TaBLe VI.—Values of K20,000—Ko for the same Water 
Temperature for Definite Water Temperatures and Velocities. 





Temperature, deg. F. 


Velocity, 
ft. per sec. 
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A.M.L.A.E., A.M.I,C.E., A.M.I.Mech.E., A.M.LE.E., 
A.M.LStruct.E., G.P.O. (Eng. Dept.), City and 
Guilds, or other technical Examination. 

Our Advisory Director, who has devoted a life- 

time to his subject, will be happy to advise you 

on any particular point vou may raise. Let us get 

together! Send to-day for our inspiring handbook 

“ENGINEERING OPPORTUNITIES,” post free, 

and without obligation. 

THE BRITISH INSTITUTE OF ENGINEERING 

TECHNOLOGY, 

23, Shakespeare House, 29-31, Oxford Street, W.1. 

G 964 


MABRYAT- corr 
LiFts 


MARRYAT & SCOTT, LTD., 5074 








ALBION WORKS. SHEFFIELD 


6574 & 40, Hatton GaRpeN, LONDON, E.C.1. 
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‘ Manchester Steam Users’ 
ASSOCIATION. 


For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the application of 
Steam, 20, QUAY STREET, DEANSGATE, MANCHESTER. 

Pounded 1854 by SIR WILLIAM FAIRBAIRN. 

Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction 5749 


Pr paration for Examinations. 

—Mr. A. J. ANIDO, B.Sc., A.C.G.L, specialises 
ial preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged.—63, Chancery Lane, 
Ww. Telephone: Holborn 5776. Kk LOY 


in the perso 





( pxford Correspondence College 

Oxford.—B.Se. (Eng.) A.M.1.C.E. 
Auto.and Mar. Eng 
Low Fees. 


seaumont H’se, 
4.M.LM.E. also Elec., 
fixams. 50 Tutors 


Struct.,Aero., 
Individual attention. 


ELECTRICITY AND WIRING, 

Special T.E.C. Courses for Mechanical Engineers. 
We train you at Home for a Better Job. 
Guide and Prospectus post free. 


rfYechnical Engineering College, 
CROWN CHAMBERS, 
REGENT STREET, LUNDON, 8.W.1. 
Principal: 


W. 8. IBBETSON, B.Sc., A.M.I1.E.E., 
M.! Mar.E. 


Palace School of 


( \rystal 
: ENGINEERING. 


PRACTICAL 


Principal MAURICE WILSON, M.Inst.C. bh: 


Vice-Principal :—F. C. P. LAWRENCE, MLS.E., 
A.M.L Struct. E 
LASTER TERM 1931 commences on WEDNES- 
DAY, JANUARY 7th H62 


uk T.1.G.B. 


HAS PLEAS od 
EN ANNOU 


this remarkable rece a 
of sustained — success, 


RE 
YING 


Over 90% Passes at the 

A.M.Inst.C.E., A.M.I.Mech.E., 

1.MU.ELE., ete., Examinations 

held in 1928, 1929 andl the first 
half of 1930. 

Proof of the superiority of T.LG.B. Training, as 
ittested by students’ results, is now conclusive aud 
overwhelming. Additional proot is available in the 
co-operation extended to The ‘T.1.G.B. by various 
professional examining bodies, trade institutions 
and government departments 

The reasous for the high reputation of The 
V.1.G.B. are, therefore, obvious, and there can be no 
question that, by enrolling with The T.L.G.B. you 
inake the best choice of training and have the best 


assurance OF success 


WRITE NOW for “THE ENGINEER'S GUIDE 
rO SUCCESS,” 128 pages, containing the widest 
selection of engineering courses in the world, and 


meation the post and duties, or the professional 
qualification, A. M. Inst. C. b., A. M. I. Mech. &., 

M.I.E.E. a for which you desire to be trained. 
The TIA fuarantees Training until Successful 


B 
T be HINOL OGICAL INSTITUTE Ob 
GREAT BRITALN, 
78, Temple Bar House, London, E.C.4 
(Pounded 1917). 


( Yorr espondenc e (Jourses|; 
) 


PREP ARATION 


FOR THE 
{\xaminations 
4 OF THE 
INST. OF CIVIL ENGINEERS. 
INST. OF MECHANICAL ENGRKs. 
INST. OF STRUCTURAL ENGRS 


UNIVERSI?ZY OF LONDON, Ke. 
ARE PERSONALLY CONDUCTED BY 
Mr. 


Trevor W. Phillips, 
B.Se., Honours. 


Engineering, London University, 
(ssoc.M.Inst.C.E., AM.LStrue. BE. -» M.R.S.I 
P.R.S.A., Chartered Civil Engineer, &c. 
tor full particulars and advice, apply to :— 
36, DALE STREET, LIVERPOOL. 








LONDON OFFICE :—65, CHANCERY LANE, W.C.2 
5748 
TENDERS. 
tHE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT, Belvedere Road, Lambeth, 
London, 8.E.1, invites 


fay Tene for :— 


SCHEDULE 1. CYLINDERS, CHAMBERS 
PIPING, etc., for Vacuum Brake Gear. 
SCHEDULE 2. INDIA-RUBBER HOSEPIPES, 

RINGS, ete., for Vacuum Brake Gear. 


Tenders for both schedules due 6th January, 1931. 


Forms of Tender available from the above at a{ 


fee (which will not be returned) of 5s, for each 


Sehedule. H 71 





COUNTY BOROUGH OF BELFAST. 


STEEL BARGE. 
'O SHIPBUILDERS, SHIP BROKERS 
AND BARGE OWNERS. 


The IMPROVEMENT COMMITTEE invite 


ffYenders for Supplying and 
DELIVERING ONE STEEL BARGE 
suitable for the conveyance, by towing, of dredged 
material in tidal waters, and capable of being com- 
pletely discharged by a Suction Pumping Plant. 

The size of the barge shall not exceed 120 feet 
length by 23 feet width by 2 ft.6 in. light draft, and 
shall have a hopper capacity of approximately 
230 tons. 

Parties submitting Tenders shall state : 

1. Whether the barge offered is new or second- 
hand, and, if second-hand, the year of con- 
struction. 

The place of 
situation. 

4. The standard of construction. 

4. The dimensions and the capacity in tons. 

5. Whether the barge is equipped for self- 

discharfze by hopper bottom or otherwise. 

6. The period from the date of acceptance of 

Tender in which the barge can be delivered. 

7. The price required for the barge, including 

delivery at Belfast Harbour. 

8. Any other relevant facts concerning the 

barge offered, 

Tn the case of a new barge a drawing of the barge 
proposed shall be submitted with the Tender, and in 
the case of a second-hand barge a drawing, if avail- 
able, shall be submitted. Barges offered must be 
of the double-skin type. 

Sealed Tenders, marked “ TENDER FOR STEEL 
BARGE,” and endorsed with the names and 
addresses of the firms tendering, shall be delivered 
or posted so as to arrive in the Office of the under- 
signed not later than MONDAY, Sth JANUARY, 
1931. 

An official receipt must be obtained for every 
Tender delivered by hand. ‘Tenders sent by post 
should be registered. The lowest or any ‘Tender 
will not necessarily be accepted. 

R. MEYER, 


construction and present 


Town Clerk. 
G70 








APPOINTMENTS OPEN. 


| y ollingShutter Representative 

Required with enginecring knowledge, for North 
of England. Selling experience essential.—Address, 
stating full particulars and salary required, H 49, 
Otlices Of ENGINEERING 


° 1 ‘ 
A ssista nt Constructional 
Engineer REQULRED for Transvaal. Must 

have good civil and structural engineering experience. 
Preference will be given to a@ man with training in 
iron and steel works.—Write, BOX Z.P. 923, c/o 
DEACON’S Advertising Offices, Fenehurech Avenue, 
K.C.3. H 64 


V aca ney in Consulting 
Engineer’s Office for JUNIOR ASSISTANT, 

preferably Technical College training, for work on 

constructional steelwork and reinforced concrete. 

+ Address by letter, stating age, experience and 

salary required, H 72, Othices of ENGINEERING. 








SITUATIONS WANTED. 


° x ° 
Spain or South Americ 
Engineer, 30, single, 5 years’ shops apprentice- 
ship (steam locomotive), 4 years technical college, 
L.Se. par 5 years sales, test-bed and erection, 
steam turbines, all kinds of electrical machinery, with 
well-known firm electrical engineers, good knowledge 
Spanish, Desires Situation in Spanish-speaking 
country, electrical or mechanical, commercial or 
technical.—H 69, Offices of ENGINEERING 





PATENT AGENTS. 


Jc 28s Patent Agency Ltd. 


(Director, B. T. King, C.I.M.E., Registered 
Patent Ayent, G.B., U.S., “and Canada). Advice 
handbook and consultations on Patents and Trade 
Marks free.—146a, Queen Victoria Street, London, 
E.C.4. 43 years’ refs. ’Phone: Central 0682. 1209 








PUBLICATIONS. 


ENGINEERS’ BOOK SHOP 


Service to ENGINEERS and MANUFACTURERS ; 
Technical Research, Books, Periodicals, Papers, 
Translations, Photostats. 

We will unearth and supply the data in print for 
you. Write to E. HARDER about your engineering 
problems. 

5689 


227, Park Avenue, New York, N.Y 








AUCTION SALES. 


Wreatley Xx irk, pre & Co. 
(ESTABLISHED 1850) 
SPECIALISE IN 
Valuations 
AND 
Sales by Auction 
OF 
Engineering Works and Plant. 


LONDON: 46, WATLING STREET, E.C.4. 


MANCHESTER: 16, ALBERT SQUARE. 5563 








SPECIALISTS IN CONSTRUCTIONAL 
STEELWORK OF EVERY DESCRIPTION 


THE HORSELEY BRIDGE & ENGINEERING Co. Ltd. 
Horseley House, 85, Lionel Street, BIRMINGHAM. 


: PRATGCHITT BROS., Ltd. 
Engineers. Oarlisie. 























THOMPSON BROS. (BILSTON) LTO 
Works:-BRADLEY BILSTON 




















YARROW HOME & HOSPITAL 


FOR CHILDREN 
BROADSTAIRS. 


For the Early & Preventive Treatment of Disease & Convalescence after illness. 
Managed by a Committee appointed by the Council of the Institution of Civil Engineers. 





The Hospital is intended for the children of members of the Institution of 
Civil Engineers, the children of architects, artists, authors, clergymen, 
members of the medical, legal and other professions, members of scientific 
societies, officers of the Navy, Army, and Royal Air Force, officers of the 
Merchant Navy, schoolmasters and university professors. 








Accommodation is provided for 50 a between the —— of 4 and 12 years, 
| and SO Girls between the ages of 4 and 
limits may be raised to 14 for Boys and 16 fa Girls, 


Fee 21/- per week, or as may be arranged, and travelling expenses. 


years. cases the age 





116, Victoria Street, 





Particulars can be obtained from the Secretary :— 5546 
Westminster, 


LONDON, S.W.1. 














PETER—witn 
ONE EXCEPTION 


With one exception Peter is an 
ordinary little fellow. Chubby, like- 
able, just five-and-a-half, full of life 
and fun and on occasions—be it 
admitted—of naughtiness. 


Just now Peter's rather important, 
for this is his first term at school, and 
he’s grappling with the intricacies of 
“ABC” and “ Twice-Two”’: difficult 
subjects to all men of five-and-a-half, 
but even more difficult in Peter’s case 
because—bad luck—he’s totally blind. 
That’s his One Exception. 


Peter learns reading, writing, and 
‘rithmetic through the medium of 
“Braille ’"—dull stuff compared with 
the coloured picture books of most five- 
and-a-halfs. However, he’s a stout lad is 
Peter, and he’s making great progress. 


Would you like to know more about 
him? How, in spite of his “One 
Exception,” he is being educated and, 
when older, technically trained and 
usefully employed. 


There is a long waiting list of ‘‘ Peters 
throughout the British Isles, for whom 
training and accommodation must be 
provided in the immediate future. 


Will you help with a donation or 
annual subscription? Any sum, large 
or small, will be gratefully received. 


Here is a suggestion. Your eyesight is 
worth 3d. a year to you. Send Peter 
and his handicapped pals 3d. for every 
year you've had it. Now, please, in 
case it slips your memory. Good idea? 


The Chairman, 


SCHOOL FOR THE BLIND 


(Founded 1838), 


SWISS COTTAGE, LONDON, N.W.3. 
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| The Publisher of ‘‘ENGINEERING’’ would esteem it a 
favour if Subscription renewals reached him as early as pos- 
sible before the end of the year. This will ensure that no 
break in the regular delivery of the Journal will occur. 
If you are not already aregular subscriber 
the inland rates are as follows: 
12 months (U.K.) £3- S-O post free 
6 ” ” £1 - 12 as 6 ” ” 


Further particulars can be had on application to the Publisher— 


‘¢ ENGINEERING ’’ 35-36, Bedford Street, Strand, W.C.2. 


mes 


————— EE 





GRIFFIN TECHNICAL Books. 


JHE RUNNING AND MAINTENANGE OF THE 
MARINE DIESEL ENGINE. 

By JOHN LAMB, M.Inst.Mar.Eng., Superintendent, British Mercantile 

Marine. JUSf PUBLISHED. Fourth Edition. Thoroughly Revised and 

Enlarged. 554 pages. Fully Illustrated. ... a x 18s 





QUESTIONS AND ANSWERS ON THE CON- 
STRUCTION AND OPERATION OF DIESEL, 
SEMIL-DIESEL, AND OTHER I.C. ENGINES. 


By JOHN LAMB, M.Inst.Mar.Eng., Superintendent, British Mercantile 
Marine. RECENTLY PUBLISHED. Third Edition. Thoroughly Revised 
and Greatly Enlarged. 340 pages. : ee 10s, 


LAND AND MARINE DIESEL ENGINES. 


By GIORGIO SUPINO. Translated by Eng.-Capt. A. G. BREMNER, 
R.N., and J. RICHARDSON, B.Se., A.M.Inst.C.E. Sixth Edition. 309 


pages. With 19 Plates and 380 Illustrations in the Text. 15s. 
E:NGINE-ROOM PRACTICE. 
By J. G. LIVERSIDGE, FEng.-Rear-Admiral, R.N. (Ret.), A.M.Tust.C.0. 
Eleventh Edition, Thoroughly Revised Throughout. 429 pages. With 
13 Plates and 132 other Illustrations. ; cee ae 15s 


PRESENT-DAY SHIPBUILDING. 


By T. WALTON. Revised by JOHN KING. Second Edition, Thoroughly 
Revised Throughout. 266 pages. With 51 Volding Diagrams and 128 
Tilustrations in Text. ... coo os we ein 253. 


Prices Net. Postage Extra. 


Charles Griffin & Co. Ltd., 42, Drury Lane, London, W.C.2. 























Crown 4to, 32 pp. - - Paper Cover. 


Price 2/6 net 





Reprinted from “ ENGINEERING.” 


THE ELEMENTS 


OF 


THE LANCHESTER-PRANDTL THEORY 


OF 


AEROPLANE LIFT AND DRAG. 


By H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


“An account of this theory, elementary in that it presupposes no 
acquaintance with it on the part of the reader, but at the same time 


quite comprehensive. "—Science Abstracts. 





Lonwon : 
Offices of “ENGINEERING,” 35 & 36, Bedford Street, 
Strand, W.C. 2. 











“ENGINEERING” 
DIRECTORY. 


FIRST ISSUED 1885. 








THE NEW EDITION IS NOW IN COURSE OF 
PREPARATION AND WILL BE READY EARLY 
IN THE NEW YEAR. 


Compiled entirely from the advertisement columns of 
*“ ENGINEERING,” and is sent gratuitously to the principal 
employers and shippers of machinery at home and 


abroad. 


It contains the Registered Telegraphic Address, 
Key to same, Telegraphic Codes and Telephone 
Nos. of our Advertisers, also Trade Names 
of Articles Advertised. 








Also a Glossary of the [Equivalents in French, 
Spanish, Italian and German for the use of our 


Foreign Friends. 





Supplied gratis on application to the Publisher. 


“ENGINEERING,” 


35—36, Bedford Street, Strand, London, W.C. 2. 
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A 1750 b.h p. six-cylinder heavy oi! engine 
with aluminium alloy pistons in foreground 


Wri te fo, 














BIRMINGHAM : 
21, Barwick St. 


MANCHESTER : 
274, Deansgate. 


LEEDS : 
66, Kirkstall Rd. 


GLASGOW : 
113, W. Regent 


Greater 


and a Cool Head. 


When aluminium alloy is chosen fora piston, 
bearing stresses are reduced, vibration is 
minimised, speeds enhanced, and in conse- 
quence, a greater Output can be obtained. 
And the piston head keeps cool because 
of the high heat-conducting power of 








ALUMINIUM 
KING WILLIAM 


‘Phone: Mansion House 5561 & 8074. 











] WORKING | DAWSON & DOWNIE, 
LEADMINERY | rears. | 





THOS.C.FAWCETT Lt | 


FOR LAND and MARINE PLANTS 
SEE ILLUSTRATED ADVT. PAGE 17, Dec. 5. | 








THE BRITISH ALUMINIUM CO, LTD 


PRODUCERS. 


Output 


| 














ADELAIDE HOUSE. 
STREET. LONDON E.C.4 


Telegrams: Croylite, Bilgate, London. 
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f FREDK MoUNTFORD. 
BIRMIN GHAM.L™® 








HUNSLET RO“ LEEDS M&C 


WHITEHOUSE ENGINEERING WORKS. | 
| 
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CONVEYORS 


_WHITEC 
SPECIAL COATED ELECTRODES 
| FOR 





ROSS 














REF RIGERATING 
REFRIGERATE G 
MACHINERY 


INSULATION OF COLD SPACES 


THE 


LIVERPOOL REFRIGERATION C°L” 














WORKIN 
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CL | for all material incialggn Types & Qualities for all purposes > \ | / 
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HOW DEN 
HOT DRAUGHT SYSTEM 


with all the latest Patented Improvements 


For Increased Efficiency 
when burning 


COAL, OIL 


or 


PULVERISED FUEL 





8,000 Installations Fitted 
aggregating over 27,000,000 I.HP. 





JAMES HOWDEN & Co., Ltd., 
Head Offices and Works: 
Scotland Street, Glasgow. 
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5432 
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Other EHW 
| products :— 

Chin and Medium Stee! 
| Sheets for all purposes 
| Heavy Castings up t 
50 tons in S.M. and 
Klectro quality. 





Perfect 


specially 
strength. 


Please applu to our Agents for Print Nr. 79. 


EISEN-UND HUTTENWERKE 


AKTIENGESELLSCHAPT 
BOCHUM 

Coutinho, Caro & Co., Ltd., 
6, Lloyd’s Avenue, LONDON, E.C.3. 


Annealing Pots and Covers 
in special fire-resisting Steel. 


EHW Dynamo and Transformer Sheets 
possess the following special advantages: 


Favourable and even values of Watt 
loss and magnetic induction. 
smoothness, 
wear on the tools. 
High filling factor, by reason of 


reducing the 


plain surface and even 
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| Sole Selling Agents : 
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Oakey, J., & Sons, Ltd... 
Oxford eaten 
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Pearn, Frank & Co., Ltd. 
Peckett & Sons, Ltd. 
Penman & Co., L 
Petters, Ltd. 
Phillips, i ssores w. 

Pidgen 
Piggott, oe & Co., Ld. 
Plenty-Still Oil Engines, 


td. 
Pneumatic Conveyan ce & 
Extraction com. Ltd. 





Power Gas Corporation, _ 
Pratchitt Bros., Ltd. 
Reavell & Co., Ltd. 





Reid Gear Co. 
Renold, Hans, Ltd. 





Ri Leeds), 
Richardsons Westgarth & 


Ltd 
Ritchie ‘Atins Engineering 


oe. 


.F., Co., Lid. 6 
Rees Rotutbo M’tg. Co., Ld. - 


57 
1 ee Joseph & Sons, La. 
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Watson, Hy., & Sons, & 

Robt. Warner (Pumps), 
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Wert Conrad ° 

Westinghouse Brake & 
Saxby Signal Co., Ltd. 
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White, Rd., & Sons 

bar meg ar og Ltd. 

Wiggins, F., & ‘Sons 

Wilson Boilermakers, Ltd. 

Wilson, John H. & Co. 
(1929), Ltd. .. 

= Hotel .. 
Wolf, R., A.G. 

Wi 8 A, Ltd. 

Yarrow & es Ltd. 

Yarrow Hom 

Yorkshire Cosser Wks., 


It contains the Telegraphic Addresses, Codes and Telephone Numbers of our 


Advertisers, also Trade Names of Articles Advertised, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, and German. 
A copy of the current edition will be sent gratis on application to the Publisher. 
THE NEXT COLOURED ADVERTISEMENTS WILL APPEAR IN OUR ISSUE OF JAN. 9, 1931. 


Ltd. 9 
Watsons (Metallurgists). Ld. . 


1& 25 
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PACKIN 


The most extensively used Automatic Self- 





Over 500,000 Supplied. 





Adjusting Metallic Packing in the World. 


Friction Decreased. 
Power and Fuel Saved, 


The United States Metallic Packing Co., Ltd., 


Telegrams : 
‘* Metallic, Bradford.’’ 


SOHO WORKS, BRADFORD. 


Suppliei to British, United States, 


STEAM 
ENGINES 


Japanese, Dutch, 


French, Spanish, Brazilian, &c., Navies. 


Also to Principal Electricity Stations, 


Collieries, Iron 


Works, 
Railway, Steamship Concerns. 


Textile, 
1-224 


Telephone Nos. — 
4705 and 4706. 














Chk te 


SOLID DRAWN (Seamless) 
TUBES IN COPPER, 
BRASS AND ALL 

NON-FERROUS ALLOYS 


ENGLAND. 


Ti Telegrams : ‘‘ Tubes, 
LONDON ‘OFFICE: 53, New Broad Street, E.C.2. 


Contractors to the Admiralty and all Government Departments, 


CTTNIOC Te 
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GONVEYOR-ELEVATOR 


Telegrams: BULL BRIDGE WORKS, Telephone: 
*Cowverer, Accrington, Lancashire. No. 2778. 


Accrington.” 






CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 











HOWELL & COL? s3Sh.s SHEFFI ELD 


CAST STEEL," 


“ SCO &, 


5507 











Up to the Largest 
Dimensions and Capabilities. 





Grand Prize at London Exhibition, 1909. 
Gold Medal, Japan-British Exhibition, 1911. 


Bow and Stern Well Centre and Side Ladder Bucket, Barge 
Loading and Hopper-Dredgers. Suction Dredgers, Cutter 
Dredgers, Trailing Dredgers, Reclamation Dredgers, Grab 
Dredgers, Hydraulic and Mechanical Agitators, Discharge 
Pipes and Pontoons, Hopper Barges, Sewage Steamers, 
Caissons, Tugs, Ferries, Paddle and Screw Steamers, Delivered 
complete or Shipped in Sections. 





5607 








TWIN-SCREW BUCKET HOPPER DREDGER, “ DAVID DAVIES.” Spare Gear and Renewals Supplied. 


FERGUSON BROTHERS (Port Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 
On War Office and Admiralty Lists. NEWARK wae, PORT GLASGOW. Tele. Address: DREDGER, PORT GLASGOW. 


SPECIALISTS IN DESIGN 


NICS AND MANUFACTURE 


POWNIONN ae | | oe at at coment marten, 























"LOCOMOTIVE 















5604 | 
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Telegraphic Addresses :— Codes :— 


sl AB C (5TH EDITION). 
Simons Ae 3 a ¥ 5 SCOTT’S (10TH EDITION), 
‘* SIMONISM, LONDON.” BENTLEYS. 
TRAILING SUCTION HOPPER 
i Ss. 
Marine Dredge Plant DREDGER 


GOLD AND TIN RECOVERY 
DREDGERS. 


OF ALL DESCRIPTIONS AND UP 
TO THE HIGHEST CAPACITY. PA T = N aneean gana. 

i FERRY STEAMERS. 

Constructors of REPLACE PARTS FOR EXISTING 


HOPPER AND BARGE- i , U E = DREDGERS. 
LOADING BUCKET DREDGERS, 


NV S AND FIRST CONSTRUCTORS 
BARGE-LOADING, INVENTOR 


RECLAMATIVN AND ‘*SIMONS’”’ OF ‘* HOPPER” DREDGERS AND 

CUTTER SUCTION DREDGERS ELEVATING DECK FERRY STEAMERS. 

== , BUILDERS OF DIPPER AND DRAG 
LINE DREDGERS OF LATEST TYPE. 


Proprietors of ALFRED WATKINS’ 
BRITISH PATENT for ROTARY SPUDS. 
W* SIMONS ‘ic 

is LTD. 


‘BLACK HEART” ..,... 
MALLEABLE ~~ 


LEY’S MALLEABLE CASTINGS COMPANY, LIMITED, DERBY. 

















LONDON OFFICE :—83, Victoria St. 


RENFREW aisiow 

















See also full page Advt. in this 
Journal dated December 12 








5943 

















Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & CO., LTD., - 


Union Forge & Steel Works, 
Pk SHEFFIELD. « Holdin Siete 


London Agents: Whitbrows Limited, 89, Upper Thames Street, London, E.C.4. Telephone: City 0779. 











l} \ TWIST DRILL SHARPENERS 


HERBERT HUNT & SONS, OLD TRAFFORD, MANCHESTER. 
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S. Smith & Son, (1925 Ltd. 


ACTUAL MANUFACTURERS 
OF 


MARINE & ENGINE ROOM 
CLOCKS 


To some of the largest Navies 
and Railways in the World. 





Solid | Brass Cases. 
Non-Magnetic-Lever Movement. 
Sizes, 6 to 20 inches diameter, 

Suitable for Engine Rooms, 
Saloons, Railways, Ships, etc., etc. 


Awarded highest number ef marke for English Watehes 
National Physical Laboratory 1920-1921, 


PRICES ON APPLICATION. 
“* Gaide to the Purchase of a Watch,” 


1930 eat" of our Catalogue Free 
pplication, 














AUTOMATIC WEIGHERS 


Our Specialities for 40 Years. 





RICHARD SIMON & SONS 
NOTTINGHAM. 
Also Manufacturers of ;— 6088 


DRYING MACHINERY. 




















S. SMITH & SON, 0229 L” 


Established 1851. 
HOLDERS OF 4 ROYAL WARRANTS. 


WATCH & CHRONOMETER MAKERS 
TO THE ADMIRALTY & INDIAN 
GOVERNMENT. 


6, Grand Buildings, 
TRAFALGAR SQUARE, W.C. 











BOLTS, 
STUDS, 
NUTS. 


BRIGHT WORK 
A 
SPECIALITY. 











§. Marspen & Son, Ltd. 


LONDON ROAD, 
MANCHESTER. 


Telegrams— Telephone— 
































High Temperature of Compressed Air does NOT affect 


PALMETTO" 


which gives longer service than other rod packings 
‘under steam (especially high pressure super-heated) 
and compressed air, because it has the lubricant that 
overcomes friction. 

Free working samples to prove our claim. 


F. JOHNSON & CO. (LONDON), 
Agents, 
14, Farringdon Road, London, E.C. 
GREENE, TWEED & Co., Sole Manufacturers. 


Ww. LTD. 














(COMBINED AIR PUMPS &JET CONDENSERS ) 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 





in all its 
Branches. 


Steam Cylinders 

and Air Pumps 

Bored out in 
their places. 


iad 
S.S. STOTT & Co 


__ 


Steam Engines 
Indicated and 

Reported upon. 
= 


























Botes, MAWOnESTER. #2081 Cunrsat (2 lines). 
‘ee 2 


\ LANESIDE FOUNDRY, HASLINGDEN. ° 





















HUMPHREYS 


PATENT 


MAGNETIC 
CHUCKS 





We make different 
types to suit 
different require- 
ments, 


DEMAGNETIZERS 





Weshall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 
service. 


J. H. HUMPHREYS & SONS, 
OLDHAM, soz 


Phone : 1651 
Telegrams : “ HUMPHREYS, OLDHAM ” 


lOO CUBIC FEET 
OF CLEAN AIR 
PER MINUTE 


is passed by this 
small _Protecto- 
motor Air Filter 
and. Silencer, 
which is our 
standard design } 
specially adapted! 
for a_ particular 
installation. 

The small cost of installation and 
upkeep of such a unit fades into 
insignificance beside the immense 
saving it effects in the wear and 
tear of machinery, with resulting 
increase in efficiency. 
Protectomotor Air Filters are 
available for all air-using purposes. 
For large schemes of ventilation 
panels can be provided built up 
in similar filter units to any re- 
quired capacity. 


PROTEC MOTOR 


) AIR FILTER & SILENCER 


Dry Fabric Self-Cleaning 


Write for complete catalogue. 


C.G. VOKES LTD., 


95-97 LOWER RICHMOND ROAD, PUTNEY, 
LONDON, S.W.15. 


Telegrams : 
“‘ Vokesacess, Put, London.” 
































Telephone: 
Putney 5851-2. 
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YOU CAN SEE 


WE MAKE EVERY 
TYPE OF PUMP 


SEND YOUR’ ENQUIRIES 


Steam, Ram, Centrifugal & Hand Pumps 
for every Industrial Service 


Henry Watson & Sons and Robt. Warner (Pumps) Ltd., 


Po:tery Lane, Newcastle-on-Tyne. 
London Office : 17, Victoria St., Westminster, S.W. 1. 5518 














; 
; 
q 
; 
3 
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AUTOMATIC 


BOARD 


FOR RAPID PRODUCTION 


No drop forger, having to face 
present day keen competition, es- 
pecially in certain lines, can afford to 
ignore the claims of these hammers. 
Firmly established in the U.S.A., the 
‘BILLINGS & SPENCER hammer 
is the best of its class. Under licence, 
we are now building the latest 
models in all sizes. 


Automatic in motion, no driver nec- 
essary, stampings are produced 
direct from the bar by multiple im- 
pressions. Continuous and rapid 
production assured. 





MADE. BY. 


BRETT'S PATENT LI 





| Se oe 
LESHILL w IFTER Co,L7o, 


COVENTRY, ENGLAND. 


" CGr Cib TGb a> dip dib Cib tab din 








oe 
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HAULAGE 
GEARS 
bi aiaamee are made in all Types and Sizes, 
HM. the King” also Winders in Smaller Types. 


AGENTS FOR SCOTLAND— 
Messrs. HUNTER & WARREN, Ltd., 19, Waterloo Street, GLASGOW. 


AGENTS FOR SOUTH WALES AND MONMOUTHSHIRE— 
Messrs. The SOUTH WALES WORKS SUPPLIES CO., 15, Park Place, 
CARDIFF. 








AGENTS FOR YORKSHIRE, DERBYSHIRE, NOTTINGHAMSHIRE 
AND STAFFORDSHIRE— 


Messrs. A. HIRST &. SON, Ltd., Meadow Lane (off Bradford Road), 
DEWSBURY. 





Haulage Gear Catalogue No. 40R, post free. 


(ARRON (COMPANY 


FOUNDED 1759. 
ENGINEERING DEPARTMENT, 
CARRON : : STIRLINGSHIRE. 





RAESLAAAAAAESSASSSSSASARSSAS SASS SSASSASSAAASRE SESS SY 


No. 729.—75 H.P. Worm Geared, Single Drum Main Rope - 
Haulage Gear, with Steel Girder Bedplate. 





pitphp bbe pope cece seri ci csc csi iiiiziztiizvtisritiririitiy 


as 4 
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REAVELL 
PORTABLE COMPRESSORS 





MADE FOR HARD WORK WITH 
MINIMUM OF ATTENTION, LOW 
FUEL CONSUMPTION AND LOW 
MAINTENANCE COSTS. 





Five Sizes, 74—348 cu. ft. per min, °™ 





REAVELL & CO., LTD., 
(Dept. B.) IPSWICH. 


Telegrams: “* Reavell, Ipswich.” Telephone Nos.: 2124 & 21235. 
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Some up-to-date applications of 


ALUMINIUM CASTINGS 





Dignity and Impudence. 


The small piston is for a 12 h.p. motor-car. The large one is for a 21¢” bore Diesel engine. 
This finished piston weighs over 6 cwts. Better heat distribution, lower working temperature, 
less carbonisation, and all the advantages resulting from a saving of 60% in weight. -: 

The material is ** Y"* alloy—one of the most difficult alloys to cast sound. Large castings 
of this description need a special technique and the strictest metallurgical control from start 


to finish. 


The illustration is typical of the wide 
range of jobs for which Aluminium 
Alloy Castings are an economical 
proposition. It may be suggestive of 


WILLIAM 
possible uses in other directions, May 


) i 
we help you investigate the matter ? 


LTD 5100 


unvVE ST., BIRMINGHAM 





GEO. SALTER & Co., LTD. 


SPRINGS 


of every shape and size 


FOR EVERY PURPOSE. 









BASTRICKS PATENT SCRAPER 





Spring 
Balance 


for use in 





Made in 

sizes from 

10 cwt. 
to 

100 tons, 


















connection fF 










with a 














Crane. 









Rit IA UR] 


Trade Counter 
Balance, No. 58T. 





Counter Weighin 
Machine, No. 110T. 


Valve Spring Valve Goring 
(Round Steel). (Square Steel 





Head Office and Works : 
WEST BROMWICH 


Telegrams : ‘‘ Salters, West Bromwich.” 
Telephone : West Bromwich 0666-7-8. 


London Office : 
50, Lime St., E.C.3. 


Telegrams: “Spring Balance Stock, London.” 
Telephone: Monument 1573. 6822 

















Tel : CODES: 
NRAD, B A.B.O., 5th and 6th (5-letter) Eds., 
Bentley’s, Broomhall’s, Lieber's, 

Western Union (5-letter). 


WEEFOONEKAD, HAARLEM. 
: ENGINEERS anp SHIPBUILDERS, D 


HAARLEM, HOLLAND. 


BUILDERS OF 


DREDGING PLANT 
OF ALL DESCRIPTIONS. 


r es 





Cutter Suction and Barge Unloading Dredger. 5639 
Output per hour, 600 cubic yards. Engines 1,200 I.H.P. 
ALSO 


GOLD AND TIN DREDGERS 
FLOATING CRANES 
COAL BUNKERING VESSELS 


Lender Agents: MARINE WORKS, LTD., Moorgate Hall, 153, Moorgate, E.C.2. 
Telephone Metropolitan 0425. Telegrams ; Dredgcraft, Ave, Londen. 


\ 






\4 


\\4 


SHAE AT é 








ta eX 
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\ 
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iY rris Ropeways 


Morris made from the ground up 


RA 
mv} 











# Herbert Morris.Ltd., Loughborough, England. 
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CLAYTON 


VERTICAL 
CROSS TUBE 


BOILERS 


CONSTRUCTED OF BEST 
SIEMENS-MARTIN MILD 
STEEL. 

BRITISH MANUFACTURE. 


Designed for efhiciency 
combined with long service. 

















MAKERS TO ADMIRALTY, WAR OFFICE, 

CROWN AGENTS, RAILWAY COMPANIES, 

PUBLIC WORKS CONTRACTORS, CRANE 
MAKERS, Etc. 


Send us Your Enquiries. 
Full Particulars on application. 


CLAYTON, SON & C°L?: 


Established 1864. 


City Boiler Works, Moor End, Hunslet, 


5, VICTORIA STREET, 











“DOBBIE-MSINNES” 


ENGINE 


INDICATORS 


for 
ALL ENGINES AND SPBEDS. 


ILLUSTRATION of the 
NEW ‘ DOBBIE - McINNES” 


DIESEL 


ENGINE INDICATOR 
— — MARK V—— 


WITH FRICTIONLESS DRUM 


DUPLEX PRESSURE SPRINGS 
WHICH ARE EASILY CHANGED 


INTERCHANGEABLE CYLINDERS 
IMPROVED PISTON 
and 


QUICK ACTING 
HEAT RESISTING 
3-WAY VALVE 


DOBBIE McINNES a CLYDE LTD. 
57, BOTHWELL STREET, GLASGOW. 





Also Makers of 


The “ Hopkinson ih Optical Indicator 
The “Farnboro ’’ Electric Indicator 


for AIRCRAFT ENGINES. 

















WATER TURBINES 
and GOVERNORS 


for any power or height of fall. 


Gilbert Gilkes & Gordon Ltd., 
































GAS. LEEDS.” LEEDS LONDON, S.W.1. KENDAL, ENGLAND. 
London Office: Windsor House, Kingsway, W.C.2, 
“THRAPSTON” INDUSTRIAL 


ENDLESS 


ROPE DRIVE 






For Short Gentres 
an 
High Speeds. 






ol 


THE MOST MODERN AND EFFICIENT FORM OF POWER TRANSMISSION. 


SMITH & GRACE, LTD., 


Engineers and Ironfounders, 4041 


19 “Tieepoten. THRAP STON, NORTHANTS. “Grace, Farapeten.*® 
- LONDON: 35, Queen Victoria Street, E.C.4. ocsh thiy. 


























Patent Steam 


WINCHIES 


FOR PASSENGER & 
CARGO VESSELS 


Robust construction, economical in operation, rapid 
acceleration, minimum maintenance, all working 
parts run inoil to ensure silence, instantaneous 
change over from ahead to astern and vice versa. 
Machine Cut Steel Gears. 
Catalogues and Estimates free on application. 


we 
Sa 


aa 


BABCOCK & WILCOX LT 


BABCOCK HOUSE FARRINGDON STREET LONDON EC 4 
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SIEMENS 














CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 


DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, kudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 


SPECIAL STEEL of all kinds for constructive purposes. 
‘THE 


STEEL COMPANYorSCOTLAND 


37, RENFIELD STREET, LIMITED, 
GLASGOW. e916 











TELEGRAPH 
ADDRESS 


66 %- 
STEEL” & ascow. 











F. WIGGINS & SONS. 


Telephone: Royal 8029. 


FOR INSULATION, sich Hort sac. 


Largest Stock in the world. 0d.9834 
108, 103 & 104, Minories, LONDON, 











! 





ALFRED BEEBEE 
WEDNESBURY. 


ENGINEERS’ HIGH-CLASS BRIGHT 


BOLTS, STUDS, SET PINS, HEX 
NUTS, WASHERS, TAPER PINS, etc. 
Manufactured only from 100% British Material. 


| 

















All Threads Guaranteed and Tested by 
Wickman Gauges set to 
Fine Limits. 


3696 





Se ae ee 


, Telegrams: “Beebee, Fallings Heath, Wednesbury.” 
Telephone: Darlaston 181-182, 
Code : 


Marconi. 

















Feed your 
magnetic chucks 


from the A.C. mains through 


A WESTINGHOUSE METAL RECTIFIER 





The Rectifier feeding the magnetic chuck of this grinder 
can be seen upon the rignt-hand side of the picture. 


Westinghouse Metal Rectifiers will supply direct current from 
A.C. mains, for all purposes, without the disadvantages of rotary 


conversion, chemical action or valves. 


Send for illustrated catalogue D.P. 11 d. 5584 


The WestinghouseY Brake & Saxby Signa nal Co. Ltd., 


82, York Road, King’s Cross, London, 























PEED UP production... 
instal the “Ettco” Tapping 
Attachment ... adopt the most 
efficient method of tapping. 
Highly sensitive, the “feel” of 
the tap is brought to the finger 
tips enabling accurate work to 
be performed. Drive is through 
a pair of leather-lined floating 
cone clutches, whilst should the 
tap seize, hit the bottom, or the 
operator stop the pressure on the 
drilling machine lever, tap chuck 
halts instantly. There Is no 
friction to adjust. 





PRICES 


: Qneludin Chuck and No. 1, 2, or 8 
; ‘Sworse Taper Shank 














NOTE—_ | | No. 1, up to 3/16’ in steel, 
a Reeve H in mn onat iron sai £7 510 
nt : No up to 5, in stee 

yr : ra Fe Saat — ae; £10 8 4 | 

b : No up to n stee 

the ‘‘Ettco”’ : = . £1613 

Attachment : i in cast iron Less yo,” 

$5 UNIQUE EM —— |S ececcccscensessceecsnccerenncseeserensenersccsacossontsssesteentessensenecsases 
itself. It gives a visi- We will gladly send an “‘Ettco’’ Attachment 
ble grip om the square on 7 days’ Free Trial. You may return it 
—Sure, cannot loosen. afterwards IF YOU CAN SPARE IT. 











Sole Agents for the British Isles: 


FREDK. POLLARD & CO., LTD., 
“CORONA” MACHINE TOOL WORKS, LEICESTER. | 


| "Phone; 27534-5. | 
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Boiler Makers, Engineers and Building Specialists. 
CONTRACTORS FOR 


Compcete Borer House INsTALLaArTIONs. 





Lancashire and Cornish Boilers with 
Brickwork Settings, Installed by us. 


3226 





Heed Office and Works: 


NETHERTON, DUDLEY, WORCS. 


LONDON OFFICE ; 329, High Holborn, W.C.1. 


Se a eee 


A\ E 


a 


we 
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POHLIG AERIAL 
ROPEWAYS 
LOADING PLANTS 


55 YEARS’ EXPERIENCE. 
MORE THAN 6,000 PLANTS SUPPLIED. 


J. POHLIG A.-G. 


COLOGNE (Germany). 


Pf 
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Victory House, Regent Street, London. « 












































VICKERS 


ALONE 
DETERMINES HARDNESS QUANTITATIVELY 
AND WITH ABSOLUTE PRECISION ALWAYS 





he combines the Diamond Pyramid Indenter (invented by Vickers 
and since widely copied) with the following : 


Direct loading by simple lever, without springs. Calibration 


never needed. Misleading readings impossible. 


Load applied, maintained and released automatically by cam 
without shock—which is essential in a test of this accuracy. 
















Conforms in detail with the 
conditions laid down in B.E.S.A. 
Report 240, Part 2, for the testing 
of steel balls used in Brinell 
machines. 


The angle of the Pyramid is 136°, 
and the readings differ from 
Brinell only in so far as the latter 
are themselves erratic. 


IMMEDIATE DELIVERY— 
FULL PARTICULARS FROM: 


ELECFURN WORKS, 
HOLLOWAY, LONDON, N.7. 





HARDNESS TESTING MACHINE 


6044 


WILD - BARFIELD 


ELECTRIC FURNACES LTD., 


NORTH ROAD, 
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This illustration shows 
one of our Three Mould 
Presses, to work up to 


60 Slabs per hour. 


We are the oldest manu- 
facturers of this kind of 
plant and have supplied 
all the leading firms. 


Your enquiries for all 
types of Machinery will 
receive prompt and 
thoughtful attention. 


5818 


FIELDING & PLATT, LTD. 
ATLAS WORKS, GLOUCESTER. 


FIELDING: 


HYDRAULIC 
PRESSES for 
Concrete Slabs and Kerbs 

















* ” For Openwork Flooring, 
EXPAM ET Gangways, Platforms, 
EXPANDED METAL etc. 





Supply Co., Ltd., Generating Station, Willesden. 


Metropolitan Electric 
‘* EXPAMET"’ OPENWORK GANGWAYS. 





‘* Expamet ” anded Steel is particularly serviceable for openwork flooring, 

gangways and the like, and is cheaper than chequer plates; it affords a grip 

to the feet, allows of the free passage ef air, etc., and does not obstruct the 

sight; it has been adopted by Shipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 


WRITE FOR ILLUSTRATED LITERATURE. 


THE EXPANDED METAL CO., LTD., 








Patentees and Manufacturers of Expanded Metal. 6913 
Burwood House, Caxton Street, London, S.W.1. 
Works: West Hartlepool. Established over 35 years. 























GWYNNE HIGH PRESSURE TURBINE PUMP 
FOR HEADS UP TO 1250 FEET, AND QUANTITIES 
RANGING FROM 250 TO 2500 GALLONS PER MINUTE. 


Nothing better 
can be said 
pump than 


Qa 
an 


GWYNNES PUMPS, Ltd., HAMMERSMITH, LONDON, W.6. 


be 


Qa 


99 

















cub.ft.per,min. 


Portable self ined. motor.driven 
int it 180 0ub, ft. perm! 
eifolgnt 48 width SS Length TO" 





A complete range 
for all purposes. 


We make a complete range of Air 

Compressors, fixed and portable—all 

types of drive. 

Whatever the customer's compressed 

air requirements may be, there is a 

** Broomwade ”’ Compressor of a size 

and type to exactly suit his duty. 

y ene The design of every ‘‘ Broomwade”’ 
eat aictilaiatis ia Machine embodies 30 years’ special- 

Petrol Engine Driven ised experience in the manufacture 

Portable Unit Capacity 100cub,ft. of this one class of plant. 

per, min. Made in nine sizes “ Broomwade”’ Air Compressors are 

working and giving absolute satis- 

faction in all parts of the world. 


We solicit your enquiries. 


BROOM & 
WADE, LTD. 


HIGH WYCOMBE. BUCKS. 








Twin Cyl. Belt Driven 
Sizes 28 to 800 cub. ft. 


ALSO 8 & 4 Oylindar machines up to 1200,cub. ft. 


“BROOMWADE’™ 


AIR COMPRESSORS 
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Telephone : 
EAST 1221 


Telegrams : 


Cables : 





(Private Branch Exchange). 
J “Booth, Birmingham.” 


Liebers 5 Letter Code. 
Bentley’s Second Phrase. 
A.B.C. 5th & 6th Editions. 








AND 
WROUGHT 
LIGHT 


ALLOYS «= 
TO ANY 
SPECIFICATION. 
















































| 
im JAMES BOOTH ff 
LOO). 1°7-N. AU bee ee ee) 
ARGYLE ST.WORKS: NECHELLS. 
BIRMINGHAM 








a 








NCTM El <a Efficient 
; ~~ Ih " 1 ey Sh 


_Z7 with low fuel costs. 
= BELFAST diel-2-3. Write for Catalogue S/3, 
LONDON, HOLBORN 886. or ‘phone our nearest 
ee” — branch for personal 
BIRMINGHAM, NORTHERN 1971. interview and advice. 


GLASGOW, CENTRAL 4029 
Messrs, Keymer, Bagshawe & Co., 5, Mangoe Lane, Calcutta. 





opHeating 


MUSGRAVE STOVES 
are built for economy. 
Economy in fuel, economy 
in attention, and economy 
through efficiency. 
They will keep your Shop 
warm all over at a trifling 
cost, preventing loss of 
time and low output on 
the part of workmen. 
Musgrave stoves have a 
50 years’ reputation for 
long and efficient service, 





17a] | 









Agents for India : J 


USGRAVE‘: 


ENGINEERS - BELFAST 


LONDON: CARDIFF-MANCHESTER|™ 
GLASGOW: BIRMINGHAM 














N5—43—180 


SCIENTIFIC 
INSULATION 


So rarely insisted on, 
but so necessary. 


ee few engineers even 

to-day fully understand 
the necessity for the com- 
pletest possible insulation 
of all power plant. 


Pipe and boiler coverings 
must all be efficient insu- 
lators if economical running 
is to be ensured. 


To replace common lag- 
gings with Newalls 85% Mag- 
nesia is to institute a saving 
factor which will repay the 
expense of installation with- 
in a year in fuel saving 
alone, and which will effect 
the same economies for very 
many years without the least 
attention or replacement. 


Write for illustrated booklet 
giving full particulars to— 


Di ela * 


a 





TRADE 


WASHINGTON, 
CO. DURHAM. 


Official Technical Repr 
cities throughout the world. 
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“THE LANCASTER ” 


Super-Limit 


PISTON 
RINGS 


They overcome 
the difficulties 
experienced with 
the usuai type of 
piston rings, and 
meet the in- 
creased pressures 
and speeds ob- 
taining at the 
present time. 


Adjustment 
accomplished. 


readily 


Made for any diameter 
of cylinder. 












Sole Makers of ** The 
Lanc.ster "’ Steam 
Traps, Metallic 
Packing, 
Wheels. 


etc, 








6055 


LANCASTER 


AND 


TONGE, LTD. 


PENDLETON, MANCHESTER. 
‘Grams: “ Pistons,” MIC. Tel. : Pendleton 1484 (2 Lin: s). 








COMPLETE 


BOILER 
HOUSE 


EQUIPMENT 


SIMON-CARVES MULTIPLE DRUM BOILERS, 


for all purposes, pressures and temperatures. 
Highest efficiency and flexibility. Simon-Carves 
Patent System of Water Cooling. Any type of 
Pulverised Fuel Firing, Mechanical Stoker, Gas 
or Oil Burning Equipment. 


BOILER HOUSE AUXILIARIES. 


All types of superheaters, economisers, air 
heaters, soot blowers, draught plant, grit catchers, 
feed pumps, piping, instruments, etc. 


COAL AND ASH HANDLING PLANT. 
FOUNDATIONS AND BUILDINGS. 


SIMON-CARVES LTD. 


20 MOUNT ST. MANCHESTER 
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BRIQUETTE MACHINERY 


Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Ltd.. 
Charmouth Street, Leeds. 6007 


MICHELL BEARINGS, LD., 


ENGINEERS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 
i Registered Office and Works: 5604 
| South Benwell, Newcast!e-on-Tyne. 


SHEET METAL 
WORKING MACHINERY 
R. S. THACKER & Co., Lid., 


107, NEWINGTON CAUSEWAY, 
felephone- Hor 5419. LONDON, 8S.E.1. 


BELLISS & MORCOM 
BIRMINGHAM, Limited. 


Steam Engines, Turbines, Compressors, 
Condensing Plants, Oil Engines, 
Paeumatic Hose Couplings. 5545 


























Grit Catching 


The advisability that steam users should reduce chimney emissions to a strict minimum cannot be disregarded, 
in view of which a 


Demonstration Laboratory 
has been specially equipped at 


The Palace of Industry, Wembley, 


where all types of 


“ Pneuconex ” Grit Catching Equipment 


may be seen in operation. Each unit is internally illuminated and fitted with glass inspection doors, enabling those 
interested to fully acquaint themselves with the ‘‘ Pneuconex Method’ of securing attractive extraction efficiencies. 


Pneumatic Conveyance & Extraction (1929), Ltd. 


extend a cordial invitation to 


Steam Users, Consulting Engineers & Municipal Representatives. 


Broadway Buildings, 


Phone: Victoria 6845 (5 lines). eee Soe 


Conveyances arranged 
‘Grams : “‘ Pneuconex, Phone, London. 


to and from London. 
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NATIONAL 


HEAVY DIL ENGINES 


al 
s] 





19 F B.H.P. NATIONAL HEAVY OIL ENGINE AT THE GARAGE OF MR. H.C 


=— | should say there is not an engine on the 
market to touch it 


Mr. H. CHALLAND, Motor Engineer, Hatcliffe’s Garage, Collingham, Notts, writes :— 
“I have been supplying power and light to my Garage by Engines supplied by the 
National Gas Engine Co. Ltd. since I started business. First I had a Gas Engine, 
which I replaced by a paraffin engine, later a petrol-paraffin engine, but owing to 
increased business had to put down a further engine which is a 19 b.h.p. National 
Heavy Oil Engine, which I may say is giving every satisfaction. It is cheap to 
yun on ordinary fuel oil, and I could not wish for anything better. It is free from 
smell, silent in running, and when driving the dynamo for lighting the Garage, and 
lights for other shops and houses in the village, gives an absolutely steady light at a 
cost of less than a penny per unit including all charges. 
“*I do not find it necessary to run the engine on waste oil from Motor Car crank- 
cases, as it is su cheap to run and requires no attention. I should say there is not 
a an engine on the market to touch it, and as for the way in which you give your 
services in attending my requirements I am more than satisfied, and if I can be of 
any help to you in showing the engine to any of your prospective customers I shall 
be only too pleased to do so. You can make what use you wish of this letter, 
Thanking you for past services. 
PLEASE WRITE FOR LITERATURE AND PRICES. 


THE NATIONAL GAS ENGINE CO., LTD., 
ASHTON-UNDER-LYNE ‘ P ENGLAND. 
London Office - - «= 117, QUEEN VICTORIA STREET, E.C.4, 7049 





LLAND, COLLINGHAM, NOTTS. 














CHEAP 


uel- 








In Decisive 

world - advantages 

Wade for ALL 
APPLICATIONS. 


THE POWER-GAS CORPORATION, 
(MOND, LYMN & RAMBUSH PATENTS) 


Parkfield Works, Stockton-on-Tees. 
JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS 


See last and next week’s advertisement. 4914 


The Motherwell Bridge & Engineering G Oo., Ltd. 


Engineers yg emg 


ott eee Piers, Tanks, Dock Gates, 
Hydraulic Pressed Flooring, etc. 


Crothervet” MOTHERWELL, NB. “4's 


London Office : 82, Victoria St., London, 8.W.1. 
Grams: “ Mobricolim, Sowest, London.” Tel,: 4188 Victoria, 
See illustrated advt. last and next week. 5675 


The MACFARLANE ENGINEERING 


Netherlee Road, Cathcart. 


DYNAMOS and MOTORS 


Phone : Langside 555. ‘Grams: Power, Cathcart. 


Worm and 
Spur Gear 
Drives. 



























_HENRY WALLWORK & CO., Ltd.. . MANCHESTER 


AMWORTHY 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 
THE HAMWORTHY tag mn 00., Ltd, 
Works :—POooLz, Do 


» nes { 76, Victoria street, L LONDON. 
118, Queen Street, GLASGOW. 





























& CO., LTD., 
. RENFREW. SCOTLAND 
PATENT BUCKET 
ROCKCUTTERS DREDGERS. 
CUTTER TRAILING 
SUCTION SUCTION 
DREDGERS. DREDGERS. 
DIPPER 
PATENT 
DREDGERS. HOPPER 
coLo, TIN ammt 
& PLATINUM s 
DREDGERS. 
PATENT ROCK 
MARINE DREDGERS. 
SLIPWAYS. 
4682 
Codes : 
Cable Address : A.B.C.5th & 6th Editions 
LOBNITZ, RENFREW PATENT SELF-PROPELLING DREDGER, “Sandpiper,” built for the BENTLEY'S 
SCOTLAND Government of India, for work on the Eastern Narra Supply Channel in Sind. We WESTERN UNION 
are the sole manufacturers of this type of dredge. 

















M.F.M.FURNACES 


GAS, OIL, COAL orn COKE FIRED. 


The MANCHESTER FURNACES Ltd. 
Aston New Road MANCHESTER. 














FORGINGS 


General Smiths’ 
ENGINEERS. 


HOSKING BROS., LTD. 
Love Lane, Sumner Street, Southwark. 
Phone: Hop 2725. 6057 











MACHINE CUT GEARS 


SPUR. BEVEL. SPIRAL. 
WORM. RACK. 


COMPLETE GEARS 
or 
CUTTING YOUR BLANKS. 





RODGERS BROS. LTD., 
BAKER ST., BRIXTON RD., S.W.3. 
TetepHone: RELIANCE 2851 (2 Lines). 














5566 
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AS RELIABLE AND ACCURATE 
A$ THE FINEST WATCH! 


The “F” Type Patent Automatic 
Mechanical Lubricator 











Agents wanted in 
Ireland and all 
LONDON: Mr. F. Greenall, 291, Underhill Road, parts of the British 
East Dulwich, London, S.E. 22. Empire excluding 
Canada. 
MANCHESTER: Mr. A. R. J. Tweedale, se 
‘¢ Ardgour,’’ Mobberley Road, Knutsford, yy 
Cheshire. 
LEICESTERSHIRE: Mr. W. Holmes, Dilkusha, 


Turnbull Drive, Leicester. 


SCOTLAND: Messrs. Dickson & Co., Baltic 
Chambers, 50, Wellington Street, Glasgow, C.2. 


SOUTH WALES & WEST OF ENGLAND: 
Mr. D. J. Billing, ‘*The  Laurels,’’ 1, 
Churchways Avenue, Horfield, Bristol. 


HUNT MITTON 


OOZELLS ST NORTH 
Telephones Miotano 393-4 


Combining Fletcher Bros. 


This Lubricator is built up by the fitting together 
of a number of circular sections clamped tight by a 
central bolt. that passes through the full length of 
the Lubricator, and is locked at each end. By this 
novel method any number of feed points, up to 16 or 
even 20, if the duty is light, can be provided for with 
an independent oil pump to each feed. 


There are various types of drives available, and a 


‘number of useful accessories, which permit of an 


infinite variety of different forms of assembly to 
meet varying needs. The sections are of Swiss 
manufacture, but are stocked by us, the Lubricators 
being assembled to order, tested and run in at our 
Works in Birmingham. They are passed out 
bearing our full guarantee. 

The design is so perfect, and the workmanship so 
excellent, that each oil pump is guaranteed to 
work efficiently against pressure up to 3,000 Ibs. 
per square inch. 

The illustration shows a 2-feed Lubricator with 
side reciprocating drive, type A.C. 

An interesting 28-page booklet, describing the 
‘¢F’’ Type Mechanical Lubricator, will be sent 
on request. 


BIRMINGHAM 
Telegrams: Mitton BirmingHans 





(late of Ashton-under-Lyne.) 











A 100 H.P 





Received from: 


THE ASTBURY SILICIA COMPANY, 
“THE Brooms,” PARK LANE, 
CONGLETON. 


Please quote us for a small size Fuel Oil Engine, say 10/12 H.P., to drive 
a Stone Breaker. This is required for another Works. 

We are pleased to say that the 100 H.P. Crude Oil Engine we had from 
you in 1925 has given complete satisfaction, the maintenance cost being very 
small, and the running cost, «s against steam, shows a saving of nearly 
£10 per week. Our Engine Man previously had only had experience with 
Steam Engines, but has found no difficulty in keeping this in order, and 
we have never had any serious difficulty in starting it. 

THE ASTBURY SILICIA COMPANY, 
(Signed) D. BOULTON. 


CROSSLEY 2s seathaieeemab= LTD., 


OPENSHAW MANCHESTER. 


BEYER 100,000, ENGINES 





IS SAVING 
THIS FIRM 


PER ANNUM 





BUILT AND ,SOLD 
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4 It’s the control 
that counts ~ 





ECAUSE stoppages are costly, your machine must 
b be kept running. The machine depends upon 


the motor, but—— —the motor depends upon the control panel. 


Good switchgear means reliability in the control unit itself, 





reliability in the motor, because it is protected against 
overload and failure of supply, and reliability in the 


operator, because the control gear is mistake-proof and 
practically shock-proof, so that he can devote his whole \ 
attention to the job in hand. 


Good switchgear, though high in price, actually saves money 


’ by avoiding stoppages. Tell us what drives interest you 





and let us send you appropriate literature, 








Send now for booklet :— 


Automatic Starting Panel. 


‘* ELECTRIC CONTROL OF MACHINE TOOLS ”’ No. 322A. Variable Speed. 


BROOKHIRST SWITCHGEAR 


LTD., CHESTER. 


Pa. SSE bt Ae SOONER: | ARMED ARCO RER EO LS eo AN SONS CTE P ORDO Beene ee 


t - A R ‘ C ROSE, DOWNS & THOMPSON,LTD., ALL CLASSES OF 
HULL. MACHINE MOULDED and 
ESTABLISHED 1777. "MACHINE CUT GEARS. 

5@.| STAINLESS STEEL and IRON, | (3% 


Made by the Inventor, at cS 
STANLESS BROWN 'BAYLEY’S STEEL WORKS LTD, " SHEFFIELD, mms 









































Teade Merk. 
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SUPERHEATER TUBES 
for highest temperatures. 


BOILER TUBES of “ CORRISISTA” | THROUGH 
E C O N O M Y patented Copper-Chrome Alloy. B E TT E R T U B E S 


CONDENSER TUBES of 
Steel and Brass 
NICKEL-CHROME TUBES. 









TALBOT-STEAD TUBE Co. Lin. | 


BIRCHILLS, WALSALL. 





5979 
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A OOnoOoODoOoOooooooooooooooooo HERBER DOOOOODCOOOoOoOoOD OoOoOooooooooo 


ESSENTIAL FOR LOWER MILLING COSTS. 


OMPARED with an ordinary Milling 
Machine of the same size the Herbert 


New No. 33 Plain Milling Machine 


will give :— 









































QOOODOODOOOOoOoOnoooonoooOoO 


E 
Ss 


134 per cent. greater output. 
100 per cent. greater efficiency. 


More accurate and better finished 
product. 


INDDODO RSS poop ooooooooooc 








~ Much higher spindle speeds for milling 
D soft metals. 

- Safer operation. 

: May be seen in operation in our 
cI , Demonstration Bay. 

O chi. "Sede stihe tek aed ot od dele eee ae oe 21 in. by Gin. by 16 in. IMMEDIATE DELIVERY. 


roller bearings. 


CATALOGUE GIVING FULL PARTICULARS SENT ON REQUEST. 


Soonooooooooooooo ALFRED HERBERT LTD. COVENTRY OoooooooooooOoOoOoOo 


OOODOODUDOOOOOOOOoOooOAooAonooAne 


IODC 






































= 


























COVENTRY 


CHAIN TRANSMISSIONS 





The advantages of Chain Gearing over 

all other forms of transmission are 

numerous and well worth thorough 
investigation : 


Economy of Space. 

High maintained efficiency. 
Positive drive—no slip. 
Smooth and even running. 
Ease of Installation. 

Low maintenance cost. 


STOCK DRIVES 


Roller Chain Drives to transmit 
I-75 h.p. can be supplied ex stock. 


List No. 1110. 





The above illustration shows Coventry 
: Inverted Tooth Chain Drive installed on 


a Conveyor in a Canadian Grain Elevator. 








BRANCHES. LONDON, BIRMINGHAM. MANCRESTER, GLASGOW. NEWCASTLE. NOTTINGHAM. BELFAST, DUBLIN 
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TECALEMI?T 

CENTRAL LUBRICATION 

INCREASES EFFICIENCY 
AND ECONOMY 


The positive lubrication of all bearings 
under pressure of between | 50 to 200 lbs. 
per square inch is a simple and instantan- 
eous action with this system. Pumps are 
manufactured in various sizes with any 
number up to five main outlets, each of 
which discharges sufficient oil to distribute 
to from 8 to 10 lubricating points. 

The main outlets of the pump discharge 
from isolated pump chambers fed from a 
common container, the oil being restricted D A 
to predetermined quantities at the bearings 

by special regulator plugs. 

Prices and full particulars upon application. 


TECALEMIT LIMITED, 
MITRE HOUSE, SCRUBBS LANE, 
WILLESDEN, N.W.10. 


Telegrams : Tecalemit, London. 
Telephone: Willesden 5961-2-38, 


ECALEMI? 

























“es 
ay 


are 





CENTRAL LUBRICATION 

















“Broadbent” 


LECTRIC (CAPSTANS 


THE CHEAPEST & QUICKEST 
METHOD OF HAULING TRUCKS 





One Capstan and a few Fairleads 
will serve a very wide area 





: A1TON CAPSTAN WILL : 
: HAUL A LOAD OF 56 : 
: TONS AT 150 FEET PER : 
: MINUTE AT A COST OF : 


 5PENCE PERHOUR : 
FOR POWER: 





Electric Capstan and Fairleads 
Shunting Trucks on a Railway Siding. 


STANDARD SIZES FROM } TON TO 16 TONS PULL ON ROPE 
TO HAUL AT ANY SPEED WITH D.C. OR A.C. MOTOR 


Catalogue Shewing Applications and Data—Free on Application 


Thomas Broadbent & Sons, Ltd. ee =) 
av; HUDDERSFIELD ([5z: ieee em 


Established 1864 Drawing Bogies in and Out of Core Stove in a Foundry. 
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F you are still depending on 
S the old-fashioned chimney to 
provide draught on your 
boiler fires, you are paying dearly for steam. 
Apply a ‘‘ Keith” Induced Draught Fan 
and give a positive air supply to your 
boiler fires, which will ensure complete 
combustion of low grade fuel, unaffected 
by wind or weather conditions. 





- 


Ol Va 


A 
~ 





A 72” ‘Keith’ Induced 
T Draught Fan handling 
120,000 c. ft. of flue 
gases per minute at 400° 
F. The unusual arrange- 
ment of connections at 
outlet was adopted be- 
cause the fan is working 
on two separate flues. 


If you are interested 


INDUCED DRAUGHT FANS © 


James Keith & Blackman Co., Ltd., Head Office, 27, Farringdon Avenue, London, E.C.4. 
Telephones : Central 7091 to 7097 Telegrams: ‘* James Keith, Phone, London.” 





























TANGYE 


COMPLETE UNITS— 
PUMPING PLANTS— 
LIGHTING SETS, Etc. 

















TANGYE TWO-STROKE VERTICAL 
FUEL-OIL ENGINE ON BASEPLATE, 
DRIVING DYNAMO. 





TANGYE COMBINED SETS 

ARE ECONOMICAL AND 

RELIABLE AND SUITABLE 
FOR ALL PURPOSES. 

















Catalogues on application. 


TA N G Y E S LP +hnete VERTICAL FUEL-OIL sdlas tbe i 


B I x M i N G H A M DRIVING A TANGYE VERTICAL TREBLE-RAM PUMP. 
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Makers of all kinds of 


Hydraulic Plant 


and 


Steam and Motor Driven 


Air & Gas Compressors 





























Vertical, Two Crank, Single-stage, Gas Compressors, 
3,333 cubic ft. per min., to 20 Ibs. per sq. inch., 
R.P.M. 300, made for Dundee Corporation 





FalertonHodgarts Barclay - 


—__PAI'S LEY 








ep 


























HIGH TORQUE 
SQUIRREL CAGE MOTORS. 


FOR DRIVING 
CENTRIFUGAL AND 


RAM PUMPS. 
TEXTILE MACHINERY. 
LINE SHAFTS. 
LAUNDRY MACHINERY. 
CONVEYORS, ETC. 


a eon. 


And the HIGH TORQUE is not gained oFlecttomolors ita 


at the expense of EFFICIENCY. NORWICH and MANCHESTER 
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YARROW MARINE BOILERS 


totalling over 


30,000,000 SQ. FT. HEATING SURFACE 


installed in 


SEVERAL THOUSAND VESSELS 
Over 3,000,000 Sa. Ft. Heating Surface 


installed in 


THE MERCANTILE MARINE 
DURING THE LAST THREE YEARS ALONE 


YARROW-GLASGOW 
AY ACe e4 = 


| HYDRAULIC VARIABLE SPEED GEAR 


THE IDEAL MEDIUM FOR CONTROLLING SPEED. 
























































PERFECT AND POSITIVE Also 
CONTROL FROM ZERO V'S'G. 
TO FULL SPEED, FOR- 
WARD AND REVERSE, VARIABLE 
WITHOUT STEPS. 
SIMPLE AND DELIVERY 
SELF-CONTAINED. PRESSURE 
VARIETY OF CONTROLS 
TO SUIT ALL REQUIRE- PUMPS. 
MENTS. 
HIGH STARTING = Gaver 4 9% 
TORQUE. Drive applied to a Cable 
Haul-off Drum, coiling 
SUITABLE 
FOR ALL CONDITIONS. a8 iam cmmaaana 





Write for particulars to: 5569 


THE VARIABLE SPEED GEAR LIMITED 
6, BROAN, pensqntenennariin ee S.W.1. Reject Ofc: ELSWICK WORKS, NEWCASTLE-UPON-TYNE. 


Telephone: Victoi legrams: Varispeed, Sow Telephone: City 5001. Telegrams: Varispeed, Newcastle-upon-Tyne. 

























| SSE: RAR SN AR 
LILLIE TIE ELIPETETT TIT ITTITITTe IIT iit 
££ TAT |. AR TERETE TITRE 
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STORACE , CALORIFIER. 





ROYLES LIMITED 


Rows PATENT TUBE SPECIALITIES 
For the Economic Use 
of both Exhaust and Live Steam 
For Heating Air, Water and other Liquids 
THE MOST EFFICIENT SYSTEM 


aLAN. MANCHE’ ESTER. 


sambeiammanettetniaisaal 




















BOILING BATTERY. . 








6082 
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| os 


BALL BEARINGS 
FITTED IN ALL 
JOURNALS WITH 


n 


VALVES 
BATH LUBRICATION FOR 


ES : hs POWER PLANTS 


For Circulating Water and Exhaust 

Steam, are supplied with hand, 

motor or hydraulic operation with 
remote control. 





Valves up to largest bore made 
supplied to Super Power Stations in 
this country and abroad. 


Specify “ SENTINEL.” 
Prices and full particulars supplied free. 





UNUUNUUUTTUUUOC TUALLY Le 


“* Sentinel’ Traps— 


Ask for New Catalogue W 6. 





GROUP OF 60° DIAM. MOTOR OPERATED CIRCULATING WATER VALVES. 


ALLEY & MACLELLAN, LTD. as 


SENTINEL VALVE WORKS, WORCESTER. 


Telephone: Worcester 15. Telegrams; ‘‘ Alley, Phone, Worcester.’’ 





‘SENTINEL 
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Excavators with Revolving Turret 

suitable for digging high or low in capacity 

from 150 to 1500 cubic yards per hour. 
We also supply 

Special Types of Excavators 

for either high or low digging as well as 

Trenchers on rails or caterpillar tracks. 


MASCHINENFABRIK BUCKAU R.WOLF A-G 





MAGDEBURG (GERMANY ) 


London Office: The Locomobile Engineering Co. Ltd., 68, Victoria Street, Westminster, London, S.W.1. 















ECONOMY 


comes not from cheap boilers. 


BUY THE BEST 


and always buy a 


MARSHALL 


It will prove 
the cheapest 
in the long run 
and it is the make always specified 
by discerning buyers. 











% & & 


All ranges of our Locomotive—Multi- 
tubular, Vertical and allied types—are 
strikingly up to date and in conformity 
with latest requirements. 









Having perhaps the largest modern . 
boiler dept. in the U.K.., we are prepared 
to quote other manufacturers for the 
supply of boilers to their own designs. 








We invite manufacturers herein inter- 


ested to oe their requirements before — , ee 
s Sa Various types of tubulous boilers can be offered for all pressures, and fitted with furnaces to burn 
us; we also Invite Steam Users to send oe coal, oil, wood and other combustibles of low calorific value. — 


us their inquiries. 
sri MARSHALL, SONS & COMPANY, LTD., ENGINEERS, 
gn GAINSBOROUGH, LONDON & BIRMINGHAM 





Oe 
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This BLEICHERT Ropeway, 
having a capacity of 75 tons 
of copper ore per hour and a 
length of 2: miles, was built 
for the Besshi Copper Mines 
in Japan. All over the world 
BLEICHERT Ropeways have 
proved themselves in long 
years of service. 


TRANSPORTING MACHINERY 
& ENGINEERING CO., LTD., 


76, VICTORIA STREET, 
WESTMINSTER, LONDON, S.W.1. 






























































7 EXPANDING TYPE. 5 
or all Pressures of Steam 


















PACKINGS 


Made of the best 
British materials for a 


















long life of faithful «© SUPASCA.”? 
service. Refuse all Specially suitable for 
Imitations. Exhaust Expansion Glands and Stop 
No. 6 Frictionless Grease Packing. Valves of engines of the Diesel Type and 
Recommended for Hydraulic Work where 2 Catalogue No. 163 Free wherever a packing is required for 
reliable soft lubricated packing is desired. on Request. intense heat. 


























Telephone: Woxinc 1040. 


JAMES WALKER & Co., LTD., 66 Lion ts Works, Woking, Surrey. Telegrams: “‘ LioncELLE.” 


LONDON OFFICE: 96 LEADENHALL STREET, E.C.3. 


eed 

















F 
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the Backbone 
tachbone df your tower 


Only selected centres of English Ox Butts, tanned by the long process, 
are used in the manufacture of Northumbria Leather Belting. 


They are hand dressed, stretched in the wet state, and allowed 
to mature for long periods before being cut up for belting. 


Northumbria is made from British Hides by British Labour, and 
is the Belt for heavy work. 


ORTHUMBRIA 


LEATHER BELTING 


VAT TTT 











Mt 


I %), 





er 


London Branch 


TT \ 


L390 


‘ 4 and Export Dept.: wu 


GEORGE ANGUS« CI?) 


‘ «reetson 


AW liitittittt 


——__— 


i 
7, Bury St., Sa. Mary Axe, E.C.3. | 








NEWCASTLE-ON-IYNE 


MT IANA 


























\\ We 
pong 


op 


The Carrier System of Air Conditioning — the th 

‘Manufactures Weather ’ is guaranteed to maintain automatically 
constant and uniform conditions of temperature and humidity in 
any given closed space, night and day winter or summer. 


To-day ‘Manufactured Weather’ is installed in over 200 different 
industries, providing ideal conditions for maximum output of 
the highest grade every day in the year. 


Let us show you how ‘Manufactured Weather’ can increase your output. 

















The Predo 
POWER /7: 
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The Ruston-Bucyrus }-yard Excavator is being widely 
adopted by Municipal and County Engineers as being the 
most economical and versatile machine for housing schemes, 
reservoirs, road work, ground levelling, trench excavating and 
development work generally. 


For making sea walls and promenades at seaside resorts, 
for preparing playing fields, for handling stock piles of coal, 
coke, etc.—in fact, for almost any job on which an Excavator 
can be used, the No. 4 is successfully holding its own. 


The low first cost and small maintenance charges of this 
full-circle British-made Excavator, its adaptability for working 
as shovel, dragline, drag-shovel, skimmer, grabbing crane or 
crane, and its ease of transport, either under its own power 
or by road or rail wagon, are reasons for its popularity. 


There is no slack season for a No. 4. 


Efficiency means doing the job equally well at 
half the cost—or getting double the results for the 
same outlay. ‘The No. 4 has proved itself efficient. 


RUSTON-BUCYRUS, LTD. 


EXCAVATOR WORKS, 


LINCOLN $:: 





ENGLAND. 


recognizing the value of the No. 4. 





: No. 4 Grabbing Crane working*on Promenade 
Extension at Scarborough. 


1301 ; No.4 Grabbing Crane working on new Sea Wall 


and Promenade at New Hunstanton. 


1302: Two No. 4 Draglines loading sand on beach 


at Morecombe. 


Some Public Authorities 
who use 


RUSTON-BUCYRUS EXCAVATORS. 


* Lancashire County Council. 
* Salop County Council. 


Belfast Corporation. 
Bradford Corporation. 


Cardiff Corporation. , * New Hunstanton Urban 
Macclesfield Corporation. District Council. 
Manchester Corporation. * Rhondda Urban District 


Mossley Corporation. 
Preston Corporation. 

* Rochdale Corporation. 

* Scarborough Corporation. 
Sheffield Corporation. 


Council. 
* Hastings, Borough of. 
* Morley, Borough of. 
* Croydon, County Borough of. 


Stockport Corporation. ; 
i Tynemouth Corporation. — County 
Seema stray an: ig Lanark County, Middle Ward. 
Durham County Council. Derwent Valley Water Board. 
* Morecambe & Heysham * Durham County Water Board. 
County Council. Fylde Water Board. 


* Use Ruston-Bucyrus No. 4 }-yard Universal Excavators. 


Write for Catalogue 16 D. 
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Schiess-Defries 








Large Modern Boring 
and Milling Machine 


machining the High Pressure 
Casing of a Condensing Turbine. 


chiess-Defries A-G. Diisseldorti 


SOLE AGENTS: ALFRED HERBERT LTD. COVENTRY. 559 
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17461 


DEMAG Blocks 


4—5 ton carrying capacity, supplied immediately from stock, stationary 
or travelling, as mono-rail or two-rail crabs, with hand-travelling 
gear, eléctric travelling gear, or with coupled-on driver’s seat DEMAG 
blocks are not affected by rain, dust, or acid fumes, &c., as they are 


provided with tightly-closing casings. 


TEC 


AE TIEN GESELLSOCOHArYTT. 


DUISBURG GERMANY 


British Agents for Demag Electric Blocks: AABACAS ENGINEERING Co., Ltd., 
10, Canning Place, LIVERPOOL. Telephone : CENTRAL 4339. 
Abbey House, Victoria Street, LONDON, S.W.1. Telephone: VICTORIA 2638, 
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for 











wo S187 two wna 
OnE, COVEN TH 


@ wus AUTO MACHINERY CO. im. é 
ALDERMOOR WURKS 





© 


Well-known 


specialists in 


Munnfactorees of COVENTRY Mawefactarvot a b ll d ll 
BALL ANDSROLLER BEARINGS BRIGHT BOLTS AND NUTS a an ro er 
STEEL, BRONZE, BRASS BALLS mony Sar tae deers BRIGHT DRAWN MILD SIBEL 


bearings adopt 
MoneL METAL 
in their Pickling 





trevi 
BIRKIN AK 


' plant. 
Tr ard to a 
ther extension 
that have 
ve eaiy 





a @ 002 ) 6G) EEE, 


| MONEL METAL equipment 
offers— 
(1) Rolled and forged struc- 


ture of high tensile 
strength and toughness, 


(2) Maximum resistance to 


| corrosion to hot pickling 
| 
acids. 

} 

| 


(3) Freedom from cementa- 
tion corrosion. 














a CAND 6 CED cammmmaamamama 











A wide range of literature on Monel Metal Pickling Equipment is 
now available and will gladly be sent on request. 


MONEL- WEIR, LinneD. 





CATHCART - = = GLASGOW 


pickling equipment 
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TURBO 


OR large unit high-pressure plants this 
is the ideal boiler feeder. It is both 

economical and flexible, and combines the 

advantages of steam and electric drives. 


The basic pressure (approximately equal to 
boiler pressure) is maintained by an electri- 
cally driven pump of high efficiency running 
at constant speed. The variable pressure 
above this mean is dealt with by a steam 
turbine driven booster pump which maintains 
correct pressure in the feed line at all loads. 
Overall thermal efficiency is higher than for 
electric drive only, while general working 
characteristics are those of a steam-driven 
plant. 


We have unrivalled facilities for dealing 
with all feed problems. May we quote 
you or suggest a layout for 
special conditions ? 


Illustrated is a Weir 
Turbo - Electric Feed 
Pump, capable of dis- 
charging 25,000 gallons 
per hour against a pres- 
sure of 525 Ib. per sq. 
inch, as supplied for a 
London Power Station. 


Feed-Heating and 


é . 


ELECTRIC 
1», FEED PUMP 
































Condenser, Boiler Feeding, 


Evaporating Specialists. 








a 
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HE accumulated experience of three 

generations of Steel Makers’ craft is 
represented in Firth Steels. 
For such parts as gears, driving pinions, 
crown wheels and similar details, which 
require the highest mechanical pro- 
perties, together with maximum resist- 
ance to abrasion, Firth Air-Hardening 
Gear Steel is used by many of the leading 
motor-car and aircraft engine manu- 
facturers. ‘ 
This steel is notable for its freedom 
from warping and distortion in harden- 
ing. In your own case, perhaps, a 
standard steel will not suit the particu- 
lar job, in which event our Research 
Laboratories are always willing to assist 
in the solution of any~problem in 
connection with steels for such special 
duties. 
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The following are some of the 
recent British achievements 
in which Firth Special Alloy 
Steels have successfully played 
their part :— 


AIR. 


Schneider Trophy Winner — 
Supermarine-Napier S.5., Venice, 
1927, at a speed of 284 m.p.h. 
Schneider Trophy Winner— 
Supermarine Rolls-Royce S.6, 
1929. 

First non-stop flight to India. 
England to Australia Flight by 
four R.A.F. Supermarine 
Southampton Flying Boats. 


LAND. 


Land Speed Record of 231°36 
m.p.h. by the late Sir Henry 
Segrave in his ‘Golden Arrow.” 
Capt. Campbell’s “ Blue Bird,” 
racing at Verneuk Pan, at speeds 
of 211, 216 and 217 m.p.h. 


WATER. 


Motor Boat ‘Miss England,” 
racing at Miama, U.S.A., making 
world’s motor-boat speed record 
for 1929—and “‘ Miss England II ” 
at Lake Windermere, breaking the 
above record, both by the late 
Sir Henry Segrave, 1930. 





Write for booklet 300 
on this subject—it will 
prove helpful to you. 
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E.S.C For INTRICATE & HIGHLY STRESSED 


DROP FORGINGS | 
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AN interesting development in the design of heavy road 
vehicles is the new ‘Sentinel’? 8 wheeler, known as 
the D.G. 8, which steers with all four front wheels. 

In developing this model, the designer called for a some- 
what complicated forging to carry the pivots about 
which the front wheels turn. 


The illustrations show the complete vehicle, the front bogie, and one 

of the front bogie arm drop forgings, made by the E.S.C. The 

forging is 4 ft. 1iin. long and weighs 600 lbs. 
All Enquiries to be addressed to Dept. P/Y. 


Registered Office: VICKERS WORKS, SHEFFIELD. 


Telegrams and Cablegrams : Telephone : 
“STEELCORPO, SHEFFIELD.” SHEFFIELD 41071. 


‘English Steel Corporation £10. 


on by VICKERS-ARMSTRONGS LTD, AT SHEFFIELD AND OPENSHAW, 
O., LTD., AT SHEFFIELD & PENISTONE. 









Incorporating the Stee! & Allied Businesses formerly carried 
a3 ' CAMMELL, LAIRD & C 


























DEc, 26, 1930.] ENGINEERING. 39 




















Carborundum Brand Refractories 











Carbofrax Brick. Carborundum Cement. 
Caslaltan «Bernitz scicecoclad A cement to meet every condition. 

hacks. For setting of Brick and Tile. 
For Clinker Proof Linings of Carbofrax Muffles. 

Boiler Furnaces. For Enamelling Furnaces. 
Carborundum Crucibles. The Carbo-Radiant Oil Fired 
For Melting Non-ferrous Metals. Kiln. 

Carbofrax Brick. For Potteries. 
Carborundum Refractory Carbofrax Hearth Tiles. 
Cements. For greater Efficiency from Heat 






Treating Furnaces. 






Carborundum Firesand. 
For the Lining of Non-ferrous The Carbofrax Recuperator. 
Melting Furnaces. For Recovery of Waste Heat. 






Alfrax Bricks and Cements (electrically fused alumina), for all 
Furnace linings. 






Infrax Brick. A high temperature insulating Refractory. 





In other words, a Carborundum Refractory for practically every 
High Temperature Installation. 






We are prepared to advise customers on matters of furnace design relative 
to the use of Carborundum Refractory Products, or will undertake to 
design and build complete Furnace Installations. 


| THE CARBORUNDUM COMPANY L=P 
TRAFFORD PARK, MANCHESTER. 
Pa OE eee 
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AND 


OTHER MANUFACTURES 





FULLY DESCRIBED IN 


OUR NEW GENERAL CATALOGUE 





WRITE FOR A FREE COPY! 





GRAPHITE PRODUCTS Ltd. 


218-220, QUEEN’S RD., 
BATTERSEA, LONDON, S.W.8. 


4911 





























SEE OUR DISPLAYED ADVERTISEMENT ON PAGES 36 & 37. 5600 THOS. FIRTH & SONS LTD., SHEFFIELD. 
Big Saving 
A user writes: ‘The installation of this engine Another writes: ‘‘ You will no doubt be interested 


enables: us to effect a saving of approximately Ps aeriery gry — engines ig — 
: e load of a .P. Steam Engine, with an ad- 
£1000 per annum os compared with the Steam ditional load of 2 new shops, and has shown a 
Engine and small Oil Engine used previously. saving of 40% over the Steam Engine.” 
were effected by installing 


PAXMAN OIL ENGINES 


Write for Publication G.952. 


Davey, Paxman & Co., Ltd. (Assoc. firm of A.G.E. Ltd.) 
31-33, Aldwych House, London, W.C.2. (Established 1865). Works : COLCHESTER. 5901 














HADFIELD'S PORTRAIT GALLERY For the making and maintenance of 
OF modern highways use 


ENGINEERS AND METALLURGISTS. yj A D FI EL D “ 
CRUSHERS 


Unequalled for hard service and big output. 


All the Wearing Parts of Hadfield’s Crushers 


are made of Hadfield’s Patent 


shi MANGANESE STEEL “rama cneesom ner 


and Screen. 





(of which Hadfields are the inventors and Sole Makers) 


ALEXANDER GRAHAM BELL, TRADE MAK 
4 JOHN FRITZ MEDALLIST. The Supreme Material for resisting wear. Designed to meet the requirements of Road Surveyors, 
Corporate Authorities, Contractors and others who have 
$$ experienced the need of a serviceable, compact arrange- 
sili sini anita ment, readily capable of being moved from place to place. 
a RE cahadiaiiené STEEL CASTINGS AND FORGINGS A Work 
: OF EVERY DESCRIPTION. non oF Marks over SYP genes. 


No. 6! Portrait. Buildings cover 61 acres. 4696 


HADFIELDS LTD., sitiits ‘satus -- 
ay SHEFFIELD, ENGLAND. , 
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STERLING FOUNDRY SPECIALTIES Ltd., 
STERLING works, BEDFORD. 


THE LEADING SPECIALISTS 
IN THE MANUFACTURE OF 


STEEL MOULDING BOXES 
FOR ALL FOUNDRY SERVICES. 


GUARANTEED RIGIDITY, ACCURACY & INTERCHANGEABILITY 5682 
50% LIGHTER THAN CAST IRON BOXES, NOTHING TO CRACK OR BREAK. 


““ SIMPLICITY ” STEAM TRAPS 


WITH ONLY ONE MOVING PART— A FREELY FLOATING BALL, 
NEED PRACTICALLY NO ATTENTION OR UPKEEP. 


Capacities up to 700 gallons per hour. Will lift discharge, 


THE KEY ENGINEERING CO. LTD. 4, Queen Victoria Street, London, £.C.4. 


TT 


SOMETHING NEW 


is always interesting—especially so when a firm which 
has been in the business for 50 years produces it. 


THE BROTHERHOOD TYPE A.S. SINGLE- 
STAGE DOUBLE - ACTING COMPRESSOR 


(here illustrated) 


works at pressures up to 120 lbs. per square inch, absorbing no more power (often less) than a two- 
stage compressor of equal capacity, and using an amount of lubricating oil that is trifling. 






































Standardised for outputs of 100 to 2,000 cubic 
feet per minute, with one to four cylinders. 


Write for specification A.S.E., and an estimate for a compressor of the size you may want, to: 


PETER BROTHERHOOD LTD. 


Head Office & Works: 
PETERBOROUGH - ENGLAND ee 


BRANCHES :—LONDON, MANCHESTER, LEEDS AND GLASGOW. 


OTC lk lee 














IIA Ae 


Sal 00 











For gears in quantities, for ball bearing mounted 
worm reduction gears and for combined worm and 
spur gear reduction sets, we offer you a service 
that guarantees satisfaction. Sizer Gears are 
good ones...... made for long life and efficient 


duty all the time. We can cut your blanks or 
- gupply gears complete to your own requirements. 


ABOVE ALL— 
COMPARE OUR WORKMANSHIP. 


May we have your enquiries? © 


RICHARD SIZER LTD., 


WILMINGTON, HULL. 


5878 
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Telephone: 


- Telegrams: 
FORGE DARLINGTON. 
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ASSOCIATED BRITISH MACHINE TOOL MAKERS L° 


17, GROSVENOR GARDENS. LONDON, S.W.!. 











Features which Favour 


Gui Increased Output 


Reduced Costs 


Recent comparative tests definitely prove 
that output can be more than doubled whilst 
halving power costs, by installing the 
Asquith latest electrically driven radials. 
Many cases have come to our notice in which 
production has actually been increased four 
or five times. 


The Asquith Patented 6-way switch—not 
the least of the factors which ensure this 
remarkable increase of output. 


The numerous distinctive features of the 
design are so revolutionary that machines 
not possessing them are virtually obsolete. 
This fact, with the guaranteed savings 
effected by the type, justifies the replace- 
ment of machines even three or four years 
old. 


Send for list R.43 and R.44, which give full details of the S.C. and O.D. Types. 
At the same time let us have particulars of your work and we shall be pleased 
to advise as to which of the types is most suitable for your requirements. 


WILLIAM ASQUITH, LIMITED 


PARK WORKS, HALIFAX, England. 


Telephone: $1258-9. Telegrams: ‘ Drill, Halifax.” 


Ensure the best results from your machines by using 
« BETTER-SERVICE ’”’ Sockets. Send for trial socket. 





COUOAUOUCOATEEERTOGRUGGANUGUAEOGGOUENOGUGEGOOCGOOUGOCOUCOOUOOOOOUOOOOUCOGUOOGOOOGCOUGEOSOOGOOUEGGOUCOGUONGOOCOOCOUOGOLOUEOOUEEGOOCOOOOUUOOCONEOOOHEOOOUOUOOAUOCOOUOOOOUOOGOUOOOOUCOGUUGOOOUSOONUOGOUEOQQUOOOQUOGOUCOGUUOO0QU000U000N000000000000000000U00G0U0NNUEONNUqONUONNNNUONNNUNN0QqONN0q00NQEOGQuOONQqNNQUqONUUqOCUNOOQUIONE 


View of 48 in. stroke ‘‘ Butler” Puncher Slotter, Reduce forge costs 


with 60 H.P. Reversing Motor-drive. 
| “BUTLER” 
ied 
with 


PUNCHER 
SLOTTERS 


The range of sizes :— 
10 ins. to 48 ins. Stroke. 








Send particulars of your 
work and let us give you 
guaranteed production times. 

















The Butler Machine Tool Company Ltd. 7 
HALIFAX, Eng. 


Telephone No. 3711 (2 lines). Telegrams: “BUTLER, HALIFAX.” 
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Builders of 


Marine Reciprocating, Turbine and Wallsend-Sulzer 


Internal Combustion Engines. 











BOILERMAKERS, SHIPREPAIRERS AND OIL BURNING SPECIALISTS. 





View of the Works, shewing 


. “CITY OF GLASGOW” 
. “CITY OF DELHI” 

“ MATAKANA ” 
S. “BRITISH DIPLOMAT” 
. “PORT ADELAIDE” 


Reconditioning of Turbines. 
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THE WALLSEND SLIPWAY 
ENGINEERING COMPANY, [TD. 














Bauer-Wach Turbine Installation. 


Reconditioning of Turbines. 
Repairs. 
Reconditioning of Turbines. 








HEAD OFFICE @ — 


London Office 
Liverpool Office 





- -  WALLSEND-ON-TYNE 


° 30, Great St. Helen’s, E.C.3. 


- . Cunard Building. 
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The earning power of an electric 
welder is very much higher than 
that of an ordinary machine tool. 


In a certain case joints made in tubes 
by screwed couplings cost 19s. 8d., 
and by electric welding 10d., with 
the additional advantage that they 
will stand as long as the tube itself. 


95 96 95 35 36 95 FE FE EBE 9E SE 9E 96 96 95 36 9698 96 9E 
t labatatatabahahahshatatatahalahatatatatal 





WELDER 


will reduce your production costs 
and increase your output. Write for 


36 










particulars. 


PRESCOT LANCS. 


Makers of PRESCOT and HELSBY Cables 


Telephone No. PRESCOT, 171; 
Lendon Office: Surrey House, Embankment, W.C.2. 
Tel; Nos; Temple Bar, 4793, 4, 5, & 6. 


isononnccnc mance 369696 969696 96 9696 95 96 36 96 96 9696 96 96 96 SE 9K 96 96 3E 96 9E 96 96 96 96 36 3696 
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Capacities 120,000 Cubic Ft./Min. 
Suitable for all Pressures. 

Steam or Electric Drives. 

Highest Efficiency. 

Robust Construction. 

Patent Governing. 


























STEAM-DRIVEN TURBO COMPRESSOR 


24000 Cu. Ft. per Min. 80 Ibs. per Sq. in. 
EMPIRE MANUFACTURING RIGHTS 


GUTTENOFFUNGSHUTTE SYSTEM. 


Complete Installations. 








& €O., LIMITED. 
SOHO IRON WORKS, 


BOLTON - ENGLAND. 























Capacities 5000 Cubic Ft./Min. 
Pressures up to 250|bs. per Sq. inch. 
Vacuum 29°9 inches H.G. 
Highest Efficiency.., 

Automatic Control. 

Simplicity. 


MOTOR - DRIVEN ROTARY 
COMPRESSOR. 
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TWO 
OF THE 
LARGEST 
SINGLE CYLINDER 


STEAM TURBINES 


IN THE 


WORLD 











3,000 R.P.M. 


Parsons Single Cylinder 


Duplex Exha 600 R.P.M., Parsons Single Cyl 20,000 k.w., 3,000 R.P.M., ntly supplied to 
ust Steam Turbin ylinder ‘plex Exhaust Steam Turbine rece y 
Geaaae € recently supplied to Duplex *he County Borough of Derby. 


These two Single Cylinder Turbines illustrated above are essentially high- 
efficiency machines, and by use of the duplex exhaust are able to take 
full advantage of the high vacuum at which they work. 


CAP 


& COMPANY: LTD 
HEATON WORKS, NEWCASTLE-ON-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 


IINUUTITAUUUUUUVUUUUTA VHT LUT 


TANNOY 


LP.S. No. 309—6709. 7018. 





ITIVE ATAU 


INUIT UTE 
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LANCASHIRE BOILER 


GIVES 


82-5 | O 


EFFICIENCY WITH 
BENNIS NEW PATENT 


AIR-DRAUGHT STOKER 





NO ABSOLUTELY 
STEAN SMOKELESS, 
JETS, 





ED. BENNIS & CO. LTD. 


Little Hulton, Bolton, and 28, Victoria Street, London, S.W.1. 
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rNitclaatohiols 


for 
ls hZel ond ot Xo ga om a olay: 


for 29.000 kVA, 12000 Volts 





300 r.p.m., 50 cycles 


Takitelltotilelaielaieictimael-te 





| EA, osies 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 


Representotives: 
Great Britain | India South Africa | China 


AEG Chine Electric Co. 








AEG Engineering Co. (S. A.) 





| 131 Victoria Street Sprott Road (Propnetary) Ltd. 
: Phoenix Building 
Westminster Ballord Estote 84 Morsholl Street 


Bombay j Johannesburg 


AEG Electric Company Ltd. AEG Indio Electric Co. ttd. 
33 Kiangse Road 








tcadon SW 1 Shanghai 





5481 
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* Of Importance to Engineers 


PROGRESS 







pease 





re 
HAMES House marks a big step 

forward in the development of West- 
minster as a business centre. Here also, 
where the old Horse Ferry used to be, 
the new Lambeth Bridge is being thrown 
across the river to provide direct access 


to the City. 






— pes 
i —_ 


— 





At this season, when the coming year 
signifies advancement, it will pay you to 
consider Thames House for your offices. 


THAMES HOUSE 


BY THE NEW LAMBETH BRIDGE 


WESTMINSTER 
LONDON, S.W.1 


*Write or telephone (Victoria 4444) to the agents of the landlords (Anglo-Properties Ltd.) for a descriptive brochure. 
KNIGHT, FRANK AND RUTLEY, 20 HANOVER SQUARE, LONDON, W.1. 


Horsefe Pry 
O. 
5§ pr nf) 


“The 
aCe 
(from an 




















OR AT THEIR OFFICES 
ADJOINING THE BUILDING, THAMES HOUSE ESTATE OFFICE, IMPERIAL CHEMICAL HOUSE, LONDON, S.W. 1 | 


| 

















» 
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THE HALL MARK OF EFFICIENCY. 


CP PORTABLE PLANT FOR 
BRIDGE DEMOLITION 

















A CP Class P6-DGL 110 cu, ft. Portable Petrol Engine Driven Air Compressor, operating two CP-116 
Demolition Tools, breaking up the Concrete and Stonework of the Canton Bridge, Cardiff, preparatory 
to rebuilding. 


This picture is of exceptional interest, illustrating the modern method of Bridge building, compared 
with the old stone arch. 


WRITE FOR FULL PARTICULARS OF CP AIR COMPRESSORS 
AND DEMOLITION TOOLS TO SUIT ALL REQUIREMENTS. 
ECONOMICAL — EFFICIENT — EASY TO OPERATE 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LTD., 
EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1. 
Telephone: Gerrard 9215. Telegrams: Caulking, Piccy, London. 
BRANCHES ALL OVER THE WORLD. 5632 
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MECHANS LIMITED, 


LONDON OFFICE : 
10, Princes Street, Westminster, S.W.1. Scotstoun Ir onworks, Glasg Ow. 











Head Gears 


__ 


Bunkers 





Steel Chimneys 





Blast Furnace Plant 





Riveted Steel Pipes 





Steel Tanks 





Elevators & Conveyors 





Gas Producers 





Steel Buildings 





Steel Structural Work 





5931 


Riveted, Welded & Pressed Steel Plate Work of every Description for Mines, Gasworks, Oilworks, etc. 











Ask for Sectional Catalogue :—No. 2. Structural & Mining Plant. No. 4. Steel Pipes. No. 5. Forging & Flanging. No. 9. Elevators & Conveyors. 














Our Rolling Mills are designed on the basis of 


EXTENSIVE EXPERIENCE IN 
ROLLING MILL CONSTRUCTION 


PRACTICAL WORKING EXPERIENCE 
we have gained 
| through being con- 
stantly in touch with 
our associated Works 
and other Works to 
which our mills have 
‘ been supplied. This 
: finds its expression 
js a in our modern 

wy — Rolling Mill Plant, 
aie Sh a. at. a * thts ibm in the construction 
\y s of which basic 
economic principles 
’ are kept to the fore. 








a aiideeaiteadiin 


senes F an, oa 
Re. J Jo 







This Plant, 
a continuous Roughing Train, 


24 in. diameter and 53 in. Barrel length, was FOUNDED 
supplied by us as part of a large Rolling Mill Plant for abroad. fiecig}-" ame 
14855 


KRUPP GRUSONWERK Magdeburg (Germany). 


Sole Agents in Great Britain and Ireland: J. ROLLAND & Co., Engineers, Abbey House, 2, Victoria Street, London, $.W.|. 
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ARDELT 


CRANES 


AND 


LOADING 
PLANT 


of all 
Descriptions. 





















Locomotive Wrecking Crane, capacity 60 tons 
at 25ft. radius. 





eetuerset 
a 4.2 56 A 
Vrs —E 5 sain 8 




































We supply every 
kind of Tank 


in any shape or any size from a few 
lbs. up to 20 tons. 


Tanks, Pans, Casings, Chemical Works 
Plant, Artificial Silk Tanks and Cylinders. 
Whatever your requirements, let us quote 
you. 





Tanks and vessels prepared for rubber or 
lead lining. 





9 . ry 
ae Our 74 years’ experience is at your 
CASING W1iTH COVER ° 
ected 25 Ibe. ‘per square service. 


inch hydraulic. 


obSi8 Guin Ch: 


ESTN 1850: ROTHERHAM 
Telegrams : ‘‘ Jenkins, Rotherham.” 


London Office: 354, Abbey House, Victoria Street, S.W.1. Telephone : Victoria 6783. 


Telephone : 584 (3 lines). 
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The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 





are the last word in Screwing Machines. They are designed from beginn‘ng to 
end as high-class Machine Tools, and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of our own Patented design. 

All parts which are liable to wear are of Hardened Steel. The end thrust of the 
Dies is taken on the four-throw Cam, and when the Die Head is closed it is as 
rigid as a solid Die. This enables us to guarantee the Head to screw perfectly 
parallel and uniform threads. 

Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, and test them in actual use. 





Joshua Heap & Co., Ltd., Ashton-under-Lyne, England. 




















The G.&B’ Multi-Stage 500kw. 
Steam Turbi nee Dyn amo The same highstandard 
_ of design, workman- 
ship and materials 
associated with Green- 
wood & Batley single- 
wheel type impulse 
Turbines will be found 
in these Multi-Stage 
Turbines, and we invite 
your enquiries. A 
Photograph shows 500 KW. request for particulars 
velocity compounded and involves no obligation. 


six impulse wheels, vacuum 
28 inches. 


GREENWOOD <x BATLEY E’ 


ALBION WORKS ° LEEDS 

















en ince peroeneetnemo te NOON eA Acdaneinenaans 
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TAYLOR & CHALLEN PRESSES 


— Size _ 7; Toggle Drawing Press — 


Pressing Brake Drums for Motor Vehicles. Also 
for Drawing Sheet Metal Presswork of Alu- 
minium, Steel, Brass, Stainless tron, ete. 
Cooking Vessels, Motor Radiator Fronts, Milk 
Separators, Bowls, Dishes, etc. 











IN GREAT VARIETY ARE USED IN 
THE MASS PRODUCTION OF 
MANUFACTURED ARTICLES. 
TOGGLE DRAWING, SINGLE CRANK, 
DOUBLE CRANK,NOTCHING 
FOR ELECTRICAL TRADES, 
ROLLER FEED, 
TURNTABLE FEED, 

HOPPER FEED, 

§ COINING, 

CARTRIDGE. 






















ENGINEERS & MAKERS, 
Derwent Foundry, Works & Showrooms, 


CONSTITUTION HILL, BIRMINGHAM. 


Telegrams: Telephone 
DERWENT, BIRMINGHAM. CENTRAL 0376. 8194 











Lennon Orrice :- ST, STEPHEN'S HOUSE, VICTORIA EMBANKMENT, S.W.1. —Tevecrams: “TAYCHAL, PARL,’’ LONDON, TeverpHone: VICTORIA 3513 























MCLAREN - BENZ 


LIGHT WEIGHT - HIGH SPEED 


DIESEL 


OIL ENGINES 







300 B.H.P. ENGINE AT 1000 R.P.M. 
— FOR — 
LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, 
PUMPING PLANT, WATERCRAFT, 
LIGHTING & POWER SETS, Etc, Eto, 


ar J. & H. McLAREN, 


F 
TION vordi 
Accord == LIMITED 
















GREAT RA 
Cables: NGE OF sizxs, 


“stares, Lng LEfDS, ENGLAND. gages Mos. 


All Codes used. 
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BOOTH TRUCKS 


RELIABLE AND ECONOMICAL TRANSPORT 























FT 
JOSEPH BOOTH & BROS., LTD.. 
PCr? | : UNION CRANE WORKS, 
1930 | | RODLEY, 
CATALOGUE. LEEDS. 


2-TON STANDARD TRUCK. 





























7 7 = = ns MO 
FURNACE 


Has reduced Fuel 
Costs from 


9/8 » 2/- 


per ton 


of Steel rolled. 











This reheating furnace is coal-fired ; is smokeless in operation with very low 
fuel consumption. Our illustration shows an In-and-Out type; the principle 
is equally successful with Continuous-Billet or heat-treatment furnace. 

e saving between the costs of 9/8 and 2/- per ton of steel rolled, as instanced 
above, was the actual experience of a well-known steel manufacturer. No steam 
is required ; the costs include standby charges and the fuel necessary to bring 

e furnace up to working temperature. We invite your enquiries. 


THE DOWSON & MASON GAS PLANT Co., LTD. 


ALMA WORKS, LEVENSHULME, MANCHESTER 
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RENOLD CONVEYOR CHAIN 







Renold Steel Conveyor Chain fitted to mechanical handling 
plant enables continuous operation at maximum efficiency. 


Slip and creep are entirely eliminated, and perfect 





synchronisation is obtained, 
enabling side by side conveyors 
to be run correctly in step. 


The chains can be run continu- 
ously at comparatively high 
speeds due to the high standard 
of accuracy observed in their 
manufacture. 


Send for “ Renold Conveyor Chains ”’ 
Booklet, Ref. No. 020/05 


Casting Pickling Conveyor equipped with Remold Conveyor Chain. 
e Power transmission is by Renold Stock Cnain Drive. 


HANS RENOLD LIMITED MANCHESTER ENGLAND 












































HIGH SPEED ) OIL ENGINES 


19 to 57 B.H.P. 2 to 6 cylinders. 
Admirably suited for — | Special Features : 
ECONOMY. Compared with 


a petrol engine they effect a 
saving of 80% in fuel cost. 


Marine Propulsion 
Ship Auxiliaries 

Motor Transport STARTING. They start by 
hand from cold without prelim- 
if inary heating—back fires are 
impossible. Magnetos, Cart- 


ridges, Petrol and Sparking 
Plugs are entirely eliminated. 


Light Locomotives 
Electric Lighting , 


Pumping Sets 


SIMPLICITY and SAFETY. 
They are as simple as, and safer 
than, any petrol engine—the 
flash point of the fuel-oil used 
being about | 70°F. 


Road Making Machinery 





and 





General Industrial Work ] 


L. GARDNER & SONS, LIMITED, 


Proprietors of Norris, Henty & Gardners, Ltd., 
PATRICROFT $4 MANCHESTER. 


Telephone : ECCLES 2201. Telegrams: ‘‘ THEOREM.” 
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STEAM TURBINES 
STEAM ENGINES 
CONDENSING PLANTS 








7,500 Kwt. High Pressure Turbine, 3,000 r.p.m. 


HEAVY OIL ENGINES 
Aik & GAS COMPRESSORS 
PARAFFIN ENGINES 
Pneumatic Hose Couplings 





Two 600 B.H.P. Heavy Oil Engines and Generators. 


BELLISS & MORCOM, Ltd. — 


vey ree BIRMINGHAM—ENGLAND. a., victoria street, 8.ws. 


‘*Belliss, Birmingham.” 























GUILLOTINE SHEARS 









OVER 450 MODELS. 






*RHODES” High-speed Shears, No. 429. 
Undercrank type. Cuts mild steel plates 

6ft. long and up to fin thick. Fitted with 

Automatic Hold-down apparatus. Safety 
. Clutch control. Made in 10 sizes. 
Our Shearing Machines are not only technically perfect 
in design, but are of massive proportions and rigidly built. 
As the resuit of over 106 years’ experience a number of 
important features are embodied in their construction, 
making them pre-eminent. They are extremely durable 
and accurate, ensure a long life to the blades, and are 
absolutely safe in operation. 


Our range of models includes machines for shearing 
plates from 12 inches up to 25ft. wide, and of any gauge 
up to 4 inches thick (coid). 

Write to-day for our latest catalogue. 


JOSEPH RHODES AND SONS, LIMITED, 


ESTABLISHED 1824. 


GROVE IRONWORKS, WAKEFIELD, ENGLAND. 














“ RuopEs” High-speed Shears, No. 194. Overhead type. Cuts mild steel plates 10ft. 
London Offices : long and up to }in. thick with ease. Arranged with gap of 12tm.. Fitted with Aute- 


Norfolk House, Laurence Pountney Hill, E.C.4. 





matic Hold-down apparatus. Safety Clutch control. Weight 20 tons, 
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GUEST-LENOX PATENT 








As Supplied to 
H.M.War Office, 
Admiralty, 
H.M Office of 
Works, G.P.0., 
Ang'o - Persian 
Oil Go., Ltd., 
Etc. 

oO oO O 


When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 
oaaqa 
Light. Cheap. 
Bolted Joints. 
Easily Erected. 

No skilled labour required. 
Joints made with plastic 
compound capable of 
resisting the action of 
Raw Ammonia, Oil, 
Alkali, Brine and Sugar 
Liquid. 

Efficient and Strong. 


5626 





The above tank is fitted with special round corner pieces to facilitate cleaning, and measures 61 ft. by 61 ft. by 12 ft. 6 in. deep. 


makers: BROWN, LENOX & CO. (LONDON), LTD., POPLAR, E. 


pei, Mani ove “ mace id MILLWALL” 


WELDING 


We specialise in the design and 
manufacture of 
welded mild steel parts for machinery. 


















No Pattern Making. 
Less Machining Costs. 


Lower Handling Charges. 





6097 


Any Design. Any SERVICE. Any Weight. 








Make use of our experience. 





wel” 


MILD STEEL STATOR CASE FOR 5000 H. P. “MOTOR. 


. THE STEEL BARREL C* L” 
Telegrams: Barrels, Uxbridge, MIDDLESEX. uxeee is: 


Uxbridge. 
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JOHN SPENCER, L”- 
WEDNESBURY 
IRON & STEEL 


TLUBES 


POLES, STEAM MAING, PIT PROPS, &e. 





Cote 


CHESTER 


See our Advertisement in last and 
next issue 











FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Hain Steam Pipe Installations, i042 


WiDNBSE oR. 


ENTWISLE & GASS 

















ENGINEERS, BOLTON. LTD. 


HYDRAULIC PLANT 
and PUMPS. 


Centrifugal Pumps. § High Speed Pumpe. 


DANIEL ADAMSON & Co., Ltd. 
DUKINFIELD. 5636 








Turbo-Generating Units, er anges 


and Comp: a lant, 
Boilers, Superheaters, Complete Steam 
Power Equipment, Lifts 














ALL CLASSES 
SIZES 


STEEL-FACED SECTIONS 
IRON | > oOwWER ™ 
iRelelem. i esm.. 
UARANTEF 
ALWAYS IN 


SS STOC K 











Bs Tsraaso 4 
CLYNE ENGINEERING CO., L™- 


Tele. : “‘ Foundry, Bolton.” Tel. No.: 1950 Bolton 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 
STEAM TRAPS, etc. 


ELSON STREET, BOLTON. 


Machine Cut Gear Wheels 
THE REID GEAR CO. 


LINWOOD, near PAISLEY. 


CLIFTON « BAIRD, L*. 


Metal Sawing Machine Specialists. 
EMPRESS WORKS, 5966 
JOHNSTONE, SCOTLAND. 


THE PLENTY-STILL 


OIL ENGINES L"® 
NEWBURY 
ENG. 




























MARINE & 
INDUSTRIAL TYPES 








THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO. Lr. 


Specialists im the Design, “ex 
and Erection of Bridges, irders, 
Roofs, Warehouses, and ali classes 0; 
Tron ant Steel Constructiona Work. 


Heapo Orrice ANO Works— 


DARLINGTON. 












ByAppointment 
to H.M. the King 





” SPECIAL 
TRIAL OFFER 


A 5 GALL.DRUM 
OF WELLSALINE 


FREE 


Will be sent to 
you absolutely 
free of cost, and 
carriage paid, 
upon receipt of 
full particulars of 
Engine or_ Plant 
on which the oil 
is to be used. 


IMPROVED PROCESS 























BRITISHPREFINED 
INON= CARBON; 

















There is a grade of ‘‘ Wellsaline’’ 
for every Lubricating purpose. 


Made from selected Crudes, ‘‘ Wellsaline ’’ is carefully refiined 
by an ‘‘improved process.’’ Its manufacture is controlled 
by the most modern scientific research and investigation. 
“‘Wellsaline ’’ is a perfect lubricant, holding the Royal warrant 
of Appointment to H.M. the King as a token of its purity. 


This super-refined oil is free from wax and other harmful impurities. 
For Cylinders and Bearings of all types of Sieam En ines, Steam Turbines, 
Diesel, Gas or Oil Engine iubrication, ‘* Wellsaline” is unequalled. 


Take advantage of this trial offer to-day. 


Send your order with full particulars of engines or plant to: 


MATTHEW WELLS & Co., Ltd. (Dept. R.), Wellsaline Oil Works, Manchester. 
London Office: 117, Queen Victoria Street, E.C.4. 











: 
il 
ee é : 
















BRECKNELL, PHONE, BRISTOL. 


BRECKNELL WILLIS ann COMPANY, LTD. 
JACOB STREET, BRISTOL. 





ENGINEERS - - . 





TELEPHONE NO.: 
9344. 


TELEGRAMS : 











SIDE RUNNING SLIPPER COLLECTOR. 








THIRD RAIL COLLECTOR 








TROLLEY WHEEL 
COLLECTOR. 








5944 











CURRENT COLLECTORS FOR ALL PURPOSES, THIRD RAIL, OVERHEAD TROLLEY AND 
PANTOGRAPH SCHEMES. LET US QUOTE YOU FOR SPECIAL REQUIREMENTS. 








LAE EGBG IS NEE 
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One Solution to the Handling of Many Solutions 


WORTHINGTON Industries confronted with the efficient handling of a wide variety of NY \\ 
PUMPS fluids have found in the Worthington line of equipment a complete 
Centrifugal, Steam solution to their prob'ems. 
an ‘ower : 
COMPRESSORS For Worthington-Simpson build pumps of every type adapted to 
VACUUM PUMPS ; i 
SEWAGE PUMPS the penueer aie of aa most complex and exacting perenne 
PUMPING ENGINES When planning expansion or replacement of obsolete equipment 
NI Bese (0 you incur no obligation by asking Worthington-Simpson for re- 
GAS ENGINES commendations. 
CONDENSERS ° ‘ ade one 
COOLING TOWERS Branches and representatives in the principal cities of the World. 
FEED WATER HEATERS 
EVAPORATORS ® 
— 
6” x 4" x 6” Horizontal Duplex 
Userature on request. 
- Boiler Feed Pump. 
@ 


A typical 10” Horizontal Motor- 
driven Split-casing Centrifugal 
Water Pump. 











WORTHINGTON-SIMPSON, LTD., 


— QUEEN'S HOUSE, KINGSWAY, Teucanaus: 
oe LONDON. W.C.2. “LONDON.” 











ROLLING MILL$ FOR ALL METALS 


Cold Strip and Sheet Rolling Mills, 
Four-high Mills, Cluster Mills, for 
all metals. High and Low Carbon 
Steel, Staybrite-Steel, Nickel, 
Nickel-Silver, Copper, Brass, 
Aluminium, etc. 








Complete installations for rolling 

Lead Foil, Tin Foil, Aluminium Foil. 

Forged and hardened Steel Rolls, 

and all Auxiliary Machinery for 
Rolling Mills. 











HEAD OFFICES: WORKS: 
SCHMITZ & CO., | WALZMASCHINENFABRIK 
Fabrique de Laminoirs, | AUGUST SCHMITZ, G.m.b.H. 


THOUNE, Switzerland. DUSSELDORF, Germany. 











oni 4 mime 
d CUTTERS 


AND 


DRILLS 


100/ ENGLISH 
PIDGEN BROS <i’ 


Helmet Row: Old Sir: LONDON-E:¢/ 
The Firm with Smart Service. 


PACKINGS for every purpose. 
ENGINEERS’ SMALL TOOLS. 
VALVES, W.I. TUBING and 














FITTINGS. 
PULLEYS, SHAFTING, 
BELTING. 4770 


IVY-GRIP BELT DRESSING 
ALEXANDER KENYON 


& CoO., LTD. 
Engineers’ Stores, Tools, 
Victeria Bridge, MANCHESTER. 

















WILSON BOILERMAKERS | ‘[. 
LILYBANK works, GLASGOW. 


The “R&S” 
PATENT LUBRICATOR 
LUBRICATES 
REVOLVING & RECIPROCATING 
BEARINGS. 








HUNI'S PATENT No. 207903, 


CANNOT LEAK. 


Needs no attention beyond filling. 
Saves 50% to 75% of oil. 


Amount of oil admitted to bearings 
is definitely controlled. 


Equally efficient at any speed and 
with any oil. 

Write for Descriptive Leaflet and 

full particulars 


5908 


ROTHERHAM & SONS «=. 


COVENTRY. 
Pron + Grams : 
as Rotherham, Coventry, 
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Fully Motorised Double 


Dimension Saw Bench, 
Type LS/E. 





For high speed accurate sawing this machine 
stands alone. It takes two saws, each 
16 ins. diameter. The special 
electrical control instantly 
stops the saw spindle 
not in use. 


Thos. Robinson & Son, Ltd., Rochdale. 


London : Abbey House, 2, Victoria Street, S.W.1. 


5893 


Have You Heard 
of our Latest 


Achievements ? 
Ff not ~ Please 


let us know —~ 


rE Nie sc CO LTS 


CALEDONIAN IRONWORKS, GLASGOW, S.W. 




















High Pressure 


Pipework. 
In allations 





a 


This group of 4” and 3” mild steel 
Flanged Galvanised pipes is illustra- 
tive of the pipework manufactured at 
our Millwall works. Nothing is too 
difficult for us, and no matter what 
H.P, Steam pipework you require, 
we can make it. Write to: 


LE BAS TUBE CO., LTD., 


Dock House, Billiter Street, London, E.C.3. 


Works: Crctops TRON WORKS, MILLWALL, E.14. 
GLASGOW : 9, Howard Street. MANCHESTER: 16, Deansgate. 
BELFAST: 45, Rosemary Street. E.1.H. 
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HIGH EVAPORATION || 7%j- 
LOW INSTALLATION COSTS 


For the same evaporation Send f or A V E S | 
The Foster Dry Back Boiler Catalogue. 


casi Type" 5/8-YARD EXCAVATOR 


(b) requires no économiser, 














A 












(c) occupies less space, 
(d) costs less to install, and 






(e) possesses several construc- 
tional features ensuring less 
working costs. 


























(- | 
6071 
JOSEPH 
SOHO FOUNDRY t OUNDRY PRESTON 
*Phones and Telegrams: ‘Phones and Telegrams: 
PRESTON 19 and 96. BLACKBURN 4224, 
ic. TES: FOSTBHR, PRESTON. YATES, BLACKBURN. 
RS London Office: 134, FLEET STREET, E.C.4. 











4 iw Model 300-B, P & H 3-yard Shovel, 
weighs 48,000 pounds, working weight. 
It is the heaviest 3-yard excavator built. 
And its weight is more than mere heaviness. 
It is weight that means tremendous strength. 
For it is the weight of unit-cast steel frames, 
of oversize forged shafts, of wide gears hobbed 
from alloy steel blanks, of heavy reinforce- 
Y, oC ' ments at.all points of stress, of massive 

Loifect Screw’ twad Sots operating parts. And this weight stabilizes 


the 300-B’s unusually fast line and swing 








MOOTH-ON No. 3 not only adheres well to the thread surface, . 
S but as the body is metallic it cannot dry out, shrink, crack or speeds . 758 helps make the 300-B the big 
shrivel. In contrast to ordinary fillers, Smooth-On No. 3 retains its producer it is. Write for illustrated bulletin 
original volume for all time and therefore is as dependable as the pipe with complete details. 


metal itself on lines carrying any fluid and any temperature. 


Sold everywhere in | and 5-lb. tins. Ready to use. HARNISCHFEGER CORPOR ATION 
















Write for the Smooth-On Hand- ; Established in 1886. f 
book, which will post you well 4435 W. National Ave., Milwaukee, Wis., U.S.A. 
on all seven kinds of Smooth-On, AGENTS: 
where to use each, how to apply for AUSTRALIA—Gibson Battle Pty., Ltd., ENGLAND—Cowan Hulbert, Ltd, New 
best results and what to expect from 84, William Street, Melbourne. Oxford House, Hart Street, Holborn, 
re h d ° b Waugh & Josephson, Ltd., 102-124, Melbourne London, W.C.1. 
the finished job. Street, South Brisbane, Queensland. 
Waugh & “ee Ltd., Unwins-Bridge NEW ZEALAND—Equipment Limited, Equip- 
Deeded — eters, Sydney, New South ment Bidgs., 25, Panama St. , Wellington, 
stribut ry: 
CEYLON — Walker, Sons & Company, TRINIDAD & TOBAGO—Massy Limited, 
Messrs. WALTER P. NOTCUTT, LTD., P.O. Box 166, Colombo Fe 85, Marine Square, Port-of-Spain, Trinidad. 


Notcutt House, 


Southwark Bridge Road, London, S.E.I., 
and carried in stock by leading dealers and MODEL 300 a a 
supply houses. 
Made by Smooth-On Mf, oy Co., 
Jersey City, N.J., U.S.A. 4 ‘ie, /.\ q O res 


co PLETE uy 
re 7 GAS DIESEL Pai 


< To 34 cw 




















' 
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DDAWAY'S 
























iL HOSES are reliable to a Sole Makers 
degree. They are built to of 

resist exceedingly rough and | ‘SPHINCTER GRIP’ 

careless handling—in fact they HOSE 

successfully resist callous treatment for 

in a most remarkable manner. Hydraulic, 

We produce many specialities of — — 


Hose for air-operated tools — from Rotary " 
Coal Cutter 

Oxy-acetylene, 
Oil, Petrol 


our “Armadillo” Brand and 
“Penguin” Brand to what is known 
as our “C” quality. 

Reddaways are the actual manu- 


facturers, and can supply you with 
the shose most suitable for your 


requirements. 








PENDLETON~- 
MANCHESTER 


and 
BUSH HOUSE 
LONDON. WC2. 










EpPYNING 




















Time, labour and money can invariably be saved by 
installing efficient appliances for the handling of all classes 
of materials and goods. We specialise in the design and 
manufacture of handling and conveying machinery of all types. 


OUR EXPERT ADVICE IS AT YOUR SERVICE. 


HENRY SIMON, L= 


CHEADLE HEATH, STOCKPORT 


























or RELIABILITY 




















STEAM-HYDRAULIC 
SLAB BLOOM AND | 
PLATE SHEARS 


with “ DAVY” Patent 
Inverted intensifier. 


ELECTRICALLY- 
DRIVEN BILLET AND | @ 
BAR SHEARS. 





ELECTRICALLY- 
DRIVEN GUILLOTINE 

AND ROTARY 

PLATE SHEARS. 


STEAM AND 
ELECTRICALLY. 
DRIVEN HOT SAWS, 

















5424 40 in. by 10 in, STEAM-HYDRAULIC SLAB SHEAR. 


FORGING PRESSES. ROLLING MILLS. STEEL WORKS MACHINERY. 
BOILERS OF THE LANCASHIRE AND VERTICAL TYPES. 

















7 A EY sg 











he, 





a 
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AILAS 
EXTRA 


HIGH SPEED STEEL 








T is well known that no one 

High Speed Steel is equallv 
suitable for all purposes, and 
consequently, that the utility 
of any tool steel varies with 
the class and state of material 
being machined — in other 
words, the work it is asked 
to do. 


By unceasing research in 
their own up-to-date labora- 
tories, Messrs. John Brown & 
Co., Ltd., have evolved — 


amongst others—two particu- 
larly noteworthy _ steels — 
‘‘ Atlas (Extra)’’ will give an 
extraordinary good perfor- 
mance on tough materials such 
as hard alloy steels when 
handled in powerful speedy 
lathes. For the very highest 
duty, such as the re-turning of 
skidded railway tyres and the 
high tensile steel, ‘‘ Atlas 
Super-Extra’”’ High Speed 
Steel is recommended. 











5634 


JOHN BROWN & C®. L?D. 
ATLAS WORKS - - - SHEFFIELD. 

















Smedley Brothers L 2:2" 


REVOI,.VING or 

STATIONARY PANS. 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


| Mixers 
- Edge Runner Grinding Mills 
















{ Vy of all kinds for all purposes 
to drive by Bel or 
combined with 
Steam, Oil 
or 
Petrol Engine 
or 
Electric Motor. 


















FOR SMALL 
STEAM MAINS 


Kent's Rotary Steam Meter 


is made for a particular job: it provides an easy 
and economical means of metering the smaller 
steam lines. 


















Many steam-using concerns are careful enough 
about their larger mains, their boilers and their 
big machines, but they allow the smaller main 
to run away with a needless wastage of steam. 
Much money may be saved by installing Kent's | 
Rotary Steam Meter on these smaller mains: this 
is a fact which has been confirmed by some of 
the most important firms in this country and 
elsewhere. 





Kent’s 
Rotary 
Steam Meter 


There is little trouble in installing one of these 
meters — it is simply inserted in the pipe-line in 
question and runs without attention, Local the 
periodical reading of the counter. 


The record in pounds of steam or other units is 
iven on a straight reading counter which can 
“a made to face in any desired direction. 


Kent Steam Meters cover a comprehensive 
range, and we should be glad to submit pro- 
posals for the complete metering of any steam 
plant, without obligation. 


GEORGE KENT LIMITED 
BISCOT RD. WORKS, LUTON, ENGLAND 


London Office: 199, High Holborn, W.C.1. 
Calcutta Office: 1, Old Post Office Street. 5752 




















Agents and Representatives throughout the World. 
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VALOR OIL CABINET ADVANTAGES No. 











| 
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: 


KNOWN everywhere as the ideal con- | 

\ tainer for storing all kinds of oil for 

daily use, the “* VALOR” OIL CABINET 

is “‘at home” everywhere, and at all times. 

It is never too tired to deliver your oil clean 

and pure to the last drop, without waste or 

leakage. For special thick Engine Oils a 

larger pump can be supplied at a little extra 

charge, Edible oils can also be safely stored 

the Valor way by the fitting of a tinned 
brass Pump. 


Write for prices and Folder 6/V10. 


THE VALOR COMPANY, LTD., 


BIRMINGHAM: - Valor Works, Bromford, Erdington. 
LONDON: ° - + 120, Victoria Street, S.W.1. 


Buy British Goods, 


VALOR .. 


OIL CABINETS 
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STEEL ARMOURED 
ASPHALT oR GRANOLITHIC 


SURFACES 


The STEEL-MESH ROAD | 
SURFACE Co., 


Park Street, BIRMINGHAM. 


London Office: 68, Victoria Street, S.W.1. 
Scotland: 141, Bath Street, Glasgow. 


522 


Suitable for :— 
Works Floors and Yards, 
Machine Shop Gangways, 
Warehouse Floors, 
Dock and Harbour Approaches, 
Insulated Cold Store Floors, 
Ships’ Holds, 
Railway Utility Wagons, 
Brake Vans, etc. 

Write for illustrated booklet No. 4. 


WE ARE EXHIBITING AT 





Ltd, 





BRITISH 


INDUSTRIES 


Cenc AVAV AY, sy ais a 


Sec" 
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ie TIM 
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MAKERS OF 
‘VISCO’ 
TOWERS 






































ATR FILTERS 
| Indispensable with 
| air operated machines 


The impurities with which all air 
is more or less charged are highly 
detrimental to delicate decora- 
tions and machinery. 

The “Visco” Air Filter will posi- 
tively trap 98% of these impurities. 
A very well known authority after 
trying most other makes has now 
definitely standardised the‘ Visco” 
Air Filter to the exclusion of all 
others. 

What better proof is needed ? 
Thousands of satisfied users con- 
firm it. 


Write for List 274. 
be 
VISCO" 
GINEERING (0 


E > EP 
162 GROSVENOR ROAD, LONDON SW1 


Makers of ‘‘ Visco Beth’’ Dust Collectors. 














* COOLING 











“ DEARN” 


CENTRIFUGAL 








SINGLE STAGE 


Grams: *Phone: 
PUMPS, 1141 EAST, 
MANCHESTER, 


PUMPS. 





MULTI-STAGE 


8451 


LONDON : 49, Queen Victoria Street, E.C. 4. 





[RANK PEARN & © [7D 





MANCHESTER 
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MERRYWEATHER’S 


HYDRAULIC F UIPMENT | London Made Canvas Hose 
g Woven at their Greenwich Works, London, S.E. 


This Hose is made of specially selected long flax of the highe-t quality and woven 
FLANGING 


on improved looms, enabling a hose of great strength to be manutactured. 


BENDING 
PRESSES 


Photo 
No. 195. 





CAUTION. 
See that the name of 
“* Merryweather ” 
as well as the brand 
appears on every length. 


Made in various plies 


to suit different 





working conditions. 


For High Pressure Work and Durability. 
ALWAYS SPECIFY MERRYWEATHER’S BRANDS. 


DOUBLE-ENDED PRESS. “EXTRA DUB-SUB”’ or ‘‘ DUB-SUB.”’ 


For production of steel sleepers. Open-gap type, fitted with dainsaiie Write for Pamphlet “ Hints on Hose.” 


age ipe REERTVENERER 1 SOS Lah, oe ow oe 
CAN BE MADE IN ANY SIZE OR POWER |) “mens 


Photo No. 197. — — amet TT ROGLER a HOERBIGER 


BENDING PRESS. PATENT 


Specially designed for spring RING P LATE VALVES 


making. Fitted with auto- 
FOR AIR AND GAS 


matic withdraw cylinder. 
COMPRESSORS, ETC. 


5623 























PS] 








HOLLINGS & GUEST, LTD. 





BU 


THE 
Thimble Mill Lane, Birmingham. 
Telegrams: “ Plungers, Birmingham.” Telephone: East 0490. METALLIC VALVE Co., LTD. 
Sole Agent for Scotland: D. LANDALE. FREW, 45, Hope Street, GLASGOW. 661, ROYAL LIVER BUILDING, 
London Representative: H. C. AMOS, M.I.Mech.E., 22, Martin Lane, Cannon Street, TRL LIVERPOOL. 
LONDON, E.C.4. 5871 
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SELLERS 


imiiema Duplex Top Check and Stop Valve 


= RINGS & BLANKS. coer A valve having an independent boiler is under full steam pres- 
feed water entrance withcheck sure without interfering with 
and stop valves for each the feeding of the opposite 


° ° o 4 2 

2s side of the boiler. The plain side... This type of valve is 

also Crane Chains, Slings, Ete. check on either side can be re- especially advantageous for use 
= iunoved and replaced while the with lime-bearing water. a 
600 


in Netherton Iron. Ww 
m. Sellers & Co., Incorporate 
N.HINGLEY & SONS LTD. | injector Derr. gS 


Netherton Iron Works, DUDLEY. 








i 
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THE “FROUDE” PATENT HYDRAULIC DYNAMOMETER 








> ailing “ Froude Brakes make no mistakes.”’ yi See eee oReEOV OSHS ee sees 
; For 3 a 3 USERS : $ 
: b : ¢ British Admiralty. 53 
$ TESTING 3 3 British Air Ministry. ; 
: the B.H.P. of : $ British War Office $ 
$ AUTOMOBILE, 3 3 French Air Ministry. 3 
3 AERO, OIL, GAS, $ 3 French War Office. 3 
3 DIESEL, and : 3 Japanese Royal Naval Yard. 3 
: STEAM ENGINES, 3 $ United States Navy Board. : 
: TURBINES, : 3 Armstrong Siddeley. Austin. 3 
: ELECTRIC MOTORS, 3 $ Bristol Aeroplane Daimler. 3 
< ETC : 3 Fiat. Isotta Fraschini. $ 
+ . e e a 
3 AER $ ‘ $ Napier. Nicola Romeo. $ 
: : > ; 3 Rolls Royce. Sunbeam. 3 
3 INEXPENSIVE, 3 3 john Brown.  Busch-Sulzer. $ 
: CONVENIENT, 3 3 Doxford. Kincaid. 3 
¢ SCIENTIFICALLY 3 3 sr aia Savoia. 3 
: ACCURATE. 3 3 meider. fr Be 
$ PLEASE SEND FOR OUR LITERATURE. 4941 Soeeeceoeoooooooooooooooooooes 3 











SPOSHSOSSOOOOOOO?E O14 Ooecccccooes 


Heenan « Froude Ltd. Worcester England. 








LONDON OFFICE - - - - 


UPw ahDs oF 
Telegraphic Address: BRAKE, MANCHESTER, 200 Oooo 
3 


GRESHAM’S PATENT 


‘INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: in 
ieee LANE, vanities MANCHESTER. 


GLASGOW OFFICE: Wma. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijswijkscheweg, The Hague. ITALY: Giovanni Checchetti, 
b Bombay ; 9, Popham’s Broadway, Madras ; 6, Waterloo St., 


Piazza Sicilia, 1, Milan. AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., 
Calcutta; 9, Egerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., 465, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, "AND THE NEW STATES: British Engineers 
and Traders Syndicate, Lid., Australia House, Strand, London, W.C. 2; SOUTH AF "RICA: : Jenkins & Co., 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban; Ginsberg 








~ WEIGHBRIDGES 


EXCLUSIVE FEATURES: 


Longer Service. 
Increased Efficiency. nil 


Guaranteed Interchangeable Components. 


ILLUSTRATED PARTICULARS ON REQUEST. 


MAKERS OF “ANY TYPE ‘OF WEIGHING APPARATUS. 





ASHWORTH, SON & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


Loadon Office: w w 11, QUEEN VICTORIA STREET, E.C.4 





Telephone: CENTRAL No. 61% 


° ° - - - 40, WOOD STREET, WESTMINSTER, S.W.1. 


Patent Oil Bath Knife Edge System for 
the elimination of all rust and corrosion 
to knife edges and bearings—the vital parts. 


Considerably Reduced Maintenance Charges. 
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Feeding the Fires of Civilisation 


ns, -— >. RULY our present era, high point of 
civilisation, is a Steel Age. The fires of 
the blast furnace where steel is born are never 
allowed to cool. Month after month the cars or 
skips climb to the furnace top to feed this hungry 
monster. Under the urge of electric motor power, 
but directed by Igranic Motor Control, they speed 
to the furnace top and back again in continuous 
cycles. Design in special motor control to do such 
important work for industry has earned Igranic 
Engineers an enviable reputation in the field of 
specially built motor control. 














Well-known leaders of industry bring their control problems 

repeatedly to Igranic Engineers. They know that their skill and 

experience can be relied upon to foresee every requirement of 

the control they need. Let Igranic Engineers help to solve 
your control problems, too. 


Write to Dept. G. 115. 


Birmingham Leeds 
aon |GRANIC ) ures 
ELECTRIC Manchester 


Glasgow 





147, Queen Victoria Street, LONDON. 
Works: BEDFORD. 

















hipbuilders mENSINCEYS 


BUILDERS OF: Torpedo Boat Destroyers, High S Steam and Motor-driven Passenger and Cargo 
Steamers, Special Service Vessels, Shallow Draught Vessels, Steam and Motor Launches of every class. 


J. SAMUEL WHITE i2 


+ EAST COWES ¢ ISLE ¢ OF WIGHT ¢ 


: Cowes 108 (8 lines) “White,” East Cowes 
MANUFACTURERS Ol OF : Marine Steam Turbines, Reciprocating a ig _* White-Forster Water Tube 
Engines, The “ J. Samuel 





Boilers, Marine Return Tube Boilers, The “J. Samuel Wha Semi-Diesel 
White’ Oil Fuel Burning Installations (Low Pressure System) for Marine and Land purposes. 
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THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. AND COLONIAL LISTS) 


HYDRAULIC LEATHERS & 





LEATHERS COMPANY LIMITED ALTRINCHAM. 











Reprinted from ‘ ENGINEERING.” 






9 


WROUGHT IRON 


IPULLEYS 


owe MAnicaioy 1930 Art Catalogue 


Third Edition. 






“THE LAWS OF HEAT TRANSFER.” 


BY 


D QUGLAS,LAWSON H. MEDWAY MARTIN, Wh.Sc., A.C.G.1. 


& CoO., LD. 


BIRSTALL ne LEEDS 


Crown 4to, 20 pp. Paper Cover, 


Price 2/- net, 





LONDON: 





Offices of “‘ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C.2. 











Telephone: BATLEY 598 & 599 -Telegrams: PULLEYS,BIRSTALL" 























PRESSURE n= ee 
PRESSURE (pete 1. ng — EXHAUSTERS 


These machines are largely 
used in connection with Gas 
Furnaces or any work requiring 
a constant pressure. 


FOR INDUSTRIAL PURPOSES 
OF ALL KINDS. 


HIGH EFFICIENCY. 
SIMPLICITY of CONSTRUCTION 
SMALL POWER TO DRIVE. 











Fig. 666 2 Made in all sizes. 
6534 


(Any other method of drive can be arranged to suit circumstances.) 
Engineers, 


THE BRYAN DONKIN COMPANY, LTD., cunsrunriuxn. 




















66 % 
Put your heat treatment 6@ A; rh S MADE IN 
operations on the most 1) ENGLAND. 
efficient and economical 
mo ELECTRIC FURNACES 
" for every Heat Treatment operation on Steel, Copper, Aluminium and 


other metals and alloys. Also for melting non-ferrous metals and alloys. 6029 








Manufacturers: ZTHE GENERAL ELECTRIC CO. LTD. Head Office: Magnet House, Kingsway, London, W.C.2. 








gi 
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ANDREW BARCLAY, SONS & CO., LTD., 


CALEDONIA WORKS, 


KILMARNOCK. 


All types of 
LOCOMOTIVES. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 

















ise a TxeLecrams :—“ BaRCLAYSON, KILMARNOCK.” 
Sp. SR esha London Agents: Joun Cawrey & Co., 53, Victoria Street, S.W.1. 
Telephone : Victoria 1852, esse 


Poa ne EES os aa ar ae - o% . 
SOE 9 CGE aM cs gg A tee canals es, ater 


PECKETT’S 
LOCOMOTIVES 


or aL SIZES AND GAUGES 


PARTICULARS ON APPLICATION. 


PECKETT « SONS Lr. 
Telegraphic Address: “PECKETT, BRISTOL.” 5647 
BRISTOL London Representatives: FERGUSON & PALMER, 9, Victoria St., Westminster, 8.W.1. 


W. G BAGNALL, L222 STAFFORD, ENGLAND. 


Telephone: No. 1882 Victoria. 
weighing from 3 to 50 tons, for any gauge 
of highest-class workmanship a~d material 
at competitive prices. 


— 






































London Office: 32, Victoria Street. 





MAKERS OF 
Sugar CaneWagons, 
Tipping Trucks, 
Turntables, 
Switches, &c. 





POD OI I DG 


‘*R.0.B."" Pattern ‘‘* DRUM” Pump 
om re 1 * i i" r 6 - 
AN : 
Ss % 











This is the pump that {is used by the Beet Sugar 
factories throughout the country. 

Hundreds in use in caustic plants, by-product plants, 
process work and general pumping. 


ADVANTAGES. Easy working and high 
Continuous and uninterrupted efficiency. 

flow in one direction. No slip on passing return piston. 
No Valves. Equally efficient at low speed. 
Slight frictional resistance. Works in either direction. 


THE “DRUM” ENGINEERING 


COMPARY LTD., 


28, Humboldt Street, BRADFORD, YORKS. 
PPPPFB PIAA PDD" 


5798 
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(PICKERING TYPE), and with 
“SMITHS” PATENT KNOCK-OFF GEAR 
Simple. Efficient. 

Jockey Pulley abandoned. 
Operates should Governor stop 
from any cause. 


Sole Licensees and Makers: 


Pollock, Macnab & Highgate 


SHETTELSTON, 
GLASGow . 


Makers to War Office and Admiralty. 








_2 ARMSTRONG 


PIPE TOOLS 


and 


PIPE VISES. 


Founded 1869. 


. THE ARMSTRONG MFG. CO. 
of BRIDGEPORT, Conn., U.S.A. 


GENERAL “XPORT OFFICES: 
225, Lafayette St., NEW YORK, N.Y., U.S.A. 


Write for CATALOGUE! 























Om=-+4-r>co rr> 


DIALS FOR EVERY TYPE OF @AUGE AND 
INDICATING la Y wd MATERIAL OR 


INISH REQUIRED. 
JAMES COOKE & SON, LTD., 


eZ, 
Y 

















HDG, 





“s Hammepwerk + 
Vvorlaenderé Ge. 


G.m.b.H. 


Stift Keppel-Allenbach, 
Kreis Siegen/ Westphalia, Germany 


Forgings »p to 60 cwts weight to every 
shape and dimension. 

Crank Shafts, rough, = pce sg 
finished and ground with maximum 
accuracy. 

Connecting Rods, Seamless Forged Rings 
up to 40” dia. 

Crane and Ladle Hooks. 
High-pressure Fittings for Chemical 
Industry. 


High-pressure Valves for any pressure 
and temperature. 5889 

















Pressed Steel Plates. 


erection. 


and tougher than cast iron. 





| Associated Companies :- 








BCM/SELMOR 


ovemors Do you buy tanks ?— 
IT’S CHEAPER TO BUILD THEM 


You can build your own tanks quicker and 
cheaper with Piggott’s STANDARDIZED 
They are unbreakable 
and remain perfectly rigid in transport and 


The plates are pressed solid, without weld 
at the corners, and are considerably lighter 


‘Send for illustrated Tank List and full information 


THOMAS: PIGGOTT «& Co., LTD., 


HORSELEY HOUSE, 85, LIONEL ST., BIRMINGHAM. 


London Office :_ 22, Carlisle Place (Victoria Street), S.W.1. 


The Horseley Bridge & Engineering Co., Ltd., 
and Guest, Keen & Piggotts, Ltd. 


Works: Birmingham, Tipton and Cardiff. 








PIGGOTTS 


PRESSED 








STEEL 
TANKS 

















From 34 in. to 7 in. centres. All forms of drive. Complete 
attachments. Also hand and power drilling machines, etc. 


=m 
= S || Mh 
rr NSS s 





D LATHES 


possess many 
Zood features. 


Bed sections are 
specially heavy, and 
are scientifically 
designed to retain 
accuracy whilegiving 
large wearing sur- 
faces. Headstocks 
are heavy—bearings 
of bronze, adjustable 
concentrically, and 
with ball thrusts. 
Convenient to handle 
—just the machines 
for all general work, 
repairs, laboratory 
work, etc. Accuracy 
standard guaranteed. 


a ay and 


rite for lists. 








‘Newall Hitensile 


Heat - Treated Steel 

Bolts are ‘* Twice as 

Strong’’ as Ordinary 
Bright Bolts. 


A. P. NEWALL & CO. 


LIMITED, 
POSSIL PARK, GLASGOW, N. 


6996 
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THE MOTOR THAT IS 


NOW IN THE LIMELIGHT 


has 2 me, 


SLIP RINGS & 
BRUSHGEAR 


Carefully designed 
for minimum wear 
and simplicity of con- 
struction, i.e.—few 
parts. The whole of 
the brushgear is 
extremely accessible. 
The short circuiting 
contacts can be 
replaced very easily 
when required. 


the 
It was not easy “tain, 
; —_ 2 vies vests © oie 
a wea up 






of 


BEARINGS 


The bearings are 
extra large, and are 
mounted in “ Metro- 
vick ” cartridge type 
housings. The end 
brackets can be re- 
moved and the motor 
completely dismantled 
without disturbing the 
bearings. Completely 
sealed, there is no 
possibility of dust 
finding its way in 
during dismantling or 
re-assembling. 








ENCLOSURES 


The type of enclosure 
is very - adaptable. 
The end brackets 
are each provided 
with four openings 
over which covers 
can be fitted to 
conform with the 
requirements  of— 
Screen Protected, 
Drip Proof, Pipe 
Ventilated or Totally 





TERMINALS 


All terminals are 
easily accessible in a 
box of ample dimen- 
sions which can be 
mounted on either side 
of the stator. Where 
sealing chambers and 
armour clamps are 
fitted, the insulation 
resistance can be 
tested, or the mains 
can be disconnected, 
without disturbing the 


cable arrangements. 




















CHADBURN'S 


(SHIP) TELEGRAPH CO., LTD. 


Patentees and 
Original Manufacturers 
of Ships’ Teltegraphs. 








TELEGRAPHS ror STEAMERS 


OF ALL TYPES 





PATENT SPEED ano 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW. —112/114 Broomielaw. 
NEWCASTLE-ON-TYNE.—18. The Side. 
BELFAST.—39, Donegal Quay. 


LONDON.—Wellington House, Buckingham 
Gate, S.W.1. . o 7 











| Enclosed. 
Ee keran 


_ MiVickers"N 


TRAFFORD PARK > =e 


eon DOCKS.— 93, Victoria Doc«x Road, 


HULL.—38, Charlotte Street. 


LIVERPOOL.—47, CASTLE Street, and 11 
Waterloo Road. : 





HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. 























36, VICTORIA STREET, 
LONDON, | 
S.W.1. | 


‘Trier Bros [2 


Sole Makers 
First j in1882 —Foremost ever since 
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To ENGINEERS :| sometuinc_new 
Cc. C. oe ang A SELF-PRIMING CENTRIFUGAL PUMP 
When visiting LONDON : 

D U 4 A E R L E Y h Specialities 
stay at the ig — el 

and COo., Ltd. ae 
WILTON HOTE at 

VICTORIA, S.W.1 Esabodies the SIMPLICITY of the Centrifugal. with 

(opposite Victoria Station—Continental Section). : NO haath fc mame _— 

Specially convenient for professional men wishing to be the Wi End. 0 OORT Sere Ora Semen Gan 

from One minute from Victoria Street. 'Buses <a Gadaanioat ~ A oeue. a. HOT TOR VOLATILE FLUIDS. _ 


WAREHOUSE STOCK. 


STEEL JOISTS, 
24" x ‘7H «to 3" x 1g" 
STEEL CHANNELS, 
16" x 4” to 28" x 1 3/16". 
STEEL ANGLES, 
& x 3S" to §” x ¥f". 
STHEL TEES, 
6" x 6” to §” x 
STEEL FLATS, 
mo «  & Ta Si". 
STEEL ROUNDS, 
84" to }" dia. 
STEEL SQUARES, 
5" to }" dia. 
STEEL PLATES, 
3/16" to 3” to 8’ long. 
In all Standard Sections, cold 
straightened, lengths to 42 


A LARGE AND VARIED STOCK uf 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 
HOOPS, SHEETS, CONVEX, 


&c., &c, 


STEEL BRIDGE RAILS, 
BRIGHT STEEL, &ce. 


$". 


IRON and STEEL 


HOOPS FOR BALING, 


Plain & Painted, a Speciality 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORK 
and 
CONSTRUCTIONAL STEEL 


Riveted up on the Premises from 
Stock Material. 





THE cc ay 
ATA” 
PATENT CONVEYOR TANK 
for handling Metal Scrap, Coal, &c. 


ENQUIRIES SOLICITED. 
Section Book on application. 





Telephone: 


Telegrams: 
6490-5 (six lines) 


“AJAX, MANCHESTER.’ 


STORE STREET 


lron and Steel Warehouses, 


MANCHESTER. 


CENTRAL. COMFORTABLE. 
Moderate Tariff, copy gladly sent. 


QUIET. 
5991 


Telephone : Victoria 2026/7. Telegrams: Tuffato, Churton, London. . 








A REPRINT FROM “ ENGINEERING” oF :— 
THE QUADRUPLE SCREW CUNARD LINER 


“AQUITANIA,” 


Built and Engined by 





WRITE FOR LIST HG. 6045 





THE SIHI SELF-PRIMING PUMP CO., 


Standish Road, Fallowfield, MANCHESTER. 

















Messrs. JOHN BROWN & CO., LTD. 
Sheffield and Clydebank. 


>> 


In Imperial Quarto, 92 pp., with 
13 Two-page Engravings and 320 
Illustrations, many of them 
large scale working 
drawings. 


+ 


Price 5/- net, bound in cloth (post free in the United 
Kingdom 5/5, or abroad, 6/-). 


+ 


LONDON : 


Strand, W.C.2. 











TURNED AND PRESSED 
PARTS IN ALL METALS. 





of sizes of 
in stock. 














|” ALL SIZES = }” to 1” CABLES. 


HYDRAULIC JACKS. 


Made in 
various sizes 
to lift from 
one to ten 
tons. 


Prices and 
particulars 
on 
application. 





Let us oe. ad your requirements, 
To DEPT. 5735 


Offices of “ENGINEERING,” 35 & 36, Bedford st. ROSS, COURTNEY *.‘° 


| AOE ROAD, LONDON, _N.19. 
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JOHN OAKEY & SONS, LTD., 


GENUINE EMERY, EMERY WHEELS, 
EMERY CLOTH, For all Purposes. 


GLASS & FLINT PAPERS 


BLACKLEAD, ETC. 
WELLINGTON MILLS, WESTMINSTER BRIDGE RD., LONDON, 6.£.1 








YL°2~ DY YD PDT 


LSS aS 


TECHNICAL ff 
_. BOOKLET 
ROPES ano 
ROPE DRIVING ” 
Sent Dost Free. 


Why not make a habit of consulting our 
Technical Dept. when you want information? 





WYKEN YON & SONS | oe fervor, 


CHAPEL FIELD WORKS, 
OUKINFIELD, Near MANCHESTER. 


SBA BSB PBS SA FASS 





You cannot afford to do 
without “ APEXIOR” 





“APEXIOR” makes Boilers completely 
immune from corrosion. 

It deals effectively with dissolved oxygen 
and free carbon-dioxide, which feed water 


treatments cannot cope with. 


It turns Boiler scaling into an easy process. 


It hasno contaminating effect upon steam, 


which is free from taint, taste or smell. 


“APEXIOR” applied with a brush is 
simple to use, surprisingly cheap, and has 
a reputation for reliability extending over 
the past 20 years. 


‘* Apexior’’ is in effect an additional insur- 
ance policy on the life of all steam plant. 








Write for descriptive literature and National Physical Laboratory report 
to Sole Makers, Dept. H.— 


J. DAMPNEY & Co., Ltd., Britannic Works, Newcastle-upon-Tyne. 


Also London, Liverpool, Cardiff, Glasgow, Boston, U.S.A. Stocked all over the world. 











MORISON’S EVAPORATORS 


FOR ALL CLASSES OF VESSELS. 












OCCUPY LESS SPACE. 
SAVE ‘WEIGHT. 
EFFICIENT. 
RELIABLE. 
HANDY. 


5698 


SOLE MANUFACTURERS :— 


RICHARDSONS, WESTGARTH & CO., Ltd., 
HARTLEPOOL. 





MiDOLessBRo’. SUNDERLAND. 




















Si Se «PPOs ae 
* Shs toe sas 
tee ae on erties 
wen tae 


ERASER & CHALMERS ENGINEERING WKS 








-PULVERISED 
FUEL PLANT 


Made in England 


FOR LANCASHIRE BOILERS 
AND METALLURGICAL FURNACES. 


An improved System which 
shows marked economies in 
power consumption and main- 
tenance charges, in addition to 
the already accepted advantages fi 
which Pulverised Fuel Firing | ~ 
gives, ie Re. 
Arrangements for demonstra- | yas 

tions will gladly be made for | 
anyone interested. | 


ae 
% 
oe 
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LONDON OFFICE 
FINSBURY PAVEMENT | 
HOUSE E.C.2. 
TELEGRAMS. | 
PRESS LEEDS. 


TELEPHONE. 26305. 





























CRADLEY BOILER, 
CRADLEY BOILER CO., LTD., 


Cradley Heath, Staffs. 


Manufacturers of High Class Vertical and Horizontal 
Boilers, Feed Water Heaters, Calorifiers, Autoclaves, 
Superheaters, Rivetted and Welded Tanks. 


5139 


LARGE STOCK OF VERTICAL BOILERS. 





’Phone: Cradley Heath 6203. ’Grams: ‘‘ Boiler’? Cradley Heath. 


_— EE ——— = el 


Smooth edges on_ this 
Universal Joint prevent wear. 


A strong, durable joint with casehardened working surfaces 
and without sharp friction-creating corners, the ‘‘ Atlas ’”’ 
will transmit thrust or tension with equal facility. No 
rattle ; perfect functioning from 30° to 45° from straight, 
according to size of shaft. Eight sizes in stock for 
shafts up to 12in. diameter. 





























Ask for illustrated price list. 


BUCK & HICKMAN, Lw. 


2, 4, 6 & 8, Whitechapel Road, London, E.!. 


‘* Atlas a 


INCANDESCENT FURNACES 


| AND EQUIPMENT 


4) THE INCANDESCENT HEAT COMPANY, LTD..,| | 
British Mills, Cornwall Road, SMETHWICK.|J 


Telegrams : “* Repeat, Birmingham.”’ Telephones: 275-276-698 Smethwick. 6074 


London. Office: 16, Grosvenor Place, S.W.1. Phone: Sloane 7803.. 
Northern Office and Works: Selas Works, City Road, Manchester. (City 2953) 
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MELDRUMS 
TIMPERLEY 


for ACID RESISTING 
METALS 








THE STEEL PIPE 60. 


LIMITED, 


KIRAKCALDY, N.B. 


See our Advertisement, monthly. 6080 








CENTRIFUGAL 


ORO & HIGH SPEED ENGINES 


Ac’ (SEE OUR LARGE ADV’ IN 
pon LAST WEEK'S ISSUE) 
ORYSDALE. &oL LT° Yoxer. 


QO 


soncho™ 


Oo WHISTLES. 
GAUGES. 

















SAFETY 
VALVES. 


TEMPERATURE CONTROLS. 
REDUCING VALVES. PRESSURE REGULATORS. 


Crosby Valve & Engineering Co., Ltd, 


41-42, 


Cling Surface 





FOLEY STREET, LONDON, W.1. 














enables aie ter to run slack without slip. 
Tuomas & Bisxop Lrp., 37, TapgerRnac.e Sr., E.C. 


GOODALL CLAYTON&C? LP 
7 LEEDS 


CONVEYING PLANTS, BUNKERS &¢ 


PURE 
WATER — 


PATERSON 63 


83, Kingsway, LONDON. 594 


AMSLER 
TESTING MACHINES 


Send for catalogues to British Agents : — 


T. C. HOWDEN & C0., ..,.. 


5 & 7, Fleet Street, Birmingham. 

















|] SCRIVEN 


MACHI NE "TOOLS 


SCRIVEN & Co., 
York Street Ironworks, Leeds. 








| Compressep Ar Pant 


| Air Compressors and complete 
| Pneumatic Tool Plant for all 
Industries.—Let us quote you. 

165, QUEEN VICTORIA STREET, 
LONDON, E.C.4. 


INGERSOLL-RAND CO., LTD. 














Magnifying Thermometer 





STRONG, ACCURATE and RELIABLE, 





MADE IN MANY VARIETIES 
TO SUIT ALL PURPOSES. 





Adopted with advantage in connection with 

Steam Plants (Superheaters, Economisers, &c.) 

also Sugar Refiners, Gasworks, Breweries, 
Heating Plants, Baths, &c., &c. 





State your requirements and write for prices to— 772 


T. SUGDEN, Ld., 


180, FLEET STREET, LONDON, E.C. 





PEABODY LIMITED, 


161, emir y STREET, LONDON, S.W.1., 
associated with the 

PEABODY ENGINEERING CORPORATION 
NE ’ 

and have the continuing advantage of their 

wide experience. Peabody Equipment for British Use 


Made in England. 5693 
BURNERS FOR COAL, OIL & GAS. 


ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON. LTD. 


London Office :—25, Victoria St., Westminster, 


LOCOMOTIVES for all gauges 


and services. 
Teles ot Darlington. 
Na 





Altiscope, London, 
. Tel.—2700 Darlington ; 6: 50 Victoria, 
Codes— ‘a oe sth KE ditio on, Fn ng cine — Standards, 
1130 


IRON PLATE WORK, 
TANKS, &c. 


GALVANIZING 


Send your enquiries to; 6079 


ARKINSTALL Bros., Ltd. 


COVENTRY STREET, BIRMINGHAM, Eng: 




















HENRY J. COLES, LTD. 
DERBY. 


STEAM CRANES 


on Rail Wheels, 
Road Wheels or 
Caterpillars, 





Satin PE RS A ES aa) 


also 








Diesel, Semi-Diesel, 
Petrol and Heavy Oils, 
Electric, Diesel-Electric, 
Petrol - Electric. 





MOBILE CRANES 


Latest “ Allsteel’’ Crane 
as recently supplied to 
several Railway Companies. 


VALVES 


2 SURPLUS, SAFETY, 
RGENOY. SHOP, &e. 


DAVID AULD & SONS, Limited, 
WHITEVALE FounNDRY, GLASGOW. 5290 
See displayed Advertisement, page 65, Dec. 5. 


gaRRY HENRY & Conk 


Gearing, Pulleys. 


See page 8, Dec. 5. 





West North ae ABERDEEN. 

















FOR 
ALL 
PURPOSES 
AND 
DUTIES. 


SEND 
YOUR 
ENQUIRIES 
TO US. 


(Established 1815.) 


5969 


99, Queen Victoria Street, 
LONDON, E.C.4. 


Works: LUTON, ENGLAND. 


wNWARD-TYLEp 














hie- Atle 
it ONVEYING 
SONVEYIING 


RITCHIE-ATLAS ENGINEERING CO 
ATLAS WORKS « TEMPLE = GLASGOW. 





Patent Steam Engine Indicator. 
mage aaa 


*-% HANNAN and 
~ BUCHANAN, 


75, Robertson St., GLASGOW. 


ALSO MAKERS OF— 

2 Bourdon’s Patent Pressure 
Vacuum & Compound Gauges, 
Buchanan’s Improved Engine 

; ‘ounter for Marine Engines, 

M@ Salinometers, Thermometers. 
Laver Clocks, &c. 


RICHARDS’ INDICATOR, 








"S INEW “THOMPSON ” 


BOILERS 
EX STOCK 


fe P ormorranic? Ms 
WOVERHAM TON. 





MOST MODERN “DISH END” TYPE 
WITH CORRUGATED SECTIONS 

a op No. 
.Se. x at {mn X 200 Ibs. W.P. 6948. 


xx xXxXxXxXX 
AQnrnayoonww 
PSPSPS SSS 
pnmnemmetaen 
EREEREREER 
xxXxxXxXxXxXX 
BESESSES 
FEF ryrry 

=== 

tatoo, 

gee: y 
er 


Fate 
Bate 
288 


24 . bond 
—10 ft. x 4 ft. 0 ins. x 120 Ibs. W-P. cag. 


All, a above Boilers are built from 
Siemens Martin” Acid Steel. 


SUPERHEATER AND PIPEWORK 
INSTALLATIONS. 
Repairs to all types of Boilers by first-class men. 


JOHN THOMPSON 


(WOLVERHAMPTON) LTD., 4435 


a 
e 











WOLVERHAMPTON, ENG. 











ENGIN 
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EXPANSION BOLTS 








**DIAMOND” & ‘*KEYSTONE.” 
Mlustrated Lists and Particulars on application to the 
SOLE AGENTS— 


Ex. TOBE, LL... 


12 & 14, Brazennose Street, Manchester, Eng. 


6304 

















PROPELLERS 


EITHER SOLID OR 
WITH LOOSE BLADES. 








Any Size made at the 
Shortest Notice. 


HIGHEST 
EFFICIENCY. 


LOWEST 
CONSUMPTION. 


PRESTON. 


ELECTRIC 





RIVER 
ENGINE WORKS, 


FRIEDENTHALS L”- 
steam CRANES 


LEVEL LUFFIN@ HARBOUR CRANES. 
LOCOMOTIVE CRANES. MOBILE BATTERY CRANES. 


EXCAVATORS 











6708 


JOHN H. WILSON & Co. (1929) Ltd. 


LONDON OFFICE 15 VICTORIA ST. S.W.1. 





EXTRUDED BARS 
“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL BRASS, one - 


THE DELTA METAL CO., LTD. DELTA WOR. 


sy EAST GREENWICH, LONDON, S.E.10, 
‘And at BIRMINGHAM. 


rapemen et DRIVING ROPES 


4 or 3 STRANDS. 





























i,” gang 
ee 


THE ROPE WHICH MEETS EVERY REQUIREMENT OF POWER TRANSMISSION. 


THOMAS HART, L”™. 


(ROPE DRIVING SPECIALISTS), 
Lambeth Rope Works, 
BLACKBURN, ENGLAND. 


MU I Ee 


MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TCOLS. 
WM. MUIR & CO» 


SULA UNENUNUROUAOOEOAALEOEAGUOUAGAREOEOEOAERAER AERA 


CR ANE for Yards, Dock Sheds 


Warehouses, etc. 























2178 


LTD., MANCHESTER. 









































R.WHITE & SONS. 


L£ngineers OPEW. 
Fi TWA WY 


WIDNES 


LANCS. 


AERIAL CROSSINGS 











ELECTRIC : STEAM : HAND 


SEND US YOUR ENQUIRIES 


Sa 


= TMM 


RICHARD C. GIBBINS & CO. 
BERKLEY STREET 
BIRMINGHAM 


‘Make Light of Heavy Jobs’ 





TIM MMMM TTT TT 
TMG UML EMT 























= 


r 
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LEROY’S COMPOSITION||| = THORNTON - 























5084 
_ FOR COATING BOILERS, STEAM PIPES, &c. 
Prevents the radiation of heat, saves fuel, and increases the power of Steam. pata ytr ee mae» 
It is reckoned the cost of the covering is saved in about six months. Drawing Instruments 
ALSO — in .he British Empire. 
Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. Pe ee ere 





F. LEROY & CO., L?P 2 GraySt. Commercial Re, London, || tents Side ates 























Many Awards for 
excellence in Quality 
and Desiga. 


® { h d t Catalogues, Series e —— = a —— en yy 
Or ecav y of y a Tae enmarcier © Ltd., ede 
PARAGON WORKS, KING STREET WEST, 


Joinless Solid Leather Belting MANCHESTER, 


Amazingly flexible and durable Tot ally Enclosed C0, REFRICERATING 
| ff — |MACHINERY. 









































in single ply 

and up to 1" 

in thickness. SILENCE and 
CLEANLINESS, 

Any length, and of course 

- width, 7 AUTOMATIC 

We REGULATION. 


fasteners or 
cemented joints. 





For smooth 
steady drive 
and maximum 
power 
transmission. 

























WE SPECIALISE IN 
ALL TYPES OF LUBRICATORS, 
COMPRISING MECHANICAL 




















AND GRAVITY TYPE, SIGHT 
AND DROP LUBRICATORS. 
Suitable for Steam and Gas Engines, 


Air Compressors, etc. 


Prompt deliveries of Brass and Iron 
Stauffer Lubricators, Tallow Cups, Oil 
: Syphons and Grease Lubricators, in 
§ all sizes. 


BRITISH STEAM SPECIALTIES LTD. 
BEDFORD sT., LEICESTER. 








yt 


LAMINATED BELTING 


Sole Mits.: JAMES HENDRY LTD., BRIDGETON GLASGOW. 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. PU R E 


CYCLOPS WORKS FEED isa necessity 
Telegrams— 


Grafton, Bedford, BE D ches " D. WATER high wun jobs. 
ANN WS The Crockatt Simplex Patent 


Electric Salinometer5 = 


shows the smallest trace of Salt 
and indicates at once any condenser \ 
leakage or evaporator priming. 
Adozted by British and Foreign Navies, leading 
Steamship Companies and Power Stations. 


W. CROCKATT & SONS, Ltd., 


65, DARNLEY STREET, GLASGOW. 
2-3, Eldon Street, LONDON, E.C.2. 























































Illustrated descriptive Price List free on apie, 


SS a 73 Ear 


SILVER MEDAL inventionsExhintion eens 1885 “OLD MEDAL, Paris 1900 You read it 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. | as you would 
GRAND PRIX, Buenos Aires Exhibition, 1910, a Steam Gauge 
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80 
Lancaster St., 


WATSONS eu LIMITED. ‘strc. 


ELECTRIC FURNACES. ee ROTATING. GREAVES ETCHELLS 


NON-FERROUS. 5337 for STEEL. 














CERETTI & TANFANI C0. 


Limited. 
53, ‘Jictoria Street, Westminster, London, S.W.1. 


arat ROPEWAYS: 


Monocable—Bicable—Tricable—For the Trans- 

port of Material and Passengers, Cableways, 

Cranes, Funicular Railways, Telpherage Plants, 
Telphers—Elevators. 


2500 MILES OF PLANTS BUILT UP TO DATE. 
Two Grand Prix—Barcelona 1929. 


6627 








SMITHS CRANES 


THOMAS SMITH & SONS (RODLEY) LTD. RODLEY, LEEDS. ESTABLISHED 100 YEARS. 











This most versatile machine 


The Pratt & Whitney Vertical 
Shaper is the handiest, most versa- 
tile machine in almost every plant 
in which it is installed. 

It machines all kinds of irregular 
shapes that otherwise would con- 






Pratt & Whitney 
6"' 
Vertical Shaper 


With this Shaper, it is often possible 
to machiné many surfaces and mul- 
tiple parts with no change in set-up. 

It would please us to send you an 
illustrated circular, not only describ- 
ing the machine, but showing actual 








examples of its wide range of use. 
Write for this and other specific in- 
formation you need. 


sume many costly hours of hard 
work or would be very difficult to 
work on other machines. 


Pratt & Whitney Co. 


Division of 


Niles-Bement-Pond Co. 


Great Britain Agents for Pratt & Whitney Co. 
Buck & Hickman, Ltd., 2-6 Whitechapel Road, London, E. 1 


General Office: 111 Broadway, New York, U. S. A. 
London Office: 25 Victoria St., S. W. 1 
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F4 If you require * 


* IRON CASTINGS © 


to “ your jigs, without hlow holes and 
easy to machine, apply to 


HAM, BAKER 


& Co., LTD., 


ENGINEERS, IRON and BRASS FOUNDERS 
LANGLEY GREEN, BIRMINGHAM. 


If you require 
IRON CASTINGS OF EXTRA STRENGTH, 
we can supply in our special ‘* FERAC” Mixture 
Guaranteeing a transverse breaking load ona 


2in. by lin. bar 26in. long between 
supports, of 38 es with a deflection of 


half an inch. 


oe 





so 


*e 


? 
e 


Telegrams: PENSTOCKE, LANGLEY, WORCS. 


Telephone: 1446 & 1447 BROADWELL. 
‘* FERAC” is our Registered Trade Mark and no authority has been given to anyone to use 


this mark, and its use by anyone else is an infringement of our rights. 5630 
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